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Chronotherapy

Chronotherapy With the Angiotensin-Converting Enzyme
Inhibitor Ramipril in Essential Hypertension
Improved Blood Pressure Control With Bedtime Dosing

Ramón C. Hermida, Diana E. Ayala

Abstract—Clinical studies have demonstrated a different effect on blood pressure of some angiotensin-converting enzyme
inhibitors when administered in the morning versus the evening. Their administration at bedtime resulted in a higher
effect on nighttime blood pressure as compared with morning dosing. This study investigated the administration
time-dependent effects of ramipril on ambulatory blood pressure. We studied 115 untreated hypertensive patients,
46.7�11.2 years of age, randomly assigned to receive ramipril (5 mg/d) as a monotherapy either on awakening or at
bedtime. Blood pressure was measured for 48 hours before and after 6 weeks of treatment. The blood pressure reduction
during diurnal activity was similar for both treatment times. Bedtime administration of ramipril, however, was
significantly more efficient than morning administration in reducing asleep blood pressure. The awake:asleep blood
pressure ratio was decreased after ramipril on awakening but significantly increased toward a more dipping pattern after
bedtime dosing. The proportion of patients with controlled ambulatory blood pressure increased from 43% to 65%
(P�0.019) with bedtime treatment. Nocturnal blood pressure regulation is significantly better achieved at bedtime as
compared with morning administration of ramipril, without any loss in efficacy during diurnal active hours. This might
be clinically important, because nighttime blood pressure has been shown to be a more relevant marker of cardiovascular
risk than diurnal mean values. The change in the dose-response curve, increased proportion of controlled patients, and
improved efficacy on nighttime blood pressure with administration of ramipril at bedtime should be taken into account
when prescribing this angiotensin-converting enzyme inhibitor for treatment of essential hypertension. (Hypertension.
2009;54:40-46.)

Key Words: ramipril � essential hypertension � ambulatory blood pressure monitoring � chronotherapy � dipper
� nondipper � angiotensin-converting enzyme inhibitors

Several attributes of the cardiovascular system, including
blood pressure (BP) and heart rate (HR), are character-

ized by predictable changes during the 24 hours for the most
part in synchrony with the rest-activity cycle.1 Because the
main steps in the mechanisms regulating BP are circadian-
stage dependent,2 it is not surprising that antihypertensive
medications may display a circadian time dependency in their
pharmacokinetics and pharmacodynamics.3

Clinical studies have consistently documented differences
in BP-lowering efficacy, duration of action, and effects on the
circadian BP pattern depending on the administration time of
medications interacting with the renin-angiotensin-aldoste-
rone system.3 Independent trials have demonstrated a differ-
ent effect of several angiotensin-converting enzyme (ACE)
inhibitors when dosed in the morning versus the evening.3,4 A
small trial of 33 patients with essential hypertension has
shown that a low dose of 2.5 mg/d of ramipril more
effectively reduced daytime BP when it was administered in

the morning and more effectively reduced nighttime BP when
it was administered in the evening.5 Results were thought to
be attributed to a �24-hour duration of action of this ACE
inhibitor when administered at such a low dose. Clinical
studies relying on ambulatory BP monitoring (ABPM) have
shown, however, that higher doses of ramipril (5 to 10 mg/d)
might provide full 24-hour coverage.6

Accordingly, this prospective trial was designed to com-
pare, using BP data collected by 48-hour ABPM, the antihy-
pertensive efficacy of the ACE inhibitor ramipril when ingested
as a monotherapy either after awakening or at bedtime for a
6-week duration in previously untreated patients with uncompli-
cated essential hypertension.

Methods
Inclusion and Exclusion Criteria
Inclusion criteria were age �18 years and a diagnosis of previously
untreated grade 1 or 2 uncomplicated essential hypertension accord-
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ing to the European Society of Hypertension-European Society of
Cardiology guidelines,7 as determined by repeated (within the 3
months before recruitment) conventional clinic BP measurements
(systolic BP [SBP]: 140 to 179 mm Hg and/or diastolic BP [DBP]:
90 to 109 mm Hg) and corroborated by 48-hour ABPM at the time
of recruitment. The diagnosis of hypertension based on 48-hour
ABPM required an awake BP mean of �135/85 mm Hg or an asleep
BP mean of �120/70 mm Hg.7

Pregnant women, shift workers, heavy drinkers (alcohol intake
�80 g/d), heavy smokers (�20 cigarettes per day), and heavy
exercisers were excluded, as were individuals with severe arterial
hypertension (grade 3, BP �180/110 mm Hg), type 1 diabetes
mellitus, or secondary arterial hypertension and cardiovascular
disorders, including concomitant unstable angina pectoris, heart
failure, stroke, life threatening arrhythmia, nephropathy, retinopathy,
or previous (within the last year) myocardial infarction or coronary
revascularization.

