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This study evaluated the antihypertensive efficacy 
and tolerability of a chronotherapeutic formula-
tion of propranolol designed for nighttime dosing 
(propranolol controlled release [CR]). A total of 
434 patients with mild-to-moderate hypertension 
were randomized to placebo or to one of four doses 
of propranolol CR (80, 120, 160, or 640 mg/d). 
At baseline, the mean morning blood pressures 
were similar in each treatment group and averaged 
152/101 mm Hg. After 8 weeks of treatment, morn-
ing diastolic blood pressure, the primary efficacy 
measurement, was significantly reduced from base-
line in placebo (–6.98 mm Hg) and all propranolol 
groups (p<0.001). The decreases ranged from 10.1 
mm Hg in the 80-mg/d group to 11.0 mm Hg in the 
120-mg/d group and were significantly larger than 
placebo in the 120-, 160-, and 640-mg/d groups 

(p<0.05). Blood pressure measured in the evening 
(trough) demonstrated similar antihypertensive 
efficacy. Heart rate and rate-pressure product were 
reduced in a dose-related manner by propranolol 
CR. The formulation was well tolerated with only 
fatigue and dizziness being reported more frequently 
than in the placebo group. Propranolol CR is an 
effective antihypertensive formulation that may 
reduce blood pressure during the morning period of 
maximum cardiovascular risk. (J Clin Hypertens. 
2004;6:231–241) ©2004 Le Jacq Communications, Inc.

Acute cardiovascular events, such as myocar-
dial infarction,1,2 sudden cardiac death,2,3 

or stroke4 have been reported to occur more 
commonly in the morning hours than during the 
remainder of the day. For example, in the Second 
International Study of Infarct Survival (ISIS-2), 
the risk of myocardial infarction (MI) between 
the hours of 6 a.m. and noon was 1.41 times 
higher than at other times of day.1 Others have 
reported a similar circadian variation in the onset 
of acute MI.5 The mechanisms responsible for this 
increased morning risk are not well understood. 
Factors that may be implicated in this process 
include: blood pressure (BP) increases (in asso-
ciation with increased sympathetic nervous system 
activity),6 increased platelet aggregability,7,8 and 
decreases in circulating fibrinolytic factors,9 all 
of which are factors known to occur in conjunc-
tion with awakening. Of particular interest to the 
issue of increased morning cardiovascular risk is 
the increase in sympathetic nervous system activ-
ity,10–12 which increases cardiac contractility and 
heart rate with a resultant increase in myocardial 
oxygen demand.
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Beta blockers are effective antihypertensive 
agents13 and have also been shown to reduce mor-
bidity and mortality following acute MI.14–16 For 
example, over the 25-month follow-up period in 
the β-Blocker Heart Attack Trial (BHAT), patients 
randomized to propranolol following an MI had a 
26% reduction in total mortality (p<0.005)16 and a 
14.7% reduction in recurrent MI14 compared with 
those receiving placebo. This protective benefit is 
seen in elderly persons and in patients with diabe-
tes mellitus or congestive heart failure.17

The observation that the morning peak of MI 
is less evident in patients treated with β block-
ers18,19 suggests that these drugs may act to prevent 
events during the morning hours in those patients, 
perhaps by reducing the rapid rise in BP or the 
increase in myocardial oxygen demand that occurs 
after awakening in hypertensive patients.6 If true, 
optimization of the dosing regimen, such that a β-
blocker formulation has its peak antihypertensive 
effect and β-blocking activity in the hours around 
waking, may increase its ability to reduce major 
coronary events. However, current formulations 
and dosing schedules of β blockers are to a degree 
suboptimal for morning protection because they 
are typically dosed once daily in the morning. 
Therefore, the lowest plasma levels and the small-
est antihypertensive effect (during a dose interval) 
occur during the morning hours, when the risk of 
cardiac events is greatest.

