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Abstract—Therapeutic strategies in resistant hypertension include adding another drug or changing drugs in search for
a better synergic combination. Most patients, however, receive all of their drugs in a single morning dose. We have
evaluated the impact on the circadian pattern of blood pressure on modifying the time of treatment without
increasing the number of prescribed drugs. We studied 250 hypertensive patients who were receiving 3
antihypertensive drugs in a single morning dose. Patients were randomly assigned to 1 of 2 groups according to
the modification in their treatment strategy: changing 1 of the drugs but keeping all 3 in the morning or the same
approach but administering the new drug at bedtime. Blood pressure was measured for 48 hours before and after
12 weeks of treatment. There was no effect on ambulatory blood pressure when all of the drugs were taken on
awakening. The baseline prevalence of nondipping (79%) was slightly increased after treatment (86%; P�0.131).
The ambulatory blood pressure reduction was statistically significant (9.4/6.0 mm Hg for systolic/diastolic blood
pressure; P�0.001) with 1 drug at bedtime. This reduction was larger in the nocturnal than in the diurnal mean
of blood pressure. Thus, whereas only 16% of the patients in this group were dippers at baseline, 57% were dippers
after therapy (P�0.001). Results indicate that, in resistant hypertension, time of treatment may be more important
for blood pressure control and for the proper modeling of the circadian blood pressure pattern than just changing
the drug combination. (Hypertension. 2008;51:69-76.)

Key Words: resistant hypertension � ambulatory blood pressure monitoring � circadian rhythm � chronotherapy
� dipper � nondipper

Hypertension has been defined as resistant to treatment, or
refractory, when a therapeutic plan that has included

attention to lifestyle measures and the prescription of �3
antihypertensive drugs in adequate doses has failed to lower
systolic (SBP) and diastolic (DBP) blood pressure (BP)
sufficiently.1,2 Patients with resistant hypertension are at a
greater risk for stroke, renal insufficiency, and morbid car-
diovascular events than patients for whom BP is well con-
trolled by medical therapy.3 Accordingly, there is increasing
interest on how to treat patients with resistant hypertension.

Therapeutic strategies in resistant hypertension currently
include adding another drug or changing one drug for a
different one in the search for a potentially better synergic
combination.1,2 Most hypertensive patients, including those
with resistant hypertension, however, receive all of their
antihypertensive drugs in a single morning dose.4 Previous
studies on the BP pattern of patients with resistant hyperten-
sion5,6 have not taken into consideration the potential influ-
ence in the results of the time of treatment. In fact, time of
administration of antihypertensive drugs and its potential

impact on the BP control of patients with apparent resistant
hypertension have only been addressed occasionally.7,8

With the use of ambulatory BP monitoring (ABPM),
Muxfeldt et al6 reported a 69% prevalence of nondipping
(�10% decline in nocturnal mean relative to the diurnal mean
of BP) in patients with resistant hypertension. Recent results
indicate that nondipping is partly related to the absence of
homogeneous 24-hour therapeutic coverage in patients
treated with single morning doses.4 A recent cross-sectional
study investigated the impact of treatment time on the BP
pattern in 700 patients with resistant hypertension.8 Results
indicated that the percentage of patients with controlled
ambulatory BP was double in patients taking 1 drug at
bedtime compared with those taking all of their medication
on awakening. Moreover, the prevalence of nondipping was
reduced from 82% to 57% when patients received 1 drug at
bedtime.8 Accordingly, this prospective randomized trial
evaluated the impact on the circadian pattern of BP and the
degree of ambulatory BP control on modifying the time of
treatment without increasing the number of prescribed drugs
in patients with resistant hypertension.
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Methods
An expanded Methods section can be found in the data supplement
online at http://hyper.ahajournals.org.

