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Abstract

Oral melatonin is a potential alternative treatment for hypertension and noctur-
nal hypertension. However, high-quality and relevant meta-analyses are lacking. This
meta-analysis aimed to investigate whether oral melatonin supplementation reduces
daytime/asleep blood pressure and cardiovascular risk, improves sleep quality, and
is well-tolerated compared with placebo. Relevant articles were searched in multi-
ple databases, including MEDLINE, EMBASE, CINAHL Complete, and the Cochrane
Library, from their inception to June 2021. The included studies were randomized con-
trolled trials recruiting patients with hypertension, using oral melatonin as the sole
intervention, and investigating its effect on blood pressure. The mean out-of-office
(including 24-h, daytime, and asleep) systolic and diastolic blood pressures, sleep qual-
ity, and side effects were compared between the melatonin and placebo arms using
pairwise random-effect meta-analyses. A risk of bias assessment was performed using
the Cochrane risk-of-bias tool. Four studies were included in the analysis and only one
study was considered to have a low risk of bias. No study reported on cardiovascular
risk or outcomes. Only controlled-release melatonin (not an immediate-release prepa-
ration) reduced asleep systolic blood pressure by 3.57 mm Hg (95% confidence inter-
val: -7.88 to .73; 1= 0%). It also reduced asleep and awake diastolic blood pressure,
but these differences were not statistically significant. Melatonin improves sleep effi-
cacy and total sleep time and is safe and well-tolerated. Due to the limited number of
high-quality trials, the quality of evidence was low to very low. Therefore, adequately

powered randomized controlled trials on melatonin are warranted.

KEYWORDS
ambulatory BP monitoring, cardiovascular disease, hypertension, melatonin

This is an open access article under the terms of the Creative Commons Attribution-NonCommercial License, which permits use, distribution and reproduction in any
medium, provided the original work is properly cited and is not used for commercial purposes.
© 2022 The Authors. The Journal of Clinical Hypertension published by Wiley Periodicals LLC.

J Clin Hypertens. 2022;24:529-535.

wileyonlinelibrary.com/journal/jch 529


https://orcid.org/0000-0001-8267-9384
mailto:lkp032@cuhk.edu.hk
http://creativecommons.org/licenses/by-nc/4.0/
https://wileyonlinelibrary.com/journal/jch

| WILEY

LEE ET AL.

1 | INTRODUCTION

Hypertension (HT) is a major cause of cardiovascular deaths world-
wide, but good blood pressure (BP) control is obtained in less than
one-third of patients.2 Although asleep BP and nocturnal BP dipping
are the strongest independent predictors of cardiovascular outcomes,
evidence-based treatment is lacking.3-¢ Nocturnal HT is increasingly
observed clinically, due to the use of the recommended 24-h ambu-
latory BP monitoring (ABPM) in primary care and cardiology clinics.”
Clearly, more treatment options, particularly evidence-based treat-
ments for nocturnal HT, are needed.

Inexpensive, safe, and accessible oral melatonin supplementation is
a potential candidate because it may reduce BP by (1) causing vasodila-
tion via direct calcium channel blocking and enhancing nitric oxide and
cyclic guanosine monophosphate production in the endothelium, (2)
its anti-oxidant properties, (3) inhibiting the sympathetic nervous sys-
tem and reducing the production of non-adrenaline, and (4) activating
the parasympathetic nervous system.® Furthermore, melatonin may be
a potential treatment for nocturnal HT and non-dipping because it is
usually taken before bedtime, may enhance sleep duration and quality,
and thereby reduce sleeping BP.” Low endogenous melatonin secretion
during sleep is associated with nocturnal HT, BP non-dipping, and car-
diovascular disease.® Moreover, melatonin has an excellent side effect
profile and is well tolerated.10-12

Although several meta-analyses suggested that melatonin reduces
BP, they included people with normotension and adolescents, did not
distinguish between office and out-of-office BP readings, had highly
heterogeneous results, and/or did not extract all important BP param-
eters, that is, daytime/asleep BP and BP dipping (Supplementary Intro-
duction 5$1).20-13 Therefore, the external validity of these results
in patients with HT is limited. Furthermore, no meta-analysis has
extracted or discussed important outcomes such as the correspond-
ing reduction in cardiovascular risks or events. Consequently, thereis a
lack of direct evidence for melatonin use in the treatment of HT and/or
nocturnal HT.

