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Abstract
Purpose of Review This review seeks to present an overview of the recent literature on the importance of CPAP and
antihypertensive treatment adherence in blood pressure control of hypertensive patients, especially those with obstructive
sleep apnea.
Recent Findings Although it is unquestionable that a good adherence to CPAP and antihypertensive drugs is crucial to improve-
ments in sleep-related symptoms, blood pressure levels (even the modest reductions of 2–2.5 mmHg achieved by CPAP
treatment) and future cardiovascular risk, this adherence decreases over time, despite efforts made toward behavioral intervention
and monitoring. Curiously, although taking a drug would seem to be easier than the use of CPAP treatment, based on current
information, it seems that the compliance with drug treatment in hypertensive subjects is not better than that achieved with CPAP
treatment in OSA patients with hypertension. However, some studies have shown some phenotypes of hypertensive and OSA
patients with good adherence and better hypertensive effect, such as those with uncontrolled blood pressure (resistant and
refractory hypertension), severe forms of sleep apnea, and more sleep-related symptoms, especially a higher degree of diurnal
hypersomnia.
Summary The positive effect of antihypertensive drugs and CPAP treatment on blood pressure levels depends on the degree of
treatment adherence, especially in forms of uncontrolled hypertension, but this adherence decreases over time. Educational
programs and new devices are needed to improve adherence to treatment in these patients, along with fuller understanding of
the different patterns and phenotypes of non-adherence.
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Introduction

Arterial hypertension (AHT) is probably the cardiovascu-
lar disease that has been most consistently associated with
sleep apnea syndrome (OSA) [1•]. Furthermore, it is also
the cardiovascular disease in which treatment with contin-
uous positive airway pressure (CPAP) has demonstrated
efficacy in the most studies, with, according to different
meta-analyses, a modest reduction of between 2 and
2.5 mmHg of systolic (SBP) or diastolic blood pressure
(DBP) [2••]. There are some circumstances, however, in
which the effect of CPAP appears to be greater, as in
situations of lack of hypertensive control (i.e., resistant
or refractory hypertension) [3••], patients with more se-
vere OSA [4], and patients with good adherence to CPAP
treatment [5•].
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Some questions still remain unanswered about the impor-
tance of good adherence to antihypertensive drugs and CPAP
treatment in hypertensive OSA patients. Is a different number
of daily hours of CPAP use necessary to obtain an optimal
response, according to the different clinical or cardiovascular
outcomes? Is there a ground effect below which CPAP has no
effect on BP levels, or a ceiling effect above which no greater
efficiency is achieved? Is there a relationship between adher-
ence to CPAP and adherence with other antihypertensive
drugs? In other words, is there a non-compliant patient phe-
notype with respect to all the treatments? What is the most
effective way of measuring a patient’s adherence? This review
will attempt to address these and other issues related to the
influence of adherence with CPAP and antihypertensive drugs
on hypertensive patients with OSA.

Adherence to CPAP in OSA Patients

Continuous positive airway pressure (CPAP) therapy is the
treatment of choice for most patients with severe or symptom-
atic OSA [6]. CPAP is a physical therapy based on the deliv-
ery of pressurized air into the nostrils, usually using a nasal
interface, in order to avoid the repetitive episodes of upper
airway obstruction during sleep characteristic of OSA. As in
the case of other chronic treatments, adherence to CPAP is
essential to attain any of its beneficial effects, but this adher-
ence is also difficult to achieve [7•]. Fortunately, CPAP ma-
chines have an internal time counter that permits objective and
detailed daily monitoring.

At present, the definition of adherence to CPAP is contro-
versial and is based on consensus rather than on high-quality
evidence. Given that respiratory events occur during sleep,
CPAP should ideally be used every night and during the entire
sleep period. In practice, however, this occurs only in a mi-
nority of subjects, so experts have agreed to define good ad-
herence as an average use of CPAP for at least 4 h/night during
70% of nights [8].

This definition has some flaws, however. First, optimal
adherence levels seem to differ, depending on the analyzed
outcome [9, 10]. Adherence rates as low as 3 h/night may be
sufficient to improve subjective daytime sleepiness and other
OSA symptoms, whereas higher adherence rates of around 5
or 5.5 h/night are required to decrease BP measurements, par-
ticularly in non-sleepy patients [11]. Second, a dose-response
relationship has been consistently shown between CPAP ad-
herence and improvements in clinical outcomes and BP levels
[12]. Third, this definition does not take into account different
patterns of CPAP use that may override any cardiovascular
benefit, despite a theoretically adequate average use [13].
For instance, some patients may use the device on working
days but not at weekends, or theymay sleep with CPAP for the
first hours of the night and then remove it and sleep without it

for the final hours, when the density of REM sleep is greater.
Since there is evidence suggesting that OSA during REM
sleep is associated with incident hypertension and cardiovas-
cular outcomes, patients with predominantly REM-OSAwho
do not wear the CPAP device during all sleep time may be at
greater risk of cardiovascular consequences [14].