Subjects
This prospective trial was conducted at the Hospital Clı́nico Univer-
sitario, Santiago de Compostela, between January 2003 and June
2005. Shift workers, heavy drinkers (alcohol intake �80 g/d), heavy
smokers (�20 cigarettes per day d), and heavy exercisers were
excluded, as were individuals with type 1 diabetes or secondary
arterial hypertension and cardiovascular disorders, including con-
comitant unstable angina pectoris, heart failure, stroke, life threat-
ening arrhythmia, nephropathy, and retinopathy, previous (within the
last year) myocardial infarction, or coronary revascularization as
revealed by thorough clinical evaluation according to the standard-
ized protocol at the hypertension unit of the hospital. Inclusion
criteria required a diagnosis of uncontrolled hypertension, first based
on conventional BP measurements (SBP �140 mm Hg and/or DBP
�90 mm Hg).1,2,9 Patients were also required to have uncontrolled
hypertension based on ABPM, ie, either the diurnal (awake) mean
�135/85 mm Hg for SBP/DBP or the nocturnal (sleep time) mean
�120/70 mm Hg.2,9 Moreover, inclusion criteria required that pa-
tients were treated for �3 months with a stable scheme consisting of
3 antihypertensive drugs in a single morning dose, with an adequate
combination and dose.2 For this trial we screened 312 patients and
identified 265 who met these inclusion/exclusion criteria. Among
these, 250 (136 men and 114 women), 60.1�11.7 years of age,
completed the study and provided all of the required information for
this trial.

The basic therapeutic schemes where a combination of a diuretic
with either an angiotensin-converting enzyme inhibitor (34.4% of the
patients) or an angiotensin II receptor blocker (65.6% of the
patients). The third drug was a dihydropyridine calcium channel
blocker (CCB; 52.8% of the patients; mainly amlodipine or nifedi-
pine gastrointestinal therapeutic system) or an �-blocker (always
doxazosin gastrointestinal therapeutic system; 47.2% of the patients;
Table 1).

After providing informed consent to participate in this prospec-
tive, randomized, open-label, blinded end point, parallel-group
chronotherapy trial, patients were randomly assigned to 1 of 2 groups
according to the modification in their treatment strategy: change of
the third of the drugs mentioned above to a different one, thus
maintaining a synergic combination2 and still administering all 3
drugs on awakening or the same approach but administering the new
drug at bedtime. The State Ethics Committee of Clinical Research
approved the trial, part of the prospective Monitorización Ambula-
toria de Presión Arterial y Eventos Cardiovasculares Study,10 mainly
designed to investigate whether normalizing the circadian BP profile
toward a more dipper pattern by time-specified treatment reduces
cardiovascular risk.

Blood samples were obtained in the clinic from the antecubital
vein after nocturnal fasting between 8 AM and 9 AM on the same days
when 48-hour ABPM was initiated, both immediately before and
after 3 months of intervention. Clinic BP measurements (6 per study
visit after being seated for �5 minutes on the same day just before
starting ABPM) were always obtained by the same investigator with
a validated automatic oscillometric device (HEM-737, Omron
Health Care Inc).11

ABPM Assessment
The SBP, DBP, and heart rate (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 lacking, if they had missing data for �2-hour
spans, or if measurements were collected from subjects while

experiencing an irregular rest-activity schedule or a nighttime sleep
span �6 hours or �12 hours during monitoring. Protocol-correct
data series were collected from 250 subjects and, therefore, included
in this efficacy study.

Actigraphy
Every participant wore a Mini-Motion-Logger actigraph (Ambula-
tory Monitoring Inc) on the dominant wrist to monitor physical
activity every minute of the day and night throughout each 48-hour,
ABPM session. The actigraphy data were used to determine the onset
and offset times of diurnal activity and nocturnal sleep so as to
accurately determine the diurnal and nocturnal BP means of each
subject. The mean activity for the 5 minutes before each BP reading
was then calculated for further statistical analysis of the circadian
variability of activity level following previously established
procedures.4,12

Statistical Methods
BP and HR time series were then edited according to conventional
criteria to remove measurement errors and outliers.13 For descriptive
purposes, the circadian rhythm of BP, HR, and wrist activity before and
after treatment was objectively assessed by population multiple-
component analysis.14 The daily (24-hour), diurnal (active-span), and
nocturnal (resting-span) means of BP were further compared among
groups by ANOVA. The demographic and clinical characteristics in
Table 1 were compared among groups by ANOVA (quantitative
variables) or nonparametric �2 test. Comparisons within each treatment
group for each variable included in Table 1 measured before and after
3 months of intervention were performed by paired t test.