This meta-analysis aimed to investigate the efficacy and safety of
oral melatonin for treating HT. Our research question, using the par-
ticipant, intervention, control, and outcome format, was as follows: “In
patients with HT (receiving or not receiving anti-HT drug treatment),
does oral melatonin supplementation reduce office and out-of-office
BP (asleep [primary outcome]/24-h/daytime systolic BP [SBP] and
diastolic BP [DBP]) when compared to placebo or no treatment?”
Only randomized controlled trials (RCTs) were included to provide the
highest possible level of evidence. Secondary outcomes included the
degree of dipping and dipping status, sleep quality, and melatonin side
effects. Whenever available, data concerning the reduction of cardio-
vascular risk or incidence of cardiovascular events were also collected.
Previous meta-analyses suggested a differential BP reduction effect
by different preparations of melatonin (controlled-release [CR] versus
immediate-release [IR]); therefore, relevant subgroup analyses were
conducted whenever feasible. The results will benefit the clinical treat-
ment of HT or nocturnal HT, highlight research gaps, and guide future
research.

415 studies found for screening _ 206 duplicates removed
v
209 studies screened »| 180 studies irrelevant
29 full-text assessed for eligibility |l 25studies excluded
-10 not RCTs
- 8 wrong population (included
normotensive patients)
- 4 not in Chinese/English
- 2 not reporting BP outcomes
- 1 not using melatonin
v

4 studies included

FIGURE 1 PRISMA flowchart

2 | METHOD

This systematic review and meta-analysis was pre-registered in PROS-
PERO (CRD42021276835) and is reported in accordance with the
PRISMA guidelines (http://prisma-statement.org/).

We included RCTs that included patients with HT, used oral mela-
tonin as the sole intervention, used a control arm receiving no
treatment or placebo, and reported on BP outcomes. A comprehen-
sive search was conducted in multiple databases, including Chinese
databases. A grey literature search was conducted, including a search
in ClinicalTrials.gov. Study inclusion and data extraction were con-
ducted by two independent reviewers. Risk of bias was assessed by
two independent reviewers using the Cochrane risk of bias tool.:3
The primary outcomes were the weighted mean differences in 24-
h/awake/asleep SBP and DBP on ABPM between melatonin and the
control arm. Results were meta-analyzed by a random effect model.
Details of study eligibility, search strategy, data screening and data
extraction, risk of bias assessment, and statistical analysis can be found

in Supplementary Method S2.

3 | RESULTS

3.1 | Search results
Of 415 studies from the database search, four placebo-controlled, par-
allel (n = 1), or crossover RCTs (n = 3) (including a total of 137 partic-
ipants) were included in the final analysis (Figure 1).14-1” These RCTs
had small sample sizes (n = 16-47) and were conducted in Israel, Italy,
the Netherlands, and the USA. The intervention period range was 3-
4 weeks (Table 1). Only one RCT had a low risk of bias because most
RCTs did not clearly describe their randomization process (Figure 2).
The mean age and body mass index of included participants were
56.36 years and 28.01 kg/m?2, respectively. Approximately 55% and
5.65% of patients were men and had diabetes mellitus, respectively.
Other clinical data, such as the presence of cardiovascular or psychi-

atric disease, were under-reported (Supplementary Results S4).
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TABLE 1 Characteristics of included studies

