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Aims We analysed longitudinal blood pressure (BP) data from hypertensive obstructive sleep apnoea (OSA) patients in the
European Sleep Apnea Database cohort. The study investigated the interaction between positive airway pressure (PAP)-
induced BP change and antihypertensive treatment (AHT).

Methods Hypertensive patients with AHT [monotherapy/dual therapy n = 1283/652, mean age 59.6 + 10.7/60.6 + 10.3 years, body
and results mass index (BMI) 34.2 + 6.5/34.8 + 7.0 kg/m?, apnoea—hypopnoea index 46 + 25/46 + 24 n/h, proportion female 29/26%, re-
spectively] started PAP treatment. Office BP at baseline and 2- to 36-month follow-up were assessed. The interaction between
AHT drug classes and PAP on BP was quantified and the influences of age, gender, BMI, co-morbidities, BP at baseline, and study
site were evaluated. Following PAP treatment (daily usage, 5.6 + 1.6/5.7 + 1.9 h/day), systolic BP was reduced by —3.9 + 15.5/
—2.8 + 17.7 mmHg in mono/dual AHT and diastolic BP by —3.0 + 9.8/—2.7 + 10.8 mmHg, respectively, all P < 0.0001. Systolic
and diastolic BP control was improved following PAP treatment (38/35% to 54/46% and 67/67% to 79/74%, mono/dual AHT,
respectively). PAP treatment duration predicted a larger BP improvement in the monotherapy group. Intake of renin—angio-
tensin blockers [angiotensin converting enzyme inhibitor (ACEI)/angiotensin receptor blocker (ARB)] alone or in any AHT
combination was associated with better BP control. The AHT-dependent BP improvement was independent of confounders.

Conclusion In this pan-European OSA patient cohort, BP control improved following initiation of PAP. Longer PAP treatment duration,
was associated with a favourable effect on BP. Our study suggests that ACEI/ARB, alone or in combination with other drug
classes, provides a particularly strong reduction of BP and better BP control when combined with PAP in OSA.
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Introduction

Obstructive sleep apnoea (OSA) and hypertension are common disor-
ders associated with an increased risk of major cardiovascular events
(stroke, myocardial infarction, and cardiac failure), and patients with
both disorders are common as they share several important risk fac-
tors. Longitudinal studies have identified untreated sleep apnoea as a
risk factor for adverse long-term consequences including systemic
hypertension, poorly controlled hyper‘tension,1_3 heart failure,** and
transient ischaemic attack/stroke.® The proposed pathomechanisms
behind the development of hypertension and cardiovascular disease
in OSA include increased sympathetic ac’civity,7’9 vascular endothelial
dysfunction, and accelerated vascular ageing,'° all caused by intermit-
tent hypoxia during sleep’’ and frequent arousals.'® Positive airway
pressure (PAP) treatment of OSA can effectively eliminate the imme-
diate consequences of repetitive apnoeas and can reduce office blood
pressure (BP), but only by a modest mean reduction of 2-3 mmHg."?
This highlights the need for optimized antihypertensive medication in
these patients even when treated successfully for OSA with PAP.
Indeed, several studies suggest that BP control is particularly poor in
hypertensive patients with OSA."1¢

We have recently identified superior office BP control in hyperten-
sive OSA patients taking beta-blockade (monotherapy) or the combin-
ation of beta-blockade and diuretics (DIU) (dual therapy). OSA was yet
untreated in this analysis."* Our data have strong support from

+In PAP treated OSA
ACEI/ARB had better BP

-When selecting type of
antihypertensive treatment
to use in OSA patients, the
degree of OSA control
needs to be considered.

randomized interventional studies showing a high efficacy of beta-
blockade and DIU for BP-reducing capacity in OSA."” % There are
also some limited data suggesting that blockade of the renin—angioten-
sin system (RAS) may have favourable BP-reducing effects in untreated
OSA patients.”’ 2> However, when dlinically significant OSA is identi-
fied in hypertensive patients, PAP treatment is the primary choice to
improve both quality of life and BP control. It remains unclear if a spe-
cific antihypertensive drug class may have a superior influence on BP
control in the PAP-treated OSA condition.

