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Abstract

Background: Hypertension (HTN) and obstructive sleep
apnea (OSA) are associated with increased risk for adverse
cardiovascular events. Comorbid HTN with OSA is often re-
sistant to pharmacologic treatment. Chronotherapy, the tim-
ing of treatment based on circadian rhythms, may prove to
be a valuable, cost-effective tool for improving blood pres-
sure (BP) control among those with OSA. This Systematic
Review appraises the existing literature regarding morning
(a.m.) vs. evening (p.m.) administration of antihyperten-
sives among this population.

Methods: Ovid, PubMed, Embase, Scopus, and Cochrane
were searched for studies examining nighttime administra-
tion or nighttime versus daytime administration of antihyper-
tensive medications.

Results: A variety of outcomes were examined. Of studies
that examined average daytime and average nighttime BP,
all except one found a significant decrease from baseline in
both variables regardless of medication used or treatment

is insufficient to draw robust conclusions regarding the effi-
cacy of chronotherapy in the targeted population. The suc-
cess observed in some studies supports the examination of
this intervention in future research.

Subject Terms

Blood pressure, Cardiovascular disease, Chronotherapy,
Cost-effectiveness, Etiology, High blood pressure, Hyper-
tension, Obstructive sleep apnea

Abbreviation List

ACC: American College of Cardiology; AHA: American
Heart Association; ACEI: Angiotensin Converting Enzyme
Inhibitor; ARB: Angiotensin Receptor Blocker; BB: 3-block-
er; BP: Blood Pressure; CCB: Calcium Channel Blocker;
CV: Cardiovascular; CPAP: Continuous Positive Airway
Pressure; HCTZ: Hydrochlorothiazide (thiazide diuretic);
HTN: Hypertension; MI: Myocardial Infarction; OSA: Ob-
structive Sleep Apnea; RAAS: Renin-Angiotensin-Aldoste-
rone System; RH: Resistant Hypertension

time. Of four studies that examined BP dipping pattern, two
found a significant increase in the percentage of participants
with a normal dipping pattern, one reported a non-significant
increase, and one reported no increase. One study and the
case study report the effect on sleep BP surge secondary
to hypoxemia and the natural early morning BP surge. The
study found that the B-blocker carvedilol was more effec-
tive at lowering the hypoxia-induced sleep BP surge, while
the calcium channel blocker nifedipine was more effective
in lowering the natural morning BP surge. The case study
found that the a-blocker doxazosin was effective in lowering
both measurements in one patient.

Introduction

Obstructive sleep apnea (OSA) and hypertension
(HTN) affect more than 100 million people in the United
States (U.S.) and abroad [1-3]. Both conditions are asso-
ciated with poor health outcomes including end-stage
renal failure, stroke, arrhythmias and ischemic heart
disease [4,5]. Although both disorders are likely un-
derdiagnosed, patients with one are frequently found
to have the other [6,7]. The conditions share many of
the same risk factors, including obesity, increased age,
alcohol ingestion, and tobacco use [8,9]. They are often
comorbid, with an estimated 30% of patients with HTN

Conclusions: Findings suggest that nighttime versus day-
time administration of antihypertensive drugs may have
a greater impact on improving blood pressure metrics in
adults with coexisting OSA and HTN. The current literature
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also having OSA, and about 50% of patients with OSA  lyte-mediated fluid retention and more collagenous
also having HTN [6,10]. HTN is one of the most import-  vascular remodeling [22].

ant risk factors for death due to cardiovascular events
(CV) and stroke. In 2015 the age-adjusted death rate
for HTN related conditions was 21.0 deaths per 100,000
people, [2] and HTN was the 13 leading cause of death
in 2016 [11]. The incidence of OSA is likely severely
underestimated due to its vague clinical presentation
(snoring, frequent awakening, and fatigue) [3,12] and
diagnostic methods requiring polysomnographic mea-
surements [13].

Conversely, HTN may also advance the physiologic
changes that occur in OSA. This reciprocal relationship
is primarily believed to be induced by the actions of al-
dosterone, as it has been proposed that hyperaldoste-
ronism-related HTN also increases the likelihood and
severity of OSA [22]. Several specific mechanisms have
been proposed: 1) Interstitial volume accumulation as
the result of increased RAAS activity produces pharyn-
geal edema leading to airway obstruction [14,23] 2) In-

A growing body of research is beginning to elucidate  creased vascular permeability induced by hyperaldoste-
a complicated bidirectional relationship between the ronism also exacerbate the pharyngeal edema. 3) Cen-
two conditions [14,15]. Additionally, HTN in the setting tral mineralocorticoid receptors interrupt the function
of OSA is often resistant to pharmacologic treatment of the respiratory center when activated by aldosterone
due to the augmentative effect of hypoxia occurring [14]. Supported by these theories, recent clinical trials
in OSA on the impaired extracellular fluid regulation have demonstrated that renal denervation in patients
of resistant hypertension (RH) [16,17]. Given the with OSA and HTN decreased the systolic BP by 22 + 23
prevalence of these conditions, their known association = mmHg (P < 0.001) at 3 months post-procedure [24].
with risk for cardiovascular (CV) events, and the many
barriers to successful treatment, it is necessary to
explore novel treatment regimens. A noteworthy characteristic of HTN coexistent with
OSA is that it is often resistant to traditional pharmaco-
logic treatment [16,25]. AHA describes RH as HTN that
continues to persist despite the use of three classes
of antihypertensive medication including a diuretic, or
controlled HTN that requires the use of four or more
medications [26]. Several studies have associated OSA
with RH. A recent meta-analysis found that the odds of
having RH were approximately three times greater for
: ) . patients who had OSA than for patients who did not,
tha'f sleep-time blood pressure (BP) is a strong |nd|c'at'or (OR, 2.84; 95% Cl 1.703 - 3.980) [16]. Additionally, OSA
of risk for adverse CV-related events, and that adminis- elevates the CV risk by 47% in patients with RH com-

tering at least one antihypertensive medicat‘jon at r'1ight pared to those without the condition (OR, 1.47, 95% ClI
can reduce overall CV.”S!( arn'ong hyperten§|ve patlenjcs 1.33 - 1.62, median follow up 3.8 years) [27] and facili-
[19]. However, there is significantly less evidence avail-

able on the use of chronotherapy for hypertensive pa-
tients with OSA. The purpose of this systematic review
is to synthesize the published evidence related to the Circadian blood pressure patterns
efficacy of nighttime versus daytime administration of
antihypertensive medications in the ambulatory adult
population with OSA and HTN.