Method to
define
RCT Melatonin Melatonin night-time  Melatonin
Study Country  design Inclusion criteria Exclusion criteria n dosage preparation  on ABPM duration
Grossman Israel Parallel nocturnal HT (mean unorganized lifestyle, 38 2mg controlled diary 4 weeks
200616 night-time systolic such as shift workers release
BP > 125 mm Hg) on
stable dose of anti-HT
medications
Lusardi Italy Crossover mild to moderate HT, Secondary 47 5mg immediate fixed period 4 weeks
20004 taking nifedipine GITS,  hypertension, release
well-controlled clinic patients with end
BP organ damage
Scheer The Crossover male, mild-moderate 16 2.5mg controlled actigraphy 3 week
20041 Nether- uncomplicated, release and sleep
lands essential HT diary
Rahbari- USA Crossover African Americanages  Secondary causesof 36 24 mg controlled diary 4 weeks
Oskoui 18-64 years, essential hypertension, >2 release
2019Y HT and nocturnal HT anti-HT medications,

Severe uncontrolled
HT (SBP > 170 or
DBP > 110), History
of CVSdisease, DM,
Liver disease,
Pregnancy,
Breastfeeding,
Usage of NSAIDs,
Usage of
corticosteroids,
Usage of COX-II
inhibitors, Usage of
warfarin, History of
sleep apnea
requiring CPAP,
Active malignancies,
caffeinated
beverage
consumption > 3
cups of coffee per
day, current use of
melatonin

(SBP>115 mmHg)

Abbreviations: ABPM, ambulatory blood pressure monitoring; BP, blood pressure; CPAP, continuous positive airway pressure; CVS, cardiovascular; DM, dia-
betes mellitus; HT, hypertension; NSAIDs, non-steroidal anti-inflammatory drugs; USA, United States of America.

32 |

The effect of melatonin on BP effect of melatonin on 24-h BP was under-reported; only Lusardi and
coworkers reported that IR melatonin increased 24-h SBP by 6.5 mm

CR melatonin was used in three RCTs and reduced asleep SBP by - Hg (95% Cl: 2.3-10.7 mm Hg, p < .001) and 24-h DBP by 4.9 mm

4.67 mm Hg (95% confidence interval (Cl): -8.79 to -.55, 12 = 0%). CR
melatonin also reduced asleep DBP by -2.39 mm Hg (95% Cl: -5.01
to .23, 12 = 0%), daytime SBP by -3.57 mm Hg (95% Cl: -7.88 to .73,
12 = 0%), and daytime DBP by -1.06 mm Hg (95% Cl: -4.3 to 2.18,
12 = 0%); however, these were not statistically significant. Although
a wide range of doses of melatonin (2-24 mg) was used, BP reduc-
tion by different doses of melatonin was similar (Figure 3). Conversely,
Lusardi and coworkers investigated the effect of IR melatonin, which
increased asleep and daytime SBP/DBP (Figure 3). Furthermore, the

Hg (95% CI: 1.2-8.4 mm Hg, p < .001).2* Similarly, no RCT reported
on the effect of melatonin on office BP. The effect of CR melatonin
on the proportion of nocturnal non-dippers was only investigated by
Rahbari-Oskoui, and no significant difference was observed between
the two arms (27/36 melatonin vs. 24/36 placebo).’” CR and IR mela-
tonin reduced the asleep heart rate by 2.99 bpm (95% ClI: 1.87-4.10,
12 = 0%), and daytime heart rate by 2.46 bpm (95% Cl: -.38 to 5.30,
12 = 0%; Supplementary Results S5). No RCT investigated the effect of
melatonin on cardiovascular risk or outcomes.
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3.3 | Safety and side effects of melatonin

Melatonin increased the risk of daytime drowsiness, although not sta-
tistically significantly (odds ratio: 2.32, 95% Cl: .43-12.59, 12 = 78.3%;
Supplementary Results S6). Other side effects were only discussed in
one RCT; they included fatigue (41.7% melatonin vs. 30.6% placebo),
early morning awakening (38.9% melatonin vs. 25% placebo), and
weakness (21.3% melatonin vs. 6.4% placebo).1*1” All RCTs reported
that side effects were mild and drop-out due to side effects were

rare.l“*“”ﬂ

3.4 | Effect of melatonin on sleep

Melatonin improved sleep efficacy by 2.72% (95% ClI: -.97 to 6.41,
12 = 0%) and total sleep time by 10.97 min (95% Cl: -14.06 to 35.99;