Results
Demographic Characteristics and
Analytical Parameters
The baseline physical characteristics of the 2 groups of
subjects (Table 1) were similar, and they remained unchanged
after treatment. Clinic BP measurements, including pulse
pressure (difference between SBP and DBP), were unchanged
with all of the drugs on awakening. Clinic SBP and DBP were
slightly but significantly reduced in patients treated with 1
drug at bedtime. There were no differences between treatment
groups in the effects on clinic BP after correcting for baseline
values (Table 1). The serum values of glucose, creatinine,
uric acid, cholesterol, triglycerides (Table 1), and other
laboratory chemistry variables of the 2 treatment groups were
comparable at baseline and were not significantly changed
after treatment.

Group 1: 3 Drugs on Awakening
Figure 1 (left) shows the circadian rhythm of SBP and DBP
measured by 48-hour ABPM before and after treatment with all
of the drugs on awakening in the morning. The dark shading
along the lower horizontal axis of the graphs represents 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. There was
no change in BP after 3 months of treatment with a new
therapeutic scheme but keeping the administration time of all of
the drugs on awakening. After treatment, only 1 patient in this
group showed controlled values of ABPM below the diagnostic
thresholds mentioned above.2,9 The graphs on the left of Figure
1 show a marked nondipper pattern before treatment (here
defined as patients with �10% decline in nocturnal mean

70 Hypertension January 2008

 at L
ong Island Jew

ish M
edical C

tr--N
ew

 H
yde Park on A

ugust 28, 2016
http://hyper.ahajournals.org/

D
ow

nloaded from
 

http://hyper.ahajournals.org/


compared with the diurnal mean, the diurnal/nocturnal ratio, of
BP using all of the data sampled by ABPM for 48 consecutive
hours). Results in Table 2 indicate that 79% of the patients were
nondipper before intervention and 86% were nondipper after
intervention. HR remained unchanged after treatment (decrease
in the 24-hour mean of 0.8 bpm; P�0.166). The circadian
pattern of activity measured by wrist actigraphy also remained
unchanged (P�0.316 for comparison of 24-hour mean activity

before and after treatment). The average duration of nocturnal
rest was not statistically different for the profiles obtained before
and after intervention (P�0.434; Table 2).

Group 2: 2 Drugs on Awakening and 1 Drug
at Bedtime
The graphs on the right in Figure 1 show the significant
reduction in SBP (top) and DBP (bottom) after 3 months of

Table 1. Demographic and Analytical Characteristics of Subjects Investigated

Variable
All Drugs on
Awakening 1 Drug at Bedtime

P for Group
Comparison

Patients, n 125 125

Baseline treatment schedule, n

Diuretic 125 125

ARB 81 83

ACEI 44 42

CCB 66 66

�-Blocker 59 59

Sex, % men 56.0 52.8 0.612

Age, mean�SD, y 60.0�11.6 60.1�11.9 0.928

Height, mean�SD, cm 160.6�9.8 159.0�10.1 0.179

Before treatment, mean�SD

Weight, kg 77.6�14.5 77.9�16.2 0.862

BMI, kg/m2 29.9�4.0 30.6�4.6 0.181

Clinic SBP, mm Hg* 158.4�18.8 160.5�23.3 0.519

Clinic DBP, mm Hg* 87.8�11.2 88.5�12.5 0.370

Clinic PP, mm Hg* 70.6�16.6 72.0�18.7 0.514

Glucose, mg/dL 123.3�48.7 121.0�38.8 0.699

Creatinine, mg/dL 1.01�0.33 0.99�0.24 0.445

Uric acid, mg/dL 5.7�1.7 5.8�1.7 0.700

Cholesterol, mg/dL 213.4�34.4 208.1�38.2 0.275

Triglycerides, mg/dL 116.4�52.7 106.9�60.1 0.325

After treatment (in parenthesis, P from
comparison with values before treatment),
mean�SD