Overall, adherence rates are poor, and between 30 and 85%
of treated OSA patients use CPAP < 4 h/night [8, 12–16].
Unfortunately, suboptimal adherence is not easy to predict.
There is much controversy and lack of agreement as to the
best predictors of adherence to CPAP therapy in patients with
OSA. Some variables such as sleepiness, age, gender, side
effects, or OSA severity have been reported as influencing
adherence in several studies but not in others [13, 15,
17–22]. It has been hypothesized that asymptomatic patients
may have poorer adherence than sleepy OSA patients, as they
may not perceive any substantial benefits from the treatment.
The results of recent randomized controlled trials seem to
support this hypothesis and suggest that patients from cardio-
vascular settings may have poorer adherence because they are
usually less symptomatic and do not seek advice for sleep
complaints [19, 23]. In contrast, however, two studies focus-
ing on non-sleepy OSA patients have reported similar adher-
ence rates to those enrolling symptomatic patients [18, 24],
and one study conducted in non-sleepy patients with resistant
hypertension followed up for 57 months observed good ad-
herence rates in 74.5% of the sample [25••].

A recent review that analyzed CPAP adherence over a 20-
year timeframe (1994–2015) reported an overall non-
adherence rate, based on a 7 h/night sleep time, of 34.1%,
and an average use of 4.5 h/night, without any improvements
in adherence over this period—not even in recent years, de-
spite efforts made toward behavioral intervention, telemedi-
cine, and remote monitoring [26].

Adherence to Antihypertensive Treatment

Adherence to pharmacological treatment is one of the most
important aspects that need to be considered when subjects do
not achieve an adequate BP control [27••]. It is necessary and
important to assess adherence to the pharmacological treat-
ment because the magnitude of the antihypertensive effect will
be influenced by this adherence. Moreover, a prescription of
more antihypertensive drugs may lead to an increased risk of
side effects and pharmaceutical interactions.

The adherence with antihypertensive therapy reported by
different studies varies according to the methodology used. In
a systematic review and meta-analysis involving 28 studies
and 13,668 hypertensive subjects from 15 different countries,
in which adherence was assessed using the 8-item Morisky
medication adherence scale (MMAS-8), Abegaz et al. [28]
found that 45% of hypertensive patients were non-adherent.
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Yang et al. [29] found, in a large cohort study of hypertensive
patients in which adherence was assessed through the analysis
of medical and pharmacy database records, that only 51.7% of
patients presented high adherence to the treatment. In another
study, the annual drop in pharmacological adherence was
4.3%, which was associated with a 1.68-fold increase in un-
controlled BP at follow-up [30]. In addition to poor BP con-
trol, non-adherence to antihypertensive treatment has been
associated with an increased risk of cardiovascular events
[28, 30].

Several factors have been associated with a drop in antihy-
pertensive adherence. Some of these are modifiable: the num-
ber of pills or drugs; specific antihypertensive medication
classes on tolerance, dosage, and side effects; associated
symptoms of depressions; limited income [30, 31]; and social
factors such as the organization and coverage of the health
care system [31]. There are also non-modifiable factors, how-
ever: age, race, gender [31], associated treatment of co-mor-
bidity, and marital status [30, 32]. Lower age, non-white race,
and higher medication for co-morbidity have all been related
with poorer adherence. All these factors could be helpful for
identifying patients at risk of decreasing adherence to antihy-
pertensive treatment and, therefore, poorer blood pressure
control [30]. Moreover, these key data reported in the studies
might be useful for planning strategies to improve adherence.
For example, the side effects of antihypertensive drugs, such
as excessive urination and decreased sexual drive, could have
a predictive value for identifying patients with low adherence
[33]. Therefore, any avoidance of or reduction in medication
with these side effects in particular profiles of hypertensive
subjects, or discussion of them, might be helpful in improving
adherence. Another factor is the number of pills prescribed, as
the higher this number, the worse the adherence. Thus, any
reduction in this number by using fixed combinations of anti-
hypertensive drugs results in an improvement in adherence
[34, 35].