(A) Asleep SBP

melatonin Mean BP
Study n dosage Difference (95% Cl)
controlled release
Grossman 2006 38 2mg -8.00 (-15.02, -0.98)
Scheer 2004 16 2.5mg — -5.60 (-14.07, 2.87)
Rahbari-Oskoui 2019 36 24mg — -1.40 (-7.78, 4.98)

Subtotal (I-squared = 0.0%, p = 0.383) -4.67 (-8.79, -0.55)

immediate release

Lusardi 2000 47 5mg —— 6.68 (3.64,9.72)

<> 6.68 (3.64, 9.72)
— 1,60 (-9.32, 6.13)

Subtotal (I-squared = .%, p=.)

Overall (I-squared = 85.6%, p = 0.000)

NOTE: Weights are from random effects analysis

12= 1.4%), although these were not statistically significant (Supple-
mentary Results S7).

3.5 | Sensitivity analysis
Sensitivity analyses found similar results (Supplementary Results S8-
S9).

3.6 | GRADE quality of evidence rating

The overall certainty of the current evidence was ranked low for all
BP outcomes because (1) there was an inadequate number of studies
to assess publication bias, and (2) most RCTs had an unclear risk of

bias and/or imprecision in some outcomes that is, the 95% CI of CR

(B) Asleep DBP

melatonin Mean BP
Study n dosage Difference (95% Cl)
i
controlled release !
Grossman 2006 38 2mg —o—i— -2.00 (-8.39, 4.39)
I
Scheer 2004 16 2.5mg —o—f— -3.90 (-7.68, -0.12)
Rahbari-Oskoui 2019 36 24mg —OI‘— -0.50 (-4.93, 3.93)
'
Subtotal (I-squared =0.0%, p = 0.516) O -2.39 (-5.01, 0.23)

immediate release
Lusardi 2000 47 5mg 3.63 (1.80, 5.46)
Subtotal (I-squared =.%, p =) 3.63(1.80, 5.46)

Overall (I-squared = 79.9%, p = 0.002) -0.38 (-4.57,3.81)

NOTE: Weights are from random effects analysis

T T
-10 0 10
favours melatonin  favours placebo

(C) Daytime SBP
melatonin Mean BP
Study n dosage Difference (95% Cl)
controlled release
Grossman 2006 38 2mg — -3.00 (-10.37, 4.37)
Scheer 2004 16 2.5mg — -5.20 (-13.97, 3.57)
Rahbari-Oskoui 2019 36 24mg — -3.10 (-9.75, 3.55)

Subtotal (I-squared = 0.0%, p = 0.916) -3.57 (-7.88, 0.73)

immediate release
Lusardi 2000 47 5mg 6.38 (2.13, 10.63)

Subtotal (I-squared =.%, p =.) 6.38 (2.13, 10.63)

— -0.61 (46.75, 5.52)

Overall (I-squared =71.6%, p=0.014)

NOTE: Weights are from random effects analysis

=

T T
-10 0 10
favours melatonin  favours placebo

FIGURE 3 Meta-analyses of effect of melatonin on daytime/asleep BP

favours melatonin  favours placebo

(D) Daytime DBP

melatonin Mean BP
Study n dosage Difference (95% Cl)
1
controlled release !
Grossman 2006 38 2mg E 0.00 (-7.02, 7.02)
'
Scheer 2004 16 2.5mg —0——;— -1.40 (-6.77, 3.97)
Rahbari-Oskoui 2019 36 24mg —0—5— -1.30 (-6.29, 3.69)
=

Subtotal (I-squared = 0.0%, p = 0.946) -1.06 (-4.30, 2.18)

immediate release

Lusardi 2000 47 5mg

——%——) 4.61(1.78,7.44)

O 461 (1.78, 7.44)
Overall (lI-squared = 55.7%, p = 0.079) <:>

NOTE: Weights are from random effects analysis

Subtotal (I-squared =.%, p =.)

