
VOL. 62, No. 1, JANUARY 2001 

Blood Pressure Response to Combination 
Therapy with Ramipril or Captopril Plus 
Hydrochlorothiazide: A Randomized, 
Active-Controlled, Crossover Study 

Pietro Amedeo Modesti, MD, PhD, Federica Rocchi, MD, 
Renzo Camajori Tedeschini, MD, Annamaria Vetere, MD, 
Francesco Burberi, MD, and llaria Cecioni, MD, PhD 

Clinica Medica e Cardiologia, University of Florence, Florence, Italy 

ABSTRACT 
Background: Combination therapy is often required to achieve adequate blood 

pressure control in patients with hypertension. 
Ob]ective: The goal of this study was to compare the duration of the antihy- 

pertensive effects of ramipril 5 mg and captopril 50 mg, each combined with 
hydrochlorothiazide (HCTz) 25 mg. 

Methods: This was a randomized, active-controlled, double-blind, crossover 
study enrolling 22 patients with mild essential hypertension. After a 4-week pla- 
cebo run-in period, patients were randomized to two 4-week periods of daily 
treatment with ramipril-HCTz or captopril-HCTz, each period separated by a 
4-week washout period, during which placebo was administered. Twenty-four- 
hour ambulatory blood pressure monitoring was performed before and at the end 
of each treatment period. Systolic and diastolic blood pressure (SBP and DBP) were 
recorded, and the trough-to-peak (T/P) ratio and smoothness index (derived from 
the SDS of all hourly blood pressure changes over the 24 hours following treat- 
ment) were calculated. 

Results: All 22 patients (13 men, 9 women; mean age, 52 + 8 years; office DBP, 
95-110 mm Hg) completed the study. Neither a carryover effect (patient/ 
sequence) nor a period effect was found. Mean (*SD) 24-hour SBP decreased 
from 144 + 9 mm Hg to 123 + 5 mm Hg with ramipril-HCTz and to 
125 5 7 mm Hg with captopril-HCTz; mean 24-hour DBP decreased from 
90 + 7 mm Hg to 78 + 6 mm Hg with ramipril-HCTz and to 80 + 5 mm Hg with 
captopril-HCTz. All differences were statistically significant versus placebo admin- 
istered in the run-in and washout periods (P < 0.05). Although the 2 drugs were 
equally effective in reducing 24-hour ambulatory blood pressure, the T/P ratios for 
captopril-HCTz were lower than those for ramipril-HCTz with respect to both SBP 
(50% + 14% vs 75% -+ 25%; P < 0.05) and DBP (80% + 35% vs 93% + 26%; 
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P < 0.05), as were the smoothness indexes for SBP (1 .O vs 1.7; P < 0.05) and DBP 
(0.7 vs 1.2; P < 0.05). 

Conrlusion: Although both combinations significantly reduced 24-hour blood 
pressure, ramipril-HCTz produced a more stable antihypertensive effect and less 
fluctuation in blood pressure than captopril-HCTz. 

Key words: hypertension, ambulatory blood pressure monitoring, angiotensin- 
converting enzyme inhibitors, diuretics, blood pressure variability. (Curr Ther Res 
C/in fxp. 2001;62:16-25) 

INTRODUCTION 
Combination therapy is often required to achieve adequate blood pressure 
control in patients with hypertension,“* and one of the most frequently used 
combinations is that of a diuretic and an angiotensin-converting enzyme (ACE) 
inhibitor.3 Used alone, these 2 drug classes have been reported to have supe- 
rior efficacy in reducing left ventricular mass compared with other drug 
classes4 and the combination of diuretics and ACE inhibitors has been shown 
to provide additional antihypertensive efficacy without producing adverse 
metabolic effects.5.6 

The ideal antihypertensive formulation would provide 24hour efficacy with 
once-daily dosing. The combination of an ACE inhibitor with hydrochlorothia- 
zide (I-ICTz) has been reported to have a more lasting effect than an ACE 
inhibitor alone.7 However, the duration of antihypertensive activity may vary 
according to the characteristics of the ACE inhibitor used. The combination 
of captopril and HCTz involves drugs with different pharmacokinetic proper- 
ties: HCTz can be administered once daily, whereas captopril should be ad- 
ministered r2 times daily.8 The present study was undertaken to compare 
the duration of antihypertensive effect of single daily doses of ramipril-HCTz 
and captopril-HCTz using 24-hour ambulatory blood pressure monitoring 
WPM). 