Resistant hypertension

One intriguing avenue of study is determining the
best time of day for dosing conventional medications
so that they perform to their highest potential. Chro-
notherapy is the intentional timing of medications
based on the administration of the drug in the morning
(a.m.) or as the evening dose at bedtime (p.m.) based
on knowledge of biologic patterns and 24-h variations
in drug metabolism [18]. Previous research has found

tates the concentric ventricular hypertrophy of the car-
diac muscle and heart failure [14,28].

The 24-hour variation in BP is well-established
in the literature. BP fluctuates in response to the
release of several vasoactive substances release (e.g.

Background and Significance catecholamines, endothelial nitric oxide synthase, and
] ) RAAS components), that also follow a circadian pattern
Relationship between HTN and OSA [18]. BP tends to be lowest during sleep, followed by

OSA is believed to lead to HTN as the result of in- an early morning, pre-awakening surge continuing to
creased stimulation of the sympathetic nervous system rise throughout the morning and decreasing during the
in response to intermittent hypoxemia, further aug- afternoon [29]. Many people experience a 10-20% drop
menting the activation of pulmonary stretch receptors 1N BP during sleep, which is commonly referred to as
during apneic periods [14,20-22]. Hypoxemia generates @ "dipping” pattern and is mediated by the autonomic
vasoconstriction, oxidative stress, and systemic inflam-  nervous system [22]. This pattern is associated with
mation that promote the pathological vascular remod- lower risk of adverse CV events occurring during this
eling found in HTN [6,8]. Overstimulation of the renal period, [29-31] while the natural increase in BP in the
sympathetic fibers and the activation of the renin-an- €arly morning (a.m. surge) facilitates pathological
giotensin-aldosterone system (RAAS) are also among mechanisms that cause myocardial infarction (Ml) and
the potential mechanisms by which OSA is conducive  Stroke [29,32].

to the development of HTN. These result in electro- Deviation from the traditional dipping pattern incurs
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risk for various types of negative health outcomes. Noc- ume distribution. One publication notes that plasma
turnal BP that does not fall at least 10% (“non-dipping”) levels of albumin and another carrier protein, al-glyco-
is found in approximately 25-35% of hypertensive pa- protein, reach the lowest concentration at night [40].
tients, but can also manifest in persons who are clin-  This has implications for drugs with high protein-bind-
ically normotensive [33]. Nocturnal BP can sometimes ing capacity, especially those with a narrow-therapeu-
increase from daytime levels, which is referred to as tic index, as the risk for toxicity may be increased with
“rising” [29]. Both non-dipping and rising BP patterns evening dosing. Conversely, this also suggests that chro-
may be induced by the presence and severity of OSA, notherapy could have the advantage of allowing lower
elevating CV and renal risk [29,31,34]. Conversely, “ex-  doses with similar therapeutic effects [40,41].

treme dippers”, or those who experience a fall in noc-
turnal BP greater than 20% of daytime levels, are more
likely to have lacunar stroke and silent MI [29].

Published evidence regarding drug metabolism indi-
cates that the activity of cytochrome P450 enzymes also
follows a circadian pattern, with the actions of differ-
Chronotherapy ent proteins exhibiting different peak metabolism times
[41]. The enzymatic activity of hepatocytes is influenced
by the hepatic blood flow and drug concentration in
the portal vein [42]. Diurnal variations are seen in drug
excretion and are related to the release of bile, renal
blood flow, glomerular filtration, tubular reabsorption,
and urinary pH, although reports vary [18,41,43].

Chronotherapy is timed-administration of drug ther-
apy founded on the knowledge of the circadian physio-
logic changes, and can be used to enhance the efficacy
and safety of pharmacologic therapies [18,35]. A pleth-
ora of research studies performed in the 1980’s and
1990’s support the use of chronotherapy among hyper-
tensive patients without OSA. Data gathered from these  Methods
trials supports the theory that taking the full daily dose
of at least one antihypertensive medication at bedtime
can effectively lower nocturnal BP, thereby reducing the
risk of adverse CV events [30,36,37]. Two separate argu-
ments for the use of chronotherapy in this setting relate
to the pathophysiology that arises when the conditions
are comorbid, and the effect of circadian rhythms on
pharmacokinetics.

The authors performed a search of PubMed, Co-
chrane, Scopus, Ovid, and EMBASE using the search
terms listed below. The terms were searched in Titles
and Abstracts, as well as topics (i.e. MeSH categories in
PubMed). Date-related exclusion criteria were not used
for this study. As such, no start time limitation was ap-
plied and the end time was the day the searches were
performed, July 12, 2018 and January 19, 2019. Inclu-

Physiologic basis for the use of chronotherapy for  jon and exclusion criteria for the articles used for this
HTN with OSA: The circadian fluctuation of the RAAS  qyiew are listed in Table 1. No systematic or literature
and the autonomic nervous system are key components  (ayiews were published regarding chronotherapy in pa-
which influence BP [12,33]. Normal physiology produc- tients with HTN and OSA at the time of the searches.
es a decrease in sympathetic tone and an increase in
vagal tone during nighttime hours, thus lowering the The first and second authors read the abstracts and
BP during sleep [18,33]. However, the apneic episodes flagged the relevant studies using a standardized work-
in OSA create a hypoxemic state, inducing sympathetic sheet. The full text was obtained and read for studies
stimulation, [22] and stimulating RAAS, [8] consequently ~ with ambiguous relevance. Each author independently
contributing to the “non-dipping” pattern seen in many read and extracted data from all studies.
patients with OSA [31]. Additional CV risk is incurred
when the natural a.m. surge occurs in this setting, es-
pecially when superimposed over nocturnal HTN [32].

