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Chronotherapy with conventional blood pressure
medications improves management of hypertension
and reduces cardiovascular and stroke risks

Ramoén C Hermidal, Diana E Ayalal, Michael H Smolenskyz, José R Fernandez!, Artemio Moj(’)n1 and
Francesco Portaluppi’

Correlation between blood pressure (BP) and target organ damage, vascular risk and long-term patient prognosis is greater for
measurements derived from around-the-clock ambulatory BP monitoring than in-clinic daytime ones. Numerous studies
consistently substantiate the asleep BP mean is both an independent and a much better predictor of cardiovascular disease
(CVD) risk than either the awake or 24 h means. Sleep-time hypertension is much more prevalent than suspected, not only in
patients with sleep disorders, but also among those who are elderly or have type 2 diabetes, chronic kidney disease or resistant
hypertension. Hence, cost-effective adequate control of sleep-time BP is of marked clinical relevance. Ingestion time,
according to circadian rhythms, of hypertension medications of six different classes and their combinations significantly affects
BP control, particularly sleep-time BP, and adverse effects. For example, because the high-amplitude circadian rhythm of the
renin-angiotensin-aldosterone system activates during nighttime sleep, bedtime vs. morning ingestion of angiotensin-converting
enzyme inhibitors and angiotensin receptor blockers better reduces the asleep BP mean, with additional benefit, independent of
medication terminal half-life, of converting the 24 h BP profile into more normal dipper patterning. The MAPEC (Monitorizacién
Ambulatoria para Prediccion de Eventos Cardiovasculares) study, first prospective randomized treatment-time investigation
designed to test the worthiness of bedtime chronotherapy with > 1 conventional hypertension medications so as to specifically
target attenuation of asleep BP, demonstrated, relative to conventional morning therapy, 61% reduction of total CVD events and
67% decrease of major CVD events, that is, CVD death, myocardial infarction, and ischemic and hemorrhagic stroke. The
MAPEC study, along with other earlier conducted less refined trials, documents the asleep BP mean is the most significant
prognostic marker of CVD morbidity and mortality; moreover, it substantiates attenuation of the asleep BP mean by a bedtime
hypertension treatment strategy entailing the entire daily dose of > 1 hypertension medications significantly reduces CVD risk in
both general and more vulnerable hypertensive patients, that is, those diagnosed with chronic kidney disease, diabetes and
resistant hypertension.
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INTRODUCTION
The biology of human beings is not constant as inferred by the
concept of homeostasis but variable in a predictable manner over time

clock, the paired suprachiasmatic nuclei of the hypothalamus, that
communicates via endocrine and neural signals to orchestrate and
coordinate the multitude of other inherited clock networks at the

and manifested as rather precise and integrated oscillations of 24 h,
week, month and year.! These bioperiodicities and their underlying
time-keeping mechanisms constitute a genetically fixed adaptive
strategy enabling life forms to anticipate cyclic demands and challenges
imposed by the environment, thereby conferring survival advantage in
terms of energy economy, health preservation and species propagation.
Circadian (~24 h) rhythms, which are particularly relevant to clinical
medicine, are generated and regulated by an inherited central brain

molecular to organ-system level, thereby giving rise to a highly
organized circadian time structure.>® Blood pressure (BP) exhibits a
mostly predictable 24 h pattern characterized in many, but not all,
individuals with normotension or uncomplicated essential hyperten-
sion by: (1) striking morning-time BP rise, (2) two daytime peaks—
the first ~2-3 h after awakening and the second late afternoon/early
evening, (3) small mid-afternoon nadir and (4) 10-20% decline
during sleep relative to the wake-time mean, the magnitude of decline
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being greater for systolic BP (SBP) than diastolic BP (DBP).*7 This
awake/asleep pattern results from the interrelationship of many 24 h
cyclic physiologic, neuroendocrine and environmental determinants:
(1) rest activity-associated changes in behavior (including activity
routine and level, fluid and stimulant (for example, caffeine)
consumption, meal timings and content, emotional and mental stress
and posture); (2) external day—night divergence in ambient light
intensity and spectrum, temperature, humidity and noise; and (3)
endogenous circadian (~24 h) variation in neuroendocrine, endothe-
lial, vasoactive peptide and opioid and hemodynamic parameters (for
example, plasma noradrenaline and adrenaline (autonomic nervous
system), atrial natriuretic and calcitonin gene-related peptides and
renin, angiotensin and aldosterone (renin-angiotensin—aldosterone
system (RAAS)).”~10 The usually higher awake BP to large extent thus
derives from the high-amplitude circadian variation of sympathetic
tone that peaks during the daytime as evidenced by highest concen-
trations of plasma noradrenaline and adrenaline after morning
awakening and initial hours of the diurnal activity span,!! and also
elements of the RAAS—prorenin, plasma renin activity, angiotensin-
converting enzyme (ACE), angiotensin I and II, and aldosterone!>—
that all peak during the middle and latter span of nighttime sleep,
independent of the daytime/nighttime alternation of posture.'> The
normal lower BP during nighttime sleep relative to daytime wakeful-
ness thus represents the combined simultaneous influence of
predicable-in-time behavioral and environmental cycles plus circadian
stage-dependent alterations, most prominently decline of sympathetic
and rise of vagal tone, elevation of atrial natriuretic and calcitonin
gene-related vasoactive peptides and depression of the RAAS during
the first half of the rest span followed by progressive activation during
the second half of rest until peaking in the morning,”*1214-17

The fields of medical chronobiology (biological rhythms and
medicine), chronopharmacology (impact on pharmacokinetics (PK)
and pharmacodynamics (PD) according to drug administration time
relative to biological rhythm stage) and chronotherapeutics (timing of
conventional or special drug-delivery medication systems relative to
biological rhythms to optimize beneficial and/or minimize/avert
adverse effects) are growing in popularity. In order to make sound
and useful scientific contributions to the fields of chronopharmacology
and chronotherapeutics, it is necessary to decide which specific feature
(s) of the 24h BP profile is (are) worthy of targeting, not only to
improve SBP and DBP control, but most importantly avert over time
progressive injury to tissues and organs at highest risk, such as the
blood vessels, brain, heart, kidney and retina, and also risk for nonfatal
and fatal cerebrovascular (stroke) and cardiovascular disease (CVD)
events. In addition, the choice of the most appropriate ingestion time
should be based not only on achieving high patient compliance but
also on how drug ingestion time with reference to the staging of key
rhythms of the circadian time structure affects drug PK and PD. Given
the differences between human beings in their bed and wake times and
resulting corresponding disparities in staging of circadian rhythms that
can influence the response to medication, we wish to emphasize that
clock time is not equivalent to biological time, nor is it an accurate
indicator of it. This is of the utmost fundamental relevance not only to
circadian rhythm research and the clinical trialing of medications but
also interpretation of study findings.!8

This review presents the latest findings pertaining to bedtime
hypertension chronotherapy—the judicious scheduling of conventional
BP-lowering medications in accord with circadian rhythm determi-
nants as a means of normalizing altered characteristics of the 24 h BP
pattern, the most important ones being elevated asleep BP mean and
attenuated sleep-time relative BP decline (percent decrease in mean BP
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during nighttime sleep relative to the mean BP during awake-time
activity)—as a simple and cost-effective means of reducing CVD,
stroke and other risk. These sensitive clinical biomarkers of such
elevated risk can be determined only by around-the-clock ambulatory
BP monitoring (ABPM), a diagnostic tool method that allows
thorough description and quantification of all aspects of the BP
nyctohemeral variation.'®

DIFFERENTIAL PROGNOSTIC VALUE OF CERTAIN FEATURES
OF THE 24 H BP PATTERN
Diagnosis of hypertension and clinical decisions regarding its
treatment are based primarily on a limited number of daytime office
BP measurements (OBPM), occasionally supplemented by wake-time
patient self-assessments.!® However, numerous outcome trials and
published meta-analyses substantiate that correlation between BP level
and risk of target organ injury and CVD events is much higher for
ABPM-derived parameters, particularly sleep-time BP, than it is for
values derived from traditional daytime OBPM.?%2% Specific features
of the 24 h BP pattern determined by ABPM have been extensively
explored as biomarkers or mediators of target tissue injury and triggers
of and risk factors for CVD (angina pectoris, myocardial infarction,
cardiac arrest, sudden cardiac death, severe arrhythmias and
pulmonary embolism) and cerebrovascular events (ischemic and
hemorrhagic stroke).>?” The findings of multiple studies consistently
document strong association between the abnormal physiologic
feature of blunted sleep-time relative BP decline (nondipper/riser
BP patterning) and increased incidence of fatal and nonfatal CVD
events, not only in hypertensive?®?22428-32 byt also normotensive
individuals.>® Furthermore, various independent prospective studies
demonstrate CVD events are better predicted by the asleep than awake
or 24 h BP means.22:2526:30-32,34-40 Ag ap {llustrative example, a recent
meta-analysis of 9 cohorts entailing 13 844 hypertensive patients
concluded that, when analyzed individually, increases in clinic SBP
as well as awake and asleep SBP means are all significantly associated
with elevated CVD risk; however, when all three SBP measurements
are simultaneously included into the survival model, only the asleep
SBP mean prevails as independent predictor of CVD events.?®
Opverall, these and many other such prospective studies demonstrate
elevated sleep-time BP constitutes a significant CVD risk factor,
independent of daytime OBPM or ambulatory awake and 24h BP
means. Nonetheless, findings and conclusions of most previous
ABPM studies may be imprecise because of inherent limitations of
investigative methods,*!*? leading to profound inaccuracies and
inconsistencies between studies on the prognostic value of multiple
ABPM-derived variables, particularly the awake and asleep SBP/DBP
means. One major limitation of all previous studies addressing the
merit of ABPM for predicting CVD risk—except the subsequently
discussed MAPEC (Monitorizacién Ambulatoria para Prediccién de
Eventos Cardiovasculares, that is, ambulatory blood pressure mon-
itoring for prediction of cardiovascular events) study®!~3337-3943-49__
is reliance upon only a single, low-reproducible’®® 24h ABPM
evaluation per participant conducted at study inclusion. Such a study
design is unsound because it presumes all features of the baseline-
determined ambulatory BP pattern are maintained without alteration
during the many years of follow-up, despite institution or modifica-
tion of BP-lowering therapy, aging and/or development of target organ
damage and concomitant morbidity.>! Lack of systematic and multiple
ABPM evaluation of patients over time in long-term follow-up studies
precludes the opportunity to explore potential reduction in CVD risk
associated with modification of prognostic parameters by hypertension
therapy, that is, either increase of sleep-time relative BP decline toward



more normal dipper patterning or, more specifically, reduction of
asleep BP mean.