PATIENTS AND METHODS 
Study participants were selected from outpatients who had recently been re- 
ferred to the authors’ hypertension unit and received a diagnosis of mild es- 
sential hypertension (as defined in The Sixth Report of the Joint National Com- 
mittee on Detection, Evaluation, and Treatment of High Blood Pressure?. 
Inclusion criteria were lack of (1) obesity, (2) diabetes, and (3) previous anti- 
hypertensive treatment. 

Routine investigations to exclude secondary hypertension were performed 
prospectively during the run-in period. Echocardiographic examination was 
performed according to the recommendations of the American Society of Echo- 
cardiography.” Causes for exclusion were angina pectoris, myocardial infarc- 
tion within the past 6 months, heart failure, cerebrovascular accident, diabetes, 
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secondary hypertension, hyperkalemia, hypokalemia, or clinically important 
renal, hepatic, or hematologic disorders. 

All study investigations conformed to Declaration of Helsinki guidelines, and 
all subjects gave written informed consent before entering the study. 

Study Design 
The study had a randomized, active-controlled, double-blind, crossover design. 
After a 4-week placebo run-in period, patients were randomized to 4 weeks of 
treatment with ramipril 5 mg plus HCTz 25 mg daily or captopril 50 mg plus 
HCTz 25 mg daily taken at 8 AM. After a 4-week washout period between treat- 
ments, during which placebo was administered, patients received the alternate 
treatment for an additional 4 weeks. 

The antihypertensive activity of the 2 drug combinations was assessed by 
comparing office blood pressure measurements taken in the supine position 
and results of 24hour ABPM obtained at the end of each active-treatment 
period with the corresponding before-treatment values at the end of both the 
run-in and washout periods. 

Plasma potassium concentration was assessed at baseline and at the end of 
the 2 treatment periods. 

Ambulatory Blood Pressure Monitoring 
ABPM was performed using a noninvasive, portable, automatic device 
(SpaceLabs@ 90207, SpaceLabs, Redmond, Washington). The instrument was 
clinically validated by our group and by others. In the present study, the cuff 
was fixed to the nondominant arm at 8 AM, and 6 to 9 measurements were taken 
by both methods at the beginning and end of 24-hour monitoring to ensure that 
the averages of the 2 sets of values did not differ by more than +5 mm Hg. The 
device was then programmed to take blood pressure readings at 15-minute 
intervals, and the patient was sent home with instructions to hold the relevant 
arm immobile when readings were being taken. On monitoring days, patients 
arose at 7 AM and performed their usual job-related tasks during the day, but 
were instructed to avoid all strenuous physical activity (eg, sports, physical 
labor, driving). They had lunch between 12 and 1 PM and dinner between 7 and 
8 PM. 

Blood pressure data were edited automatically. Systolic blood pressure 
@BP) readings >260 mm Hg or ~70 mm Hg, diastolic blood pressure @BP) 
readings >150 mm Hg or ~40 mm Hg, and pulse-pressure readings >150 mm Hg 
or ~20 mm Hg were automatically discarded. 

Study Assessments 
Blood pressure readings were corrected for changes after the administration of 
placebo in the run-in and washout periods to obtain the net blood pressure 
reduction directly attributable to antihypertensive drug. 
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The duration of antihypertensive effect was assessed using trough-to-peak 
(T/P) ratios for SBP and DBP in each patient and each treatment.11~‘2 The peak 
response was determined based on blood pressure measurements across the 
dose interval. The T/P ratio was calculated using the maximum reduction in 
blood pressure after dosing as the denominator and the residual reduction in 
blood pressure before the next dose as the numerator. 