In this article we discuss the efficacy and safety 
of a new formulation of propranolol intended for 
the treatment of hypertension and designed for 
nighttime administration. Following administra-
tion of this formulation, propranolol release is 
delayed for 4–5 hours. After the delay, plasma 
propranolol concentrations rise steadily, providing 
maximum β-adrenergic antagonist activity during 
the vulnerable morning hours. Drug release and 
absorption continue for up to 14 hours.20

MATERIALS AND METHODS
Patients
Patients who were at least 18 years old and had 
mild-to-moderate hypertension (sitting diastolic 
blood pressure [DBP] between 96 mm Hg and 114 
mm Hg and a sitting systolic blood pressure [SBP] 
≤200 mm Hg during two consecutive visits dur-
ing the single-blind placebo run-in period) were 
eligible for randomization. Pregnant or lactating 
women were excluded, and women of childbear-
ing potential were required to use an effective 
method of contraception. Other major exclusion 
criteria included suspected renal artery stenosis; 

disease of the gastrointestinal tract, kidney, or liver 
that might unduly influence drug pharmacokinet-
ics; significant cardiac disease (e.g., MI, angina, 
stroke) within the prior 6 months; congestive heart 
failure; coronary artery bypass surgery within the 
previous 6 months; current history of asthma, 
chronic obstructive pulmonary disease, or nonal-
lergic bronchospasm; insulin-dependent diabetes 
mellitus; and concomitant administration of drugs 
known to affect blood pressure or known to inter-
fere with the activity of propranolol.

Study Design
The trial was a randomized, double-blind, parallel- 
group, placebo-controlled study conducted at 41 
sites within the United States. The study protocol 
was reviewed and approved by each individual 
Institutional Review Board and was performed 
in accordance with the Doctrine of Helsinki. All 
patients gave written informed consent before par-
ticipation in the trial.

The study design and schedule of events are 
illustrated in Figure 1. Patients were evaluated 
during a 2- to 3-week single-blind placebo run-
in period. During this period, patients who were 
currently treated for hypertension withdrew from 
their medication according to the manufacturer’s 
recommendation. To qualify for randomization, 
patients had to meet the BP criteria on two consecu-
tive weekly visits during the placebo run-in phase 
(i.e., screening visit 2 [S2] and randomization visit 
[R0], or screening visit 3 [S3] and R0). If patients 
qualified for randomization at S2, they returned in 
1 week for the R0. Patients failing to qualify at S2 
could return in 1 week for evaluation of their blood 
pressure at S3. Those qualifying at S3 returned in 
1 week for R0. At the beginning of week 1 R0, 
qualified patients were randomized to one of five 
treatment groups: placebo or one of four doses of 
propranolol controlled release (CR) (Innopran-XL; 
Reliant Pharmaceuticals, Liberty Corner, NJ). The 
doses of propranolol (80, 120, 160, or 640 mg/d) 
were selected based on the clinical dose range of 
sustained release propranolol (Inderal LA; Wyeth-
Ayerst, Philadelphia, PA).21 Patients were instructed 
to take their doses once daily between the hours 
of 9:30 p.m. and 10:30 p.m. Patients in the pro-
pranolol CR 80-, 120-, or 160-mg/d groups were 
started at 80 mg/d and were up-titrated to the final 
maintenance dose at the start of week 3. Patients 
in the propranolol 640-mg/d group were started at 
160 mg/d during Week 1 and titrated to 320 mg/d 
at the start of Week 2, and to 640 mg/d at the start 
of Week 3. All patients remained on their final 
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dose for the next 6 weeks. At the end of the dose-
maintenance phase, patients in the propranolol CR 
120- and 160-mg/d groups were down-titrated to 
80 mg/d and remained on this dose for the remain-
ing 2 weeks. Prior to discontinuation, patients in the 
propranolol 640-mg/d group were down-titrated to 
320 mg/d at the start of Week 8 and to 160 mg/d at 
the start of Week 9. Patients in the 80-mg/d group 
remained on their original dose for the remaining 2 
weeks. Placebo substitution was used to blind the 
identity of the treatment groups.

During the randomized treatment phase of the 
study, seated BP was measured in the morning and 

evening at the beginning of Week 1 (the R0), and 
at the end of Weeks 4 and 8. BP was measured in 
the morning only at the end of Weeks 2 and 10. 
At each evaluation, seated BP was measured three 
times with an interval of 1 to 2 minutes between 
measurements, and the mean of the three SBP 
and DBP measurements was used as the BP for 
that time point. During the treatment phase of 
the study, patients who had DBP >114 mm Hg or 
SBP >200 mm Hg were evaluated 7 days later and 
dropped from the study if their BP remained above 
these proscribed limits. Patients with elevated BP 
(irrespective of level) and associated symptoms 