In the current analysis, we therefore aimed to quantify changes in BP
control after initiation of PAP treatment and especially any modifying
effect of different antihypertensive treatments (AHTSs). Hypertensive
patients with mainly severe OSA were analysed in the large multi-centric
European Sleep Apnea Database (ESADA) cohort. We hypothesized
that renin—angiotensin blockers [angiotensin converting enzyme in-
hibitor (ACEIl)/angiotensin receptor blocker (ARB)] alone or in com-
bination were associated with better BP control in patients with
well-treated OSA.

Methods

The design of the ESADA,2* as well as the studied population, have been de-
scribed elsewhere in detail." In brief, unselected adult patients with suspected
OSA were recruited into the database from 28 sleep centres in Europe from
March 2007 to December 2021. Patient anthropometrics, co-morbidities, and
concomitant medication were captured in a standardized manner. For this
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longitudinal analysis, we recruited all (n = 1935) adult hypertensive OSA pa-
tients with current mono- or dual combination AHT and simultaneous PAP
treatment in the ESADA cohort. Patients had follow-up data from at least
2 months up to 3 years after the baseline visit. Latest follow-up visit within 3
years was used in case of multiple visits. Oral and written informed consent
was obtained from all patients after approval from the local ethics committee
at each study site (DNR 38609, for Gothenburg, Sweden). Patients were
divided into those receiving monotherapy (n = 1283) and those with dual com-
bination therapy (n = 652). Patients receiving three or more antihypertensive
drugs (n = 354) were excluded from the analysis due to the large number of
small groups with different multiple drug combinations. PAP adherence (hours
of use/day collected from machine counter) as well as duration of treatment
were assessed.

Hypertension diagnosis was determined by positive medical history to-
gether with ongoing antihypertensive medication. Office BP was measured ac-
cording to contemporary recommendations by auscultatory or oscillometric
techniques after at least 5 min of rest. The mean of the two last measures of
BP and heart rate were used in the analysis. All medications were characterized
according to the Anatomical Therapeutic Chemical (ATC) classification sys-
tem. Antihypertensive drug classes were classified as follows: beta-blockers
(BBs; ATC code C07), DIU (ATC code CO03), renin—angiotensin blockers
(ACEI/ARBs; ATC code C09), calcium channel blockers (CCBs; ATC code
C08), and centrally acting antihypertensives (CAHs; ATC code C02).

Changes in BP and degree of BP control following PAP treatment were
assessed. In case of multiple follow-up visits, the most recent visit with com-
plete BP data was used. We excluded patients with less than 2 months of
follow-up time. VWe computed the percentage of BP under control accord-
ing to systolic and diastolic cut-off values defined by the ESC/ESH 2018
guidelines” both at baseline and follow-up.

Statistical analysis

Statistical analysis was performed in SPSS (version 27, IBM, Armonk, NY,
USA). Variable values outside the clinically expected range were consid-
ered missing values (<1% of data). Means and standard deviations (SDs)
and percentage, as well as P-values (t-test) are reported for the group dif-
ferences for clinical data. Unadjusted and adjusted changes of BP following
PAP treatment were analysed. For dual therapy, the most frequently used
five drug combinations are shown as well as each drug as part of any dual
combination.

We used multiple mixed linear models adjusting for major confounders
(see Supplementary material online) including gender, age, body mass in-
dex (BMI) at follow-up, co-morbidities (cardiac failure, ischaemic heart
disease, and diabetes mellitus), follow-up duration, and BP at baseline.
The study site was included as a random factor in the final model to adjust
for differences in local patient populations, variation in BP assessments,
and AHT traditions. Changes in systolic BP (SBP) and diastolic BP
(DBP) constituted the dependent variable. Changes in BP control were
compared using McNemar’s test. P-values less than 0.05 were considered
statistically significant.