Weight, kg 77.5�14.6 (0.644) 78.1�16.6 (0.406) 0.712

BMI, kg/m2 29.8�4.1 (0.641) 30.7�4.7 (0.429) 0.113

Clinic SBP, mm Hg* 154.1�19.8 (0.084) 154.6�21.6 (0.037) 0.846

Clinic DBP, mm Hg* 86.0�13.1 (0.262) 84.2�12.3 (0.007) 0.493

Clinic PP, mm Hg* 68.1�15.3 (0.057) 70.4�17.7 (0.209) 0.281

Glucose, mg/dL 118.5�41.5 (0.417) 118.6�35.4 (0.370) 0.984

Creatinine, mg/dL 1.06�0.35 (0.331) 1.02�0.30 (0.345) 0.375

Uric acid, mg/dL 6.0�1.5 (0.386) 5.8�1.4 (0.793) 0.243

Cholesterol, mg/dL 208.4�34.8 (0.271) 200.9�34.6 (0.147) 0.109

Triglycerides, mg/dL 102.4�48.5 (0.117) 101.4�47.1 (0.456) 0.877

Average % reduction from baseline, mean�SD

Clinic SBP* �1.9�1.2 �2.5�1.3 0.732

Clinic DBP* �1.6�1.1 �3.8�1.2 0.177

Clinic PP* �1.2�1.8 �1.4�1.8 0.648

PP indicates pulse pressure; BMI, body mass index; ARB, angiotensin II receptor blocker; ACEI, angiotensin-
converting enzyme inhibitor.

*Values correspond with the average of 6 conventional BP measurements obtained on each subject in the clinic
before commencing 48 hours of ABPM.
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intervention with 2 drugs on awakening and a third one at
bedtime. The BP reduction after treatment was statistically
significant (P�0.05 after correcting for multiple testing) in
most of the 24 hourly intervals, as shown by the asterisks
above the lower horizontal axis in the right panels of
Figure 1. In keeping with the ABPM criteria mentioned
above, 37% of the patients in this group had controlled BP
after treatment. Figure 1 also indicates that the effect of
this timed treatment was larger on the nocturnal than on
the diurnal mean of BP. The circadian amplitude of BP was
doubled after treatment (P�0.001). Before intervention,
84% of the patients in this group were nondippers. This
percentage was significantly reduced to 43% after inter-
vention (P�0.001; Table 2). Treatment with 1 of the drugs
at bedtime also significantly reduced ambulatory pulse
pressure (4 mm Hg reduction in 24-hour mean; P�0.001).
Despite the significant effect on BP, HR remained un-
changed after 3 months of treatment (decrease in the
24-hour mean of 0.7 bpm; P�0.402). The circadian pattern
of wrist activity was also similar before and after 3 months
of therapy (P�0.576 for comparison of 24-hour mean
activity). Average duration of nocturnal rest determined by
actigraphy was not statistically different (P�0.132) for the
profiles obtained before and after intervention (Table 2).
The number of patients with an extreme-dipper pattern
(diurnal:nocturnal ratio �20%) was slightly increased
from 3 to 6 (P�0.309).

Comparison Between Groups
Comparison of the results shown in Figure 1 reveals a lack
of statistically significant differences in ambulatory BP at
baseline among the treatment groups (Table 2). After 3
months of timed treatment, there were statistically signif-
icant differences between treatment groups in both abso-
lute and relative changes from baseline in the diurnal,
nocturnal, and 24-hour mean of BP (Table 2). Figure 2
provides additional information on the comparison be-
tween the treatment groups of the changes in the diurnal,
nocturnal, and 24-hour mean BP values after therapy.
Results indicate the lack of any significant change in BP
after treatment with 3 drugs on awakening. Figure 2 also
indicates that, when one of the drugs was administered at
bedtime, the effect on BP was 3 times larger on the
nocturnal than on the diurnal mean of BP (Table 2).
Accordingly, the diurnal:nocturnal BP ratio (an index of
BP dipping) was significantly increased by 7.2% only
when 1 drug was administered at bedtime but not when all
of the drugs were administered in a single morning dose.