The MAPEC study was designed as a prospective, randomized,
open-label, blinded endpoint trial to test the hypothesis that bedtime
hypertension chronotherapy entailing conventional hypertension
medications exerts better ambulatory BP control plus improved
CVD and stroke as well as new-onset type 2 diabetes and chronic
kidney disease development and progression risk reduction than
standard therapy, that is, all such prescribed hypertension medications
ingested in the morning. Complete details of the rationale and design
of the MAPEC study are reported elsewhere.>173337-3943-49 Briefly,
3344 subjects (1718 male/1626 female) with baseline ABPM ranging
from normotension to sustained hypertension were prospectively
followed for a median duration of 5.6 years. Hypertensive participants
at baseline were randomized to two treatment strategies: (1) all
prescribed conventional hypertension medications ingested upon
awakening or (2) complete daily dose of >1 of them ingested at
bedtime. At baseline and thereafter at yearly intervals (more frequently
after doctor-ordered change in therapy—either to improve ambulatory
BP control or avert sleep-time hypotension—aided by dedicated
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Figure 1 Adjusted hazard ratio (HR) of total cardiovascular disease (CVD)
events in the MAPEC (Monitorizacién Ambulatoria para Prediccion de
Eventos Cardiovasculares) study. (Top) Participants categorized into groups
according to the level (normal or high) of ambulatory BP monitoring (ABPM)-
derived awake and asleep systolic blood pressure (SBP) and diastolic blood
pressure (DBP) means. (Bottom) Participants categorized into groups, both
according to daytime office BP measurements (OBPM) level (normal or high)
and ABPM-derived awake and asleep SBP and DBP means. OBPM-obtained
SBP/DBP values were considered normal if <140/90 mmHg and high
otherwise. The awake SBP/DBP means were considered normal if
<135/85mmHg and high otherwise. The asleep SBP/DBP means were
considered normal if <120/70mmHg and high otherwise. Adjustments
were applied for sex, age, type 2 diabetes, chronic kidney disease (CKD),
sleep duration and hypertension treatment time—all medications upon
awakening vs. full daily dose of >1 medications at bedtime (updated from
references 18,37). A full color version of this figure is available at the
Hypertension Research journal online.
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software for individualized ABPM evaluation®?3), ambulatory BP
and physical activity (wrist actigraphy to accurately derive the awake
and asleep BP means on an individual basis®*>?) were simultaneously
monitored for 48 consecutive hours.

In the MAPEC study, joint analysis of the multiple BP parameters
potentially capable to contributing to CVD risk clearly substantiates
that traditional OBPM does not independently predict CVD morbidity
and mortality when the outcomes model is adjusted by the asleep
BP mean (hazard ratio (HR)=1.44, 95% confidence interval (CI)
1.30-1.60, P<<0.001, per s.d. elevation in asleep SBP mean; HR = 1.09,
95% CI 0.97-1.23, P=0.123, per s.d. elevation in clinic SBP). The best
Cox regression fully adjusted model includes only the asleep SBP mean
(HR=1.43, 95% CI 1.29-1.58, P<0.001) and sleep-time relative SBP
decline (HR =0.88, 95% CI 0.78-0.98, P=10.023). However, when the
awake SBP mean is adjusted by the asleep SBP mean, only the later
significantly predicts CVD outcomes (HR=1.67, 95% CI 1.45-1.92],
P<0.001, per s.d. increase in asleep SBP mean; HR=0.88, 95% CI
0.75-1.02, P=0.094, per s.d. rise in awake SBP mean).3b32

To further investigate the clinical relevance of the asleep BP mean
on CVD risk, the studied population of the MAPEC study was divided
into four groups according to BP level, that is, normal or elevated
according to established ABPM thresholds of 135/85 mm Hg for the
awake SBP/DBP means and of 120/70 mm Hg for the asleep SBP/DBP
means, %18 independent of OBPM, at the final ABPM evaluation of
the respective patients, that is, either before the documented CVD
event in event subjects or latest assessment in nonevent individuals.
The results shown in Figure 1 (top) indicate: (1) equivalent adjusted
HR for total CVD events of participants with normal asleep BP mean
whether awake BP mean is normal or elevated (P=0.489);
(2) equivalent HR in hypertensive patients with elevated asleep BP
mean, independent of awake BP mean (P=0.385); and (3) signifi-
cantly higher adjusted HR of total CVD events in hypertensive patients
with elevated than normal asleep BP mean, whether the awake BP
mean is less than or greater than 135/85mm Hg, the diagnostic
thresholds that differentiate normotension from hypertension. Each of
the four groups of participants categorized by awake and asleep
SBP/DBP means (Figure 1, top) were further categorized according to
either normal or elevated OBPM (using the currently accepted
140/90 mm Hg thresholds). Results of these analyses (Figure 1,
bottom) denote CVD risk is significantly higher in the four groups
classified by elevated asleep BP mean, regardless of whether the
daytime OBPM or ABPM-derived awake BP mean is normal or
elevated, than the other four groups of patients classified by normal
sleep-time BP mean. In summary, the asleep BP mean, but not
the OBPM or ABPM-derived awake BP mean, constitutes a highly
significant independent prognosticator of CVD morbidity and
mortality.3h32

Data from the MAPEC study, in which participants were repeatedly
assessed by periodic 48 h ABPM, also permitted prospective evaluation
of the impact of changes in OBPM and ABPM during follow-up on
CVD risk. Progressive treatment-induced lowering of the awake,
asleep and 48 h BP means, but not OBPM, when each is analyzed
individually, is associated with significantly increased CVD event-free
survival; however, reduction from baseline in the asleep SBP/DBP
means is the most significant predictor of survival among all the tested
ambulatory and OBPM parameters.?*> Changes due to altered health
status or hypertension therapy during the 5.6-year median follow-up
in morning BP surge, pre-awakening BP surge, and nighttime BP
fall are not significantly associated with reduced or increased CVD
risk and survival, but hypertension treatment-dependent progressive
increase during follow-up in the sleep-time relative SBP decline
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toward the normal dipper pattern is significantly associated with
reduced risk. Most important, when treatment-induced changes
during follow-up in the asleep and awake BP means are entered
jointly in the same time-dependent Cox regression model, progressive
attenuation of the asleep SBP mean is significantly associated with
increased event-free survival (adjusted HR =0.67, 95% CI 0.55-0.81,
P<0.001, per s.d. reduction in asleep SBP mean), whereas progressive
reduction in the awake SBP mean is not (adjusted HR =1.00, 95% CI
0.86-1.18, P=0.958, per s.d. decrease in awake SBP mean during
follow-up). The best time-dependent Cox regression fully adjusted
model includes only the progressive lessening of the asleep SBP mean
(HR=0.76, 95% CI 0.68-0.85, P<0.001, per s.d. reduction in asleep
SBP mean) and increase in the sleep-time relative SBP decline
(HR=0.84, 95% CI 0.72-0.99, P=0.038, per s.d. increase in sleep-
time relative SBP decline during follow-up). Therefore, a progressively
diminished asleep BP mean, but not daytime OBPM or ABPM-derived
awake BP mean, is a highly significant independent prognostic marker
of reduced CVD morbidity and mortality risk; it therefore constitutes
a novel therapeutic target for achieving increased CVD event-free
survival 3132

INGESTION-TIME DIFFERENCES IN PD OF HYPERTENSION
MEDICATIONS
The PK of hypertension medications are significantly influenced by the
well-documented circadian rhythms in gastric pH, transport and
emptying; gastrointestinal motility; biliary function; glomerular
filtration; hepatic enzyme activity; and blood flow of the duodenum,
liver and kidney.>*-3® Statistically and clinically significant ingestion-
time (more specifically circadian stage) differences in the PD, that is,
therapeutic modulation of the features of the BP 24 h pattern and level
and also risk to adverse effects, of hypertension therapiessg‘69 can
result not only from circadian rhythm dependencies of their PK but
also their free fraction, degradation/clearance, receptor number/con-
formation and second messengers/signaling pathways of drug-targeted
sites, for example, blood vessel, heart and kidney tissue and autonomic
nervous system and RAAS.%%%%70 However, ingestion-time differences
in the therapeutic and adverse effects of BP-reducing medications need
not be solely dependent upon PK alone, as the timing of drug peak
and trough blood concentrations (Cmax and Cmin) relative to the
staging of the many underlying circadian rhythms that give rise to the
unique BP 24 h pattern may be more important. Indeed, explanation
of the enhanced BP regulation conveyed by bedtime vs. morning
regimen of ACE inhibitors (ACEIs) and angiotensin-II receptor
blockers (ARBs), as discussed subsequently, is theorized to result
from drug Cmax or near Cmax coinciding in time to when the
circadian rhythm-controlled RAAS activates, during the middle to late
hours of nighttime sleep.>*~3