The combination of search terms used is as follows:
(Chronotherapy OR Chronopharmacology OR “medica-
tion timing” OR “medication administration timing” OR

Pharmacokinetic basis for the use of chronother- “medication scheduling” OR “Evening dosing” OR “Eve-
apy: The absorption, metabolism and the excretion of  ning versus morning dosing” OR bedtime) AND (“anti-
drugs vary rhythmically and are dependent on the phys-  hypertensive medication” OR “blood pressure drug”
ical characteristics of the chemical compound. A medi- QR “Blood pressure medication” OR hypertension) AND

cation’s efficacy is altered by the distribution and con-  (“opstructive sleep apnea” OR “sleep apnoea” OR “sleep
centration of plasma proteins, sensitivity of the target  gjsordered breathing” OR OSA).

receptors, and the drug’s plasma binding affinity that

takes place when drugs are administrated in a time-de-
pendent manner [38]. For example, the B-blocker pro-  Were established according to the to the 2017 guidelines

pranolol is highly hydrophobic and is well-absorbed in  Provided by the American College of Cardiology [ACC]
the morning when the gastric pH and intestinal perfu- and the AHA at 130/80 mmHg for primary HTN [44] and
sion are physiologically increased. In contrast, hydro- APnea-Hypopnea Index (AHI) 2 5 apneic events/hour for
philic drugs such as atenolol have no diurnal variation ~ Mild OSA, AHI 2 15 events/hour for moderate OSA and
in absorption [12,39]. A drug’s lipophilicity, its protein ~ severe OSA with AHI 2 30 events/hour [44] as defined
binding capacity, and its concentration affect the vol- by The American Academy of Sleep medicine (AASM)

Deaton et al. J Sleep Disord Manag 2019, 5:025 e Page 30f 15 e

Blood pressure and OSA diagnostic cutoff points


https://doi.org/10.23937/2572-4053.1510025

DOI: 10.23937/2572-4053.1510025

ISSN: 2572-4053

Table 1: Inclusion and exclusion criteria.

(6:00 p.m. to 12:00 midnight) vs.

Criteria To include To exclude
Study designs All quantitative study designs Opinion Pieces
Case Report Conference Proceedings
Randomized Controlled Trials
Crossover Trials
Clinical Trial (Not Randomized)
Cohort Systematic Review
Meta-analysis
Conference Proceedings
Population Human subjects Non-human subjects
characteristics Adult ( = 18 yrs) diagnosed with: Persons < 18-years-old
e HTN (BP > 130/mmHg) Pregnant Women
e OSA (mild OSA or greater, AHI > 5) Populations with CKD, poorly controlled DM
All races/ethnicities HF, MI, unstable angina, stroke
Male & Female
Intervention Evening administration of antihypertensive medication | Morning only or non-time specific medication

morning administration of antihypertensive medication
(6:00 a.m. to 12:00 noon) or vs. placebo groups

administration.

Chronotherapy for conditions other than
HTN.

Outcomes assessed Primary outcome:

measured by:
e  Office BP measurement OR

e Asleep BP measurement

e  CV morbidity and mortality
Secondary outcome:
e Adverse drug events

system)

Change from baseline 24-hour mean SBP and DBP

e  Ambulatory BP monitoring OR

e Dipping pattern Characterization

e  OSA occurrence (AHI or similar scoring

Year Performed

No start date limitation - January 19, 2018

"HTN: Hypertension; OSA: Obstructive Sleep Apnea; CKD: Chronic Kidney Disease; DM: Diabetes Mellitus; HF: Heart Failure;
MI: Myocardial Infarction; SBP: Systolic BP; DBP: Diastolic BP; BP: Blood Pressure; CV: Cardiovascuar; OSA: Obstructive Sleep

Apnea; AHI: Apnea-Hypopnea Index.

Results

Three randomized crossover trials [46-48], two non-
randomized trials [49,50], and one case study [51] were
included in this systematic review. Final sample sizes
ranged from 11 [46] to 78 subjects [45]. One study was
performed in the U.S. [46] two in Japan, [46,51] one in
Australia, [47] one in Italy [49] and the other in Greece
[50]. Information related to race/ethnicity was provided
only in Ziegler, et al [48].

In all studies, the researchers assessed antihyper-
tensive therapy administered at night, although the
study design and therapy agents used varied. Medica-
tions used included the calcium channel blocker (CCB)
barnidipine as an add-on therapy, [49] the angiotensin
converting enzyme inhibitor (ACEI) perindopril, [47] and
the selective a-blocker, doxazosin [51]. Three studies
examined multiple medications, including the angioten-
sin receptor blocker (ARB) valsartan or a valsartan/am-

Deaton et al. J Sleep Disord Manag 2019, 5:025

lodipine (CCB) combination drug, [50] nifedipine (CCB)
and carvedilol, a nonselective B-blocker (BB)/a1-block-
er, [46] nebivolol (BB) and hydrochlorothiazide (thiazide
diuretic, HCTZ) [48] Subjects who were taking drugs
that could alter BP were excluded, [48,50] or those al-
ready taking sympatholytics or other antihypertensives
at bedtime [46]. Three studies and the case study did
not have a morning dosing group, [46,48,49,51] while
the researchers in two of the trials compared morning
versus evening dosing [47,50]. Additional information
about each study is listed in Table 2. Continuous Positive
Airway Pressure (CPAP) was used as an adjuvant thera-
py, [47,50] but these results are not evaluated here as
this is not the focus of this systematic review. It is im-
perative to mention that the chronotherapeutic effect
of antihypertension medications was not the primary
focus of the Ziegler, et al. [48] study. Nevertheless, the
treatment drug was given at bedtime and the findings
proved to be relevant to this systematic review.

ePage 4 0of 15«
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Table 2: Study characteristics.

certain medications affecting
cardiovascular metrics or
sleep.

(5 mg/day for 2 weeks,
then 10 mg/day for 4
weeks) or HCTZ (12.5
mg/day for 2 weeks,
then 25 mg/day for 4
weeks). Then medica-
tions crossed over and
treated with other med-
ication for additional 6
weeks.