Furthermore, going beyond the identification of modifi-
able and non-modifiable factors, it might be useful to as-
sess, in some way the adherence. Although direct methods
(urine and blood samples, directly observed therapy) are
considered the methods linked to the highest estimation of
adherence, indirect methods (pill count, questionnaires,
checking pharmacy database records, and using electronic
monitoring systems) should not be undervalued, because
beyond being cheaper, it reports complementary informa-
tion. This means that direct methods confirm to us that the
patient swallowed down the drugs, but those methods do
not give any information regarding the behavior in daily
life adherence of the patient out of the office. Therefore, it
is considered that the best estimation of the medication
adherence is achieved by combining methods of the two
types, a direct objective one and an another indirect, more
subjective [36–38].

The benefits of improving adherence with treatment are
unquestionable. Not only good adherence to antihypertensive
treatment implies clinically significant reductions in BP [39],
but also it has been associated with a reduced risk of coronary
and cerebrovascular events [40] and mortality [41]. Even
modest reductions in BP achieved through the strategy of
improving adherence with medication have been associated
with improvements in mortality. A reduction in SBP of
3 mmHg has been associated with an 8% reduction in stroke
mortality and a 5% reduction in mortality from coronary heart
disease [40].

Effect of CPAP Adherence on BP Levels

The impact of CPAP treatment on BP control in OSA patients
with hypertension has long been a topic of interest, and several
studies and meta-analyses have investigated it. All these stud-
ies have reported different factors that might influence the BP
response to CPAP in OSA patients, such as being treatment-
naïve hypertensive or receiving associated drug treatment, as
well as the time that has passed since the start of the CPAP
treatment; the presence or not of sleepiness; and the degree or
phenotype of hypertension. One key factor that may continue
having a crucial impact, over and above all these circum-
stances, is adherence with CPAP in terms of hours per night
of use of the device. This last aspect might be such important
that probably it might explain, to a great extent, the lack of
benefits in terms of reduction of cardiovascular events with
the treatment that has been reported by the studies addressed
to this issue [23].

Campos-Rodriguez et al. [41] performed a randomized trial
with hypertensive and OSA (AHI ≥ 10 events/h) subjects that
included patients who were randomized to therapeutic or sub-
therapeutic CPAP. By intention to treat, no statistically signif-
icant reductions in BP after 4 weeks of treatment were ob-
served in the therapeutic CPAP group, compared with the
subtherapeutic group. No significant correlation was observed
with respect to CPAP adherence. Along similar lines, the same
author [42] evaluated the long-term effect of CPAP treatment
in a study with 55 patients. After 24 months of CPAP treat-
ment, the results by intention-to-treat showed a reduction of
2.2 mmHg (95%CI − 4.2 to − 0.1 mmHg; p = 0.03) in diastol-
ic BP, but no changes were observed in other ambulatory
blood pressure monitoring (ABPM) parameters. However, a
subgroup of patients with a CPAP adherence > 5.3 h/night
achieved statistically significant BP reductions for 24-h mean
BP, 24-h systolic BP, 24-h diastolic BP, and night-time BP
[42].

Furthermore, the results of a trial performed by Duran-
Cantolla et al. [43•] with 340 patients with untreated hyper-
tension, diagnosed in the office and randomized to
CPAP/sham and 2 weeks of follow-up, showed by intention
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to treat in the CPAP group a decrease of 1.5 mmHg (95% CI
0.4 to 2.7 mmHg; p = 0.01) in the mean 24-h ambulatory BP,
while the mean nocturnal blood pressure decreased by
2.1 mmHg (95% CI 0.5 to 3.6 mmHg; p = 0.01). Taking into
account CPAP adherence, greater effects of CPAP treatment
on BP were observed and the mean 24-h ambulatory blood
pressure of the CPAP group decreased 1.9 mmHg (95%CI 0.5
to 3.4 mmHg; p = 0.01). Moreover, when only those patients
presenting hypertension confirmed by an ABPM were select-
ed, a better response to CPAP treatment was also observed. In
the meta-analysis of 32 studies performed by Montesi et al.
[44], the results showed that CPAP treatment compared with
placebo or standard care produces a modest reduction in mean
diurnal SBP (− 2.58 mmHg) and DBP (− 2.01 mmHg), while
a drop in SBP (− 4.09 mmHg) and DBP (− 1.85 mmHg) was
observed in the nocturnal BP. Another meta-analysis conduct-
ed by Fava et al. [45] found that CPAP treatment produces a
moderate decrease in systolic and diastolic BP, as well as
reporting that the reduction in BP was higher in those studies
whose subjects presented more severe OSA and remarking
that CPAP adherence is an important aspect to consider when
seeking to increase reductions in BP [45, 46].

