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A B S T RAC   T
Sleep-disordered breathing has a relatively high prevalence, which varies from 3-7% in males and from 2-5% in females 
in the adult population. Studies published in the literature have shown that sleep apnea is closely related to an increased 
risk of developing various pathologies, among which arterial hypertension stands out. The prevalence of hypertension 
in patients suffering from obstructive sleep apnea (OSA) ranges from 35-80% and appears to be related to OSA sever-
ity. Approximately 40-50% of patients affected by hypertension are also affected by OSA and this association seems 
to be stronger in young and middle-aged adults (<50 years of age). The primary objective of this narrative review is to 
provide an update on what are the main contributing comorbidities to the development of a hypertensive state in patients 
suffering from OSA, an independent risk factor for diurnal hypertension, implicated as a risk factor for the first stroke, 
recurrent stroke, and post-stroke mortality. There are a lot of factors that contribute to developing a hypertensive state in 
OSA patients, some more decisive, others less. More evidence from longitudinal studies is needed on the impact of OSA 
on cardiovascular risk in females, on the causal link between OSA and arterial hypertension or metabolic diseases, like 
diabetes and glucose intolerance, and the effect of different kinds of OSA treatment.
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Sleep-disordered breathing, especially ob-
structive sleep apnea (OSA), has a relatively 

high prevalence; in the adult population, the 
prevalence varies from 3-7% in males and from 
2-5% in females,1 although methodological dif-
ferences in the conduct of clinical trials lead to 
some variability in estimation. Moreover, only 
40% of patients suffering from sleep apnea are 
diagnosed, a critical issue that determines an un-
derestimation of the real prevalence of the dis-
ease.2

Many studies published in the literature have 
shown that sleep apnea is closely related to an 

increased risk of developing various pathologies, 
such as endocrine and metabolic diseases3 some 
types of neoplasms,4 and cerebral and cardiovas-
cular pathologies,5 among which arterial hyper-
tension stands out.

Arterial hypertension’s prevalence has in-
creased over the past decade and it is predicted 
to increase by about 60% in 2025.6

The prevalence of hypertension in OSA pa-
tients ranges from 35-80% and appears to be 
related to OSA severity. Approximately 40-50% 
of patients affected by hypertension are also af-
fected by OSA7 and this association seems to be 
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comorbidities to the development of a hyperten-
sive state in patients suffering from obstructive 
sleep apnea (OSA).

The research was conducted on the PubMed 
database using a basic string: (((((OSA[Title/
Abstract]) or (Obstructive Sleep Apnea [Title/
Abstract])) and ((Arterial Hypertension [Title/
Abstract]) or (Hypertensive patient [Title/Ab-
stract]) or (Hypertensive state [Title/Abstract])) 
and ((Pathogenesis [Title/Abstract]) or (Physio-
pathology [Title/Abstract]))))).

Which have been associated with time-to-time 
specific risk factors more frequently reported and 
that often are indicated as clinical comorbidities, 
i.e., intermittent hypoxia, arousal threshold and 
obesity. Subsequently, as shown in Figure 1, the 
most recent systematic reviews were selected, 
the bibliography of which was further developed 
so that more could be learned about the specific 
comorbidity examined.

Filters such as time ranges and language re-
strictions have not been set, thus revising as open 
as possible and free from possible conducting 
bias.

The drafting of the revision was carried out 
through the contribution of two authors, who 
independently dealt with the compilation of the 
main paragraphs. The remaining two authors 
then checked the work’s quality and method-
ological goodness by making any changes after 
having discussed it with the other authors.

stronger in young and middle-aged adults (<50 
years of age).7

The strong association between OSA and arte-
rial hypertension has been investigated through 
different studies, such as cross-sectional or lon-
gitudinal trials in the general population, cross-
sectional studies in OSA patients, case-control 
studies, and questionnaire-based surveys.

Obstructive sleep apnoea (OSA) has been in-
creasingly linked with excess cardiovascular mor-
bidity and mortality however the mechanisms are 
still not well understood. Robustly designed stud-
ies have shown that treatment of OSA with nasal 
continuous positive airway pressure improves 
important intermediate risk factors for CVD in-
cluding hypertension and endothelial function.

More recently, there has been an increased ex-
ploration of arterial stiffness in both cross-sec-
tional and interventional studies in OSA patients. 
OSA is an independent risk factor for diurnal 
hypertension and has been implicated as a risk 
factor for the first stroke, recurrent stroke and 
post-stroke mortality.8, 9

Although OSA and hypertension often coexist, 
there is a shortage of sufficiently powered stud-
ies testing the real interplay between the course 
of sleep apnea and CVD. It is important to dis-
cover the mechanisms that might be responsible 
for it, also aimed at deciding the better treatment 
in OSA patients affected also by hypertension.