Two common mistakes made in the design and conduct of
chronopharmacology and chronotherapy trials of BP-lowering
medications are: (1) failure to require as a key inclusion criterion
that subjects have a life routine of diurnal activity alternating with
nighttime sleep as confirmed by diary entries, and (2) selection of
treatment times according to clock hour rather than biological
markers of circadian stage, for example, upon morning awakening
and at bedtime for participants adhering to a consistent diurnal wake
and nocturnal sleep routine, to take into account individual differences
in exact activity onset (awakening from repose) and activity offset
(bedtime), as routinely done in our prospective trials.?> Another
frequent error is reliance upon daytime OBPM, even if bolstered
with self-assessed at-work and at-home wake-time BP data. The
qualification of subjects for medication trials when relying alone on
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clinical cuff methods can be misleading because of incorporation of
individuals with masked normotension (also termed isolated office
hypertension, that is, elevated clinic BP but normal out-of-office BP
determined by ABPM) and exclusion of otherwise high-risk patients
with masked hypertension (normal OBPM and elevated ABPM,
mainly during nighttime sleep).'®” Finally, reliance upon daytime
clinic or home awake-time BP self-measurements do not enable
evaluation of effects of different therapies and their dosing times on
the pertinent characteristics of the 24 h BP pattern and level, such as
the asleep SBP and DBP means and sleep-time SBP and DBP relative
decline. Accordingly, the only valid means of researching and
quantifying ingestion-time (circadian rhythm-dependent) differences
in the PD effects of BP medications is through trials that incorporate
24 h or longer ABPM to enable reporting of therapeutic outcomes in
terms of reductions of both the awake and asleep BP means
individually derived by taking into consideration the actual activity
and sleep spans of each participant. Thus, in this review of the current
literature, we focus almost exclusively on trials that: (1) entail 24 h or
longer patient ABPM and (2) report therapeutic effects of medication
timings upon both actual patient awake and asleep SBP and DBP
means, with the clock times of waking and asleep spans based upon
actual diary or activity monitoring per participant as opposed to
preassumed or software-generated default ones, which is too often the
case in medications trials.

Numerous prospective randomized clinical trials clearly document
that the magnitude of desired effects upon the 24 h BP pattern exerted
by ACEIs, ARBs, calcium-channel blockers (CCBs), o-blockers,
B-blockers and diuretics varies, often substantially, according to
treatment time. Moreover, patient tolerance, in terms of adverse
effects, to some classes of these therapies is greatly improved when
ingested alone or in combination at bedtime than upon awakening
from sleep.”>%3 Table 1 reports, relative to baseline pretreatment
values, the differential reduction of both awake and asleep SBP and
DBP means, as well as differential effect upon their sleep-time relative
decline, when hypertension medications of six different classes are
routinely administered individually as a monotherapy or in combina-
tion upon awakening vs. at bedtime. The findings shown in this table
were derived through PROBE (prospective randomized, open-label,
blinded endpoint) trials that some of us conducted. In total, the trials
entailed 2473 hypertensive patients adhering to a normal routine or
daytime activity alternating with nighttime sleep who, both before
and after treatment, were assessed simultaneously by 48h ABPM at
20/30-min intervals and wrist actigraphy (recording of activity level at
1-min intervals) to enable accurate derivation of the awake and
asleep SBP/DBP means>*>° plus dipper/nondipper BP patterning. The
contents of the table are consistent across the different classes of
medications: bedtime, in comparison to morning, ingestion of
hypertension therapy results in statistically and clinically significant
enhancement of asleep BP mean reduction and also sleep-time relative
BP decline and, therefore, improved normalization of the 24 h profile.

ACEI monotherapy

A substantial number of studies demonstrate that the ACEIs of
benazepril, captopril, enalapril, imidapril, lisinopril, perindopril,
quinapril, ramipril, spirapril, trandolapril and zofenopril, as a class
and independent of medication terminal half-life, when routinely
ingested in the evening or at bedtime in comparison with upon
morning awakening: (1) exert significantly better BP-lowering effects
upon the asleep than awake BP means (for extensive review see®?),
(3) better convert the daily BP profile toward or into the normal
dipping one and/or (3) improve patient tolerance to therapy.”>>~%°
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Table 1 Ingestion upon awakening vs. at bedtime differences in effects of six classes of BP-lowering medications and their combinations
quantified by changes from baseline in awake and asleep SBP/DBP means (mm Hg) and sleep-time relative SBP/DBP decline (%) in
hypertensive patients adhering to a normal daytime activity—nocturnal rest routine

Treatment-time reducton in

Treatment-time reduction in

Treatment-time effect

on sleep-time relative

awake SBP/DBP mean asleep SBP/DBP mean SBP/DBP decline

Medication Dose, mg  No. of patients ~ Awakening Ry Bedtime Ry Awakening Ry Bedtime Ry Awakening Ry ~ Bedtime Ry
ACEIl

Ramipril 5 115 -10.1/-6.9 -10.5/-9.0 -4.5/-4.1 -13.5/-11.5* -3.3/-1.8 3.4/4.9*

Spirapril 6 165 -9.9/-8.0 -8.5/-5.7 -5.7/-4.6 -12.8/-8.6* -2.5/-2.7 4.1/4.5*
ARB

Valsartan 160 559 -13.4/-9.4 -14.1/-10.5 -12.4/-8.9 -18.4/-12.6 0.3/1.0* 4.5/4.8*

Olmesartan 20-40 203 -14.8/-10.9 -14.5/-10.4 -11.6/-8.3 -16.4/-12.0 -1.1/-0.8* 3.0/4.4*

Telmisartan 80 215 -11.7/-8.8 -11.3/-8.2 -8.3/-6.4 -13.8/-9.7 -1.6/-1.0* 3.1/3.9*
ccB

Amlodipine 5 194 -10.2/-7.7 -11.8/-7.2 -9.6/-5.5 -11.2/-6.7 0.1/-1.6 0.2/0.7*

Nifedipine GITS 30 238 -9.4/-6.3 -12.8/-7.7¢ -7.5/-5.1 -12.8/-7.8 -0.7/-0.2* 1.0/1.54
p-Blocker

Nebivolol 5 173 -14.7/-124 -13.4/-10.9 -7.9/-7.4 -10.2/-8.1 -3.6/-3.0 -1.2/-1.4%
Diuretic

Torasemide 5 113 -7.3/-3.7 -15.6/-9.9* -4.3/-2.5 -12.5/-8.0* -1.6/-0.7 -1.3/-0.2
a-Blocker

Doxazosin GITS 4 91 -3.5/-3.4 -5.6/-4.7 0.3/-0.8 -6.1/-5.71 -2.6/-2.6 0.5/1.7*
Combination Ry

Valsartan/amlodipine 160/5 203 -18.3/-145 -22.6/-12.7 -14.4/-10.1 -28.1/-14.7* -1.3/-2.1 5.5/5.2*

Valsartan/hydrochlorothiazide ~ 160/12.5 204 -17.4/-115 -16.7/-11.4 -16.0/-12.0 -20.1/-13.6} 0.5/2.4 3.9/4.7*

Abbreviations: ACEI, angiotensin-converting enzyme inhibitor; ARB, angiotensin-II receptor blocker; BP, blood pressure; CCB, calcium-channel blocker; DBP, diastolic blood pressure; GITS,

gastrointestinal therapeutic system; SBP, systolic blood pressure.

All cited studies were conducted by some of the authors utilizing a prospective, randomized, open-label, blinded endpoint (PROBE) design and entailing grade 1 or 2 essential hypertension
participants (2473 patients in total) evaluated by simultaneous 48 h ambulatory BP monitoring (ABPM) and wrist actigraphy before and after timed treatment to accurately derive awake and asleep
SBP/DBP means and sleep-—time relative BP decline (([awake BP mean —asleep BP meanl/awake BP mean)x 100), that is, percent decline in mean BP during nighttime sleep relative to mean BP
during daytime activity. Statistical significance of comparison of between treatment-time effects on BP: *P<0.001; TP<0.01; ¥P<0.05.

This is exemplified by the findings of a clinical trial by Hermida
et al”l comprising 115 previously untreated hypertensive patients
randomized to either upon-wakening or bedtime 5mg ramipril
monotherapy and who were assessed by 48 h ABPM before and after
6 weeks of treatment. Although ingestion time shows no differential
effect on daytime OBPM or 48h and awake SBP/DBP means, the
bedtime compared with morning schedule causes very significant
larger reduction of the asleep SBP/DBP means (—13.5/—11.5 vs.
—4.5/—4.1 mm Hg; P<0.001 between groups; Table 1 and Figure 2,
top). The differential ingestion time-dependent effects of ramipril on
SBP are illustrated in the bottom panel of Figure 2. Ramipril reaches
peak effect more rapidly when ingested at bedtime than upon morning
awakening, giving rise to significantly greater therapeutic efficacy
during the first 6h following its ingestion. Moreover, duration of
BP-lowering effect is shorter when ramipril is ingested upon awaken-
ing than at bedtime, resulting in BP reduction with bedtime ramipril
administration being significantly greater during the last 12h of the
24 dosing interval.”!