Study Design
This was a prospective, randomized, open-label, parallel-group,
blinded end point multicenter clinical trial. During the inclusion
period (2007–2008) we screened 139 patients (all with a daytime
active and nocturnal resting routine) and identified 120 who met the
inclusion/exclusion criteria. Among these, 115 (52 men and 63
women), 46.7�11.2 years of age, completed the study and provided
all of the required information for this trial. The ethics committee of
clinical research approved the study. All of the subjects gave written
informed consent.

Patients were randomly assigned (using an allocation table pro-
duced by a computerized random-number generator) to 1 of 2 groups
specific to the time of day, either in the morning on awakening or at
bedtime, of once-daily ramipril treatment (5 mg/d, the initial recom-
mended dose in Spain) for 6 weeks. The demographic and analytic
characteristics of the 2 groups of participants at baseline and after the
6 weeks of treatment are described in the online data supplement
(Table S1, available at http://hyper.ahajournals.org).

At each of the 2 visits to the medical setting, before and after 6
weeks of therapy, respectively, 6 clinic BP measurements were
obtained, after the patient had rested in a seated position for �10
minutes, using a validated automatic oscillometric device (HEM-
705IT, Omron Health Care Inc). Blood samples were obtained
during both clinic visits from the antecubital vein between 8 AM and
9 AM after nocturnal fasting.

ABPM Assessment
The SBP, DBP, and HR of each participant were automatically
measured every 20 minutes from 7 AM to 11 PM and every 30 minutes
during the night for 48 consecutive hours, before and after timed
therapy, with a properly calibrated SpaceLabs 90207 device
(SpaceLabs Inc). Participants were instructed to go about their usual
activities with minimal restrictions but to follow a similar schedule
during the 2 days of ABPM and to avoid daytime napping.

BP series were not considered valid for analysis if �30% of the
measurements were missing, if data were missing for an interval of
�2 hours, if data were obtained while patients had an irregular
rest-activity schedule during the 2 days of monitoring, or if the
nighttime sleep period was �6 hours or �12 hours during ABPM.
Protocol-correct data series were collected at baseline and after
treatment from 115 patients and, therefore, were included in this
efficacy study. Baseline BP profiles of 5 additional patients (2
originally assigned to ramipril on awakening and 3 to ramipril at
bedtime) were eliminated from this efficacy trial because of lack of
follow-up: the patients from which they were derived either failed to
return for the second ABPM after treatment (3 patients) or they
withdrew from the trial because of adverse effects (1 on awakening
dosing: paresthesia; 1 on bedtime dosing: edema).

Actigraphy
All of the participants wore an Actigraph (Mini-Motion-Logger,
Ambulatory Monitoring Inc) on the dominant wrist to monitor

physical activity every minute during both ABPM sessions. This
compact (approximately half the size of a wristwatch) device works
as an accelerometer. We synchronized the internal clocks of the
Actigraph and the ABPM device through their respective interfaces
using the same computer. The actigraphy data were used to deter-
mine the beginning and end of daytime activity and nocturnal sleep
so that the awake and asleep BP means for each patient could be
determined with accuracy.

Statistical Methods
Assuming an SD of 8.0 mm Hg for ABPM and with 55 subjects per
timed-treatment arm, the study could have 90% power to show as
significant at the 95% level differences in efficacy of 5 mm Hg in
daytime or nighttime BP means between treatment groups.

Each individual’s clock hour BP and HR values were first
referenced to hours after awakening from nocturnal sleep, based on
data obtained by wrist actigraphy. This transformation avoided the
introduction of bias because of slight differences among subjects in
their sleep/activity routine. To correct for measurement errors and
outliers, BP and HR were edited according to conventional criteria.8

Thus, readings of SBP �250 or �70 mm Hg, DBP �150 or
�40 mm Hg, and pulse pressure (difference between SBP and DBP)
�150 or �20 mm Hg were automatically discarded.