Author, Study Type N | Select Population Charac- Drug Test- Study design/Follow | Variables Included
Date teristics ed up in Review
Crippaet  Non-random- 41 | All baseline mean daytime Barnidipine | 10 mg barnidipine ¢ Dipping Pattern
al., 2016 ized trial BP > 135/85 mmHg, mean at bedtime added to Average dav-
[49] nighttime BP > 120/70 various previously pre- . ge aay-
. . . ) time BP (systolic
mmHg, already on anti-HTN scribed anti-HTN regi- & diastolic)
medications. 32 “non-dip- mens. 24-hr ABP" mon-
pers,” 9 “risers.” 5 symptom- itoring repeated after 12 e Average night-
atic OSA events per hour or weeks of treatment. time BP (systolic
15 asymptomatic events per & diastolic)
hour.
Kario et Randomized 11 | 3 sleep ABP measurements | Nifedipine; | Baseline TSP" & e Average day-
al., 2014 crossover trial = 120/70 mmHg. All par- Carvedilol polysomnography time BP (systolic
[46] ticipants already taking at performed 2-8 weeks & diastolic)
least 1 anti-HTN medication. before a single dose of Average night-
Excluded those already nifedipine ER 40 mg or . ge_ '9
. . . . time BP: (systol-
treated with sympatholytic or carvedilol 20 mg given . . h
bedtime dosing of anti-HTN after dinner. Measure- ic & diastolic)
drug. ments repeated on night o Fixed interval
of treatment. Then 2 .
weeks washout period o Oxygen-triggered
and process repeated
with other drug.
Kasiako-  Non-random- 41 | Adults with stage I-Il HTN Valsartan for 160 mg valsartan for e Average day-
gias et al., | ized crossover and AHI" = 15. Those al- those with stage I; 5/160 mg, time BP(systolic
2015 [50]  trial ready on anti-HTN medica-  stage | HTN; 10/160 mg, or 10/320 & diastolic)
tions excluded. Valsartan/ ;ng amlodipine/valsartan « Average night-
o or stage Il .
amlodipine time BP
for those 8 weeks with a.m. treat- . . .
with stage Il | ment, then 8 weeks with (systolic & diastolic)
HTN p.m. treatment. Dipping pattern
Serinel et  Double-blind 78 Awake BP = 135/85 mmHg, Perindopril  Participants treated with e Dipping Pattern
al., 2017 randomized asleep BP = 120/70 mmHg, either 10 mg perindo- A dav-
[47] placebo-con- AHI = 15. Taking < 33 an- pril 10 mg in a.m. with \verage aay-
trolled cross- ti-HTN medications. Exclud- placebo at given in p.m. t'm? BP (systollc
. . . . & diastolic)
over trial ed those with sever HTN > or 10 mg perindopril
180/110 mmHg and severe in p.m. and placeboin | e Average night-
OSA. a.m. for 6 weeks. Then time BP: (systol-
regimens switched and ic & diastolic)
treated for 6 weeks.
CPAP also added in last
8 weeks.
Yoshida et | Case Study 1 Young adult male with se- Doxazosin | Doxazosin 4 mg given | e Hypoxia-trig-
al., 2017 vere OSA and prominent at bedtime. Patient gered nocturnal
[51] BP surge during sleep stroke free 2 years after BP surge
measured by TSP. History intervention. .
e Early morning
of 3 sleep-onset strokes. BP
Non-compliant with CPAP.
Ziegleret Blinded cross- 31 | 3 office BP measurements Nebivolol Single-blinded place- ¢ Dipping Pattern
al., 2017 over > 140/90 mmHg, AHI > 10. HCTZ bo taken for 2 weeks Average dav-
[48] Excluded those with BP > followed by either dou- e ng e Ztolic
180/105 mmHg, those taking ble-blinded nebivolol - \Sy
& diastolic)

Average night-
time BP:

'N: Number of Participants; ABP: Ambulatory Blood Pressure; TSP: Trigger Systolic Pressure; ER: Extended Release; AHI:
Apnea-Hypopnea Index; CPAP: Continuous Positive Airway Pressure; HCTZ: Hydrochlorothiazide. Systolic Pressure.
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Several outcome variables are reported across the
studies. However, only the most common are com-
pared here. These include the average daytime BP, [47-
50] average nighttime BP, [46-50] and nocturnal dipping
pattern, [47-50] (Table 2 and Table 3). Kario, et al. [47]
and Yoshida, et al. [51] report hypoxia-induced sleep BP
surge and early morning average BP, which are import-
ant targets of chronotherapy for HTN among patients
with OSA. As such, these variables are also examined
in this systematic review (Table 2 and Table 3). Ambu-
latory BP monitoring devices were used to assess the
variables listed above. These automatically measure BP

every 15-30 minutes for a minimum of 24-hour period.
Kario, et al. [46] and Yoshida, et al. [51] used a special-
ized device with both an automatic set interval setting
and a hypoxemia-triggered setting, allowing them to in-
vestigate the hypoxemia-induced sleep BP surge. One
study used finger photoplethysmography to measure
the baroreflex sensitivity by calculating the relationship
between the SBP and heart rate of the study partici-
pants [48]. Additionally, polysomnography offered per-
tinent data regarding central BP hemodynamic patterns
analyzed using hypoxia-triggered metrics [46] and 24-
hour BP averages, [47,48,50] but these metrics are not

Table 3: Results, selected variables.

First Author

Outcome(s)

Data on Outcome(s)
Prior to Intervention/
Data for Control
Group

Data After Intervention/Data for

Intervention Group

Finding on
Differences

Crippa etal., 1.Daytime mean 1.SBP (139.1+9.6) P.M. barnidipine (10 mg) 1. P < 0.05 (paired
2016[49]  SBP/DBP 2.DBP (87.4+77)  1.SBP (129.8 £ 8.9) ttest)
2. Nighttime 2. P <0.025 (paired
mean SBP/DBP SBP (135.8 £ 9.9) DBP (82.1 +7.1) t-test)
3. Dipping DBP (85.1 £ 8.1) 2.SBP (118.2+7.9) 3. P < 0.05 (paired
pattern 3. 41 (100%) non- DBP (76.6 £ 6.9) t-test)
dipperfriser 3. 9 (22%) non-dipper (risers not described)
Kario et al., 1. Morning mean 1. SBP (150.8 + 12.3) P.M. carvedilol P.M. nifedipine ER 1. BL vs. Carvedilol:
2014 [46] SBP/DBP DBP (864 106)  (20m9) (40 mg) SBP P <0.01 DBP P
2. Nighttime 2. SBP (137.3 £ 9.1) 1.SBP (1374 + 1.SBP (118.2 £ 15.7) | < 0.05 (paired t-test)
mean SBP/DBP 10.5) e e
DBP (69.9 £ 9.2) BL vs. Nifedipine:
3.Sleepspp ~ DBP(81.1£74) DBP (79.9 * 6.6)
S.urge 33084127 o 2.SBP (112.8 +10.7) SBP P <0.001 DBP P
§.3S)BP (121.8 £ DBP (66.6 * 6.3) < 0.01 (paired t-test)
' Carvedilol vs.
DBP (725+5)  °5-221+168 Nifedipine:
3.186+7.38 SBP P <0.001 DBP P