1.02 (-2.58, 4.62)

T T
-6 0 6
favours melatonin  favours placebo
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FIGURE 2 Risk of bias assessment of included studies

melatonin on asleep SBP was -8.79 to .55 mm Hg. Furthermore, the
evidence on sleep quality and safety were ranked very low due to the

very limited number of RCTs (n = 2) and imprecise outcomes.

4 | DISCUSSION

4.1 | Comparison with existing literature

In accordance with previous meta-analyses, we suggested that admin-
istration of a CR melatonin supplement may reduce asleep BP by
approximately 5/2 mm Hg.1%-13 Furthermore, similar to previous meta-
analyses, we reported a difference in the BP reduction effect of CR
melatonin and IR melatonin.’213 However, our results also suggested
that CR melatonin may reduce daytime BP by -3.6/1 mm Hg (despite
not reaching statistical significance). The current absence of statisti-
cal significance of daytime BP results may be attributed to the limited
numbers of trials and patients. Although melatonin improves sleep and
thereby reduces asleep BP, it can reduce BP by other mechanisms, for
example, enhancing parasympathetic nervous system functioning, and
may thereby also reduce daytime BP.2

Our results were also in agreement with previous evidence report-
ing that melatonin may improve sleep duration/quality. Melatonin is
an emerging treatment for sleep disorders because of its ability to
improve total sleep time, sleep efficiency, and onset latency.8 Further-
more, melatonin was also shown to be safe and well-tolerated in an
RCT, confirming good safety and tolerability for a minimum of 6 months
in patients with HT.?

4.2 | Implications for research and practice

For clinicians, CR melatonin may be prescribed to patients with noc-
turnal HT, particularly for patients who have poor sleep quality. On
the contrary, IR melatonin has either no effect or adversely affects
the BP, as observed in previous meta-analyses and the current meta-
analysis, respectively.1213 |R melatonin has a short half-life of around
45 min and therefore cannot provide sustained BP reduction.2° Fur-
thermore, the optimal dosage and timing of CR melatonin require fur-
ther investigation. Although all included RCTs administrated melatonin
in the evening or bedtime, the optimal timing was not known.14-17
Similarly, although a CR melatonin dosage of 2-10 mg was commonly
used in RCTs, supraphysiological serum level is expected at a dosage
of >0.5 mg.2! Clinically, lower doses are preferred because of reduced
side effects.2! Our results also demonstrated similar BP reduction
regardless of the dosage of CR melatonin. While the exact reasons
cannot be delineated from our results, melatonin has both vasocon-
striction and vasodilatation properties (via MT1 and MT2 receptors),
and it was suggested that melatonin may paradoxically cause vaso-
constriction at high doses by the differential activation of MT1 ver-
sus MT2 receptors.1”22 Similarly, a lack of dose-response relationship
was observed between melatonin and other parameters. For instance,
a higher dose of melatonin was less effective to improve sleep than its
lower dose (i.e., 0.5 mg).2! Even though a combination of treatments
is often required to achieve optimal BP, the interaction between mela-
tonin and anti-hypertensive medications was understudied.> While
Lusardi and coworkers (who conducted the only RCT that showed an
elevated BP after IR melatonin) explained their BP results by the use of
nifedipine (a calcium-channel blocker) in all their participants, similar
observations were not discussed in the other included studies.* It was
unclear whether BP elevation after melatonin was due to the melatonin
preparation (CR vs. IR), the use of calcium-channel blockers, or other
patient/trial factors. Repeated monitoring of asleep BP used to be dif-
ficult in routine clinical practice because it was only detectable by 24-h
ABPM, which may be poorly tolerated by some patients.2® The recent
development of home BP monitors measuring asleep BP may enhance
patient compliance and allow for repeated asleep BP monitoring.?
Although melatonin may also reduce daytime BP, adequately pow-
ered RCTs are warranted to confirm these findings. Furthermore,
it is unclear whether melatonin harms patients with normal asleep
BP when it produces excessive nocturnal BP reduction, associated
with increased cardiovascular risk in some populations.2* Moreover,
it remains unclear whether the long-term use of melatonin reduces

cardiovascular events. However, long-term use of CR melatonin may
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reduce cardiovascular risk and events because it also reduces hyper-
glycemia and hyperlipidemia, which are important comorbidities and
cardiovascular risk factors in patients with HT.2>26