Sensitivity analyses

Separate mixed linear model analyses were performed after excluding
patients with any change in AHT medication during follow-up. An increase
in antihypertensive medication was observed in 3% of patients for monother-
apy. Corresponding changes for dual therapy were a decrease in 3% and an
increase of medication in 4% of patients.

Results

Clinical data at baseline

A total of 1935 hypertensive OSA patients were included (mono/dual
n=1283/652). Patients with dual therapy had more cardiovascular co-
morbidities and were more frequently diabetic when compared with
patients receiving monotherapy (Table 7). Anthropomorphic data,
OSA at screening, and prevalence of hyperlipidaemia and smoking
were comparable between the two therapy groups. Baseline SBP was
slightly lower in the monotherapy group (Table 1).

Table 1 Clinical characteristics of the two cohorts with
monotherapy and dual combination therapy

Monotherapy Dual therapy P-value

n=1283 n=652

Anthropometrics and co-morbidities
Age 59.6 +10.7 60.6 +10.3 0.047
BMI 342+65 348+70 0.083
BMI at follow-up 340+6.2 344167 0.175
Gender male (%) 71 74 0.164
IHD (%) 7 32 <0.0001
CHF (%) <0.0001
TIA/stroke (%) 3 5 0.272
Atrial fibrillation (%) 1 3 0.005
Diabetes (%) 26 33 0.001
Hyperlipidaemia (%) 44 45 0.403
COPD (%) 14 14 0.553
Smokers (%) 25 24 0.631
Sleep apnoea variables
AHI 456 +250 45.9 +24.4 0.754
ODI 422 +267 426 +£26.9 0.756
Mean SaO, 91.5+32 911 +£40 0.028
ESS 104+ 5.1 100+5.2 0.115
BP and heart rate
Baseline SBP 1352+16.0 1381+16.9 <0.0001
Baseline DBP 80.0+10.9 808+ 114 0.102
Baseline heart rate 741+114 748 +13.0 0.287
Follow-up SBP 1313+154 1353+16.7 <0.0001
Follow-up DBP 770+ 104 781 +£10.9 0.028
Follow-up heart rate 741 +10.8 73.6+123 0.400
Antihypertensive medication (%)
BB 12 59 <0.0001
CAH 3 6 0.002
CCB 5 27 <0.0001
DIU 3 29 <0.0001
ACEI/ARB 77 78 0.618
PAP treatment information
Daily PAP usage 56+16 57+19 0.467

(h/night)
Treatment duration in 15.8+10.1 149 +95 0.059

months

ACEI/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blockers;
AHI, apnoea—hypopnoea index; BB, beta-blocker; BMI, body mass index; BP, blood
pressure; CAH, central acting antihypertensives; CCB, calcium channel blockers;
CHF, cardiac heart failure; COPD, chronic obstructive pulmonary disease; DBP,
diastolic BP; DIU, diuretics; ESS, Epworth Sleepiness Scale; IHD, ischaemic heart
disease; ODI, oxygen desaturation index; PAP, positive airway pressure; SaO,,
oxygen saturation; SBP, systolic BP; TIA, transient ischaemic attack.

Blood pressure change following positive
airway pressure treatment: unadjusted

analyses

Mean PAP adherence was high and treatment duration was long; both
did not differ significantly between the mono- or dual therapy groups
(Table 1). Following the PAP treatment, SBP was improved by —3.9
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+15.5/-2.8 + 17.7 mmHg in mono/dual AHT; corresponding changes
in DBP were —3.0 + 9.8/=2.7 + 10.8 mmHg (Table 2, all P < 0.0001).