The results of another study by some of us utilizing an identical
investigative protocol and involving 165 previously untreated hyper-
tensive patients demonstrate that the differential treatment-time effects

of ACEIs upon the 24 h BP profile are independent of drug half-life.
Treatment with the long (~40h) terminal plasma half-life ACEI
spirapril in a 6mg once-daily dose for 12 weeks in patients
randomized to bedtime rather than upon awakening dosing better
decreases asleep SBP/DBP means (—12.8/ — 8.6 vs. —5.7/ — 4.6 mm Hg;
P<0.001 between treatment time groups; Table 1 and Figure 3, top)
and better enhances sleep-time relative BP decline toward normal
dipper patterning.”?> When ingested in the morning, spirapril evidences
loss of its BP-lowering efficacy shortly after reaching peak effect, ~3 h
after ingestion (Figure 3, bottom). In contrast, when ingested at
bedtime, maximum BP-lowering effect is maintained for the ensuing
8h span, thus showing greater efficacy, relative to morning adminis-
tration, during this time interval. Thus, the efficacy of spirapril, like
ramipril, is significantly greater during the last half, particularly the last
4 h, of the 24 h dosing interval with bedtime as compared with upon
awakening administration (Figure 3, bottom).”> The findings for
zofenopril (30 mg once daily for 1 month) for 33 previously untreated
hypertensive patients are similar to those for ramipril and spirapril
(Figures 2 and 3): bedtime compared with awakening dosing of
zofenopril better reduces asleep BP mean and increases the proportion
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Figure 2 (Top) Changes from baseline (mm Hg) in office BP measurements
(OBPM), 48h awake (active span) and asleep (nighttime resting span)
systolic blood pressure (SBP) means by 5mgday~! ramipril ingested upon
awakening or at bedtime in patients with grade 1-2 essential hypertension
assessed by 48h ambulatory BP monitoring (ABPM) before and after
6 weeks of timed treatment. Probability values are shown for comparison of
effects between the two treatment-time patient groups. (Bottom) Changes
from baseline (mmHg) during the 24h in SBP after treatment with
5mgday~! ramipril ingested either upon awakening or at bedtime.
*P<0.05 in BP reduction between the two treatment-time groups (updated
from reference 71). A full color version of this figure is available at the
Hypertension Research journal online.

of patients with controlled ambulatory BP from 51.5 to 84.8%
(P<0.001).73

A troublesome adverse effect of ACEIs that often compromises
compliance is persistent dry cough that, for example, in enalapril-
treated patients shows a prevalence of ~ 12%.”* This adverse effect is
triggered by ACEI-induced bradykinin synthesis; however, as demon-
strated for enalapril,”>’¢ switching its ingestion time from morning
(1000 h) to evening (2200 h) minimizes or averts excessive bradykinin
synthesis and risk of dry cough in patients adhering to a diurnal
activity/nighttime sleep routine. Moreover, BP reduction is still
significantly reduced 24 h after taking enalapril at night, but not after
taking it in the morning, indicating prolonged BP-lowering action of
enalapril is possible only with evening administration.

ARB monotherapy

Prospective clinical trials with irbesartan, olmesartan, telmisartan
and valsartan validate that significant ingestion-time differences in
therapeutic effects are independent of drug terminal half-life.>*~63
As found for ACEIs, choice of treatment time with the various ARBs
exerts no differential reduction of the awake SBP/DBP means;
however, reduction of the asleep SBP/DBP means is more profound
by the bedtime than morning regimen, thereby significantly decreasing
prevalence from baseline of nondipping.””#* Importantly, bedtime

85,86

but not morning ingestion of valsartan,%’ candesartan and

Hypertension Research

olmesartan®’ also significantly lessens urinary albumin excretion, a
measure of renal hemodynamics and pathology that correlates strongly
with extent of decrease in asleep BP mean and increase in sleep-time
relative BP decline,®® and in one study improvement of baroreflex
sensitivity.5¢

Hermida et al.® first assessed the efficacy of valsartan monotherapy
(160mg once daily for 12 weeks) when ingested either upon
awakening or at bedtime by 90 hypertensive patients. When
valsartan is ingested at bedtime, attenuation of asleep SBP/DBP
means is significantly greater than that of awake SBP/DBP means
(respectively, —17.9/—13.3 vs. —12.0/ —9.8 mm Hg; P=0.009/0.015).
Consequently, the bedtime schedule results in a highly significant
average increase by 6% in sleep-time relative BP decline that translates
into 73% reduction from baseline in the number of nondipper
patients.® These results are corroborated by two subsequent
independent prospective trials, the first conducted on elderly
hypertensive patients,%! who as a group are characterized by greater
blunting of sleep-time relative BP decline than younger hypertensive
patients,”! and the second conducted on nondipper hypertensive
patients.”>82 For the composite of all these trials entailing valsartan,
reduction of asleep SBP/DBP mean is significantly greater when
this ARB is ingested at bedtime than upon awakening (respectively,
—18.4/—12.6 vs. —12.4/—89 mmHg P<0.001 between treatment
time groups; Figure 4, top). The differential effects of 160 mg day ~!
valsartan on SBP as a function of the time of drug ingestion are shown
in Figure 4 (bottom). Significant lowering of SBP during the entire
24 h dosing interval is achieved independent of medication ingestion
time. However, SBP reduction is significantly greater during the first
10h following treatment when valsartan is ingested at bedtime. The
greater reduction of asleep SBP/DBP means by a bedtime than
morning schedule with a higher dose of 320 mgday~! valsartan is
also documented in a recent investigator-promoted independent study
on hypertensive patients with sleep apnea,®® but not in an industry-
promoted trial limited by faulty study design, that is, selection of
treatment times according to clock hour plus improper reliance upon
daytime and nighttime BP means, instead of the most pertinent awake
and asleep ones, according to an identical fixed clock-hour span for all
participants.®

Of particular interest is the fact that telmisartan, even though having
a terminal plasma half-life of >24h,% exerts significant ingestion-
time differences in therapeutic effects.> A total of 215 grade 1-2
essential hypertensive patients were randomized to 12 weeks of once-
daily 80 mg telmisartan monotherapy scheduled either consistently
upon awakening or at bedtime. Significant and comparable lowering
of OBPM and the ABPM-derived 48 h and awake SBP/DBP means
from baseline is achieved by the two treatment strategies (Table 1 and
Figure 5, top). However, bedtime, relative to morning, treatment
achieves significantly greater attenuation of asleep SBP/DBP means
(—=13.8/=9.7 vs. — 8.3/ — 6.4 mm Hg; P<<0.001 between treatment time
groups; Table 1 and Figure 5, top). Thus, when telmisartan is ingested
upon awakening, the sleep-time relative SBP/DBP decline is actually
slightly decreased toward the nondipping pattern (—1.6/—1.0;
P=0.010/0.157), whereas when ingested at bedtime it is significantly
enhanced toward normal (3.1/3.9; P<0.001), thereby reducing pre-
valence from baseline of the abnormal nondipper BP pattern by 76%
(P<0.001).% The differential effects of telmisartan on ambulatory BP
relative to its administration time are shown in Figure 5 (bottom).
Despite its long half-life, when telmisartan is ingested in the morning
upon awakening, rather than at bedtime, it progressively loses
BP-lowering efficacy 16 h after ingestion. Consequently, BP reduction
is significantly greater during the last 8 h of the dosing interval when
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Figure 3 (Top) Changes from baseline (mm Hg) in office BP measurements
(OBPM), 48h awake (active span) and asleep (nighttime resting span)
systolic blood pressure (SBP) means by 6 mgday~! spirapril ingested upon
awakening or at bedtime in patients with grade 1-2 essential hypertension
assessed by 48h ABPM before and after 12 weeks of timed treatment.
Probability values are shown for comparison of effects between the two
treatment-time patient groups. (Bottom) Changes from baseline (mm Hg)
during the 24 h in SBP after treatment with 6 mgday~! spirapril ingested
either upon awakening or at bedtime. *P<0.05 in BP reduction between
the two treatment-time groups (updated from reference 72). A full color
version of this figure is available at the Hypertension Research journal
online.

the medication was ingested at bedtime. In addition, treatment efficacy
on BP is significantly greater during the first 2-8 h after bedtime
dosing (Figure 5, bottom). These differential ingestion time effects can
be largely explained in terms of when, during the 24 h, highest and
lowest drug concentrations are attained relative to the activation of the
circadian rhythm in the RAAS, that is, during nighttime sleep. The
same explanation applies to the differential effects of ACEIs when
ingested in the morning upon awakening vs. at bedtime, as discussed
in the previous section.

Other hypertension monotherapies

Prospective clinical trials involving amlodipine, cilnidipine, diltiazem,
isradipine, nifedipine, nisoldipine and nitrendipine indicate that
dihydropyridine CCBs generally reduce BP homogeneously through-
out the 24 h, whether routinely ingested in the morning or evening.%>
However, dosing time can be a determinant of risk for drug-associated
adverse effects. The findings of a randomized by treatment time study
by Hermida et al®®? of 238 previously untreated hypertensive
patients reveal that 8-week bedtime as compared with upon awakening
30 mg once-daily nifedipine GITS (gastrointestinal therapeutic system)
monotherapy significantly reduces incidence of peripheral edema from
13 to 1% (P<0.001).