R0
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S1 S2 S3

Screening Up-titration Maintenance Down-titration

Placebo
run-in

Randomized treatment phase

* * * * ** **

Weeks
Screening and

qualification visits

-1-2-3

Figure 1. Study design schematic. S1=screening visit 1; S2=screening visit 2; S3=screening visit 3; R0=randomization 
visit at the start of week 1; *time points at which systolic and diastolic blood pressures were measured
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Figure 2. Mean morning sitting diastolic blood pressure (DBP) and systolic blood pressure (SBP). Doses were up-titrat-
ed in the propranolol controlled release (CR) formulation 120-, 160-, and 640-mg groups during Weeks 0–2 and were 
down-titrated in the same groups during Weeks 8–10. l=placebo; n=propranolol CR 80 mg; ®=propranolol CR 120 
mg; °=propranolol CR 160 mg; ▲= propranolol CR 640 mg
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were discontinued immediately from the study. In 
either case, appropriate antihypertensive therapy 
was initiated.

Plasma Drug Levels
Trough plasma concentrations of propranolol were 
measured in 104 patients from eight randomly 
selected sites. A trough blood sample (within 4 
hours of the next dose) was drawn during the 
evening visit at the end of Weeks 4 and 8. Plasma 
samples were prepared and analyzed for total pro-
pranolol (conjugated and unconjugated) at a cen-
tral laboratory using a validated high-performance 
liquid chromatography method. The lower limit of 
quantitation was 2.0 ng/mL for this method.

Safety Assessment
Before randomization and at study completion, 
safety assessments consisted of hematology tests, 
blood chemistry assays, urinalysis, physical exami-
nation, and electrocardiogram (ECG) measurements. 
Throughout the trial, safety assessments consisted 
of monitoring and recording all adverse events and 
the measurement of vital signs. Adverse events were 
either volunteered by the subjects, discovered during 
questioning by the investigator, or detected through 
physical examination or laboratory testing.

STATISTICAL METHODS
Sample Size Determination
A sample size of 420 randomized patients (84 per 
treatment group) was chosen based on an 80% 
power to detect an expected treatment difference of 
4 mm Hg between propranolol CR and the placebo 
with an expected common standard deviation of 6.8 
mm Hg and an expected dropout rate of 20%. In this 
calculation, the significance level was set to 0.0125 to 
yield an overall α error of 0.05 for the four planned 
comparisons and to maintain 80% power.

Outcome Measurements
The primary outcome variable was the change in 
morning mean sitting DBP from baseline (start 
of Week 1) to end point (end of Week 8). Change 
in sitting DBP was evaluated on an intent-to-
treat basis using the last observation carried for-
ward method to impute missing end point values. 
Change in sitting DBP was analyzed using analysis 
of covariance with the treatment group and center 
as factors and the baseline mean sitting DBP as a 
covariate. The response in each of the four pro-
pranolol CR groups was compared with placebo 
using a modified Dunnett test. Within each group, 
the hypothesis of no mean change in sitting DBP 

from baseline to end point was tested using a 
paired t test.

Secondary efficacy variables were change from 
baseline to end point in mean sitting SBP, heart 
rate, and rate-pressure product (heart rate × mean 
SBP) measured in the morning and evening, and 
mean sitting DBP measured in the evening. The 
secondary efficacy variables were analyzed as 
described for the primary outcome variable. All 
statistical analyses were done with SAS (version 
6.12, 2000, SAS Institute, Cary, NC).

RESULTS
Patient Disposition
A total of 434 patients were randomized to double-
blind treatment. During the randomized phase of the 
study, 78 (18%) patients were discontinued, primar-
ily because of adverse events (n=24) or insufficient 
response (n=12). The reasons for withdrawal were 
similar in the placebo and propranolol CR groups. 
In addition, seven randomized patients were removed 
from the intent-to-treat population because of the 
possibility of unblinding during the study (n=3), or 
because of data documentation issues (n=4). These 
seven patients remained part of the safety evaluation.

Demographics and Baseline Characteristics
The demographics and baseline characteristics of 
the patients in the intent-to-treat population are 
presented in Table I. No statistically significant 
difference between treatment groups was seen for 
demographic or baseline characteristics. The aver-
age patient age was 53.9 years, and 56% were men. 
A total of 17.1% were African American, 65.3% 
were white, 15.9% were Hispanic, and 0.9% were 
Asian. Baseline morning mean sitting SBP and DBP 
were approximately 152 mm Hg and 101 mm Hg, 
respectively, for all treatment groups.