Because blood pressure variability has been reported to be prognostic of left 
ventricular hypertrophy in patients with hypertension,13 we used the recently 
proposed smoothness index, 14-16 which has been found to correlate with treat- 
ment-induced changes in left ventricular mass,17T18 to assess the regularity of 
blood pressure reductions over 24 hours with the respective study treatments. 
The smoothness index was calculated separately for SBP and DBP in each 
patient by first determining mean blood pressure values for each hour of the 
monitoring period, both before and during treatment. All hourly treatment- 
induced changes in blood pressure were determined, and the average of these 
hourly values (AH) was computed, together with its SD, which represents the 
distribution of the antihypertensive effect over 24 hours. Finally, the SD was 
normalized by dividing its value for AH; the inverse of this value was the 
smoothness index. 

Statistical Analysis 
The sample size was estimated on the assumption that the effect size of T/P 
ratio should be 20.25, or 25%. The power was assumed to be 90%, and CI was 
set at 5%. 

Twenty-four-hour ABPM data were expressed as mean + SD for the following 
periods: 24 hours, daytime (7 AM-I 1 PM), nighttime (11 PM-7 AM), and each hour. 
The differences between mean blood pressure values before and after each 
drug treatment were examined using analysis of variance (ANOVA) for a cross- 
over design and the Tukey test for both office blood pressure and ABPM data. 
Changes at the end of each 4-week treatment period were compared using 
ANOVA and the Tukey test. The differences in daily ABPM curves were as- 
sessed by multivariate ANOVA. T/P ratios and smoothness indexes were com- 
pared using the Wilcoxon signed-rank test. 

Laboratory variables were assessed using ANOVA for repeat measurements 
and were reported as mean +_ SD. 

RESULTS 
Twenty-two patients (13 men, 9 women; mean age, 52 f 8 years; office DBP, 
95-110 mm Hg) were enrolled in the study and randomly subdivided into 2 
groups. No significant between-group differences in demographic characteris- 
tics were present at baseline. The 2 groups received the same drugs in opposite 
order, and all 22 patients completed the study. 
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Both treatments were well tolerated, and no patient withdrew from the study 
because of adverse events. No significant changes in plasma potassium con- 
centrations were observed from baseline (3.96 f 0.3 mEq) to the end of 4 weeks 
of treatment with either ramipril-HCTz (4.07 + 0.29 mEq) or captopril-HCTz 
(4.02 + 0.24 mEq). 

The percentage of valid readings was >90% for all patients, and no more than 
1 invalid reading was recorded per hour. Neither a carryover effect (patient/ 
sequence) nor a period effect was found using ANOVA for crossover design. 

After 4 weeks of ramiprilHCTz treatment, reductions were observed in both 
office blood pressure measurements @BP, from 170 f 14 to 128 f 12 mm Hg; 
DBP, from 102 f 7 to 84 + 5 mm Hg; both, P < 0.05) and 24hour readings (SBP, 
from 144 + 9 to 123 + 5 mm Hg; DBP, from 90 f 7 to 78 f 6 mm Hg; P c: 0.05 vs 
placebo in the run-in and washout periods). Both daytime and nighttime SBP 
and DBP were significantly reduced (P < 0.05 vs placebo) (table). 

Analysis of the ABPM curves for ramipril-HCTz showed a time to peak con- 
centration of 6.2 + 1.1 hours, with a peak response of -30 + 7 mm Hg and 
-20 + 8 mm Hg for SBP and DBP, respectively, and a trough response of 
-23 f 9 and -18 f 8 mm Hg for SBP and DBP, respectively (Figure 1). The 
resulting T/P ratios were 75% + 25% (range, 87%-39%) for SBP and 93% f 26% 
(range, lOO%-46%) for DBP. The smoothness indexes were 1.7 f 0.7 and 
1.2 + 0.6 for SBP and DBP, respectively (table). 

After 4 weeks, captoprilHCTz produced significant reductions in both office 
blood pressure measurements (SBP, from 170 + 14 to 138 f 14 mm Hg; DBP, 
from 102 + 7 to 88 + 8 mm Hg; both, P < 0.01) and 24hour readings (SBP, 
from 144 f 9 to 125 + 7 mm Hg; DBP, from 90 f 7 to 80 f 5 mm Hg; both, 
PC 0.01 vs placebo) (Figure 2). The maximal blood pressure reduction occurred 
4.4 _+ 1.5 hours after dosing, with a peak response of -36 f 13 mm Hg and 
-22 f 12 mm Hg for SBP and DBP, respectively, and a trough response of 
-19 f 11 mm Hg and -16 + 8 mm Hg for SBP and DBP, respectively. 