Other  hypertension — monotherapies, including  a-blocker
doxazosin,”? f-blockers carvedilol®* and nebivolol®® and loop-diuretic
torasemide,”® also evidence significant ingestion-time differences in
beneficial effect (Table 1). All these medications exert enhanced asleep
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BP reduction and longer duration of BP-lowering effect when
consistently ingested at bedtime than upon morning awakening.

Fixed combination hypertension therapy

Most hypertensive patients require treatment with more than one
BP-lowering medication to achieve target BP goals.!” Despite sub-
stantial evidence of ingestion-time differences in effects of various
classes of hypertension monotherapies, thus far only a limited number
of studies have entailed trialing of combination medications at
different times of the day.®

Middeke et al.”” reported that once-daily 25 mg captopril/12.5 mg
hydrochlorothiazide combination therapy (13 hypertensive men for
3 weeks) is slightly more effective in reducing nighttime BP mean
when ingested at 2000 h and significantly more effective (P<0.01) in
reducing daytime BP when taken at 0800 h. Meng et al.”® randomized
40 hypertensive patients whose BP was uncontrolled with either
amlodipine or fosinopril monotherapy into two groups for 4 weeks
of combination therapy with both medications. Those of group A
routinely took 5mg amlodipine in the morning (0700-0800h) and
10 mg fosinopril at bedtime, and those of group B always took the two
medications together consistently in the morning (0700-0800 h). The
nighttime SBP/DBP means of group A patients show substantial
reduction, by almost threefold greater amount, than group B patients
(—22.4/ =174 vs. —7.6/—6.3 mm Hg, P<0.001). Furthermore, the
sleep-time relative BP decline is increased in group A and decreased in
group B participants, thereby converting the 24 h profile of group A
but not group B participants toward normal dipper patterning. Zeng
et al®® examined the differential therapeutic effects of 12 weeks of
morning (0800h) vs. evening (2200 h) fixed-dose 5mg amlodipine/
25mg hydrochlorothiazide single-pill combination therapy in 80
hypertensive patients. Evening, compared with morning, treatment
significantly better reduces the nighttime BP mean, resulting in
threefold lesser proportion of patients with nondipper BP patterning
(25% vs. 8%; P<0.001). Hoshino et al.,%” in a small sample study of
31 hypertensive patients, compared the BP-lowering effect of bedtime
vs. morning amlodipine/olmesartan combination therapy, with
titration of doses on a per-patient basis ranging from 2.5 to 10 mg
for amlodipine and 20 to 40 mg for olmesartan. The bedtime relative
to morning regimen more effectively reduces nighttime BP in
nondipper but not dipper patients, and it more effectively reduces
urinary albumin/creatinine ratio (42.5+59.9 vs. 75.3+26.4mgg™
P=0.044), inferring bedtime scheduling of this combination therapy
exerts significantly better renoprotection.

In a much larger and detailed combination therapy study, Hermida
et al.'% randomly assigned 203 hypertensive patients to four different
160 mg valsartan/5mg amlodipine regimens for 12 weeks: both
medications ingested together upon awakening, both ingested together
at bedtime or either one of them ingested upon awakening and the
other at bedtime. Taking both medications together at bedtime best
reduces asleep SBP/DBP means, thereby significantly increasing sleep-
time relative BP decline toward more normal dipper patterning
(P<0.001; Table 1). Finally, Hermida et al.!%! evaluated 204 hyper-
tensive patients with uncontrolled ambulatory BP according to
published ABPM criteria'®!® after initial randomization to valsartan
monotherapy (160 mg once daily for 12 weeks) either upon awakening
or at bedtime. Hydrochlorothiazide (12.5mg) was added and
administered as a single-pill combination formulation with valsartan,
with the patients adhering to the same original awakening or bedtime
treatment time schedule for an additional 12 weeks. Bedtime relative
to upon awakening combination therapy better reduces asleep means
of SBP (20.1 vs. 16.0 mm Hg, P=0.015; Table 1) and pulse pressure,
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Figure 4 (Top) Changes from baseline (mm Hg) in office BP measurements
(OBPM), 48h awake (active span) and asleep (nighttime resting span)
systolic blood pressure (SBP) means by 160mgday~! valsartan ingested
upon awakening or at bedtime in patients with grade 1-2 essential
hypertension assessed by 48 h ambulatory BP monitoring (ABPM) before and
after 12 weeks of timed treatment. Probability values are shown for
comparison of effects between the two treatment-time patient groups.
(Bottom) Changes from baseline (mmHg) during the 24h in SBP after
treatment with 160 mgday~! valsartan ingested either upon awakening or at
bedtime. *P<0.05 in BP reduction between the two treatment-time groups.
A full color version of this figure is available at the Hypertension Research
journal online.

that is, SBP/DBP, a measure of the compliance of the arterial tree
(6.5 vs. 4.0 mm Hg, P=0.007), and significantly reduces nondipper
BP patterning from 59% of patients at baseline to 23% at study
conclusion (P<0.001).

BEDTIME CHRONOTHERAPY WITH CONVENTIONAL
MEDICATIONS IN DIFFICULT TO CONTROL AND
COMPLICATED HYPERTENSION

Resistant hypertension (RH)

RH constitutes a clear illustration of the clinical relevance of a
chronotherapeutic strategy that takes into account circadian changes
in the physiology and biochemistry of BP control and regulation. RH
patients are at a considerably greater risk for renal disease and
insufficiency and CVD and stroke events than are patients whose BP
is well controlled by medication.>>!%2 By definition, hypertension is
designated as resistant to treatment when lifestyle measures plus
therapeutic doses of >3 prescription BP-lowering therapies, one
preferably being a diuretic unless contraindicated, fails to reduce
SBP and DBP to clinical cuff BP threshold values,'? a definition we
contend lacks Vallidity,18 as later discussed. Current clinical strategies
for RH, which are far too often unsuccessful, entail either prescription
of additional medications or exchange of > 1 of them in an attempt to
achieve improved synergic BP-reducing effects.!®!%? Based upon the
information we presented in the preceding sections, which clearly
substantiates enhancement of BP-lowering efficacy by the bedtime
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treatment schedule, it is logical to question whether RH patients are
said to be ‘resistant’ to therapy because it is prescribed and ingested at
the wrong, morning, rather than right, bedtime (that is, circadian
stage) when most effective 6>6>103-107

One cross-sectional study conducted by Hermida et al.'%* entailing
700 RH patients who were assessed by 48h ABPM reports the
proportion of patients with controlled ambulatory BP (awake and
asleep SBP/DBP means below current diagnostic thresholds) is twofold
greater in those who ingest the entire daily dose of >1 hypertension
medications routinely at bedtime than in those who ingest all
medications upon awakening. In addition, the prevalence of
nondipping is significantly lower in patients taking >1 medications
at bedtime than in those taking all of them on awakening (57% vs.
82%).19% A larger identically designed cross-sectional study of 1794
RH patients evaluated by 48 h ABPM also documents the proportion
of patients showing control of ambulatory BP among those ingesting
the entire daily dose of >1 medications at bedtime is significantly
higher (31.9% of patients) than among those ingesting all medications
upon awakening (23.1%; P< 0.001).1¢  Moreover, bedtime, vs.
upon awakening, treatment better lowers asleep SBP/DBP means (by
9.7/4.4 mm Hg, P<0.001), resulting in significantly greater (by 5.8%;
P<0.001) sleep-time relative BP decline and thus significantly lower
prevalence of nondipper BP patterning (40% vs. 83%, respectively;
P<0.001).

Another even larger trial by Hermida et al,® also entailing 48 h
ABPM, assessed role of treatment-time regimen on 24 h BP patterning
of 2899 RH patients enrolled in the ongoing multicenter Hygia
project. The Hygia project, comprising patients of primary care
centers of Galicia (Northwest Spain), is a prospective investigation
of the prognostic value of ABPM and treatment-time strategy on BP
control and CVD risk. ABPM is done upon recruitment and at least
annually thereafter, always for 48 h and with diary recording of time of
retiring to bed at night and awakening in the morning to achieve
confidence of findings and accurately derive awake and asleep SBP and
DBP means. Of the total cohort of 2899 RH patients, 1084 consistently
took all hypertension medications upon awakening (awakening
regimen), 1436 others took the entire daily dose of >1 of them at
bedtime (bedtime chronotherapy regimen) and the remaining
379 patients took split equal doses of >1 medications twice daily,
upon awakening and at bedtime (b.i.d. regimen). The bedtime
chronotherapy regimen, as compared with the awakening and b.i.d.
ones, achieves significantly higher prevalence of properly controlled
ambulatory BP, best lowers asleep SBP/DBP means and best enhances
sleep-time relative BP decline, resulting in lowest prevalence of
nondipping (54.4% vs. 80.5% and 77.3%, respectively; P<0.001
among the three treatment groups).®