Most patients on monotherapy received ACEI/ARB treatment (77%,
Table 1). SBP and DBP improved more during PAP (—4.7 + 14.0 mmHg
and —3.3 +9.5 mmHg), and BPs were significantly lower in patients
treated with ACEI/ARB compared with patients using other drug
classes in the unadjusted model (Table 3).

The ACEI/ARBs were also the most commonly prescribed medica-
tions among dual combination therapy followed by BB, DIU, and
CCB (Table 1). In the uncontrolled analysis, BB + ACEI/ARB resulted
in better reductions of SBP and DBP, and combinations containing
ACEI/ARB had a significantly stronger effect on DBP (Table 3). When
comparing the change of BP from baseline for each drug class as part

Table 2 Changes in blood pressure and heart rate
following positive airway pressure treatment

Unadjusted mean changes in blood pressure and heart rate
following PAP treatment

Systolic blood pressure —3.9+15.5 <0.0001* -2.8+17.7 <0.0001*
(mmHg)

Diastolicblood pressure —3.0+9.8 <0.0001* —2.7+10.8 <0.0001*
(mmHg)

Heart rate (bpm) -01+94 0753

-13x115 0.013%

bpm, beats per minute; PAP, positive airway pressure. *used to mark statistically
significant results.

of any combination, ACEI/ARB, BB, and DIU resulted in a significantly
stronger SBP and DBP improvement compared with the remaining
drug classes (Table 3).

Independent predictors of blood pressure

change following positive airway pressure

PAP adherence was generally good (Table 7). Baseline BP was a signifi-
cant predictor for all observed changes following PAP treatment in
the controlled mixed models. In addition, treatment duration was
a predictor for BP reduction following PAP in monotherapy
(P < 0.0001; Supplementary material online, Table S3) but not in
dual therapy.

With regard to drug classes, a combination therapy including ACEI/
ARB provided a significantly stronger SBP improvement (—4.76 + 1.82,
—4.94 +2.13, and —6.90 + 2.29 mmHg (estimate and standard error)
for BB + ACEI/ARB, CCB + ACEI/ARB, and DIU + ACEI/ARB, respect-
ively) than those combinations without ACEI/ARB drug (Table 4). The
change of DBP following PAP was not independently influenced by any
specific antihypertensive drug combination (see Supplementary
material online, Table S3).

Control of hypertension before and after
PAP treatment

In monotherapy, SBP control improved with PAP treatment from 38 to
54% (p < 0.0001) and improvement was particularly visible in patients
treated with ACEI/ARB (Figure 1A). Still, in monotherapy, only 57% of
the ACEI/ARB-treated patients reached adequate SBP control. In gen-
eral, DBP control was better (all groups near 80% DBP control) com-
pared with SBP control, particularly when ACEI/ARB, CCB, and BB
were used (Figure 1B).

Table 3 Unadjusted changes in blood pressure by antihypertensive treatment

n= Baseline SBP ASBP with PAP

Monotherapy n = 1283

Mean changes in blood pressure with PAP by antihypertensive drug class

BB 156 136.4+£17.3 -1.8+20.1
CAH 40 133.6 +£16.5 -09+16.4
CCB 62 1352+19.3 -1.6+208
DIV 33 1358 +171 0.8 +20.6
ACEI/ARB 992 135.0+15.5 -47+140

Dual therapy n = 652

Mean changes in blood pressure with PAP by antihypertensive drug class combination and class in dual combination

BB+ CCB 19 1389+13.8 58+183
BB+DIU 29 139.9+19.8 02+183
BB + ACEI/ARB 152 1374 +£15.5 -3.0+156
CCB + ACEI/ARB 55 1459 +19.8 =51+224
DIU + ACEI/ARB 49 1374+168 -42+19.2
BB 383 136.9+15.9 -21+157
CAH 41 1384 +18.2 -3.0+215
CCB 178 1412+17.6 -26+19.6
DIV 189 138.0+18.0 -27+188
ACEI/ARB 511 138.0+16.7 -35+176