Trough values after administration of captopril-HCTz were significantly 
higher than those after administration of ramipril-HCTz for both SBP (difference 
of 4 mm Hg; 95% Cl, 1.4-6.6 mm Hg) and DBP (difference 2 mm Hg; 95% Cl, 
0.8-4.0 mm Hg). The T/P ratios and smoothness indexes for captopril-HCTz 
treatment were significantly lower than those for ramipril-HCTz treatment for 
both SBP (captopril-HCTz: T/P ratio, 50% f 14%; range, 70%-6%; smoothness 
index, 1.0 + 0.8; both, P < 0.05 ramipril-HCTz vs captopril-HCTz) and DBP (cap- 
topril-HCTz: T/P ratio, 80% f 35%; range, lOO%-22%; smoothness index, 0.7 f 
0.6; both, P < 0.05 ramipril-HCTz vs captopril-HCTz) (table). 

DISCUSSION 
Our results indicate that although daily administration of fixed combinations of 
ramipril-HCTz and captopril-HCTz achieved similar reductions in mean 24hour 
blood pressure, ramipril-HCTz produced a more stable antihypertensive effect 
and a greater reduction in blood pressure fluctuations than captopril-HCTz. 
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Table. Mean (f SD) ambulatory blood pressure values at the end of the run-in period, the 
washout period, and the 2 periods of treatment with ramipril-hydrochlorothiazide (HCTz) 
and captopril-HCTz. 

Placebo 

Run-in Washout Ramipril-HCTz Captopril-HCTz 

SBP, mm Hg 
Office 
24-Hour 
Daytime 
Nighttime 
Peak 
Trough 
T/P ratio (%) 
Smoothness index* 

DBP, mm Hg 
Office 
24-Hour 
Daytime 
Nighttime 
Peak 
Trough 
T/P ratio (%) 
Smoothness index* 

Heart rate, beats/min 
24-Hour 
Daytime 
Nighttime 

170 2 14 
144 + 9 
147 I+_ 9 
138 +- 14 
155 I+_ 7 
153 I!Z 10 

- 
- 

174 + 12 
141 +8 
143 * 8 
135 ?9 

- 
- 
- 
- 

102 +- 7 
90 + 7 
91 t8 
86 f 9 
98 + 7 

103 f 10 
- 
- 

100 + 3 
87 + 8 
92 IL 5 
85 +- 6 

- 
- 
- 
- 

83 2 11 80 -t 12 
84 +_ 12 81 -+lO 
81 ? 10 79 * 11 

128 & 12*+ 
123 + 5* 
125 “_ 5* 
120 f 8* 
125 2 7*+ 
131 + 6*+ 

75 ? 25+ 
1.7 * 0.7+ 

84 + S*+ 
78 + 6* 
80 4 6* 
75 t 7* 
78 2 4* 
85 ? S*+ 
93 LZ 26+ 
1.2 ? 0.6+ 

80 t 11 
81 it_ 12 
78 2 12 

138 ? 14* 
125 f 7* 
127 & 7* 
122 t 10* 
119 + 10* 
135 t 6* 

50+ 14 
1.0 -t 0.8 

88 + 8* 
80 + 5* 
83 t 6* 
75 f 6* 
76 2 8* 
87 f 4’ 
80 & 35 

0.7 -t 0.6 

81 + 11 
82 -t 12 
80 + 12 

SBP = systolic blood pressure; T/P = trough-to-peak; DBP = diastolic blood pressure. 
l P < 0.05 versus placebo. 
+P -K 0.05 versus captopril-HCTz. 
qhe smoothness index is derived from the SDS of all hourly blood pressure changes over the 24 hours 
following treatment. 