The findings and conclusions of these cross-sectional RH studies
were prospectively validated in a randomized trial that examined the
role of treatment time, without increasing number of prescribed
medications, on ambulatory BP pattern and control of 250 true RH
patients, defined by uncontrolled awake and/or asleep ambulatory BP
means when ingesting all three prescribed BP-lowering medications
upon awakening.!®® Participants were randomly assigned to one of
two groups according to the designated modification of treatment
strategy: (1) group A: exchange of 1 of the 3 medications for a new
one, and retaining the same upon-awakening ingestion schedule; and
(2) group B: also exchange of 1 of the 3 medications for a new one,
but always ingesting it at bedtime. The 48 h ABPM studies conducted
before and after 12 weeks of the new therapeutic schemes reveals for
group A no change in ambulatory BP from baseline and slight increase
in nondipping prevalence from 79% at baseline to 86% at study
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Figure 5 (Top) Changes from baseline (mm Hg) in office BP measurements
(OBPM), 48h awake (active span) and asleep (nighttime resting span)
systolic blood pressure (SBP) means by 80 mgday~! telmisartan ingested
upon awakening or at bedtime in patients with grade 1-2 essential
hypertension assessed by 48 h ambulatory BP monitoring (ABPM) before and
after 12 weeks of timed treatment. Probability values are shown for
comparison of effects between the two treatment-time patient groups.
(Bottom) Changes from baseline (mmHg) during the 24h in SBP after
treatment with 80 mgday~! telmisartan ingested either upon awakening or
at bedtime. *P<0.05 in BP reduction between the two treatment-time
groups (updated from reference 83). A full color version of this figure is
available at the Hypertension Research journal online.

conclusion (P=0.131), and for group B significant reduction in
ambulatory 48h SBP/DBP means (—9.4/—6.0 mm Hg; P<0.001),
with greater decrease of asleep than awake BP, and hence the
proportion of patients displaying dipper patterning increases from
only 16% at baseline to 57% at study conclusion (P<0.001).1%°
Finally, the findings of a recent small study of 27 RH patients by
another group'®® are consistent with those of the above cited studies.
Shifting all nondiuretic hypertension medications from morning to
evening not only significantly reduces nighttime BP (P=0.005) but
enhances sleep-time relative BP decline towards more dipper
patterning.

Most important, among the RH patients randomized according to
time of treatment in the MAPEC study, those who routinely ingested
the entire daily dose of >1 hypertension medications at bedtime
showed significantly lower HR of total CVD events (adjusted for the
variables of age, sex and diabetes) than those who ingested all their
medications upon awakening (0.38, 95% CI 0.27-0.55, P<0.001).%
The difference between treatment-time groups in the adjusted HR of
major events (a composite of CVD death, myocardial infarction,
ischemic stroke and hemorrhagic stroke) is also statistically significant
(0.35, 95% CI 0.18-0.68, P=0.002). Based upon the currently
available scientific evidence, bedtime ingestion of the complete daily
dose of >1 BP-lowering medications constitutes the most cost-
effective therapeutic approach yet of improving both BP control and
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CVD event-free survival of patients who when managed by a morning
treatment approach are incorrectly said to be inherently, that is,
physiologically, resistant to BP control.?

Taken together, the findings of all the above reviewed studies verify
a bedtime hypertension therapy regimen that entails the full daily
dose of >1 medication for RH, which is properly established by
around-the-clock ABPM, is the therapeutic scheme of choice.!8:109
The collective findings additionally indicate the current definition of
RH is invalid and must be modified to take into account the
major deterministic variable of treatment time; accordingly, a patient
should be categorized as resistant to treatment only if his/her
ABPM-determined awake and/or (preferably) asleep SBP/DBP means
are greater than the reference diagnostic thresholds'®!® when at least
one of the prescribed >3 hypertension medications of different
classes, ideally including a diuretic unless contraindicated, is ingested
in full daily dose at bedtime.!8

Chronic kidney disease (CKD)

Prevalence of hypertension is elevated in CKD, increasing with
diminishing estimated glomerular filtration rate, and being as high
as 86% in end-stage renal disease according to one report.!? Elevated
asleep BP (sleep-time hypertension) and nondipper BP patterning are
also prevalent in CKD.''1=11¢ Mojén et al.!® utilizing 48 h ABPM to
assess 10271 hypertensive participants enrolled in the ongoing
hypertension treatment time outcomes Hygia Project report that:
(1) prevalence of nondipper BP patterning is much greater in CKD
than in the absence of CKD (60.6% vs. 43.2%, respectively; P<0.001
between groups); (2) prevalence of riser BP patterning (sleep-time
relative SBP decline <0) is more than twofold larger in CKD than in
the absence of CKD (17.6% vs. 7.1%, respectively; P<0.001) and
(3) perhaps most importantly, among CKD participants with
uncontrolled BP, 90.7% evidence sleep-time hypertension. These
collective findings motivate testing of chronotherapeutic interventions
for CKD, as reviewed below, to improve management of high BP,
curtail disease progression and reduce CVD and stroke risk of these
exceedingly vulnerable patients.

The impact of treatment-time regimen on ambulatory BP
patterning and control in CKD, defined according to current
recommendations,!!” that is, estimated glomerular filtration rate
<60 mlmin~! per 1.73 m? or albuminuria (albumin/creatinine ratio
>30mggCr~ 1), or both, at least twice within a 3-month span, was
recently investigated by Crespo et al.!'> Among the 2659 evaluated
hypertensive participants of the Hygia Project with CKD, 1446
ingested all BP-lowering medications upon awakening and 1213
others ingested the entire daily dose of >1 of them at bedtime.
Among the latter, 359 patients took all such medications at bedtime,
whereas 854 ingested the complete daily dose of some of them upon
awakening and the rest of them at bedtime. Patients managed with
either one of the bedtime chronotherapy regimens, relative to those
managed with the conventional upon awakening one, evidence
significantly better: (1) reduction of asleep SBP/DBP means,
(2) enhancement of sleep-time relative BP decline (P<0.001) and
(3) attenuation of nondipping prevalence (68.3% in those managed
conventionally vs. 54.2% and 47.9%, respectively, in those managed by
the >1 and all-medications bedtime chronotherapy regimens;
P<0.001 between groups). Moreover, prevalence of riser BP pattern-
ing is significantly lower in participants ingesting >1 (15.7%) or all
(10.6%) hypertension medications at bedtime rather than all of them
upon awakening (21.5%; P<0.001 between groups). Finally, patients
ingesting all their medications at bedtime show significantly higher
prevalence of controlled ambulatory BP (P<0.001) that is achieved by
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significantly fewer BP-lowering medications (P<0.001) compared
with patients of the other treatment cohorts and who evidence inferior
BP control.!1?

Minutolo ef a who evaluated a rather small sample of 32
uncontrolled nondipper CKD patients, report significant reduction of
the nighttime BP mean, with consequent decreased urinary albumin
excretion, after shifting 1 BP-lowering medication from morning to
evening. Another study entailing 151 black participants enrolled in the
African American Study of Kidney Disease with controlled clinic and
awake BP somewhat differs.!’® This study compared the effects on
nocturnal SBP (improperly defined according to an identical fixed
clock-hour span across all participants) of either shifting to bedtime of
an already prescribed once-a-day hypertension medication or adding
at bedtime a new low-dose one. Both strategies decrease nocturnal
SBP, but not significantly (P=0.08), prompting the authors to
conclude bedtime chronotherapy might be of limited advantage in
reducing nighttime BP in hypertensive African-American patients and/
or CKD. However, as earlier discussed, failure to detect statistical
significance could be because of faulty study design, that is, failure to
assess changes in the actual asleep SBP mean based on data truly
representative of the sleep period of each participant rather than an
assumed, and most likely poorly representative, common nighttime
span defined by a priori selected clock-time references. Indeed,
confirmation of the expected better effect of bedtime chronotherapy,
relative to conventional morning time therapy, for black African
individuals is reported in a Nigerian study of 165 high-BP presumably
diurnally active patients randomized to 12 weeks of either morning
(1000 h) or evening (2200 h) hypertension treatment. The bedtime
therapeutic strategy, in comparison with the conventional morning
one, results in significantly greater reduction not only of BP but also
of left ventricular mass (P<0.001).!2° Finally, a recent study of 60
nondipper Chinese CKD patients asserts that bedtime relative to
morning time valsartan (with doses ranging per patient from 80 to
320 mg) therapy for 1 year achieves significantly greater reduction of
not only nighttime BP and left ventricular mass, as in the Nigeria
study,'?® but also albuminuria (P always <0.05).!2! Because of the
very high prevalence of abnormal 24 h BP profiling in CKD, that is,
sleep-time hypertension and nondipping and rising BP patterning,
plus documented better effects of a bedtime hypertension regimen on
asleep BP regula'[ion,Sg‘63 as documented in the several above reviewed
studies, bedtime treatment is now recommended as the preferred
strategy to manage hypertension in CKD patients, 1841456468

L’118

Diabetes

There is strong association between diabetes and elevated risk of end-
organ damage, stroke and CVD morbidity and mortality. In addition,
nondipping and sleep-time hypertension are highly prevalent in
patients with diabetes.!?2"12> Ayala et al.'?* compared features of the
ambulatory BP pattern of 2954 hypertensive patients with type 2
diabetes and 9811 hypertensives without diabetes enrolled in the Hygia
Project. Prevalence of nondipping is significantly higher in those with
than without diabetes (62.1% wvs. 45.9%; P<0.001); however,
prevalence of riser BP patterning constitutes the most profound
difference between groups (19.9% vs. 8.1% in patients with and
without diabetes, respectively; P<0.001). In addition, 89.2% of
uncontrolled hypertensive patients with diabetes in this cohort
evidence sleep-time hypertension. Despite the very high prevalence
of sleep-time hypertension and nondipper and riser patterns,
only a small number of investigations have explored the impact of
hypertension treatment time on BP regulation and control in
individuals with diabetes.