P-value Baseline DBP ADBP with PAP P-value
0.264 81.7+120 -21+10.7 0.013*
0.745 840+ 113 -28+104 0.100
0.548 790+ 104 -18+109 0.188
0.827 80.8 + 125 03+108 0.873

<0.0001* 79.5+10.6 —33+95 <0.0001*
0.181 83.6 +12.1 -29+164 0.452
0.960 822+11.0 -39+122 0.099
0.02* 81,1+ 10.5 -20+10.6 0.024*
0.096 848 +10.6 -50+103 0.001*
0.130 840+94 —-44+10.2 0.004*
0.010* 793+11.1 —-20+104 <0.0001*
0.386 842+124 -20+120 0.281
0.079 826+112 -35+120 <0.0001*
0.049* 81.3+125 -3.0+£11.1 <0.0001*

<0.0001* 80.9+11.1 29+ 105 <0.0001*

ACEI/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blockers; BB, beta-blocker; BP, blood pressure; CAH, central acting antihypertensives; CCB, calcium channel
blockers; DBP, diastolic BP; DIU, diuretics; PAP, positive airway pressure; SBP, systolic BP. *used to mark statistically significant results.
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Dual therapy SBP control during PAP treatment improved in all com-
binations except for BB+ DIU. However, the proportion of patients
reaching SBP control was still low with only the BB + ACEI/ARB com-
bination providing more than 50% SBP control (Figure 2A). The degree
of DBP control with PAP treatment increased in all combinations and

Table 4 Multiple mixed linear models

Cardiovascular changes Estimate Standard P-value
during PAP error

Delta SBP dual n =652

BB+ DIU —-0.162 237 0.752
BB+ CCB 0.842 2.875 NA

BB + ACEI/ARB* —4.76 1.82 0.036*
CCB + ACEI/ARB* —4.94 213 0.043*
DIU + ACEI/ARB* —-6.90 229 0.010%

Antihypertensive drugs modification of BP change after PAP treatment, for mono- or
dual treatment after control for age, BMI at follow-up, gender, IHD, CHF, diabetes,
treatment duration, and baseline pressure. Site included as random variable in all
models. No significant modification was apparent for monotherapy. For full results,
please see Supplementary material online, Table S3.

ACEI/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; BB,
beta-blocker; BMI, body mass index; BP, blood pressure; CCB, calcium channel
blockers; CHF, cardiac heart failure; DIU, diuretics; IHD, ischaemic heart disease;
SBP, systolic BP.

*P-values from comparison with BB + CCB.

was proportionally stronger than the SBP control. Combinations in-
cluding BB led to slightly better DBP control, and the proportion of pa-
tients with DBP control was highest in the BB + ACEI/ARB combination
group (Figure 2B).

Sensitivity analyses excluding patients
with any change in AHT medication

In the monotherapy group, a total of 1197 patients had the same medi-
cation at follow-up. The corresponding number in the dual therapy
group was 529. Analyses in these groups, excluding patients with any
change in medication during follow-up, showed similar results (see
Supplementary material online, Tables S1 and S2).