Hourly BP means obtained before and after treatment for each
group were compared by paired t test corrected for multiple testing.
In so doing, the level of significance was established at P�0.002,
after dividing the usual level of 0.05 by the number of tests (24, 1 for
each hourly mean) done on the same variable. Both the absolute and
the relative changes from baseline in awake, asleep, and 24-hour BP
means, as well as in the awake:asleep BP ratio (an index of BP
dipping, defined as the percentage of decrease in BP during the hours
of nocturnal rest relative to the mean BP obtained during the hours
of daytime activity) and in the so-called morning BP (average BP
during the first 2 hours after wake-up time) were compared among
groups by repeated-measures ANOVA. The demographic and clin-
ical characteristics in Table S1 were compared between groups by
ANOVA (quantitative variables) or nonparametric �2 test. Within-
group comparisons of ABPM characteristics (Table) before and after
treatment were performed using a paired t test.

Results
Demographic Characteristics and
Analytic Parameters
The demographic characteristics of the 2 treatment-time
groups were comparable at baseline, and they remained
unchanged after treatment (Table S1). Clinic BP measure-
ments, including pulse pressure, were significantly reduced
after treatment (P�0001) and to a comparable extent in both
treatment-time groups (Table). Clinic HR remained un-
changed after treatment. The serum values of glucose, creat-
inine, uric acid, cholesterol, and triglycerides were compara-
ble at baseline between the 2 treatment groups, and they were
not significantly changed after treatment.

Ramipril on Awakening
Figure 1 shows the circadian pattern of SBP (left) and DBP
(right) measured by 48-hour ABPM before and after 6 weeks
of ramipril ingestion on awakening in the morning. The dark
shading along the lower horizontal axis of the graphs repre-
sents the average hours of nocturnal sleep across the patients.
Results did not vary between the 2 consecutive days of
sampling. Therefore, we decided to pool the BP data over an
idealized single 24-hour profile to simplify the graphic
display of the results. Ramipril treatment resulted in a
statistically significant reduction of the 24-hour BP mean
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from baseline (decrease of 8.4/6.2 mm Hg in SBP/DBP;
P�0.001; Table). With morning treatment, 43% of the
subjects in this group showed controlled values of ABPM, ie,
values below the diagnostic thresholds mentioned above.7

The effects of treatment were greater on the awake than on
the asleep BP mean when ramipril was ingested on awaken-
ing (Table). Morning ramipril treatment exerted no effect on
the 24-hour HR mean (increase of 0.3 bpm; P�0.610).

Ramipril at Bedtime
Figure 2 shows the 24-hour pattern of SBP and DBP before
and after ramipril ingested at bedtime. This timed treatment
resulted in significant reduction in the 24-hour mean of
SBP/DBP from baseline, by 11.2/9.5 mm Hg (P�0.001;
Table). In keeping with the ABPM criteria mentioned above,
65% of the patients in this group evidenced controlled BP
with bedtime treatment. Despite the significant effect on BP,

HR remained unchanged after bedtime treatment (decrease of
1.2 bpm in the 24-hour HR mean; P�0.295). BP reduction
with treatment at bedtime was statistically significant
(P�0.001 after correcting for multiple testing) over all of the
24 hourly intervals, as shown by the asterisks above the lower
horizontal axis in Figure 2. The effects of treatment were
greater on the asleep than on the awake BP mean when
ramipril was ingested at bedtime (Table).

Comparison Between Treatment Groups
There was a lack of statistically significant differences in
ambulatory BP at baseline between the 2 treatment-time
groups (P�0.176 and 0.262 for comparison of 24-hour mean
SBP and DBP, respectively; Table). After 6 weeks of timed
treatment, the efficacy of ramipril on the awake BP mean was
similar for both groups, both in absolute as well as in the
percentage of relative changes from baseline (Table). Results,

Table. Demographic and BP Characteristics of Subjects Investigated

Variable

Before Treatment After Treatment

Awakening Bedtime P Between Groups Awakening Bedtime P Between Groups

Patients, n 58 57

Sex, % men 41.4 49.1 0.404

Age, y 46.9�12.3 46.5�10.2 0.854

Clinic SBP, mm Hg* 150.0�15.4 147.6�15.4 0.415 134.9�15.1† 134.4�13.6† 0.843

Clinic DBP, mm Hg* 91.2�6.8 92.0�7.4 0.523 84.3�8.6† 82.7�8.7† 0.338

Clinic pulse pressure, mm Hg* 58.8�10.4 55.6�12.9 0.149 50.6�9.0† 51.7�9.0† 0.543