Hypertension Research

A crossover design investigation by Tofé and Garcia'?® evaluated
ambulatory BP response of 40 hypertensive patients with type 2
diabetes to olmesartan (40 mg once daily for 8 weeks) when ingested
either upon awakening or at bedtime. They found bedtime treatment
results in both significantly greater reduction of nighttime SBP (—16.2
vs. —11.8; P=0.007) and increase in sleep-time relative SBP decline
(7.4 vs. 2.2%; P<0.001). Rossen et al.'?” also used a crossover design
to investigate the effect of change of ingestion time of hypertension
medications in 41 patients with type 2 diabetes, finding that bedtime
in comparison with morning ingestion of BP-lowering drugs results in
significant reduction of nighttime SBP mean (7.5 mm Hg, P<0.001)
with nonsignificant reduction of daytime SBP mean (1.3 mm Hg,
P=0.336). Moya et al.'?> evaluated the differential beneficial effects of
hypertension treatment-time regimen on ambulatory BP patterning of
2429 hypertensive participants of the Hygia Project with type 2
diabetes. Among them, 1176 ingested all BP-lowering medications
upon awakening and 1253 the entire daily dose of > 1 medications at
bedtime—336 patients taking all hypertension medications at bedtime,
and 917 the entire daily dose of some of them upon awakening and
others at bedtime. Ingestion of >1 medications at bedtime, as
compared with ingestion of all medications upon awakening, sig-
nificantly better reduces asleep SBP/DBP means and better normalizes
sleep-time relative BP decline. Thus, prevalence of nondipping is
significantly higher when all hypertension medications are taken upon
awakening (68.6%) than when >1 (55.8%) or all of them (49.7%;
P<0.001 between groups) are ingested at bedtime. The latter
treatment group, relative to all the other ones, also shows significantly
higher prevalence of properly controlled ambulatory BP (P<0.001)
that is achieved by a significantly lesser number of hypertension
medications (P<0.001).12%

Finally, Suzuki and Aizawa'?® provide an example of the misleading
conclusions that commonly result from poorly conceptualized
protocols when applied to assessing chronotherapeutic trials. These
investigators randomized 34 already treated hypertensive patients with
type 2 diabetes into three valsartan (160 mg) therapy groups defined
by the ingestion of: the entire daily dose following breakfast or dinner,
or b.i.d,, that is, one-half the daily dose (80 mg) in the morning and
other half (80mg) in the evening. The investigators report no
significant between-group difference in reduction of OBPM or home
self-measured BP. Findings of this and several other studies of
administration time differences in therapeutic effect of hypertension
medications that rely upon daytime OBPM and/or home BP
measurements alone are of little, if any, practical utility for many
reasons. First, ‘white-coat’ and ‘masking’ effects may compromise
representativeness of OBPM, whereas inconsistent technique of
self-assessment and poor patient compliance may compromise
accuracy of home BP data. Second, choice of dosing times is based
on clock time rather than biological time relative to the individual
patient sleep—wake routine. Third, and most important, the investi-
gative protocol of these studies cannot collect data throughout the
entire 24 h to reliably derive clinically meaningful characteristics of the
daily BP profile closely linked with CVD risk, that is, asleep SBP mean
and sleep-time relative SBP decline. Thus, the findings of improperly
conceptualized protocols, as exemplified by this investigation, are not
only useless but misleading by adding confusion, uncertainty and
unfounded controversy to the medical literature and patient care.

Nondipper hypertension

Patients diagnosed with R and
diabetes'?>™1?7 have high prevalence of nondipping, as reviewed in
preceding sections. Several chronotherapy trials specifically researched
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control of asleep BP and/or increase of sleep-time relative BP decline
(dipping) of nondipper hypertensive patients in the absence of such
diagnoses.

The first such bedtime chronotherapy trial entailing nondipping
hypertensive patients was conducted by Hermida et al.”® It involved
148 enrollees of the MAPEC study randomized either to 160 mg
valsartan upon awakening or at bedtime who were assessed by 48 h
ABPM before and after 12 weeks of timed therapy. They reported
significant substantial lowering from baseline of the 48 h SBP/DBP
means (P<0.001) is ingestion-time independent (upon awakening
treatment: — 13.1/— 8.4 vs. at bedtime treatment: — 14.6/ — 10.1 mm Hg;
P>0.126 for treatment-time effect). However, they found reduction of
asleep SBP/DBP means to be significantly greater when valsartan is
consistently taken at bedtime than conventionally upon awakening
(respectively, —21.1/ —13.9 vs. — 12.5/ - 8.3 mm Hg; P<0.001 between
treatment-time groups), resulting in significant enhancement of sleep-
time relative BP decline and 75% of the patients reverting to normal
dipper BP patterning. In addition, the bedtime chronotherapy not
only significantly increases the proportion of patients with controlled
ambulatory BP but significantly decreases urinary albumin excretion.®
An extension of this valsartan trial to include a total of 200 nondipper
hypertensive patients yielded similar favorable results of the bedtime
chronotherapy strategy relative to the traditional morning one, that is,
more aggressive reduction of asleep BP mean plus improved normal-
ization of sleep-time relative BP decline.??

A prospective, double-blind, placebo-controlled study by Qiu
et al'? involving 121 treated nondipper hypertensive patients
randomized to evening (2200 h) 12.5mg captopril or placebo treat-
ment indicates this ACEI treatment strategy both significantly reduces
nighttime BP and restores normal BP dipping in 70% of patients. The
study, however, lacks a morning-time treatment comparison group to
enable proper evaluation of findings. Another trial by Takeda et al.!3
entailed 71 Japanese hypertensive patients, approximately half of them
being nondippers, who had been ingesting long-acting once-daily
BP-lowering medications in the morning. Shifting therapy for the 35
nondipper patients from morning to bedtime results in slight increase
of daytime SBP/DBP means (+5/+3 mm Hg; P<0.02) and marked
decrease in nighttime ones (—13/—6 mmHg, P<0.001), thereby
enhancing sleep-time relative SBP decline from 2.6 to 15.5%
(P<0.001). Finally, Farah et al.'®! investigated the role of treatment
time on BP patterning of 60 nondipper hypertensive patients
randomly assigned to continue ingestion of their prescribed
BP-lowering medications upon awakening or shift in the ingestion
of all of them to bedtime. Investigators verified significant reduction in
nighttime BP mean among patients transferred to the bedtime therapy
schedule, with 86% of them showing controlled ambulatory BP.

INFLUENCE OF BEDTIME HYPERTENSION CHRONOTHERAPY
ON THE RISK OF CVD AND STROKE EVENTS
The published clinical trials reviewed in the preceding sections
substantiate advantage of bedtime chronotherapy, as compared with
the traditional morning time, strategy of dosing conventional hyper-
tension medications to regulate asleep SBP/DBP and normalize the
24 h BP profile, even of difficult to control RH, CKD, type 2 diabetic
and nondipper patients. This section, based on review of the findings
of long-term outcomes trials, addresses the question of whether the
bedtime hypertension approach is more protective against nonfatal
and fatal stroke and CVD events than the traditional morning one.
The Heart Outcomes Prevention Evaluation (HOPE) trial tested the
hypothesis that adding the ACEI ramipril vs. placebo to already
existing BP-lowering, cholesterol-reducing and other preventive
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strategies significantly reduces CVD and stroke events in a cohort of
9297 high-risk CVD patients > 55 years of age.'?> The results of the
HOPE trial establish that add-on bedtime ramipril relative to placebo
therapy significantly reduces the primary outcome variables of death
from CVD causes and new-onset myocardial infarction and stroke
plus secondary ones of death from any cause, revascularization
procedures, cardiac events, complications of diabetes and hospitaliza-
tions for heart failure. Nonetheless, the HOPE trial protocol does not
include a comparator morning ramipril treatment arm; thus,
it does not enable testing the hypothesis that bedtime hypertension
chronotherapy with > 1 conventional medications best reduces CVD
and stroke risk.

The Syst-Eur trial investigated whether evening dihydropyridine
CCB nitrendipine therapy, compared with placebo, reduces stroke and
other CVD complications in 4695 elderly patients with isolated systolic
hypertension diagnosed by OBPM.!33 The assumed rationale for the
chosen treatment regimen apparently is expected reduced risk of drug-
induced peripheral edema and associated patient discontinuations
with evening vs. morning CCB dosing, an assumption verified by
Hermida et al.%? through study of nifedipine GITS some years later.
After 2 years of follow-up, the investigators reported active treatment
reduces the primary endpoint of stroke by 42% (P=0.003), CVD
mortality by 27% (P=0.07) and total CVD outcomes by 31%
(P<0.001).!?° The almost identical protocol of the Syst-China trial
involving 2394 patients found after 3 years of follow-up that active
treatment reduces total stroke events by 38% (P=0.01), total
mortality by 39% (P=0.003), CVD mortality by 39% (P=0.003),
stroke mortality by 58% (P=0.02) and total CVD outcomes by 37%
(P=0.004).13* Similar to the HOPE trial, the Syst-Eur and Syst-China
trials were not designed to assess comparative effects of morning-time
treatment on CVD and stroke risk.