Discussion

Our study shows clinically meaningful improvements in BP control fol-
lowing PAP initiation in drug-treated hypertensive OSA patients.
Positive airway pressure treatment duration was strongly associated
with improved BP in the monotherapy group. The ACEI/ARB treat-
ment, with and without combination with BB, was associated with a su-
perior BP control in this group of hypertensive OSA patients compliant
with PAP. Importantly, our data show that BP control in hypertensive
patients with OSA s still very poor even in compliant PAP users. Only
when PAP treatment is combined with ACEI/ARB treatment, the de-
gree of BP control is comparable with hypertensive non-OSA
pa‘cients.25
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Figure 1 (A and B) Monotherapy, systolic blood pressure, and diastolic blood pressure control percentage before and after positive airway pressure
treatment. ACEI/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; BB, beta-blocker; BP, blood pressure; CAH, central acting
antihypertensives; CCB, calcium channel blockers; DBP, diastolic BP; DIU, diuretics; PAP/CPAP, positive airway pressure; SBP, systolic BP.
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Figure 2 (A and B) Dual therapy, systolic blood pressure, and diastolic blood pressure control before and after positive airway pressure treatment.
ACEI/ARB, angiotensin converting enzyme inhibitor/angiotensin receptor blocker; BB, beta-blocker; BP, blood Pressure; CAH, central acting antihyper-
tensives; CCB, calcium channel blockers; DBP, diastolic BP; DIU, diuretics; PAP/CPAP, positive airway pressure; SBP, systolic BP.

Pathomechanic links between obstructive

sleep apnoea and hypertension

Proposed pathomechanisms behind the association between OSA
and hypertension include intermittent hypoxia/hypercapnia,”**~>°
intra-thoracic pressure swings**?' and frequent arousals.'**?
Chronic activation of the sympathetic nervous system,”}35 upregu-
lation of the RAS,**~*® and increased oxidative stress all may promote
vascular inflammation, endothelial dysfunction,39 and accelerated de-
velopment of atherosclerosis.*® Several of these mechanisms consti-
tute the target in AHT drug treatment that aims to reduce the
pressure level and thereby to protect the cardiovascular system
from end-organ damage. It is anticipated that the elimination of
OSA by PAP substantially changes the hemodynamic conditions.
Given the mechanisms of BP elevation in OSA and on the background
of these expected changes by PAP, it is expected that some AHT drug
classes are associated with more effective BP reductions in treated
OSA patients.

Related meta-analyses and studies

One of the most recent comprehensive meta-analyses of randomized
trials evaluating the BP-reducing effects of PAP reported a reduction
of SBP by —2.85 (-5.55 to —0.24) and a —1.87 (—2.86 to —1.23)
mmHg reduction for DBP. Improvement of 24-h BPs was slightly high-
er, SBP —3.13 (-5.10 to —1.66) and DBP —2.88 (—4.46 to —1.55)
mmHg."® Improvement of daytime SBP and DBP (6 a.m. to 10 p.m.) var-
ied between —-227 to -2.7 and -178 to —24 in previous
meta-analyses.*' ™ These BP reductions observed in controlled trials

are comparable with the changes in office BP observed in our large clin-
ical real-life OSA patient cohort where PAP use with high adherence
was associated with a SBP and DBP reduction of approximately 3—
4 mmHg in unadjusted analysis. However, different from those rando-
mized controlled trials (RCT), the majority of patients in our study
were adherent to PAP treatment, and we could not demonstrate any
dose-response relationship between PAP adherence and the size of
BP reduction (data not shown). On top of these confirmatory data,
we were able to show that AHT drug class modified the improvement
of BP control following PAP. Interestingly, one study®® evaluated ACEI/
ARB treatment in newly diagnosed hypertensive OSA patients. They
reported that ACEI/ARB treatment had favourable effects on BP in
OSA patients but did not see any added effect of PAP treatment on
top of ACEI/ARB AHT on BP. Some notable differences between the
studies have to be mentioned. First, our study investigated patients
with established hypertension on previously established AHT.
Second, the sample size was significantly larger in our study, which pro-
vided power to detect significant changes in BP. Third, PAP treatment
duration differed between studies, 6 + 6 weeks in the RCT compared
with approximately 16 months in monotherapy and 15 months in
dual therapy in our study. Indeed treatment duration was an independ-
ent predictor for favourable BP response to PAP treatment, confirming
previous results by Bouloukaki et al.** Our data suggest that long-
lasting, rather than instant adaptive, processes are operative in
OSA-associated hypertension.