Results from ANOVA further indicate that the significant
effects on BP were similar for each of the 4 subgroups of
patients treated with 1 drug at bedtime, divided according to
their baseline therapeutic combination (diuretic with angio-
tensin-converting enzyme inhibitor or angiotensin II receptor
blocker plus CCB or �-blocker; P�0.638 for the difference
of effects among groups in the diurnal, nocturnal, and
24-hour mean of SBP and DBP). Figure 3, eg, shows the

Figure 1. Circadian pattern of SBP (top)
and DBP (bottom) before (continuous line)
and after (dashed line) 3 months of ther-
apy in patients with resistant hypertension
receiving 3 antihypertensive drugs on
awakening (left) or receiving 2 drugs on
awakening and 1 drug at bedtime (right).
Dark shading along the lower horizontal
axis of the graphs represents average
hours of nocturnal sleep across the
patients. The nonsinusoidal-shaped curves
represented around means and SEs corre-
spond with the best-fitted waveform
model determined by population multiple-
component analysis. Midline estimating
statistic of rhythm (MESOR) is the average
value of the rhythmic function fitted to the
data. Amplitude is one half the difference
between the maximum and minimum val-
ues of the best-fitted curve.
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comparative efficacy on SBP for each of the 4 subgroups of
patients of either keeping all of the drugs on awakening (top;
no effect on BP for any subgroup) or moving 1 of the drugs
to be ingested at bedtime (bottom; significant BP reduction
after treatment with the new therapeutic scheme; P�0.001
independent of drug combination).

Discussion
Results from this prospective trial indicate that patients
with true resistant hypertension (based on ABPM criteria)
who were assigned to receive 1 of their 3 prescribed
antihypertensive drugs at bedtime presented ambulatory
BP measurements significantly below baseline values after
intervention. The reduction in BP resulted in 37% of these
patients being controlled after 3 months of intervention
with the new therapeutic scheme. On the contrary, only 1

of the 125 patients who were still receiving all of the drugs
on awakening had a controlled ambulatory BP after inter-
vention. A previous study on a small number of patients
with resistant hypertension has also suggested that a
combination of ABPM with chronotherapy, by administer-
ing drugs at times of the day synchronized with peaks of
BP, was recommended for increasing BP control.7 Results
lead the author to postulate that the concept of resistant
hypertension should be modified to specifically incorpo-
rate, after stating uncontrolled BP after treatment with �3
drugs, “administered with chronotherapeutic criteria.”7

Results from Table 2 indicate a high prevalence of an
altered nondipper profile in BP at baseline in both treat-
ment time groups of patients with resistant hypertension.
Such high prevalence of nondipping was noted previously
in another study on the 24-hour pattern of ABPM in

Table 2. Ambulatory BP Characteristics of Subjects Investigated

Variable All Drugs on Awakening 1 Drug at Bedtime
P for Group
Comparison

Patients, n 125 125

Before treatment, mean�SD

Nocturnal rest, h 9.1�1.2 8.9�1.3 0.175

Diurnal mean of SBP, mm Hg 137.2�13.0 139.6�16.5 0.203

Nocturnal mean of SBP, mm Hg 132.9�16.6 136.1�18.7 0.149

24-h mean of SBP, mm Hg 135.9�13.1 138.6�16.3 0.141

Day:night ratio of SBP, % 3.0�9.6 2.4�9.2 0.562

Diurnal mean of DBP, mm Hg 80.8�12.1 83.3�11.6 0.095

Nocturnal mean of DBP, mm Hg 73.1�12.2 76.6�10.2 0.152

24-h mean of DBP, mm Hg 78.3�11.7 81.3�10.7 0.135

Day:night ratio of DBP, % 9.6�8.8 7.7�9.3 0.129

Nondipper, % 79.2 84.0 0.327

After treatment (in parenthesis, P from
comparison with values before treatment),
mean�SD

