Can We Mend the Broken Clock by Timing
Antihypertensive Therapy Sensibly?
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In 2017, the Nobel Prize in Physiology or Medicine was
awarded to Hall, Rosbash, and Young for their discovery of molecular mechanisms that regulate circadian
rhythms (1). The central clock is located in the suprachiasmatic nucleus in the hypothalamus and modulates the circadian expression of clock genes in each
tissue/organ constituting the peripheral clock (1).
Physiologic function and organ homeostasis is maintained when the central and peripheral clocks are in
phase. It is now widely recognized that dyssynchrony
between the central and peripheral clocks, or disharmonization among peripheral clocks, triggers the development of cardiovascular disease (1).
BP follows a normal circadian variation under the
master regulation of the sleep activity cycle (2). BP
values exhibit a peak in parallel with physical activity
during daytime and fall to a substantial degree with
sleep during nighttime (2). Disruption of this normal
diurnal BP variation, termed “nondipping,” is seen in
several disease states, but is perhaps most common in
CKD (2). Nondipping—over and above the 24-hour BP
load—has been associated with accelerated target
organ damage and with an excess future risk of
cardiovascular morbidity and mortality (3). If these
risk associations are causal, then restoration of a normal
circadian BP pattern with bedtime dosing of antihypertensive therapy may improve clinical outcomes.
Thus, if we can mend the clock simply by timing the
administration of antihypertensive therapy, great cardiovascular beneﬁt may emerge. In this Perspective, we
discuss the promises and the pitfalls of randomized
trials in this area.
The BP-lowering effect of bedtime chronotherapy
was quantiﬁed in a 2011 Cochrane meta-analysis of 21
randomized trials incorporating data from 1993 participants with hypertension (4). The difference in
ambulatory BP between the bedtime and morning
administration of antihypertensive therapy was
21.71 mm Hg (95% conﬁdence interval [95% CI],
22.78 to 20.65 mm Hg) for 24-hour systolic BP (SBP)
and 21.38 mm Hg (95% CI, 22.13 to 20.62 mm Hg) for
24-hour diastolic BP, respectively (4). However, this
meta-analysis observed substantial statistical heterogeneity across eligible trials. Furthermore, none of the
included studies reported treatment effects on cardiovascular outcomes; thus, the net clinical beneﬁt of
bedtime dosing could not be quantiﬁed.
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After the publication of this meta-analysis, two
randomized trials, both conducted in Spain, were
strongly supportive of the notion that the clock can
be mended and cardiovascular protection can be
afforded. In the Monitorización Ambulatoria para
Predicción de Eventos Cardiovasculares (MAPEC) trial
(5), 2156 patients with hypertension conﬁrmed by
48-hour ambulatory BP monitoring (ABPM) were
randomized to bedtime treatment with $1 BPlowering medications versus morning dosing of all
antihypertensives for a median follow-up of 5.6 years.
ABPM was performed at baseline and at least annually
thereafter. At the study’s end, compared with morning
dosing, bedtime chronotherapy provoked an average
reduction of 25.2 mm Hg in nighttime SBP, cut the
proportion of nondippers by about one half, and
lowered the risk of fatal and nonfatal cardiovascular
events by 67% (5).
In the Hygia Chronotherapy Trial (6), 19,084 patients
with uncontrolled hypertension conﬁrmed by ABPM
were randomized to receive the entire daily dose of
$1 BP-lowering medication at bedtime or to take all
their antihypertensives upon awaking. Antihypertensive therapy was guided by periodic 48-hour ABPM
evaluation performed at baseline and at each scheduled
visit (at least annually) over a median 6.3-year-long
follow-up. Atstudy end, compared with morningdosing,
nighttime SBP was 3.3 mm Hg lower in the bedtime arm,
and a 45% reduction in the primary composite cardiovascular outcome of the trial was noted (6).
The question that arises is whether this impressive
clinical trial evidence provides a robust scientiﬁc basis
to change our practice to bedtime dosing of antihypertensive drugs. The cardioprotection afforded by bedtime chronotherapy should be interpreted within the
context of the methodological limitations of these
studies. Both MAPEC and the Hygia Chronotherapy
Trial followed the prospective, randomized, openlabel, blinded-end point (PROBE) design (5,6). In the
PROBE design, investigators who adjudicate outcomes
(e.g., stroke) are blinded to treatment allocation, but
treating physicians and study participants are aware of
the group assignment and ABPM recordings; this
creates a potential source of bias. Furthermore, treating
physicians did not follow a prespeciﬁed therapeutic
algorithm regardless of the timing of therapy. In fact,
the protocol of the Hygia Chronotherapy Trial allowed
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treating physicians to prescribe, “without restriction,” any
medication of the major antihypertensive drug classes.
Review of the medications used suggests that it is possible
that the beneﬁt of bedtime chronotherapy may not be
attributable to this intervention per se but to between-arm
differences in treatment.