The purpose of this study, considering the ex-
isting literature data, is:

•  to discover the determining factors that 
underline the pathogenesis of OSA-related hy-
pertension, because these two diseases must be 
considered nowadays as a social health problem, 
with a very high burden for its management;

•  to analyze the risk factors in the general 
population, for phenotyping subtypes of OSA, 
considering the heterogeneity of individuals af-
fected by OSA, reflected by varying risk factors, 
pathophysiological causes, clinical manifesta-
tions, and consequences.

Literature search

The primary objective of this narrative review is 
to provide, according to the most recent litera-
ture, an update on what are the main contributing Figure 1.—Flow chart of study selection.
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Studies in animals by Brooks and coworkers17 
showed that while sleep fragmentation acutely 
increased nighttime blood pressure value, the 
daytime value was relatively unchanged. In con-
trast, nighttime blood pressure increased during 
obstructive apneas, with the persistence of el-
evated values into the daytime, suggesting that 
nocturnal hypoxemia, and not arousals, are a key 
driver for elevated daytime blood pressure, with 
clear implications for OSA-related hypertension. 
Hypoxemia may also be an important trigger for 
OSA-induced atrial fibrillation (AF).

In a cohort study of 3.542 adults, all of whom 
were free of any history of AF, Gami et al.18 re-
ported that in subjects younger than 65 years of 
age, OSA was associated with an increased risk 
of incident AF. The magnitude of the decrease 
in nocturnal oxygen saturation, but not apnea-
hypopnea index (AHI), was an independent pre-
dictor of the risk of developing new-onset AF. In 
patients undergoing cardioversion for AF, obser-
vational data also suggest a role for nocturnal hy-
poxemia as a predictor of the recurrence of atrial 
fibrillation.18 Patients with OSA who remain un-
treated after cardioversion have a markedly in-
creased likelihood of AF recurrence as compared 
with those whose OSA is treated.19 In the OSA 
untreated group, those most likely to recur were 
those with the most marked nocturnal oxygen 
desaturation.19

Hypoxemia may also be a trigger for noctur-
nal cardiac ischemia20 and perhaps myocardial 
infarction.21 Increasing levels of nocturnal oxy-
gen desaturation are associated with a heightened 
likelihood of ST segment depression, an ECG 
marker of cardiac ischemia.22 The role of hypox-
emia in arrhythmogenesis, including bradycardia, 
as well as hypoxemia potentiating cardiac isch-
emia, may be important in understanding mecha-
nisms underlying sudden cardiac death related 
to OSA. The effect of acute and intermittent hy-
poxia has also been studied in healthy volunteers. 
Glucose tolerance was significantly decreased in 
the acute hypoxic group (75% oxygen saturation 
for 30 min) as compared with the control group;23 
glucose metabolism was also impaired as evi-
denced by decreased insulin sensitivity, glucose 
effectiveness, and insulin secretion in volunteers 
exposed to acute intermittent hypoxia sustained 

Reviewing the literature, we have identified 
a lot of risk factors for developing hypertension 
in patients affected by OSA; among the possible 
mechanisms, the following should be considered 
in clinical practice.