Clinic HR, bpm* 72.5�12.1 72.3�10.4 0.934 74.0�12.6 71.9�8.7 0.189

Nocturnal rest, h 8.7�0.8 8.7�1.3 0.837 8.7�0.9 8.4�1.0 0.159

Awake SBP mean, mm Hg 134.6�8.7 135.2�6.6 0.684 124.6�13.0† 124.7�7.5† 0.931

Asleep SBP mean, mm Hg 116.1�10.6 119.2�7.4 0.165 111.6�13.5‡ 105.7�6.9† 0.005

24-h SBP mean, mm Hg 128.6�8.3 130.4�6.1 0.176 120.2�12.9† 119.2�6.8† 0.653

Awake:asleep SBP ratio, % 13.7�6.2 11.7�6.4 0.180 10.4�5.5† 15.1�5.4† �0.001

Morning SBP, mm Hg 132.8�9.9 132.8�7.4 0.994 127.0�14.3‡ 119.8�8.2† �0.001

Awake DBP mean, mm Hg 89.7�4.7 90.1�7.1 0.737 82.8�7.4† 81.1�7.4† 0.239

Asleep DBP mean, mm Hg 73.2�7.4 75.1�6.9 0.143 69.1�8.2† 63.6�6.5† �0.001

24-h DBP mean, mm Hg 84.5�4.6 85.6�6.2 0.262 78.3�7.2† 76.1�6.9† 0.127

Awake:asleep DBP ratio, % 18.3�7.9 16.3�7.6 0.173 16.4�7.9† 21.2�6.7† �0.001

Morning DBP, mm Hg 85.2�5.6 87.8�6.5 0.032 81.3�9.3‡ 77.4�7.7† 0.018

Nondipper, % 32.8 31.6 0.893 41.4 14.0§ 0.001

Awake SBP mean 10.0�8.8� 10.5�7.1� 0.782� 7.6�6.5¶ 7.7�5.1¶ 0.921¶

Asleep SBP mean 4.5�10.6� 13.5�6.9� �0.001� 3.8�9.3¶ 11.2�5.4¶ �0.001¶

24-h SBP mean 8.4�8.8� 11.2�5.5� 0.059� 6.7�6.9¶ 8.5�4.2¶ 0.093¶

Awake DBP mean 6.9�7.0� 9.0�6.0� 0.100� 7.8�7.8¶ 9.9�6.6¶ 0.147¶

Asleep DBP mean 4.1�7.9� 11.5�5.8� �0.001� 5.3�11.8¶ 15.1�7.1¶ �0.001¶

24-h DBP mean 6.2�6.8� 9.5�4.7� 0.004� 7.5�8.3¶ 11.1�5.5¶ 0.008¶

All of the values are shown as mean�SD unless otherwise specified. The awake:asleep ratio, an index of BP dipping, is defined as the percentage of decline in
BP during the hours of nocturnal rest relative to the mean BP obtained during the hours of daytime activity and calculated as: �(awake BP mean�asleep BP
mean)/awake BP mean� �100. Morning BP is defined as the average BP during the first 2 hours after wake-up time. Nondipper indicates patients with awake:asleep
SBP ratio �10%, using data sampled by ABPM for 48 consecutive hours.

*Values correspond with the average of 6 clinic BP and HR measurements obtained on each subject in the clinic before commencing 48-hour ABPM.
†P�0.001 vs baseline.
‡P�0.01 vs baseline.
§P�0.05 vs baseline.
�Data show the absolute BP reduction from baseline.
¶Data show the percentage of BP reduction from baseline.
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however, reveal a greater efficacy with bedtime dosing in
regulating asleep BP (P�0.001 between groups).

These differing treatment-time effects on nighttime BP are
reflected in changes on the sleep-time relative BP decline or
awake:asleep BP ratio (Table). There was a significant
(P�0.001) increase in this ratio when ramipril was consis-
tently ingested at bedtime and a significant decrease when
ramipril was ingested on awakening (P�0.001 between
treatment-time groups; Table). The proportion of patients
with a nondipper BP pattern (awake:asleep SBP ratio �10%)
at baseline was increased after ingestion of ramipril on
awakening, but the proportion was significantly reduced from

32% to 14% when ramipril was ingested at bedtime
(P�0.026; Table).