<0.01
2. BL vs. Carvedilol:

SBP P <0.001 DBP P
< 0.001

(paired t-test)
BL vs. Nifedipine:

SBP P <0.001 DBP P
<0.001

(paired t-test)

Carvedilol vs.
Nifedipine:

SBP P <0.05DBP P
<0.01

(paired t-test)
3. BL vs. Carvedilol:
P < 0.05 (paired t-test)

BL vs. Nifedipine:
NS

Carvedilol vs.
Nifedipine: NS
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Kasiakogias 1. Day SBP/DBP | 1. SBP (143.4 +11) | A.M. Dosing P.M. Dosing 1. BL vs. AM dosing:
[estoe]I., 2015 2. Night SBP/ DBP (90.8 + 8.7) 1.SBP (1276 £ 1.SBP (126.9+9.4) SBP & DBP P <0.05
DBP 2.SBP (1335 + 12.7) 286) DBP (79.9 £ 6.7) (t-test)

255;‘?2'”9 DBP (81.8 + 9.9) DBP(80£74) 5 sBp(1126+10.1) BLVS-PMdosing:
3.10 (24%) dippers 2. SBP (117 £ 9.9) DBP (68.4 + 7.2) SBP & DBP P < 0.05
(t-test)
DBP(T1.3£74) 3 25 (61%) dippers
. (J P
3.14 (34%) 2. BL vs. AM dosing:
dippers SBP & DBP P < 0.05
(t-test)
BL vs. PM dosing:
SBP & DBP P < 0.05
(t-test)
AM vs. PM dosing:
3.SBP & DBP P <
0.05 (t-test)
4. BL vs. AM: NS
(t-test)
BL vs. PM: P <0.05
(t-test)
AM vs. PM: P < 0.05
(t-test)
Serinel et al.,, 1. Wake mean 1. SBP (147.8 £ 1.1)  A.M. perindopril | PM perindopril (10 1. SBP Change from
2017 [47] SBP/DBP DBP (90.8 + (10 mg) mg) BL to AM:
2. Sleep mean 0.9) 1.SBP (1379 + 1.SBP (139.7£1.1) | -9.8 (95% CI -10.5 to
SBP/DBP 2. SBP (126.7) 1) DBP (86.7 £ 0.9) -9:1)
‘;'a ';‘:;prf:'”g DBP (76.1+ DBF (836209) 5 opp 1198+ 1.4) Et;(t’)'om (paired
0.9) 2.SBP (118.7 £

3. 24.7% dippers

1.4)
DBP (71.7 £ 0.9)
3. 28.7% dippers

DBP (72 £ 0.9)
3. 29.1% dippers

SBP Change from
BL to PM:

-8 (95% CI -8.7 to
-7.3)

P < 0.001 (paired
t-test)

SBP AM vs. PM: P <
0.001

2. SBP Change from
BL to AM:

-8 (95% Cl -9.4 to
-6.6)

P < 0.001 (paired
t-test)

SBP Change from
BL to PM:

6.9 (95% Cl -8.3 to
-5.5)

P < 0.001 (paired
t-test)

SBP AM vs. PM: P =
0.14

3.AllP>0.70
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Yoshida et al., 1. Nocturnal SBP 1. 155 P.M. doxazosin No statistical tests
2017 [51] Surge Peak 2 139/95 (4 mg) performed.
2. Barly AMBP 3. Hx of 3 sleep-onset 1.133
3. Stroke strokes 2.119/76
3. No recurrence
of stroke for 2 +
years at time of
publication.
Ziegler etal.,, 1. Wake SBP/ P.M. Placebo P.M. nebivolol P.M. Placebo vs.
2017 [48] DBP 1.Values not provided | (5-10 mg) hydrochlorothiazide Nebivolol
%BsFleep SBP/ 5 Not provided 1.-6.3-5.3 from gL (12:5-25 mg) 1. Not provided
3.SBP: (65+6)%  2.Notprovided |~ >7F1/3fromBL - 2.P=NS
3. Sleep SBP/ 2. Not provided 3. SBP load P < 0.001
DBP load (%) DBP: (62 £ 6) % 3.SBP:(52+6)% P ’ '
. [ =
4. MBP Dipping 4. 10% DBP: (50 6)% o oo (60+6)%  DBPload P=NS
Pattern DBP: (62 £ 6) % Placebo vs. HCTZ

4.=9%

4.=9% 1. Not provided

2.P=NS

3. SBP load P = NS
DBP load P = NS

HCTZ vs. Nebivolol

1.P<0.05

2. Not provided

3. SBP load P = NS

DBP load P = NS

SBP: Systolic blood pressure; DBP: Diastolic blood pressure; BL: Baseline. All blood pressure values reported in mmHg, MBP:
Mean Blood Pressure; NS: No statistical significance; Sleep period BP load: % sleep ABP readings > 120/70 mmHg.

discussed in this systematic review.

Serinel, et al. [47], Ziegler, et al. [48], Crippa, et al.
[49] and Kasiakogias, et al. [50] assessed mean daytime
BP (average daytime BP), (Tables 2, Table 3 and Figure 1).
Kasiakogias, et al. [50] found no statistically significant
difference between the a.m. and p.m. dosing treatment
groups (r = 0.26, P = 0.094 for a.m. dosing and r = 0.39,
P = 0.012 for p.m. dosing), while Serinel, et al. [47]
found that a.m. administration lowered mean daytime
BP statistically more than evening dosing (Table 3 and
Figure 1). This difference is unlikely to be of clinical
significance, since the difference in wake SBP between
groups was 1.8 mmHg (95% Cl, 1.1 to 2.5, P < 0.001).
Ziegler, et al. [48] and Crippa, et al. [49] did not have a
morning treatment group. Crippa, et al. [49] observed
a statistically significant decrease in daytime BP when
patients took barnidipine at night (the difference in
daytime SBP/DBP between groups was 9.3/8.5 mmHg, P
< 0.05), while Ziegler, et al. [48] observed a significantly
greater decrease in wake BP with p.m. nebivolol (-6.3/-
5.3 mmHg) versus HCTZ (-3.7/-1.3 mmHg, P < 0.05)
(Table 3 and Figure 1). Of additional interest, Ziegler, et
al. [48] also report an increase in heart rate with HCTZ
during the wake period (5.1 + 1.35 bpm) and a decrease
with nebivolol (-7.7 £ 1.9 bpm), (Table 3 and Figure 1).