The Controlled Onset Verapamil Investigation of Cardiovascular
Endpoints (CONVINCE) trial was designed to determine whether
initial treatment with 180 mg of the unique COER (controlled-onset
extended-release) verapamil formulation, specifically designed for
bedtime ingestion so as to achieve peak drug concentrations upon
morning arising and initial hours of the diurnal activity span when BP
is assumed to rapidly rise from its lowest (sleep-time) level, is
equivalent to morning treatment with either 50 mg of the p-agonist
atenolol or 12.5 mg of the diuretic hydrochlorothiazide in preventing
as primary outcomes myocardial infarction, stroke or CVD death.!3
Bedtime ingestion of COER verapamil significantly reduces morning
BP but it exerts only a limited effect on asleep BP, as documented in
one randomized trial showing twofold greater reduction in the awake
than asleep SBP/DBP means.!*® The CONVINCE trial was terminated
prematurely because the sponsoring pharmaceutical company, for
commercial reasons, closed the trial 2 years earlier than planned; thus,
the median follow-up of participants was only 3 years. At the end of
the abbreviated 3-year follow-up period, there were no differences in
primary outcome events between the two tested treatment strategies.
Thus, the CONVINCE trial failed to substantiate protection
against any of the CVD outcome variables theorized to result through
specific attenuation of the rapid rise and level of morning BP. An
unrecognized undesired consequence of the COER verapamil bedtime
treatment strategy is increased prevalence of the higher CVD risk
nondipper BP patterning as a consequence of strong BP-lowering
effect on wake-time BP but weak effect on sleep-time BP.

The tested hypertension medications of ramipril, nitrendipine and
COER verapamil of the above reviewed investigations concerning
evening therapeutic strategies do not include a comparator awakening
treatment-time arm; thus, they are not valid chronotherapy outcome
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Figure 6 Kaplan—Meier survival curves for total cardiovascular disease (CVD) events as a function of time of day (with respect to circadian rhythms) of
BP-lowering treatment, that is, for hypertensive patients ingesting either all prescribed BP-lowering medications upon awakening (continuous line) or full daily
dose of >1 of them at bedtime (dashed line), in the general hypertension population of the (a) MAPEC (Monitorizacion Ambulatoria para Prediccion de
Eventos Cardiovasculares) study and those diagnosed upon recruitment with either (b) type 2 diabetes, (c) chronic kidney disease (CKD) or (d) resistant
hypertension (RH) (updated from references 39,43-45). A full color version of this figure is available at the Hypertension Research journal online.

trials. Nonetheless, it is of interest that Roush et al.,'3” who compared
the results of all the studies we summarize above in which the tested
active hypertension medication is systematically ingested in the
evening/bedtime with those from 170 clinical trials included in
an earlier meta-analysis in which the investigated hypertension
medication(s) is (are) ingested daily in the morning,'*® report
significant 48% better reduction (P=0.008) in relative risk of CVD
events when hypertension medications are ingested at bedtime rather
than morning.

The MAPEC study constitutes the first prospective trial specifically
designed and conducted to completion to test the hypothesis that
bedtime hypertension chronotherapy that focus specifically on the
normalization of asleep BP mean and sleep-time relative BP decline
better reduces CVD and stroke risk than conventional morning-time
therapy. 3173337394347 After a median follow-up of 5.6 vyears,
hypertensive patients randomized to ingest the entire daily dose of
> 1 BP-lowering medications at bedtime, in comparison with those
randomized to ingest all prescribed hypertension medications upon
awakening, display as expected—based upon the many previously
conducted morning vs. bedtime treatment-time investigations>®*°—
significantly lower asleep BP mean, higher sleep-time relative BP
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decline, reduced prevalence of nondipping (34% vs. 62%; P<0.001)
and higher prevalence of controlled ambulatory BP (62% vs. 53%,
P<0.001). Most important, the bedtime therapy regimen, compared
with the upon awakening one, results in significantly lower adjusted
HR of total CVD events (HR=0.39, 95% CI 0.29-0.51, P<0.001)
and major CVD events—composite of CVD death, myocardial
infarction and ischemic and hemorrhagic stroke—(HR=0.33, 95%
CI 0.19-0.55, P<0.001).*3 Patients randomized to treatment upon
awakening, no matter the class(es) of ingested BP-lowering medication
(s), evidence highest CVD risk. Greater benefits are observed for
bedtime than awakening treatment with ARBs (HR=0.29, 95% CI
0.17-0.51, P<0.001) and CCBs (HR=0.46, 95% CI 0.31-0.69,
P<0.001);* however, patients randomized to ingest at bedtime an
ARB, in comparison with any other class of medication, with or
without additional BP-lowering drugs, evidence significantly lowest
HR of CVD events (P<0.017).46

Thus, the MAPEC study not only substantiates asleep SBP mean to
be the most significant and only independent BP-derived prognostic
marker of CVD morbidity and mortality,?!33738 as earlier discussed,
a finding also corroborated by several other prospective ABPM
studies,?>?>26:30.34-36 byt it also further substantiates that reduction



of asleep SBP mean by a hypertension treatment strategy defined by
ingestion of the entire daily dose of >1 conventional BP-lowering
medications at bedtime, especially when including an ARB, signifi-
cantly and cost effectively decreases CVD risk, both for patients of the
general hypertension population* and those of greater vulnerability
and enhanced CVD risk, that is, those diagnosed with type 2
diabetes,*®4* CKD,* and RHY (Figure 6). In this regard,
it is noteworthy that several international medical and scientific
societies! 411397142 now acknowledge the clinical relevance of this
specific concept of hypertension chronotherapy by recommending
physicians to advise their hypertensive patients to ingest > 1 of their
prescribed BP-lowering medications at bedtime.

CONCLUSIONS

The goal of all hypertension treatment strategies is reduction of SBP
and DBP as a means of preventing end-organ injury and decreasing
CVD, stroke, renal disease and other life-threatening risks. Early
outcome trials report that prevention of CVD events by BP-lowering
treatment is consistent and, to a certain extent, independent of class of
prescribed medications. However, this finding is based primarily on
outcome trials targeting correction of only the daytime OBPM level as
opposed to correction of features—mainly asleep SBP mean and sleep-
time relative SBP decline—of the 24 h BP pattern known to be more
strongly associated with CVD risk. Current hypertension therapy
strategies, almost exclusively focused upon attenuating daytime OBPM
level,' unfortunately have not effectively eliminated CVD hazards
associated with elevated BP; they have only succeeded in moderating
them by a suboptimal ~33%.!4> Review of the many published
OBPM-based outcome trials reveals that reduction of major CVD
events to a relatively low level has been possible only in studies that
specifically enrolled low-risk hypertensive patients, that is, ones
without diabetes, CKD, previous CVD events, advanced organ injury
and elderly.'** The collective findings of past studies involving
high-risk patients managed by the conventional morning treatment
strategy and aimed at attaining published thresholds for daytime
OBPM reveal inability to sufficiently lower CVD and stroke morbidity
and mortality risk.

The diagnostic approaches and treatment strategies that today
dominate the clinical practice of medicine unfortunately disregard
the facts that: (1) correlation between BP and CVD risk is far stronger
for ABPM-derived asleep SBP mean and sleep-time relative SBP
decline than daytime OBPM;?>2320:30-3234-40 and (2) BP-lowering
efficacy and other beneficial effects on the daily BP pattern of six
different classes of hypertension medications and their combinations
exhibit statistically and clinically significant awakening vs. bedtime
treatment differences.’*° The findings of the MAPEC study, based
upon periodic systematic 48 h ABPM evaluation of all participants
during a median follow-up of 5.6 years, constitute the first proof-of-
concept evidence that progressive reduction of the asleep SBP mean
and correction of sleep-time relative SBP decline toward the normal
dipper BP profile, most efficiently accomplished by a bedtime
hypertension treatment strategy entailing conventional BP-lowering
medications, best attenuates the risk of CVD, stroke and development
of new-onset diabetes.}73337394349  Thege results document
importance of 24h BP control and pattern normalization, that is,
specifically attenuation of sleep-time BP and increase of sleep-time BP
relative decline, by bedtime conventional hypertension therapy,
administered in step with key physiologic, neuroendocrine and other
circadian rhythm determinants of the BP nyctohemeral pattern, as the
best and most cost-effective means of achieving meaningful reduction
of vascular and other hypertension-associated risks.
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Future prospective long-term outcomes trials that incorporate
periodic, annual or more frequent ABPM assessments and simulta-
neous diary recording of bed and wake times—to accurately and
reliably ascertain asleep and wake-time BP level and dipping status—as
done in the completed MAPEC study and currently ongoing Hygia
Project,0>107:115 16124125 qre needed to confirm the highly significant
independent prognostic value of sleep-time BP as well as the beneficial
effects (reduced risk of CVD events and target tissue and organ injury)
and safety of enhanced sleep-time BP reduction by bedtime hyperten-
sion chronotherapy with conventional medications. In the interim,
we recommend this bedtime treatment strategy be adopted for
management of individuals with predominant sleep-time hypertension
or nondipper BP patterning as assessed by around-the-clock ABPM;
this includes, but it is not limited to, the elderly and those diagnosed
with elevated asleep BP because of diabetes, CKD, obstructive sleep
apnea, history of past CVD events or resistance to pharmacotherapy
intervention when timed upon awakening,!$41:42145
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