The effects of ramipril on BP as a function of the time of
drug ingestion are illustrated in Figure 3. This figure shows
the efficacy of BP lowering in terms of the duration in hours
from the last timed dose of ramipril. As shown in Figure 3,
ramipril reaches its peak effect sooner when dosed at bed-
time, thus showing a significantly greater efficacy during the
first 6 hours after treatment. Moreover, efficacy is gradually
lost more rapidly when ramipril is ingested on awakening.
Thus, the BP reduction is significantly greater during the last
12 hours of the dosing interval with bedtime administration of

1 1 BEFORE  TREATMENT
2 2 AFTER  TREATMENT
*  P<0.05  FROM t-TEST ADJUSTED FOR MULTIPLE TESTING

104.5

112.0

119.5

127.0

134.5

142.0

0.0

1

1 1
1

1

1
1

1
1

1 1
1

1 1

1

1

1 1
1

1 1
1 1

1

2

2
2

2
2 2

2 2
2

2 2
2 2 2

2

2

2 2
2

2

2
2

2

2

* * * * * * * * * * * * * * *

TIME (HOURS AFTER AWAKENING)
0 4 8 12 16 20 24

60

67

74

81

88

95

0

1

1 1
1 1 1 1 1 1

1 1
1 1 1

1

1

1 1
1 1 1

1
1

1

2

2 2
2 2

2
2 2 22 2

2 2 2

2

2

2 2 2 2
2

2

2
2

* * * * * * * * * * * * * * * * *

TIME (HOURS AFTER AWAKENING)
0 4 8 12 16 20 24

S
Y

S
TO

LI
C

 B
P 

(m
m

H
g)

D
IA

S
TO

LI
C

 B
P 

(m
m

H
g)

Figure 1. Changes in the circadian pattern of SBP (left) and DBP (right) with ramipril (5 mg/d) ingested on awakening in patients with
grade 1 or 2 uncomplicated essential hypertension sampled by 48-hour ABPM. Each graph shows the hourly means and SEs of data
collected before (continuous line) and after (dashed line) 6 weeks of timed treatment. Dark shading along the lower horizontal axis of
the graphs represents the average hours of nocturnal sleep across the patient sample.
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Figure 2. Changes in the circadian pattern of SBP (left) and DBP (right) with ramipril (5 mg/d) ingested at bedtime in patients with
grade 1 or 2 uncomplicated essential hypertension sampled by 48-hour ABPM. Each graph shows the hourly means and SEs of data
collected before (continuous line) and after (dashed line) 6 weeks of timed treatment. Dark shading along the lower horizontal axis of
the graphs represents the average hours of nocturnal sleep across the patient sample.
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ramipril. These differences in dose-response curve also re-
flect a markedly different efficacy or morning versus evening
ramipril ingestion in controlling morning BP (Table). Thus,
the reduction of the average BP during the first 2 hours after
wake-up time was more than double when ramipril was
administered at bedtime (Table).

Finally, with regard to the safety profile, apart from the 2
patients who withdrew because of secondary effects, 4
additional patients (3 on awakening dosing and 1 on bedtime
dosing) reported mild cough. This efficacy trial, however,
does not provide the required sample size to properly evaluate
potential differences in adverse effects depending of the time
of ramipril administration.

Discussion
Results of this randomized, prospective trial indicate that 5
mg/d of ramipril significantly reduces BP for the entire 24
hours only when the once-daily dose is ingested at bedtime
(Figure 3). Morning dosing on awakening, however, has short
16-hour duration of action (Figure 1) and, thus, a significantly
reduced efficacy not only during the hours of nocturnal sleep
(coincident with the last hours of the dosing interval) but also
during the hours immediately after waking up. Ramipril
dosing on awakening and at bedtime showed similar efficacy
in reducing the awake BP mean (Table); however, the
BP-lowering effect was significantly lower on the asleep BP
mean after morning as compared with bedtime administration
of ramipril. Accordingly, there was a significant decrease in
the proportion of nondipper patients only after treatment in

the bedtime-dosing group. This might be clinically relevant,
because nondipping has been related to an increase in
end-organ injury and cardiovascular events.9–11 Moreover,
independent prospective studies have also concluded that
nighttime BP is a better predictor of cardiovascular mortality
than the awake or the 24-hour BP means.9,12,13