Various measures were taken to reduce possible sources of bias. The cross- 
over design was chosen over a parallel-group design because administering 
both drugs to the same patients reduces differences in individual responses,‘g 
and the crossover ANOVA test excludes the presence of any carryover effect. 
Care was taken to reduce other possible sources of variation (eg, sports 
or other strenuous physical activity that could affect the reproducibility of 
the test) during the monitoring period to ensure that 24-hour ABPM provided 
an accurate reflection of the pattern of blood pressure reduction in these 
outpatients. 

It is well understood that various ACE inhibitors have different durations of 
action because of their different elimination half-lives, ACE-inhibiting potency, 
affinity for ACE, and tissue penetration. 2oS21 Determination of this time-effect 
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Figure 1. Daily 24-hour (A) systolic blood pressure (SBP) and (B) diastolic blood pressure 
(DBP) values in 22 patients with hypertension after 4 weeks of treatment with ramipril- 
hydrochlorothiazide (HCTz) and captopril-HCTz and at the end of the 4-week washout 
period, during which placebo was administered. 

profile by monitoring blood pressure changes during clinical use of a given ACE 
inhibitor has shown that ramipril but not captopril is suitable for single-dose 
administration.20’21 Combination with HCTz has been reported to prolong the 
antihypertensive efficacy of captopri15S7; however, according to the findings of 

A 

0 

-10 

-20 

-30 

B 
+Captoprll-HCTz 

B OI 0 FWnipril-HCrz 

0 6 12 16 24 0 6 12 18 24 

Houf8 After Hours After 
Drug Administration Drug Admlnistratian 

Figure 2. Reductions in (A) systolic blood pressure (SBP) and (B) diastolic blood pressure 
(DBP) values in 22 patients with hypertension after the last day of the 4-week treatment 
periods with ramipril-hydrochlorothiazide (HCTz) and captopril-HCTz compared with 
placebo. 
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the present study, the duration of antihypertensive effect of captopril-HCTz is 
not comparable to that of ramipril-HCTz. 

In the present study, examination of the daily blood pressure profile indi- 
cated that ramipril-HCTz had a more sustained antihypertensive effect than 
captopril-HCTz, as was already evident in the office measurements and trough 
values obtained by ABPM at the end of the 2 treatment periods. The longer 
duration of antihypertensive effect with ramipril-HCTz compared with capto- 
prilHCTz was confirmed by the T/P ratios, the standard method of calculating 
the duration of antihypertensive effect.** 

Although it was initially proposed that the T/P ratio be calculated from data 
obtained in the office setting,” ABPM performed under “real life” conditions 
may provide more complete information, provided that possible sources of 
bias are minimized.11S16 Through the use of ABPM, we were also able to observe 
that there were no changes in heart rate with the 2 antihypertensive treat- 
ments. This observation suggests that neither of the treatments reflexively 
activated the sympathetic nervous system, probably because of their slow 
onset of action. 

Results of a study by Parati et all4 provide evidence that the smoothness 
index can be considered a relevant measure of the homogeneity of the treat- 
ment-induced blood pressure reduction and is significantly correlated with the 
reduction in left ventricular mass index induced by 12 months of treatment. 
Therefore, careful assessment of blood pressure variability should be a crucial 
goal of ABPM. Although the T/P ratio provides a picture of the time course of 
antihypertensive effect, it is based on selected values and does not include all 
data collected over a 24hour period. Recently, the smoothness index, which 
takes into account all blood pressure changes versus placebo over 24 hours, 
was proposed as a way of assessing the homogeneity of treatment-induced 
24hour blood pressure reduction.14s15 This index does not provide information 
on the duration of antihypertensive effect but clearly expresses its homogene- 
ity. The capability of ramipril-HCTz to reduce blood pressure fluctuation com- 
pared with captopril-HCTz, as indicated by its favorable smoothness index, may 
be valuable given the smoothness index’s reported correlation with the effects 
of treatment on left ventricular hypertrophy.‘* 

CONCLUSION 
Although both combinations significantly reduced 24hour blood pressure, 
ramipril-HCTz produced a more stable antihypertensive effect and a greater 
reduction in blood pressure fluctuations than captopril-HCTz. 
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