Primary Efficacy Results: Morning DBP
The effect of treatment on mean morning sitting BP 
is shown in Figure 2. At the end of Week 8, all treat-
ments, including placebo, had significantly reduced 
morning sitting DBP (p<0.001) compared with base-
line. The BP reduction in the placebo therapy group 
was significant by usual standards (–6.98 mm Hg 
[diastolic] and –8.19 mm Hg [systolic]) In the intent-
to-treat population, the mean change in sitting DBP 
was significantly greater than placebo in the propran-
olol 120-, 180-, and 640-mg groups (Table II).

Secondary Efficacy Results
Compared with baseline, all treatments, includ-
ing placebo, reduced morning sitting SBP and both 
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evening sitting SBP and DBP after 8 weeks of treat-
ment (Table II). Evening sitting DBP was significantly 
reduced compared with placebo by all doses of pro-
pranolol CR, but evening SBP was significantly less 
than placebo only in the propranolol CR 80-mg and 

640-mg groups (Table II). Morning SBP was not sig-
nificantly reduced compared with placebo. At base-
line, mean morning heart rates were similar in each 
group, ranging from 73.3 bpm in the propranolol 
CR 160-mg group to 75.4 bpm in the placebo group. 

Table I. Demographic and Baseline Characteristics of the Intent-to-Treat Population

TREATMENT GROUP

PARAMETER PLACEBO
PROPRANOLOL CR DOSE (MG/D)

P VALUE80 120 160 640
n 84 88 84 84 87
Age (mean y ± SD) 54.3±10.5 55.1±10.9 53.4±10.8 55.0±10.7 56.1±11.1 0.566
Men (%) 57.1 56.8 54.8 60.7 55.2 0.958

Ethnic origin (%)

Asian 0 1.1 1.2 2.4 0 0.751

African American 14.3 20.5 17.9 14.3 18.4 0.751

White 72.6 59.1 64.3 64.3 66.7 0.751

Hispanic 13.1 18.2 15.5 19.0 13.8 0.751

Other 0 1.1 1.2 0 1.1 0.751

Height (in ± SD) 67.1±4.1 67.0±3.9 66.7±4.2 67.4±3.5 67.1±4.2 0.819
Weight (kg ± SD) 88.4±17.2 91.2±19.0 91.5±20.4 91.2±19.4 93.7±21.4 0.318
Duration of 

hypertension (y ± SD) 9.1±9.5 8.4±7.8 8.2±7.7 9.0±8.6 10.2±10.5 0.353

Sitting DBP 
(mm Hg ± SD)*

101.3±4.7 100.6±4.7 100.8±4.8 101.5±5.1 100.3±4.2 0.407

Sitting SBP 
(mm Hg ± SD)*

154.3±12.9 153.9±13.5 152.5±15.0 156.9±13.0 156.4±15.4 0.183

CR=controlled releases; DBP=diastolic blood pressure; SBP=systolic blood pressure; *blood pressure was measured in the morning
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Propranolol CR significantly reduced mean morning 
heart rate in all groups compared with placebo (Figure 
3). Similar significant decreases were seen when heart 
rate was measured in the evening. Propranolol CR 
significantly reduced the mean morning rate-pressure 
product in a dose-related fashion (Figure 3) and, as 
was the case with heart rate; similar decreases were 
observed when rate-pressure product was determined 
in the evening.

Plasma Concentration
Trough plasma concentrations of propranolol were 
measured in 18–23 patients from each treatment 
group. The demographic composition of this subset 

was similar to that of the intent-to-treat popula-
tion except that there was a greater percentage of 
white patients (72%–95% across treatment groups) 
than in the intent-to-treat population (59%–72% 
across treatment groups). Trough plasma concentra-
tions (Figure 4) were similar at 4 and 8 weeks and 
increased in a dose-dependent manner, indicating 
that the pharmacokinetic pattern of propranolol 
was consistent and that subject compliance with 
protocol was maintained. Inter- and intrasubject 
standard deviation estimates were 26.3 ng/mL and 
24.3 ng/mL, respectively. These standard deviation 
estimates are less than what is generally observed 
with propranolol, which otherwise is a compound 