As regards the effect of the associated symptoms of OSA
on BP response to CPAP, Barbé et al. [11] evaluated the effect
of CPAP treatment on BP in non-sleepy hypertensive patients.
The results showed a decrease of 1.89 mmHg (95% CI − 3.90
to 0.11 mmHg; p = 0.0654) in systolic blood pressure and of
2.19 mmHg (95% CI − 3.46 to − 0.93 mmHg; p = 0.0008) in
diastolic blood pressure after 12 months of CPAP treatment.
The reductions in BP were greater in those patients who used
CPAP treatment for more than 5.6 h/night.

All the various studies assessing the effect of CPAP treat-
ment on BP decrease have reported a modest and variable
reduction of around 2 mmHg although this decrease cannot
be considered negligible at population level regarding its po-
tential benefits. Beyond this, evaluations of different sub-
groups of patients have shown that reductions in BP after
CPAP treatment may be even greater in those patients with
uncontrolled BP, known as resistant hypertensive subjects.

The Specific Case of Resistant/Refractory
Hypertension

The effect of CPAP treatment on patients with refractory or
resistant hypertension, especially when it remains uncon-
trolled, is usually greater than that observed in patients with
controlled hypertension [3–5, 47, 48]. As mentioned above, in
patients with hypertension, the decrease in BP levels corre-
lates with the number of hours of CPAP used [11, 41–46].
Does the same thing happen in patients with RH? Since the
first study on the effect of CPAP on blood pressure levels in
patients with RH published by Logan et al. in 2003 [49], a

significant number of studies have been published in this re-
spect, including observational studies, clinical trials, and sys-
tematic meta-analyses/reviews [3, 43, 47, 48, 50–63]. In sum-
mary, in those studies in which the correlation between the
hours of CPAP use and the decrease in BP (or other outcomes)
in patients with RH was analyzed, a positive correlation was
observed (Table 1). Thus, in the largest RCT conducted to
date, the HIPARCO study [5•], there was a positive linear
correlation between CPAP use (in hours/day) and the decrease
in 24-h mean BP (r = 0.29; p = 0.006), 24-h SBP (r = 0.25,
p = 0.02), and DBP (r = 0.30; p = 0.005). Moreover, a linear
regression analysis showed an improvement in BP figures of
1.3 mmHg (95% CI 0.4 to 2.2) for mean BP, of 1.9 mmHg
(95% CI 0.6 to 3.3) in SBP, and of 1.0 mmHg (95% CI 0.1 to
1.8) in DBP for each additional hour of CPAP use (Fig. 1).
Lozano et al. [50] observed no significant differences in
changes in ABPM values between the conventional and the
CPAP groups at the 3-month follow-up in those patients with a
CPAP use under the median (5.8 h/night), but there were sig-
nificant reductions in mean daytime diastolic BP
(6.12 mmHg, CI 1.45; 10.82, p = 0.004), 24-h systolic BP
(9.71 mmHg, CI 0.20; 19.22, p = 0.046), and 24-h diastolic
BP (6.98 mmHg, CI 1.86; 12.1, p = 0.009) in those patients
who used CPAP for more than 5.8 h/night. Based in part on
the results of these two studies, Iftikhar et al. [4] performed a
meta-analysis in 2014 on the effect of CPAP on BP levels in
RH patients and found a statistically significant correlation
between hours of CPAP use and DBP response (pooled R =
0.26; p = 0.0039), based on the HIPARCO study and Lozano’s
study. However, it is important to mention that other RCTs
have not found a correlation between adherence to CPAP and
a better response to hypertension [56, 63] (Table 1).