Intermittent hypoxia

A lot of data confirms that intermittent hypoxia 
(IH) secondary to repetitive obstructive apnea 
events contributes to the state of low-grade sys-
temic inflammation.10 IH plays an important role 
in determining inflammation. In fact, in Arnaud’s 
study, it is described how the inflammatory state 
is characterized by several factors: activation of 
the major pro-inflammatory transcription factor 
or factor K, increased expression of pro-inflam-
matory cytokines and chemokines, and recruit-
ment of macrophages in a pro-inflammatory di-
rection in different tissues. Indeed, it has been 
established that IH-induced inflammation con-
tributes to the development of atherosclerosis 
through metabolic dysfunction and remodeling of 
the vascular system. The primary response to hy-
poxemia is bradycardia, as seen in the diving re-
flex.11 Varying degrees of bradycardia and brady-
arrhythmia are often seen in patients with OSA, 
and in some patients may manifest as Mobitz II, 
complete heart block, and sinus arrest. Treatment 
in these cases should usually consist of treatment 
of apnea, rather than pacemaker placement. Hy-
poxemia and reperfusion also have important 
effects on vascular function; these are mediated 
by several mechanisms, including systemic in-
flammation, endothelin release, and attenuated 
production of nitric oxide (NO). Patients with 
OSA have increased levels of C-reactive protein 
(PCR)12 and evidence of leukocyte activation.13 
Hypoxemia is an important trigger for endothe-
lial cell endothelin production.14 Endothelin is a 
highly potent vasoconstrictor and acute untreat-
ed OSA results in elevations of both endothelin 
and blood pressure, with attenuation of both after 
CPAP treatment. Conversely, patients with OSA 
have reduced levels of circulating NO, which in-
crease after CPAP therapy.15 These hypoxemia-
driven effects on systemic inflammation, endo-
thelin, and NO likely contribute to the endothe-
lial dysfunction evident in patients with OSA.16 
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(AHI) and inflammatory cytokine levels. The 
inflammatory responses may be reversed after 
OSA treatment.34 The proinflammatory cyto-
kines, interleukin 17 (IL-17) and interleukin 23 
(IL-23) have been recently emphasized. IL-17 is 
a proinflammatory cytokine secreted predomi-
nantly by T helper 17 cells (TH17) and various 
cells including innate immune cells and nonim-
mune cells.35

IL-23 is a cytokine with immunomodulatory 
effects and stimulates the production of inter-
feron-gamma. Studies showed that TH17 cells 
can be regulated by IL-23.36 There is growing 
evidence that cell and molecular mechanisms in-
volving inflammatory mediators are up-regulated 
in patients with OSA; a lot of evidence suggests 
that the transcription factor nuclear factor kappa 
B (NF-κB) plays a critical role in this process37, 38 
and controls the expression of many genes in-
cluding those encoding inflammatory cytokines, 
such as TNF-a, IL-6, IL-8 and a lot of adhesion 
molecules, like ICAM-1 and cell receptors.39 A 
lot of data in the international literature show an 
increase in levels of these markers in patients af-
fected by OSA and a clear decrease during thera-
py with positive pressure ventilation.40 Oxidative 
stress is one of the most relevant pathogenetic 
mechanisms that sustain the cardiovascular con-
sequences of OSA. Chronic intermittent hypoxia 
exposure induces tissue deoxygenation, followed 
rapidly by tissue reoxygenation leading to reac-
tive oxygen species (ROS) formation.41

TNF-a enhances the production of reactive 
oxygen species, including inducible nitric oxide 
(NO) and it is been demonstrated that decreases 
myocardial contractility in a dose-dependent 
fashion.42 ROS may play a pro-inflammatory 
role by inducing NF-κB and subsequently the 
expression of proinflammatory cytokines such as 
interleukin-6, TNF-α, and C-reactive protein.43 
In addition, they may exert proatherogenic ef-
fects by increasing lipid peroxidation as shown 
in a mouse model of OSA.44

Snoring

As early as 1980 Lugaresi et al.45 in their study 
in San Marino had shown a correlation between 
snoring, hypertension, and obesity. After that, 

over 5 hours.24 Nocturnal intermittent hypoxia 
was also associated with an increased risk for 
developing type 2 diabetes, as shown in a large 
community-based middle-aged Japanese group.25 
A significative correlation was also noted be-
tween the severity of hypoxemia and HbA1C 
levels in nondiabetic subjects with OSA; treat-
ment with CPAP over 3 to 5 months decreased 
HbA1c only in patients with severe sleep apnea.26 
Long-term hypoxia can enhance the production 
of angiotensin II, and upregulate NADPH oxi-
dase activity, which promotes oxidative tissue 
injury in the hippocampal catecholamine neu-
rons. This selective loss of the catecholaminergic 
wake-active neurons may contribute to impaired 
wakefulness.27 Neuroimaging studies of the brain 
in patients with OSA have demonstrated struc-
tural, morphologic, and functional changes in the 
brain suggesting a plausible mechanism for cog-
nitive impairment.28 Morphologic changes mani-
festing reduction in grey matter volume have also 
been correlated with neurocognitive changes and 
the degree of hypoxemia that may improve with 
CPAP treatment.29 In the end, in vitro studies have 
demonstrated the pro-oncogenic properties of hy-
poxia;30 this is mediated mainly by the enhanced 
post-translational effect of hypoxia-inducible 
factor (HIF), which in turn results in increased 
expression of vascular endothelial growth fac-
tor (VEGF), formation of new capillaries, tumor 
growth, and metastasis. Laboratory studies have 
also demonstrated that low-frequency intermit-
tent hypoxia has similar proangiogenic and tumor 
growth-promoting effects.31, 32