Several other trials have found little to no beneﬁt on
nocturnal BP and restoration of dipping pattern. In a 2013
crossover trial (7), 147 Black patients with hypertensive
nephrosclerosis, who were former participants of the African
American Study of Kidney Disease and had adequately
controlled clinic BP, were assigned to three different dosing
schedules of antihypertensive therapy in a randomized
order: (1) taking all antihypertensives once daily in the
morning; (2) taking all antihypertensives once daily at
bedtime; or (3) taking all antihypertensives once daily in
the morning plus one dose of diltiazem (60–120 mg),
hydralazine (25 mg), or ramipril (5 mg) administered at
bedtime as add-on therapy. The follow-up duration of each
study phase was 6 weeks, and the efﬁcacy of each dosing
regimen was evaluated by ABPM (7). The difference in
nighttime SBP between the bedtime and morning dosing
regimen was 21.70 mm Hg, and this difference was NS (95%
CI, 24.05 to 0.65 mm Hg). Similarly, there was no signiﬁcant
difference in nighttime SBP between the add-on and the
morning dosing regimen (between-group difference:
22.07 mm Hg; 95% CI, 24.40 to 0.26 mm Hg) (7). This
absence of beneﬁt either with the bedtime or with the addon regimen was consistent across subgroups stratiﬁed by
the dipping status of participants. Therefore, in a population of Black patients with CKD and a high burden of
nocturnal hypertension (approximately 75% of participants were nondippers or reverse dippers at baseline),
bedtime chronotherapy was ineffective in improving
nighttime BP.
The effect of timing of antihypertensive therapy on
ambulatory BP proﬁle was explored in the 2018 HellenicAnglo Research into Morning or Night Antihypertensive
Drug Delivery (HARMONY) trial (8). This trial enrolled 103
patients with hypertension with clinic BP #150/90 mm Hg
under stable therapy for at least 3 months from 2 centers in
London and Thessaloniki. After the completion of a baseline
ABPM evaluation, participants were randomized to morning (6–11 AM) or evening (6–11 PM) administration of all their
antihypertensives for 12 weeks. At this time point, participants were crossed over to the other dosing regimen for
another 12-week period. ABPM was repeated at the end of
each phase (8). Of the 103 patients with hypertension
originally enrolled, 95 participants completed the three
prespeciﬁed ABPM recordings and were included in the
analysis. Compared with baseline, there was no difference in
nighttime SBP with 12-week-long dosing of all BP-lowering
medications either in the morning or at bedtime. After
adjustment for center, carry over, and period effects, nighttime SBP did not differ between the bedtime and the morning
dosing regimen (between-group difference: 21.62 mm Hg;
95% CI, 25.38 to 2.15 mm Hg) (8).
Taken together, the above-described inconsistency in the
available clinical trial evidence raises uncertainties on
whether bedtime dosing of antihypertensive therapy can
effectively lower nocturnal BP and normalize diurnal BP
variation. Moreover, evidence to conﬁrm or refute the

impressive cardioprotective beneﬁts documented in MAPEC and the Hygia Chronotherapy Trial is currently
missing.
The Treatment In Morning versus Evening (TIME) trial (9)
follows the PROBE design, incorporates an online portal,
and plans to randomize 10,269 patients with hypertension
with a valid email address in the United Kingdom to receive
all their BP-lowering medications either in the morning or in
the evening. Over an average follow-up of 4 years, TIME is
anticipated to provide evidence on clinical outcomes, but in
the absence of ABPM data, this trial is also unlikely to clarify
the underlying mechanisms mediating the treatment effects
of bedtime chronotherapy.
In the Effect of Antihypertensive Medication Timing on
Morbidity and Mortality (BedMed: NCT02990663) trial,
8750 patients with hypertension in Canada are being
randomized to use their BP-lowering medications either in
the morning or at bedtime for an average of 2.5 years.
Apart from the anticipated evidence on major adverse
cardiovascular events, BedMed will also evaluate
between-arm differences in nighttime BP in a subset
of 302 participants who will undergo ABPM at 6 months
of follow-up. The evaluation of worsening of vision,
hip fractures, cognitive dysfunction, and nocturia burden as prespeciﬁed secondary end points may elucidate several areas of uncertainty on the safety of this
intervention.
Given all we know, should we prescribe all antihypertensive drugs at night? The answer appears to be no at the
moment, pending further substantiating evidence from
clinical trials. Excessive SBP lowering has been associated
with anterior ischemic optic neuropathy and silent cerebral
infarcts (10). Bedtime dosing of diuretics may not be acceptable to our patients. In our view, in the absence of “hard”
evidence to mandate a change in our practice, and while
awaiting the completion of the TIME and BedMed trials,
choice of antihypertensive agents with long half-lives
and persistent 24-hour BP-lowering action should continue to be the standard of care in pharmacotherapy of
hypertension.
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