Authors of the same four studies also examined BP

Deaton et al. J Sleep Disord Manag 2019, 5:025

dipping pattern [47-50]. Serinel, et al. [47], Crippa, et al.
[49] and Kasiakogias, et al. [50] found that more subjects
converted to a dipping pattern with p.m. dosing, (78%
conversion rate from O dippers at baseline to 32 dippers,
P < 0.05 [49] and 24% dippers at baseline increased to
34% dippers with a.m. dosing versus 61% participants
with p.m. dosing, P < 0.05, [50] (Table 3). Additionally,
in the Greek study it was observed that a.m. dosing did
increase the proportion of dippers, but this finding was
not significant [50]. The dipping pattern was not altered
with the evening administration of nebivolol or HCTZ,
[48] (Table 3).

Mean nighttime BP was measured in five of the stud-
ies included in the review, [46-50] (Table 3). Again, all
authors except Ziegler, et al. [48] reported a significant
decrease from baseline, regardless of treatment group
(Table 3 and Figure 2). However, for this variable Ka-
siakogias, et al. [50] observed that p.m. administration
lowered mean nighttime BP more than a.m. adminis-
tration. This difference was statistically significant (BP =
135.5/81.8 mmHg at baseline decreased to 112.6/68.4
mmHg for p.m. dosing; 117/71.3 mmHg for a.m. dosing,
overall P < 0.05), (Table 2 and Table 3). On the other
hand, Serinel, et al. [47] did not observe a significant dif-
ference between a.m. versus p.m. dosing. The authors
describe higher nighttime mean BP with p.m. dosing
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Figure 1: Changes from baseline in average daytime BP between the treatment groups.

All values reported in mmHg. SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; HTN: Hypertension; HCTZ:
Hydrochlorothiazide.

Crippa, et al. [49] - p.m. dosing only with Barnidipine 10 mg;

Serinel, et al. [47] - a.m. and p.m. dosing with Perindopril 10 mg;

Kasiakogias, et al. [50] - a.m. and p.m. dosing with Valsartan 160 mg for stage 1 HTN, Amlodipine/Valsartan 5/160 mg, 10/160
mg, or 10/320 mg for stage 2 HTN;

Ziegler, et al. [48] - p.m. dosing only with Nebivolol 5-10 mg, HCTZ 12.5-25 mg.

_: || i

-10

-20

-25
-30 ] s s
Crippaetal, 2016 ~ Sereletal,  Kasakogasetal, icaiq et al, 2014

@SBP a.m. Dosing -8 -16.5
oDBP a.m. Dosing -4.4 -10.5
B SBP p.m. Dosing -17.6 -6.9 -20.9
o DBP p.m. Dosing -85 -4.1 -13.4
mSBP p.m. Dosing Nifedipine -24.5
mDBP p.m. Dosing Nifedipine -14.5
mSBP p.m. Dosing Carvedilol -15.5
@DBP p.m. Dosing Carvedilol -8.6

Figure 2: Changes from baseline in average nighttime BP between the treatment groups.

All values reported in mmHg. SBP: Systolic Blood Pressure; DBP: Diastolic Blood Pressure; HTN: Hypertension; HCTZ:
Hydrochlorothiazide.

Crippa, et al. [49] - p.m. dosing only with Barnidipine 10 mg;

Serinel, et al. [47] - a.m. and p.m. dosing with Perindopril 10 mg;

Kasiakogias, et al. [50] - a.m. and p.m. dosing with Valsartan 160 mg for stage 1 HTN, Amlodipine/Valsartan 5/160 mg, 10/160
mg, or 10/320 mg for stage 2 HTN;

Kario, et al. [46] - Nifedipine ER 40 mg, Carvedilol 20 mg.
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(difference in sleep SBP between groups = 1.1 mmHg,
95% Cl -0.3 to 2.5, P = 0.14), (Table 3 and Figure 2) [47].
Similar results on nighttime BP were noted with either
nebivolol or HCTZ in Ziegler, et al. [48] but not in Kario,
et al. [46] who found a more pronounced decrease in
mean nighttime BP with p.m. nifedipine than with p.m.
carvedilol (BP =137.3/86.4 mmHg at baseline decreased
to0 121.8/8.3 mmHg for the carvedilol versus 112.8/66.6
mmHg for nifedipine, P < 0.01), (Table 3 and Figure 2).
They also confirmed that carvedilol was more effective
at reducing sleep SBP surge, but the difference between
carvedilol and nifedipine was not significant, [46] (Table
3 and Figure 2).

Discussion

The purpose of this systematic review was to deter-
mine the efficacy of nighttime versus daytime adminis-
tration of antihypertensive medications among patients
with HTN and OSA. Overall, the published evidence is
insufficient to support or oppose the use of chrono-
therapy for the treatment of HTN in this population at
this time. There is a considerable amount of variabili-
ty in study design and drug class examined among the
few currently available studies on the topic. Nonethe-
less, the results presented in these studies suggest that
specific chronotherapy modalities may positively affect
mean daytime BP, mean nighttime BP, and restore the
circadian dipping pattern in this population, which may
in turn reduce CV risk.

Average daytime blood pressure

All antihypertensives used in the included studies
produced a statistically significant decrease of daytime
BP regardless of dosing time, [47,49,50] except for HCTZ
in Ziegler, et al. [48] Kasiakogias, et al. [50] and Serinel,
et al. [47] compared morning versus evening dosing
of their respective medications, and observed similar
results regarding the average daytime BPs between
treatment groups. This demonstrates that the nighttime
administration of some medications does not provide
inferior daytime BP management when compared
to daytime dosing of the same medications [47,48].
However, nighttime dosing may not be efficacious with
all drug types or preparations, and is likely dependent
on the pharmacokinetics of the chosen medication. It
is important to consider that daytime BP is only one
metric, and that drugs which do not produce a desired
effect on daytime BP may produce more favorable
outcomes on other measures associated with CV risk.