Table II. Effect of Propranolol Controlled Release (CR) Formulation on Morning and Evening Blood Pressure in the Intent-to-
Treat Population After 8 Weeks of Treatment

 TREATMENT GROUP

PARAMETER PLACEBO
PROPRANOLOL CR DOSE (MG/D)

P VALUE†80 120 160 640
n 84 88 84 84 87
Morning DBP†† –6.98

(–8.89, –5.08)
–10.09

(–11.96, –8.22)
–11.04**

(–12.95, –9.13)
–10.43*

(–12.36, –8.51)
–10.68*

(–12.58, –8.78) 0.018

Morning SBP†† -8.19
(–11.60, –4.77)

–11.96
(–15.30, –8.63)

–12.43
(–15.85, –9.01)

–12.17
(–15.63, –8.72)

–12.09
(–15.48, –8.70) 0.345

n‡ 75 79 78 82 80
Evening DBP†† –7.76

(–9.70, –5.81)
–11.35*

(–13.24, –9.46)
–13.32***

(–15.21, –11.42)
–11.16*

(–13.02, –9.30
–12.23**

(–14.13, –10.33) 0.001

Evening SBP†† –7.62
(–11.01, –4.22)

–14.00*
(–17.30, –10.70)

–13.03
(–16.35, –9.71)

–11.29
 (–14.54, –8.03)

–13.47*
 (–16.78, –10.16) 0.046

DBP=diastolic blood pressure; SBP=systolic blood pressure †p value for the overall comparison among treatments based on analysis 
of covariance; ††values are mean change from baseline (mm Hg) with 95% confidence intervals in parentheses; ‡patients who 
had blood pressure measured in the evening at baseline and at the end of Week 4 or Week 8 or both; *p<0.05, **p<0.01, and 
***p<0.001 for the comparison between the placebo group and that treatment group using the Dunnett test

Table III. Common Treatment-Emergent Adverse Events (AEs)* During Double-Blind Treatment

TREATMENT GROUP

PARAMETER PLACEBO
PROPRANOLOL CR DOSE (MG/D)

80 120 160 640
n 88 89 85 85 87
Headache, n (%) 12 (13.6) 4 (4.5) 11 (12.9) 7 (8.2) 7 (8.0)
Fatigue, n (%) 3 (3.4) 4 (4.5) 6 (7.1) 3 (3.5) 8 (9.2)
Dizziness, n (%) 2 (2.3) 6 (6.7) 3 (3.5) 3 (3.5) 5 (5.7)
Insomnia, n (%) 3 (3.4) 0 (0) 2 (2.4) 2 (2.4) 7 (8.0)
Nausea, n (%) 7 (8.0) 2 (2.2) 2 (2.4) 1 (1.2) 4 (4.6)
Diarrhea, n (%) 5 (5.7) 1 (1.1) 3 (3.5) 1 (1.2) 1 (1.1)
Any AE, n (%) 45 (51.1) 45 (50.6) 44 (51.8) 38 (44.7) 49 (56.3)
CR=controlled release; *common treatment-emergent adverse events were those that occurred in 5% or more of the patients in 
any treatment group
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characterized by significant first-pass effect and 
wide confidence intervals for steady state plasma 
concentrations.22 In this subset of patients, linear 
regression utilizing both absolute and natural log 
transformed values was used to examine the cor-
relation between trough plasma concentration and 
the primary and secondary efficacy parameters. 
Trough plasma concentration was significantly cor-
related to evening DBP (p=0.026), morning heart 
rate (p≤0.0001), evening heart rate (p=0.0013), 
and morning and evening rate-pressure products 
(p≤0.0001 and p=0.0039, respectively). No signifi-
cant correlation was found for morning DBP, morn-
ing SBP, or evening SBP (p≤0.0648, p=0.2456, and 
p=0.0875, respectively). The observed correlations 
were independent of whether plasma concentrations 
of propranolol were log-transformed.