The ACEI/ARB was associated with lower BP values in one study®’
when compared with BBs, CCB, and DIU. Stronger BP lowering prop-
erties for ACEI/ARB were observed in monotherapy with a similar
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trend for dual therapies in hypertensive OSA patients. Interestingly, BP
assessments were performed prior to the start of PAP treatment in
that study. These findings support our results for PAP-treated patients
in the monotherapy group and in patients treated with the AHT com-
bination of ACEI/ARB and BB. This is in line with a very recent system-
atic review?® showing that the renin-angiotensin—aldosterone system is
significantly upregulated in OSA with higher levels of renin—angioten-
sin—aldosterone system hormones. Superior BP control using ACEl/
ARB AHT in our study suggests that upregulation of the RAS persists
even in PAP-treated patients.

Blood pressure control

Several studies have shown poor BP control in patients with OSA and
established hyper‘tension.VH(”45 Most of these cohorts studied pa-
tients with suspected OSA and were made before PAP treatment.
To the best of our knowledge, our current analysis illustrates, for the
first time, how BP control improved significantly in long-term
PAP-treated patients by 7-16%. Furthermore, we can demonstrate
that the improvement of BP control was modified by AHT.

Hypertension development

Several different phases in the development of hypertension have been
described. Early stages of hypertension development have been charac-
terized as a circulatory state associated with high SBP as a consequence
of increased heart rate and cardiac output.*® These cardiovascular
changes may theoretically respond particularly well to BBs and DIU™
and, as suggested in the present study, by PAP treatment. At later stages
of hypertension with OSA co-morbidity, atherosclerosis and hyperten-
sion may mediate permanent vascular remodelling that is better ad-
dressed with drugs acting on other mechanisms. PAP therapy, in this
stage, may require a longer time to promote an improvement in BP
control. Earlier stages of hypertension may therefore be more suscep-
tible to therapy, as indicated by studies showing that early initiation of
treatment might lead to better cardiovascular risk reduction and car-
diovascular protection.*’

Differences between treated and
untreated obstructive sleep apnoea
on hypertension

In the untreated OSA condition, we were able to show in the same co-
hort that AHT with BB was associated with favourable BP control."
This is expected due to elevated sympathetic activity in untreated or
poorly treated OSA. In the current study, we followed those patients
with a high degree of PAP adherence. Considering that PAP will remove
repetitive hypoxia, most arousals, and the chronic sympathetic activa-
tion, it is likely that other mechanisms may play a dominant role follow-
ing OSA treatment. Indeed, patients receiving ACEI/ARB showed a
stronger reduction of BP and an improved overall BP control suggesting
that this regulatory system remains activated and specifically responsive
to drug treatment. It remains unknown what degree of residual OSA
determines the favourable effect of BB or ACEI/ARB drug treatment
on BP control in OSA patients. There are data suggesting that a daily
PAP usage over 4 h is at least needed to achieve BP-lowering effects,
but recent meta-analyses suggest an even higher degree of daily PAP ad-
herence.*® Yet, so far most AHT studies in OSA tend to ignore the de-
gree of OSA treatment success and mix all OSA patients in one group,
which may in part explain the inconsistent results shown previously.

Strength and limitations of the study

Strengths and limitations of our study need to be discussed. First, this is
one of the largest studies so far on the topic of BP control in
PAP-treated OSA patients. The multi-centric and multi-national study

design increases the generalizability of our findings. All patients followed
a pre-defined study protocol that increased the validity of data. The in-
formation on medication was obtained in 20 different European coun-
tries and labelled according to ATC coding. The power of our study
allowed for advanced statistical analysis including a large number of con-
founders (see Table 4 and the Supplementary material online). We con-
trolled for baseline BPs to reduce the impact of regression towards the
mean effects. Finally, the follow-up in the current study was significantly
longer (2-36 months) compared with 2—12 weeks reported in the ma-
jority of AHT RCT trials published so far.'”"®*° Considering that our
study includes a sleep apnoea cohort without systematic exclusion of
patients with multiple co-morbidities or high age, it may in fact be
more representative of the clinical setting compared with many RCTs.