Average nighttime blood pressure

Nighttime BP was also substantially reduced across
four of the five studies which examined this variable, re-
gardless of medication used or the administration time,
[46-49] (Figure 2). The greatest net decrease in aver-
age nighttime BP from the baseline was achieved with
CCBs in a combination with valsartan (ARB) [50] or solo

Deaton et al. J Sleep Disord Manag 2019, 5:025

[46,49]. The differences demonstrated in two studies
[46,50] involving CCBs were both statistically and clin-
ically significant, as mean nighttime BP approached the
110/65 mmHg threshold for nocturnal HTN described in
the 2017 ACC/AHA guidelines [44]. The final group of
researchers examining a CCB [49] observed a statisti-
cally significant decrease in mean nighttime BP, but BP
readings after the intervention were still higher than the
ACC/AHA threshold (Table 3 and Figure 2).

It is important to note that only one group of re-
searchers compared a.m. versus p.m. administration
of a combination drug which included a CCB, and that
the dose was adjusted based on the stage of HTN of
each participant in this study [50]. The others used a
CCB alone, but had only a p.m. treatment group and did
not personalize the dose [46,49]. All CCBs used in these
studies were of the dihydropyridine class. As dihydropy-
ridine CCBs are well known for their vasodilating effects,
it is likely that the efficacy of these medications is due
to the blockage of hypoxia-induced vasoconstriction. In-
terestingly, when compared to p.m. dosing of carvedilol
(BB), a nighttime dose of nifedipine (CCB) produced a
markedly greater decrease in mean nighttime BP (and
mean daytime BP), [46] (Figure 1 and Figure 2). This
suggests that vasodilation may be a more desirable ef-
fect than broad adrenergic blockade in this population.
More research into the exact mechanism of CCBs in this
setting is warranted.

The mechanism of action for BBs among this pop-
ulation is better studied. Nebivolol was used in one
study [48]. This drug has the potential to block vasocon-
striction due to norepinephrine secreted in response
to apneic episodes in OSA. Additionally, it augments
the nighttime dipping pattern of BP by supplementing
the stimulation of nitric oxide release and causing pe-
ripheral vasodilation [48,52]. The beneficial effects of
nebivolol on reducing vascular resistance facilitates the
melioration of the endothelial dysfunction and vascular
B-2 adrenergic receptors stimulation without affecting
vasocontraction [53].

Serinel, et al. [47] report a statistically significant
decrease in sleep BP with both treatment groups but
observed a slightly higher nighttime mean BP with p.m.
administration of perindopril (an ACEI) versus a.m. ad-
ministration of the same drug, although this difference
was not statistically significant (Table 3). These authors
reemphasized the importance of pharmacokinetics and
pharmacodynamics in drug efficacy during a 24-hour
period. The minimal effect of perindopril in this study
could be due to the long half-life of the drug metabo-
lite pendoprilat (20-30 hours), although the authors re-
port that other studies have shown chronotherapeutic
effect of ACEls with long half-lives on nighttime SBP in
other populations demonstrated by Morgan [53]. Other
pharmacokinetic factors may explain the reduced effi-
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cacy of perindopril in the Serinel, et al. study, such as  tive in lowering a.m. BP surge in hypertensive patients
the potential circadian variation in pharmacokinetics of  without OSA [54]. Conversely, Kario, et al. [46] found
the drug, or the possibility that these processes are dif-  that nifedipine was more effective than the carvedilol
ferent in patients with OSA [47]. in lowering the early morning surge. One potential ex-
planation for this discrepancy is that Kario, et al. [46]
administered sustained-release nifedipine and imme-
diate-release carvedilol. If the medications are taken in
the evening, the a.m. surge would occur near the end
of the 12-hr duration of action for carvedilol, and in
the middle of the 24 hr duration of action for the sus-
tained-release nifedipine [56]. Future trials should ex-
plore the effect of sustained release B-blockers on BP
surges in this population.

Importantly, the use of diuretics at night will have
a minimum effect on lowering nighttime BP because
of the natural increase in secretion of atrial natriuretic
peptide that occurs in response to hypoxia induced by
OSA [48]. This effect was confirmed by the analysis of
baroreflex sensitivity which was decreased when the
subjects used HCTZ compared to those in the placebo
and nebivolol groups in one study [46]. This reduction
indicates that the natural feedback mechanism by which
the body balances BP and heart rate was somewhat Yoshida, et al. [49] describe the use of a different
impaired with the use of HCTZ in this population, sympatholytic agent in the treatment of a young man
although the clinical significance of this magnitude with a history of HTN, OSA, three sleep-onset strokes,
change was not described in the study. and a sleep SBP surge that continued to be elevated
after successful lifestyle modification and weight loss
[51]. The patient was prescribed doxazosin 4 mg/day

Four of the studies [47-50] examined in this review at bedtime, effectively lowering his sleep SBP surge and
reported the effect on the prevalence of a dipping early morning average BP. The authors describe that at
pattern among the participants. In agreement with the  the time of publication the patient had not experienced
evidence presented by Hermida, et al. [54] bedtime another stroke during the two years he had maintained
administration of amlodipine/valsartan [50] was more this treatment. Importantly, this is the only report that
efficient in converting participants to a dipping pattern  describes the effect of a chronotherapeutic interven-
than a.m. dosing. Bedtime dosing of barnidipine was tion on direct measures of morbidity. Superior 24-hour
also effective, converting 88% of non-dippers/risers to  BP control among hypertensive patients without OSA
dippers [49] (Table 3). It is reported that p.m. dosing of ~ with p.m. dosing of doxazosin was also documented,
ACEls was generally effective in restoring this variable  [54,57,58] with more beneficial activity in the early
among hypertensive patients without OSA [54]. morning hours [57].
Considering that RAAS is overstimulated in OSA, [22] it
follows that there is a physiologic basis for the use of this
drug class for chronotherapy among this population. To the authors’ knowledge, this is the first systemat-
ic review to examine the use of chronotherapy for treat-
ment of HTN among patients with comorbid OSA. The
detailed examination of the theory behind the use of
chronotherapy presented in this review intends to high-
light the advantages this approach could provide for CV
risk reduction in this challenging population. The use of
ambulatory BP metrics allowed for an understanding of
the effect of this intervention during times associated

population, but care should be taken to ensure that the with increased CV risk. Ambulatory BP monitoring is a
peak effect occurs during the nighttime hours as to avoid valuable tool that should be more widely utilized when
promotion of a non-dipping pattern. Additionally, the predicting CV risk. The majority of the studies looked at
inferior effect of HCTZ in treating high BP in patients with  the same variables (dipping pattern, daytime BP, night-
OSA is attributed to the impaired baroreflexes activity ~time BP), which allowed the authors to contrast which
juxtaposed to the increase sympathetic stimulation medications may have the greatest potential for this
[48]. Additional trials will be necessary to determine the ~ application. At the same time, the variety of study de-
efficacy of these drug classes in chronotherapy among  signs and medications used limits the comparability of