Safety and Tolerability
Overall, propranolol CR was safe and well tolerat-
ed. During the double-blind treatment phase of the 
study, about half of the patients in any treatment 
group experienced an adverse event with most clas-
sified as mild or moderate in severity. The adverse 
events reported by 5% or more of the patients in 
any treatment group are presented in Table III. 
There did not appear to be any clinically relevant 
differences in adverse events recorded for women 
and men. Fatigue and dizziness were somewhat 

more common in the 
patients treated with 
propranolol CR, but 
did not appear to be 
dose related. Although 
the numbers of patients 
with fatigue and insom-
nia were small there 
appeared to be a rela-
tionship between these 
side effects and the 
high-end dose of 640 
mg/d. Two patients 
treated with propran-
olol CR (one in the 
120-mg group and one 
in the 160-mg group) 
experienced postural 
hypotension, as did one 
patient in the placebo 
group.

A total of 23 patients 
discontinued the study 

because of an adverse 
event. Of these, five 

were in the placebo group (5.7%), six were in the 
80-mg group (6.7%), and 10 were in the 640-mg 
group (11.5%). The 120-mg and 160-mg groups 
had one discontinuation each (1.2%). The most 
common reasons for discontinuation from the 640-
mg group were insomnia (n=3, 3.4%) and fatigue 
(n=2, 2.3%). Serious adverse events resulting in 
discontinuation occurred in four patients during 
the double-blind treatment phase of the study. One 
male patient in the 80-mg group was hospitalized 
for moderate musculoskeletal chest discomfort. 
In the 120-mg group, one male patient suffered 
a severe gastrointestinal disorder (diverticulitis, 
ruptured sigmoid) for which he was hospitalized 
and treated surgically, and another male patient 
was hospitalized for chest pressure and difficulty 
breathing. In the placebo group, a male patient 
suffered a stroke. In none of these four cases was 
the serious adverse event deemed to be related to 
the study treatment by the investigator.

No clinically significant changes from screening 
to the termination of the study were seen in any 
mean clinical laboratory values. Mean plasma glu-
cose increased slightly in all treatment groups from 
screening to study termination, with the largest 
increase being seen in the 160-mg/d group (7.3±5.1 
mg/dL). However none of the increases was sta-
tistically significant. The number of patients who 
had a change from a normal ECG at screening to 
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Figure 4. Plasma propranolol levels after 4 and 8 weeks of treatment with propranolol con-
trolled-release (CR) formulation.
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an abnormal ECG at study termination was com-
parable across treatment groups and ranged from 
12% to 17%. ECG changes were not associated 
with definable clinical sequelae.

DISCUSSION
This study demonstrated the efficacy and safety of 
a novel delivery system of propranolol specifically 
designed for nighttime dosing. Administered around 
bedtime, propranolol CR at doses of 120, 160, and 
640 mg/d significantly reduced morning DBP, the 
primary outcome variable, compared with placebo 
in patients with mild-to-moderate hypertension 
(Table II). The reduction in BP with propranolol CR 
was comparable in the dose range from 120 to 640 
mg. This is not an unexpected observation in that 
β blockade typically has a flat dose-response curve 
once an effect dose has been established23

In addition, all doses of propranolol CR pro-
vided effective 24-hour antihypertensive control, as 
shown by the evening measurements of DBP (which 
occurred at the trough of the dosing cycle). As 
shown in Table II, the decreases in DBP measured 
in the evening were approximately the same as those 
measured in the morning and these changes were 
generally more prominent in women than men (data 
not shown). The reduction in BP with proprano-
lol CR occurred to a similar degree in all ethnic 
groups. This was particularly so in the African-
American cohort, where mean DBP reductions of 
11.33 mm Hg and 11.67 mm Hg were noted in the 
120-mg and 160-mg groups, respectively. These are 
interesting findings suggesting a time-of-delivery 
component to the BP response to propranolol in 
African Americans; however, the number of African 
Americans in this study was small (Table II) and this 
observation requires additional confirming studies.

The changes in morning SBP in the active treat-
ment groups were not significantly different than 
those observed in the placebo group (Table II). The 
failure to reduce SBP in the morning hours likely 
related to the large placebo effect (regression to the 
mean) masking the anticipated SBP reduction and/or 
study specific conditions that may have complicated 
interpretation of the morning SBP change. The latter 
BP readings were obtained in the morning hours in 
a office-based setting and may have missed an SBP/
DBP effect in the early morning hours before arrival 
at the study facility. Such changes would have been 
more likely to have been identified with ambulatory 
BP monitoring, which unfortunately was not part of 
the design for this study.