A number of previous publications reviewed elsewhere3

have documented morning-evening administration-time dif-
ferences in the pharmacokinetics and/or pharmacodynamics
of several different classes of BP-lowering medications. For
instance, we have documented previously that the once-daily
evening, in comparison with morning, ingestion schedule of
the angiotensin receptor blocker valsartan significantly im-
proved the awake:asleep BP ratio,14 thus markedly modifying
the circadian pattern of BP variation. Similar time-dependent
effects on ambulatory BP, namely, a more efficient control of
nighttime BP without any loss in efficacy during activity with
bedtime as compared with morning dosing, were also docu-
mented for telmisartan15 and olmesartan.16

Clinical studies also demonstrated different effects of the
ACE inhibitors benazepril, enalapril, imidapril, perindopril,
quinapril, and trandolapril when dosed in the morning versus
the evening.3,4 In all of the cases, evening administration of
these medications resulted in a higher effect on nighttime BP
and a significant modification of the circadian BP profile
toward more of a dipper pattern.3 Kuroda et al17 investigated
the effects of the long-acting lipophilic ACE inhibitor tran-
dolapril when ingested just before going to bed or in the
morning in 30 hypertensive patients. Bedtime administration
of the medication was found to be a safe and effective means
of controlling morning BP in hypertensive patients without
induction of excessive BP reduction nocturnally.17 Morgan et
al18 also found, in 18 patients with essential hypertension, that
the early morning BP rise was reduced more when perindo-
pril was administered at 9 PM. However, this dose regimen did
not reduce BP over 24 hours. In the present study on a much
larger number of patients, ramipril also efficiently reduced
morning BP and nighttime BP to a greater extent when
ingested at bedtime, whereas this timed regimen increased the
duration of the therapeutic action of ramipril (Figure 3).
Results, however, should not be generalized. Our trial was
restricted to white, relatively young, previously untreated
patients with essential hypertension, who received the initial
5-mg/d dose of ramipril. Previous results have documented, eg,
a significant difference in the response to ramipril according to
ethnicity.19

With respect to contributing factors to the circadian BP
pattern, a prominent circadian variation has been demon-
strated for plasma renin activity, ACE, angiotensin II, aldo-
sterone, atrial natriuretic peptide, and catecholamines,20 all
reflecting the marked circadian structure of the renin-angio-
tensin-aldosterone system. Plasma renin activity has its peak
during nighttime sleep and a trough in the early afternoon.21

Plasma aldosterone presents a circadian pattern with high
values at the beginning of daily activity and lower values at
the beginning of nocturnal rest. Thus, we hypothesize that the
administration time-dependent effects of the ACE inhibitor
ramipril on BP demonstrated here might be related to the
circadian variation in the renin-angiotensin-aldosterone sys-
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Figure 3. Changes (in units of mm Hg) from baseline along the
24-hour after treatment in SBP (top) and DBP (bottom) with
ramipril (5 mg/d) ingested on awakening or at bedtime in
patients with grade 1 or 2 uncomplicated essential hypertension
studied by 48-hour ABPM before and after 6 weeks of timed
treatment. *P�0.05 in BP reduction between the 2 groups.
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tem, with its activation occurring during the nocturnal sleep
span and not just a consequence of terminal half-life. This
hypothesis might be supported by the increased duration of
action and BP control of bedtime as compared with morning
dosing of ramipril (Figure 3). Similar conclusions have been
proposed earlier regarding administration time-dependent
effects on ambulatory BP of valsartan, telmisartan, and
olmesartan, angiotensin receptor blockers characterized by a
markedly different terminal half-life but all showing greater
efficacy and ability to remodel the circadian BP pattern when
administered at bedtime.3

On the other hand, appreciable ingestion time differences
in the pharmacokinetics of BP lowering are well known. They
result from circadian rhythms in gastric pH and emptying,
gastrointestinal motility, biliary function and circulation, liver
enzyme activity, and blood flow to the duodenum, kidney,
and other organs, among other factors.22 Particularly relevant
is the circadian pattern in the glomerular filtration rate, with
a maximum in the daytime and a minimum at night.23 Thus,
ramipril might be expected to be cleared more slowly
overnight, thus potentially prolonging its duration of action
(Figure 3).