Nocturnal rest, h 9.0�1.2 (0.434) 9.0�1.0 (0.132) 0.840

Diurnal mean of SBP, mm Hg 137.3�14.5 (0.978) 133.4�15.9 (�0.001) 0.024

Nocturnal mean of SBP, mm Hg 134.1�16.9 (0.251) 120.7�17.2 (�0.001) �0.001

24-h mean of SBP, mm Hg 136.3�14.3 (0.690) 129.2�15.8 (�0.001) �0.001

Day:night ratio of SBP, % 2.1�9.1 (0.156) 9.4�8.5 (�0.001) �0.001

Diurnal mean of DBP, mm Hg 80.3�12.5 (0.293) 79.3�10.6 (�0.001) 0.508

Nocturnal mean of DBP, mm Hg 73.8�11.9 (0.274) 67.2�9.4 (�0.001) �0.001

24-h mean of DBP, mm Hg 78.1�12.0 (0.716) 75.3�9.8 (�0.001) 0.046

Day:night ratio of DBP, % 7.7�8.4 (0.019) 14.9�8.5 (�0.001) �0.001

Nondipper, % 86.4 (0.131) 43.2 (�0.001) �0.001

Average % reduction from baseline, mean�SD

Diurnal mean of SBP �0.3�8.4 4.1�8.6 �0.001

Nocturnal mean of SBP �1.3�8.8 10.9�9.4 �0.001

24-h mean of SBP �0.5�7.8 6.4�8.1 �0.001

Diurnal mean of DBP 0.5�7.1 4.3�9.8 �0.001

Nocturnal mean of DBP �1.5�9.8 11.7�10.1 �0.001

24-h mean of DBP 0.1�7.1 6.9�8.9 �0.001

The day:night ratio, an index of the BP dipping, is defined as the percentage of decline in BP during hours of nocturnal rest relative
to the mean BP obtained during the hours of diurnal activity. Nondipper indicates �10% decline in nocturnal mean compared with
the diurnal mean of SBP using data sampled by ABPM for 48 consecutive hours.
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resistant hypertension.6 In this trial, patients with true
resistant hypertension showed an even higher nocturnal
mean of BP and a higher prevalence of nondipping than
patients with white-coat resistant hypertension.6 No atten-
tion was paid in this trial, however, to the time of
antihypertensive treatment. In a previous cross-sectional
epidemiologic study, we found a significant reduction
from 82% to 57% in the prevalence of nondipping when
patients with true resistant hypertension who received all
of the prescribed drugs on awakening were compared with
an independent sample of patients who were taking �1
drug at bedtime.8

Results from the present prospective intervention study
(Figure 1) indicate that the beneficial effect of a new
therapeutic scheme consisting of administering 1 drug at
bedtime was markedly larger in the nocturnal than in the
diurnal mean of BP. This timed therapy thus resulted in a
significant reduction from 84% to 43% in the prevalence of
nondipper patients after intervention (Table 2). The potential
relationship between the increased prevalence of nondipper
patients and cardiovascular risk has not been prospectively
investigated in resistant hypertension. Although the mecha-
nism underlying the lack of nocturnal decline in BP is
unclear, nondipping has been related to an increase in
end-organ injury and cardiovascular events.15–17 Moreover,
several independent prospective studies have concluded that
nighttime BP is a better predictor of cardiovascular mortality
than the diurnal or the 24-hour means.16,18,19 Figure 1, in
agreement with previous epidemiologic studies,6,8 shows the

diminished nocturnal BP decline that characterizes most
patients with resistant hypertension.