Dipping pattern

Strengths and weaknesses

Several authors report that BBs had a greater effect
on daytime BP, which promoted a non-dipping pattern
among patients with HTN but not OSA [22]. Ziegler et al.
[48] report that nebivolol had a somewhat similar effect
on BP over the entire 24-hour period, and hypothesize
that sympathetic stimulation could be increased during
the day as well as during sleep in patients with OSA.
This supports the therapeutic value of BB among this

hypertensive patients with OSA. the results. The different medications, dosing patterns,
. comparison groups, and variables used mean that the
Sleep SBP surge and early morning BP strength of the evidence is limited to single-study find-

It is hypothesized that the high BP produced in re-  ings, and reproducibility cannot be considered. None-
sponse to hypoxic episodes caused by OSA is part of the  theless, this breadth of methodologies does allow for a
pathologic process behind sleep-onset CV events that ~more comprehensive exploration of this emerging field.
are common among hypertensive patients with OSA  Furthermore, the chronotherapy evaluation of Ziegler,
[20,34,46] Beta-blockers such as carvedilol are effec- et al. [48] on other variables expose valuable data re-
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flecting a detailed picture of BP regulation as a method  bias unanswered. Loss of follow-up was pronounced
to improve the endothelial function and further to de- in the study performed by Zeigler, et al. [48]. Ten out
crease the CV risk. of 41 (24%) participants did not finish the study, thus
diminishing the power and presenting an opportunity
for attrition bias [48]. Most of the studies had a cross-
over design, [44-46,48] and none had a separate control
group [46-51] Kasiakogias, et al. [50] and Crippa, et
al. [47] did not randomize participants into treatment
groups. Kario, et al. [46] and Kasiakogias, et al. [50]
performed an open-label study without blinding the
participants. Most of the studies disclose the blinding
of the researchers, which is important in helping reduce
potential measurement and/or confirmation bias [46-
48,50].

There are several important limitations to this sys-
tematic review. Firstly, there was an extremely small
amount of literature for this type of intervention among
individuals with both HTN and OSA. What studies have
been published all had a fairly small sample size present-
ing little or no information of the baseline demographic
characteristics of the study participants, thus reducing
the generalizability of the results. Zeigler, et al. [48] did
not report the BP measurements prior to initiating the
trial therapy, thus it cannot be concluded if the addition
of the trial therapy lowered BP to target levels. Addi-
tionally, there was a wide range in mean BMI between Implications for research and practice
studies (25.8 * 8 kg/m? 44 to 35 * 8.6 kg/m?), [46] which
is an important confounder. It is likely that the patho-
logical effects of a higher BMI induce disturbance of
the baroreflexes and impairs vascular dilatation further
aggravating the OSA manifestation. This reflects that
obese patients are at higher risk for hypoxemic events
during sleep compared to those who have a normal BMI
[59].

Based on current published evidence, it is not possi-
ble to draw robust conclusions about treatment recom-
mendations until more studies have been completed.
Meanwhile, clinicians are encouraged to follow current
best practice recommendations for the treatment of pa-
tients with HTN and OSA. Chronotherapy may be con-
sidered on an individual basis, especially if ambulatory
BP monitoring is an option at initiation of treatment to

Another limitation is that only two studies [48,50]  ensure adequacy and safety of the regimen. It is imper-
excluded subjects who were already taking antihyper-  ative to emphasize the relevance of the add-on CPAP
tensive medications, meaning that the observed effect  therapy to amplify the chronotherapeutic effect of anti-

in only these studies may be attributed to the regimen  hypertensive treatment in this target population.
prescribed by the research physicians and not to a possi-

ble synergistic effect induced by augmenting the partici-
pant’s original regimens. This is an important differenti-
ation since both modalities may prove to be efficacious
but hold different implications for prescribing clinicians.

Although the wide range of medications and vari-
ables used in these studies precludes the development
of guidelines for using chronotherapy in clinical practice,
it does provide a fairly broad preliminary picture of the
potential use of chronotherapy among hypertensive pa-

Although Serinel, et al. [47] and Kasiakogias, et al.  tients with OSA. As such, the authors are able to make
[50] investigated the use of CPAP in addition to chrono-  recommendations regarding the direction of future re-
therapy, this was not addressed in the current review. search. First, no large studies of any design type have
CPAP is the gold standard treatment for OSA and has been conducted with this particular population. The
been associated with a small but statistically significant  publication of studies with large sample sizes will help
reduction in BP among hypertensive patients who use improve the power to detect any benefit of chronother-
it consistently [60]. It is possible that CPAP could have apy and, depending on the sampling techniques used,
an additive or synergistic effect when used with chro-  could also help provide a sample that is representative
notherapy, but neither of the studies in this review ob-  of the larger population of people with HTN and OSA.
served an association between medication dosing time  Second, studies utilizing a prospective design with long-
and decrease in BP related to CPAP. For this reason, itis  term follow-up will be critical in determining if there is
not believed that CPAP has had a confounding effect on  truly a reduction in CV risk with the use of chronother-
the results presented here. Additionally, suboptimal ad-  apy. The current evidence only addresses intermediate
herence to CPAP is multifactorial [61] and further aug-  variables that have been correlated with increased risk
ments the severity of symptoms. The authors argue that  for CV events, but which cannot directly determine the
chronotherapy is a valuable tool as it may have better effect on morbidity or mortality.
compliance among patients who are intolerant of CPAP
and should therefore be investigated individually in or-
der to determine its efficacy among this population.

Future studies should use what is known about the
circadian variation in pharmacokinetics of various drugs
and drug classes, and the pathophysiology of HTN in

There are also several potential sources of bias in  the setting of OSA to decide which medications should
the studies themselves that could influence the results  be tested. The published evidence indicates that HTN
of this systematic review. The methods used to identify  with comorbid OSA is affected by increased nocturnal
and enroll subjects are not described by any of the sympathetic tone and alteration of RAAS. This suggests
researchers, leaving the question of potential selection  a pathophysiologic basis for the chronotherapeutic use
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