Limitations of the study include the use of office BP assessments ra-
ther than 24-h ambulatory BP measurements, which did not allow us
to assess changes in 24-h BP profile induced by treatment or the degree
of nocturnal BP reduction. There might have been differences between
centres that weakened the accuracy of BP measurements. However, we
attempted to minimize such influences by introducing study site as ran-
dom factor in our mixed models. As our study was nota RCT, we cannot
exclude that part of the observed BP reduction can be attributed to the
regression towards the mean effect. However, the main focus of our
analysis was to detect if specific drug classes were associated with super-
ior BP control and any regression towards the mean effect is expected
to be similar between drug classes. Moreover, we did not have informa-
tion on daily dose of AHTSs, and ATC classes were only classified to the
first decimal. This allowed us to analyse BP change in drug class but not
individual drugs within AHT drug class. In addition, our data did not allow
for the evaluation of BP changes at multiple visits over time. Finally, des-
pite multiple confounder adjustments, referral bias to the ESADA itself
and PAP compliance-related selection bias in our current patient sub-
cohort may have limited the possibilities to assess the full effect of
PAP treatment on BP control.

Clinical implications and future studies

There are currently no specific clinical recommendations on what antihy-
pertensive drugs should be used in hypertensive OSA patients. The latest
2018 European recommendations on hypertension treatment? reported
that BP control, in general, is low among hypertensive patients in Europe.
They also recommended that the start of treatment should incorporate a
combination therapy in newly detected arterial hypertension. If BP re-
mains uncontrolled, an additional drug should be added. As BP control
is even poorer in hypertensive OSA patients, these recommendations
are especially important to follow and to reassess BP control over
time in hypertensive patients with OSA. Our current results suggest
that ACEI/ARB + BB, ACEI/ARB + CCB, and ACEI/ARB + DIU are the
most efficient combination therapies in hypertensive treated OSA pa-
tients, which is in line with current treatment guidelines.2 In addition,
our data also suggest that some standard AHTs may be less suitable
for the treatment of hypertension with OSA co-morbidity. Previous re-
sults suggest that poorly compliant as well as unsuccessfully treated OSA
patients with hypertension may benefit from a BB and DIU combination
treatment.'* In this study, we show that AHTSs containing ACEI/ARB
were associated with lower BP values and better BP control in highly
compliant PAP-treated OSA patients. On top of existing guidelines for
the choice of AHT, the degree of control of OSA by treatment will
thus need to be considered. Our data suggest that for better BP control,
hypertensive patients with uncontrolled OSA may benefit from BB or
BB/DIU combination whereas hypertensive patients with compliant
PAP-treated OSA may benefit from ACEI/ARB or BB + ACEI/ARB com-
bination. Importantly, these hypotheses need to be verified in prospect-
ive RCTs. This gap of knowledge is also highlighted in a very recent review
article on the management of hypertension in OSA.*° Furthermore, the
present study suggests that future RCTs on arterial hypertension
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treatment in OSA patients should also investigate PAP-treated cohorts.
Patients with resistant hypertension are highly prevalent in OSA cohorts
and need to be addressed separately in future studies.

Conclusion

BP levels and the degree of BP control improve by a clinically meaningful
degree (7-16%) after initiation of PAP treatment in OSA, but BP con-
trol remains poorer than in non-OSA hypertensive patients. These fa-
vourable changes are further improved by antihypertensive drugs and
become more evident over time. Our study suggests that ACEI/ARB,
alone or in combination with other drug classes, provides a particularly
strong reduction of BP and better BP control when combined with PAP
in OSA. Prospective long-term trials are needed to confirm these find-
ings and to guide future personalized AHT in OSA—treated or untreat-
ed—for better overall BP control.
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