The potential reduction in cardiovascular risk associated
with the normalization of the circadian variability of BP
(converting a nondipper to dipper pattern) has not yet been
fully established.10 Apart from the Syst-Eur Trial, where
nitrendipine was dosed at bedtime,16 results from the HOPE
substudy where patients were evaluated by ABPM indicated
a significant BP reduction mainly during hours of nighttime
sleep.20 The authors suggested that the beneficial effects on
cardiovascular morbidity and mortality in the Heart Out-
comes Prevention Evaluation Study may be related to the 8%
increase in the diurnal:nocturnal ratio of BP seen after
ramipril was administered at bedtime. Moreover, a recent
prospective trial has demonstrated that increasing the diur-
nal:nocturnal BP ratio with bedtime administration of valsar-
tan was markedly correlated with a significant decrease in
urinary albumin excretion.21 Evaluation of a potential de-
crease in cardiovascular risk, as well as the impact of timed
treatment on surrogate measures of risk in patients with
resistant hypertension, deserves further prospective investi-
gation. In any event, international guidelines provide refer-
ence thresholds for ABPM, including normal limits for
diurnal and nocturnal BP.1,2,9 In this trial, the percentage of
patients with controlled diurnal and nocturnal BP was
significantly increased from 0.8% to 37% (P�0.001) when
1 of the 3 prescribed drugs was administered at bedtime.

Figure 2. Changes (in millimeters of mercury) in the diurnal
(active hours), nocturnal (sleep time), and 24-hour mean of SBP
(top) and DBP (bottom) after 3 months of therapy in patients
with resistant hypertension receiving 3 antihypertensive drugs
on awakening or receiving 2 drugs on awakening and 1 drug at
bedtime. P values are shown for comparison of effects between
the 2 groups of subjects by ANOVA.

Figure 3. Changes (in millimeters of mercury) in the diurnal
(active hours), nocturnal (sleep time), and 24-hour mean of
SBP after 3 months of therapy in patients with resistant
hypertension receiving 3 antihypertensive drugs on awaken-
ing (top) or receiving 2 drugs on awakening and 1 drug at
bedtime (bottom), according to their baseline drug combina-
tion. P values are shown for the comparison of effects among
the 4 groups of subjects by ANOVA. Numbers in parenthesis
in the legend indicate the number of patients in each
subgroup.
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Appreciable ingestion time differences in the kinetics
(ie, chronokinetics) of BP-lowering and cardiac medica-
tions are well known.22 Clinically relevant dosing time
differences in the beneficial and adverse effects (termed
“chronodynamics”) of BP-lowering medications are also
known.23 However, in spite of the great number of pub-
lished evaluations of antihypertension medications, rarely
has the time of day of drug administration been a specific
focus of investigation.10,24 In this study, apart from the
added change in administration time in 1 treatment group,
we mainly interchanged a CCB and an �-blocker. Al-
though not all of the CCBs exhibit dosing time differences
in effects,24 Portaluppi et al25 explored the advantage of
evening versus morning once-a-day treatment with israd-
ipine on the nondipping 24-hour pattern of BP in patients
with chronic renal failure. The findings of this study
demonstrated that an evening, as compared with a morn-
ing, isradipine treatment schedule is more likely to effec-
tively reduce the 24-hour mean SBP and DBP and restore
the normal nocturnal dipping and circadian BP patterning.
In another recent trial, 60 mg/d of the gastrointestinal
therapeutic system formulation of nifedipine were signif-
icantly more effective when administered at bedtime than
on awakening in patients with essential hypertension,
whereas also significantly reducing the prevalence of
secondary effects.26 On the other hand, a recent study
exploring the administration time-dependent effects of
doxazosin GITS indicated that administration of the drug
on awakening failed to provide full 24-hour therapeutic
coverage, whereas bedtime dosing significantly reduced
BP throughout the entire 24 hours, whether used alone as
a monotherapy or in combination with other antihyperten-
sive pharmacotherapy.27 Studies on the potential adminis-
tration time-dependent effects of other antihypertensive
drugs in combination therapy are still lacking and deserve
further investigation.

Perspectives
Results from this prospective chronotherapy trial on patients
with resistant hypertension indicate that time of treatment in
relation to the rest-activity cycle of each individual subject
may be more important for BP control and for the proper
modeling of the circadian BP pattern than just changing the
drug combination. This approach also allows a large percent-
age of the patients to revert the highly prevalent nondipper
BP pattern to a dipper profile. Whether this normalization of
the BP pattern could also decrease cardiovascular risk in
patients with resistant hypertension, beyond the expected
reduction in risk derived from lowering BP mean values, is a
hypothesis that merits investigation.
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