For researchers, an adequately powered RCT is urgently needed
to confirm the effect of melatonin on both daytime and asleep
BP. Second, the characteristics of responders to melatonin remain
unknown. In particular, inter-individual differences in endogenous
melatonin (> 10x difference) have been well described.?” Although
nocturnal HT and non-dipping were associated with lower endogenous
melatonin levels, it remains unclear whether melatonin supplementa-
tion was more effective in patients with lower melatonin levels because
all existing RCTs did not control their results for endogenous mela-
tonin levels.24-17 Similarly, melatonin may be particularly effective in
patients with certain characteristics, for example, insomnia or psychi-
atric disease, but none of our included studies reported on the pro-
portion of patients with psychiatric illness. Third, although cardiovas-
cular outcomes (e.g., stroke/heart disease) and long-term safety were
included in our original registered protocol in PROSPERO, none of the
included studies reported these. An improvement in cardiovascular
outcomes and confirmation of long-term safety are essential for mela-
tonin to be a standard treatment for HT or nocturnal HT. While hard
cardiovascular outcomes (e.g., stroke and death) take years to develop
and may not be feasible for many RCTs, surrogate cardiovascular out-
comes, for example, carotid-femoral pulse wave velocity, accurately
predict cardiovascular events and death and may be considered.?8
Moreover, the BP reduction mechanisms of melatonin remain unclear
in humans, although numerous mechanistic studies in animals have
been published.2?-3% Furthermore, the existing studies were conducted
in Western populations, and external validity for other ethnicities are
not known. Finally, most included RCTs (n = 3) used a cross-over design,
but order effects (i.e., participants receiving melatonin after a course
of placebo showing a greater reduction in BP) were observed in one
RCT.Y

4.3 | Strengths and limitations

The current meta-analysis was the first to include only patients with
HT, thoroughly investigating all clinically relevant parameters (e.g., day-
time/asleep BP and heart rate) and providing the most advanced evi-
dence regarding the use of melatonin to treat HT or nocturnal HT.
Our extensive search included Chinese databases. Owing to our strict
criteria, almost all our results were homogeneous. The current meta-
analysis was pre-registered and conducted according to the PRISMA
guidelines. Therefore, the results provide important guidance for clini-
cians and researchers.

However, some limitations of this study should be discussed.
Despite an explicit search in the Chinese database, only Western stud-
ieswere found. The literature published in other languages could not be
included because the reviewers could only read Chinese and English.
However, since the abstracts of most trials were published in English,
it is unlikely that a significant amount of literature was excluded. The

current level of evidence was limited by the number, sample size, and

quality of the existing RCTs. In fact, the limited number of RCTs pre-
vented pre-planned analyses, as described in our protocol in PROS-
PERO. This included assessment of publication bias, meta-regression
(to identify responders’ characteristics and/or to investigate any het-
erogeneity), comparison of the drop-out rate between two arms (most
studies were cross-over studies). Finally, data from crossover RCTs
were statistically pooled together using the same method as in parallel
RCTs. Although this was one of the methods discussed by the Cochrane
handbook (chapter 23.2.6), this would underestimate the treatment
effects from the crossover RCTs and produce more conservative effect
sizes.31 However, this has strengthened our conclusion that oral mela-
tonin can reduce BP and improve sleep. Although another option was
to extract data only from the first phase of the cross-over RCTs (before
the cross-over), this was impossible because the relevant data was not

reported by any of the included studies.'* 117

4.4 | Summary

Although the hypotensive effects of oral melatonin have been long dis-
cussed, only four RCTs have investigated melatonin supplementation
as atreatment in patients with HT, and most (n = 3) RCTs had an unclear
risk of bias. CR melatonin is a potentially useful treatment for hyper-
tension or nocturnal hypertension, but its effect size is imprecise owing
to the limited number of included trials. Due to poor BP control world-
wide, high-quality and adequately powered RCTs on melatonin are nec-

essary to address the limitations of the current body of evidence.
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