One important question to take into account is whether
patients with RH have a sufficient degree of CPAP adherence,
as their degree of adherence could be reduced because they are
usually pauci-symptomatic (with an ESS < 10). In this respect,
Campos-Rodriguez et al. [25••] conducted a prospective, mul-
ticenter, and observational study in 177 patients with RH and
OSAwith a median age of 58 years, median BMI of 30.8, and
median ESS of 9. Good adherence was defined as a mean use
of CPAP for at least 4 h/day. After a follow-up of 57.6 (IQR
42–72) months, the median CPAP use was 5.7 (IQR 3.9–6.6)
hours per night, with 74.5% of patients showing a good ad-
herence. The presence of a previous stroke was the only base-
line variable associated with non-adequate adherence (HR 4;
95% CI 1.92–8.31). Remarkably, as is the case with almost all
patients with OSA, an adequate adherence during the first
month of treatment was clearly associated with good long-
term adherence (HR 14.4; 4.94–56). These results showed that
good long-term adherence to CPAP in patients with RH is
possible, even in those with no symptoms or diurnal
hypersomnia. So, taking into account the results of the meta-
analysis and RCTs, the adherence of CPAP in patients with
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RH is similar to that seen in other OSA groups, even when the
RH patients present less symptoms.

Future Challenges

The threshold of adherence to CPAP associated with a reduc-
tion in BP measures is still unknown and needs to be defined,
both in symptomatic and asymptomatic patients (in case these
are different). It is also essential:

& To identify patterns of adherence that may be associated
with poor outcomes, beyond the total number of hours of
CPAP use (e.g., patients who use CPAP only on working
days, only in the first hours of the sleep, on alternate days).

& To identify risk factors for non-adherence and evaluate
whether there are any specific subgroups of hypertensive
patients who are more prone to poor adherence with
CPAP. Personalizedmedicine could be of great help in this
respect.

& To investigate what strategies could be implemented to
optimize adherence in clinical settings, including educa-
tional programs, telemedicine, and remote monitoring.

& To develop an easy, reliable, and accurate method to mea-
sure adherence to antihypertensive medication.

& To develop combinations of drugs that facilitate adherence
to antihypertensive medication therapy.

Conclusions

Although taking a drug would seem to be easier than using
CPAP treatment, it appears, based on the information current-
ly available that the adherence with drug treatment in hyper-
tensive subjects is not better than that achieved with CPAP
treatment in OSA patients with hypertension.

A significant adherence in terms of the number of hours of
CPAP use per night is crucial because, over and above any
improvement in OSA symptoms, a decrease in BP, and sub-
sequent decrease in cardiovascular events, therefore also re-
duces cardiovascular risk. Furthermore, the key role played by
CPAP adherence in achieving these cardiovascular benefits is
found in different profiles of patients with OSA (sleepy and
non-sleepy, or varying severity of hypertension).

Unfortunately, the threshold of adherence to CPAP associ-
ated with a reduction in BP is still unknown, but it seems that
at least 5–6 h/night, and preferably all the sleeping time, are
required to obtain a maximal benefit on BP levels.
Nevertheless, despite the improvements made in CPAP de-
vices and interfaces, adherence rates to this therapy are still
poor, and they do not seem to have improved over the last two
decades.

In patients with resistant hypertension, there is a correlation
between the number of hours of CPAP treatment and the de-
crease in blood pressure levels, as well as a higher percentage
of patients who recover their dipper pattern during the night.
Moreover, despite the lack of sleep-related symptoms, good
long-term adherence to CPAP in resistant hypertension is pos-
sible, with numbers similar to those seen in the general popu-
lation of OSA patients. Further studies are needed to corrob-
orate some important aspects about adherence to CPAP and
antihypertensive drugs in resistant hypertension [64•].

Clinical Remarks (Bullets)

1. The non-adherence to the antihypertensive treatment re-
ported in studies is high, and it is associated with an in-
creased risk of cardiovascular events. To improve this
adherence, it is important to identify those modifiable
factors that could be related to poor adherence.

2. CPAP treatment produces a modest and variable decrease
in blood pressure in patients with hypertension and OSA.
However, adherence to CPAP treatment (≥ 4 h/night)

Fig. 1 Correlation between changes in 24-h systolic and diastolic blood pressure and number of hours of CPAP use (with permission of JAMA, reference
(5))
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seems to be an important factor as regards a better re-
sponse in BP after CPAP treatment.

3. A CPAP adherence of at least 5–6 h per night is required
to achieve a decrease in BP measures.

4. Given that adherence to CPAP is variable, and in many
cases suboptimal, patients should be closely followed in
order to detect poor adherence and instigate suitable mea-
sures to fix it.

5. In patients with resistant/refractory hypertension and ob-
structive sleep apnea, good adherence to CPAP seems to
be crucial for achieving a good response in blood pressure
levels.

6. Although patients with OSA and resistant hypertension
usually have limited sleep-related symptoms, their long-
term adherence with CPAP treatment is acceptable.
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