The potential reduction in cardiovascular risk associated
with the normalization of the circadian BP pattern (convert-
ing a nondipper to dipper pattern, possible through bedtime
administration of an angiotensin receptor blocker or an ACE
inhibitor3) is still a matter of debate. So far only 1 study has
been specifically designed to investigate whether normalizing
the circadian BP profile toward more of a dipper pattern by
the use of timed therapy reduces cardiovascular risk.24 Pre-
liminary findings from this trial, where ABPM was repeated
periodically during follow-up, indicate that the probability of
cardiovascular and cerebrovascular event-free survival is
strongly correlated with the awake:asleep BP ratio. Most
important, results suggest that increasing this ratio toward
more of a dipper pattern decreases cardiovascular risk,
whereas decreasing the awake:asleep BP ratio is associated
with an increased morbidity and mortality.24

In the Heart Outcomes Prevention Evaluation Study,25

patients in the active treatment group received ramipril at
bedtime. Results from a small substudy, in which hyperten-
sive patients were evaluated with 24 hour ABPM, showed a
marked BP reduction, particularly during nighttime sleep,26

thereby reducing the prevalence of nondippers. The authors
concluded that the beneficial effects on cardiovascular mor-
bidity and mortality seen with ramipril in the Heart Outcomes
Prevention Evaluation Study might relate to the 8% increase
in the awake:asleep BP ratio seen after ramipril was admin-
istered at bedtime.26 A recent study with another ACE
inhibitor, temocapril, evaluated its time-dependent effect on
the mortality of stroke-prone spontaneous hypertensive rats.27

Temocapril prolonged the survival rate of the animals, with a
maximum effect after dosing at the early resting period and a
minimal effect after dosing at the early active period. These
results are relevant inasmuch as, similar to the results found
here for ramipril, evening dosing with temocapril signifi-
cantly reduces nocturnal BP to a greater extent than diurnal
BP and, thus, increases the awake:asleep BP ratio toward a
more dipper profile.28 In light of these collective findings,

evaluation of the potential decrease in cardiovascular risk
from the proper modeling of the circadian BP profile by the
timed administration of antihypertensive medication (ie, by
bedtime dosing of drugs blocking the renin-angiotensin-aldo-
sterone system, eg, ramipril), beyond reduction of BP levels,
deserves further prospective investigation.

Perspectives
The results of this study on subjects with grade 1 or 2
uncomplicated essential hypertension randomly assigned to
receive the 5-mg daily dose of ramipril either on awakening or
at bedtime demonstrate a normalization of the circadian BP
profile toward more of a dipper pattern only when ramipril is
administered at bedtime. The change in the dose-response
curve, extended duration of therapeutic action, increased
proportion of controlled patients, and improved efficacy on
nighttime BP with administration of ramipril at bedtime
should be taken into account when prescribing this ACE
inhibitor for treatment of essential hypertension.
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Table S1. Demographic and analytical characteristics of subjects investigated. All values are shown as mean±SD. 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
  Before treatment After treatment  
  ---------------------------------------------------------------------------- ----------------------------------------------------------------------------  
 Variable Awakening Bedtime P between groups Awakening Bedtime P between groups 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
 Patients, n 58 57 
 Sex, % men 41.4 49.1 0.404 
 Age, years 46.9±12.3 46.5±10.2 0.854 
 Height, cm 164.3±8.9 163.6±8.5 0.702 

 Weight, Kg 76.8±11.0 76.7±8.7 0.909 77.1±11.1 76.3±8.4 0.613 
 BMI, Kg/m2 29.4±4.7 28.8±3.2 0.424 29.5±4.8 28.7±3.3 0.291 
 Waist, cm 94.2±10.1 92.0±5.7 0.149 93.8±9.9 91.6±6.1 0.159 
 Glucose, mg/dL 95.2±13.7 95.4±10.9 0.940 97.9±19.8 96.5±11.7 0.660 
 Creatinine, mg/dL 0.89±0.12 0.90±0.14 0.758 0.90±0.14 0.89±0.16 0.908 
 Uric acid, mg/dL 5.1±0.9 5.3±0.8 0.210 5.1±0.6 5.4±0.7 0.125 
 Cholesterol, mg/dL 194.7±37.5 195.4±21.2 0.907 189.5±25.1 197.0±26.9 0.136 
 Triglycerides, mg/dL 91.2±46.6 91.4±39.9 0.983 91.3±44.7 95.2±47.7 0.657 
--------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------------- 
BMI = body mass index; SBP = systolic BP; DBP = diastolic BP; PP = pulse pressure; HR = heart rate. 
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