This persistence of DBP effect at trough is 
relevant in that it establishes propranolol in this 

delivery system as a true once-a-day compound, 
whereas several other β blockers provide less 
than complete coverage at the end of their dose 
interval.24 It is unclear whether propranolol in 
this delivery system provides >24 hours coverage 
because subjects were not studied with ambulatory 
BP monitoring. Despite the absence of such data 
the pharmacokinetic profile of this compound as 
well as the residual blood levels at trough (Figure 
4) would suggest a meaningful BP reduction 
beyond 24 hours.

In addition to the antihypertensive effects, pro-
pranolol in this new formulation resulted in dose-
related decreases in morning and evening heart rate 
and rate-pressure product, an indicator of myocar-
dial oxygen consumption. The dose dependency in 
the reduction in rate-pressure product related to 
a drop in pulse rate more so than an incremental 
reduction in BP with propranolol CR dose esca-
lation. The fact that propranolol incrementally 
reduced pulse rate without significant additional 
falls in BP suggest that these study subjects were 
not pulse rate dependent in their BP. Pulse-rate 
dependent hypertensives typically experience a 
more brisk fall in BP with β blockade; thus, the 
magnitude BP drop in these subjects can be viewed 
as being broadly representative of a population-
based response to β blockade.

Chronotherapeutics refers to the concept of 
matching the pharmacologic delivery of drugs 
to the natural circadian rhythms of disease/body 
functions and is a relatively new concept in car-
diovascular therapy. One potential target for chro-
notherapy is hypertension. Both systolic and dia-
stolic BP exhibit substantial and regular changes 
during a 24-hour period in both normotensive 
and hypertensive subjects. In most subjects, BP 
reaches a nadir during the hours of sleep, shows a 
substantial increase (20–30 mm Hg) in the hours 
immediately before and just after waking, and 
remains relatively constant until late afternoon 
and evening when it trends downward.6,25,26 This 
circadian pattern is modified by a range of envi-
ronmental factors and is oftentimes difficult to 
identify with so many extraneous factors at play. 
In this regard, the delivery characteristics of most 
currently available antihypertensive drugs are mis-
matched with the circadian pattern of BP. Most 
antihypertensive medications are dosed once daily 
in the morning with the end result being that the 
lowest plasma concentration of drug is present 
when morning BP values begin to rise. The failure 
to adequately control hypertension during this time 
period may be of critical importance, as indicated 
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by the temporal association of this morning surge 
in BP with the increased morning incidence of MI, 
sudden cardiac death, and stroke.1–4

The increased morning incidence of acute MI 
is well established and is clearly illustrated by 
the time of onset of symptoms for patients in the 
ISIS-2 trial.1 In this study, the time of MI could be 
estimated in 71% of the study population (12,163 
of 17,187 patients), and the analysis showed that 
between the hours of 6 a.m. and noon, the rela-
tive risk of MI was 1.41 (95% confidence interval 
[CI], 1.36, 1.46) times higher than it was at any 
other time during the day. The linkage of time to 
the occurrence of MI showed the sharpest increase 
between 6 a.m. and 8 a.m. Other studies have 
confirmed these observations.5,18,19 Of particular 
interest to our study was the observation that 
patients treated with β blockers do not exhibit this 
circadian distribution of time of onset of MI.5,18,19 
In a study reported by Muller and colleagues,5 
the risk for the onset of MI in patients who were 
not taking β blockers was 34% higher (p<0.01) 
between the 6-hour time period between 6 a.m. 
and noon than during the other three 6-hour peri-
ods. However, in patients who were treated with 
β blockers, the increased morning risk was only 
3% higher (p=not significant). Because of the ret-
rospective design of these studies of the circadian 
distribution of the incidence of MI, it is not pos-
sible to determine if prior use of β blockers actually 
decreased the absolute incidence of morning MI or 
if it only shifted the distribution of events to other 
time periods. However, the extensive clinical evi-
dence that β blockers are effective in the primary 
and secondary reduction of morbidity and mortal-
ity from coronary heart disease14,16,17,27–29 strongly 
suggests that attenuation of the circadian distribu-
tion of the incidence of MI occurred because of an 
overall reduction in morning events.

The mechanisms by which propranolol could 
reduce the peak in morning cardiovascular events 
is not fully understood, but likely involves a combi-
nation of its antihypertensive action, as well as its 
direct antagonism of sympathetic nervous system 
activity. Reduction in BP in at-risk patients with 
hypertension has long been recognized as a means 
to reduce cardiovascular morbidity and mortal-
ity,30–34 but by itself may be insufficient to account 
for the reduction in morning cardiovascular events 
in patients treated with β blockers.

In the Intravenous Streptokinase in Acute 
Myocardial Infarction (ISAM) study, patients 
reporting the use of β blockers had a reduced 
frequency of morning events, whereas those citing 

the use of calcium channel blockers did not.19 It 
seems likely that the ability of β blockers to directly 
interfere with the morning increase in sympathetic 
nervous system activity through the blockade of 
β-adrenergic receptors contributes substantially to 
the reduction in morning events. β blockade could 
attenuate the increase in heart rate and myocardial 
contractility seen upon waking and thus reduce 
myocardial oxygen demand and limit the hemody-
namic changes that may be responsible for trigger-
ing plaque rupture. Although the ability of platelets 
to aggregate has been reported to increase in the 
hours after waking,7,8 the role of β blockers to influ-
ence platelet aggregation is not well established. β 
blockers have little effect on in vitro aggregation 
of platelets taken from normal subjects35 but may 
reduce aggregation in vivo in patients with ischemic 
heart disease.36–39 For example, in a small subset 
of patients in the β-Blocker Heart Attack study,16 
fewer circulating aggregates of platelets were found 
in patients treated with propranolol than in those 
treated with placebo.39

It is well established that reduction of BP in popu-
lations of hypertensive patients reduces the incidence 
of cardiovascular morbidity and mortality,40–41 but 
it has not yet been proven that using a chronothera-
peutic formulation that provides maximum antihy-
pertensive efficacy in the morning hours will improve 
these benefits. One study of antihypertensive chro-
notherapy was recently completed. The Controlled 
Onset Verapamil Investigation of Cardiovascular 
End points (CONVINCE) trial42 was scheduled to be 
a 5-year randomized, double-blind study comparing 
a delayed-onset, controlled-release formulation of 
the calcium channel blocker verapamil to standard 
morning-dosed antihypertensive therapy (diuretic or 
β blocker) in 16,602 hypertensive patients. At the 
early termination of the study (after about 3 years of 
follow-up), the number of major events that occurred 
in each treatment group was nearly identical (364 
in the verapamil group, and 365 in the standard 
care group).42 There was no difference in the occur-
rence of morning events. Because the number of 
events was smaller than anticipated, the investigators 
were unable to conclude that chronotherapeutically 
delivered verapamil was equivalent to the standard 
of care in reducing major cardiovascular events in 
hypertensive patients. Whether a chronotherapeutic 
formulation of propranolol like that tested in our 
study has an enhanced ability to reduce cardiovas-
cular morbidity and mortality will require further 
evaluation. In this study, no morning events were 
reported that might allow end point discrimination 
between placebo and propranolol.
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Finally, chronotherapeutics remains a poorly 
studied area in relationship to the pattern of drug 
delivery, possibly influencing side-effect profiles to 
medications. For example, prior studies with noc-
turnally delivered forms of verapamil43 and diltia-
zem44 have been associated with fewer symptoms 
(e.g., less peripheral edema) than might be the case 
with daytime administration of these compounds. 
This seems to also be the case with nocturnally 
administered propranolol, which seemed to be 
somewhat better tolerated in women than is rou-
tinely the case for this compound when it is admin-
istered in the daytime.

CONCLUSIONS
In patients with mild-to-moderate hypertension, 
propranolol CR taken once nightly around bedtime 
provides effective and safe 24-hour control of BP. 
It is the first delayed-release β blocker specifically 
formulated for nighttime administration to provide 
maximum drug concentration during the early morn-
ing rise in BP. This morning antihypertensive activity 
combined with effective morning β blockade limits 
several of the well established triggers for morning 
events; however, whether propranolol in this formu-
lation specifically confers morning cardiovascular 
protection above and beyond that of conventional 
β-blocker formulations that could be administered 
on a b.i.d. basis remains to be determined.

Disclosure: This study was funded by Reliant Pharmaceuticals, 
Liberty Corner, NJ.
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