Inflammation and oxidative stress

There is a very close link between chronic sys-
temic inflammation and OSA. OSA induces a 
systemic inflammatory response activating the 
signal transduction pathway leading to the up-
regulation of inflammatory cytokines and down-
regulation of anti-inflammatory cytokines.33 
An increase in proinflammatory cytokines, like 
C-reactive protein (CRP), tumor necrosis factor-
alpha (TNF-α), interleukin 6 (IL-6), and inter-
leukin 10 (IL-10) in adult patients affected by 
OSA supports this hypothesis, with a possible 
association between the apnea-hypopnea index 
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among women but not among men;54 in particu-
lar, the association seems to be stronger in pre-
menopausal than in post-menopausal women.55 
There is a relationship between slow wave sleep 
(SWS) per cent and increased blood pressure. 
After adjustment for age, race, and body mass 
index, the only sleep index to remain signifi-
cantly associated with incident hypertension was 
SWS percentage, which was inversely associated 
with incident hypertension, independent of sleep 
duration and fragmentation and sleep-disordered 
breathing. Selective deprivation of SWS may 
contribute to adverse blood pressure in older 
men.56 The evidence that hypertension is more 
prevalent in patients with insomnia than in good 
sleepers has been demonstrated in several stud-
ies over the past 20 years.53 Possible mechanisms 
underlying the relationship between sleep depri-
vation, short sleep duration, insomnia, and hy-
pertension are suppressive effects of good sleep 
on the stress system50 and the pro-inflammatory 
system57 (Figure 2). Sleep loss due to both pro-
longed sleep reduction and insomnia might act 
as a chronic stressor, activating the sympathetic 
nervous system and systemic inflammation.53

several studies examined the association be-
tween snoring and hypertension, demonstrating 
that habitual snoring was significantly higher 
than among those who did not snore, suggesting 
that snoring may be an independent risk factor 
for hypertension.46 In the same way, a clinical 
study by Khazaie et al.47 indicated that snoring 
is a risk factor for hypertension independently 
of BMI, AHI, age, waist, neck circumference 
and apnea. The early identification and manage-
ment of snoring may reduce cardiovascular risk 
and truly the burden of hypertension associated 
with sleep apnea and snoring in the population.

Sleep fragmentation, 
sleep loss, and insomnia

Several lines of evidence in the literature dem-
onstrated that sleep loss48 and insomnia49 are as-
sociated with an increased incidence of hyper-
tension. The mechanisms underlying these asso-
ciations might be related to inappropriate physi-
ological arousal due to an alteration in stress 
system functions,50 related to the activation of 
the sympathetic nervous system and pro-inflam-
matory pathways.51 Sleep alterations might im-
pair adaptation to stress through allostasis and 
contribute to allostatic load, thus compromising 
stress resiliency and increasing blood pressure.52 
Sleep loss due to partial and total experimental 
sleep deprivation might induce sustained in-
creases in blood pressure in either normotensive, 
pre-hypertensive or hypertensive subjects, in 
both elderly and young adults, male and female 
subjects. A study by Faraut et al.51 provides fur-
ther evidence in this field by addressing the asso-
ciation between hypertension and sleep duration 
in patients referring to primary care physicians 
in the frame of a cross-sectional survey, which 
included about 1000 participants. The principal 
finding of this study is that sleeping 5 hours or 
less was independently associated with a higher 
prevalence of hypertension. This finding largely 
confirms the results obtained in previous studies. 
Other key factors influencing the relationship be-
tween sleep duration and hypertension are gen-
der and obesity.53 Sleeping less than 5 hours per 
night was associated with a higher prevalence 
of hypertension compared with sleeping 7 hours 

Figure 2.—Relationship between chronic stress and hyper-
tension.
NAD: noradrenaline; AD: adrenaline; BP: blood pressure; 
TNF: tumor necrosis factor; IL: interleukin (modified from 
Palagini et al.).53
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that arousals and mechanical changes involving 
respiratory efforts can impact blood pressure on 
a chronic basis.62

Artery stiffness 
and endothelial dysfunction

Many studies have reported that patients with 
OSA show vaso-reactive dysfunction, vascular 
remodeling,63 and accelerated progression of ath-
erosclerosis.64 Considering arterial stiffness as a 
new marker of cardiovascular risk,65 it has been 
recently reported66 as being increased in patients 
with OSA. A lot of factors can potentially have 
a negative impact on the vascular system in pa-
tients affected by OSA. Nocturnal apneas initiate 
several pathophysiological mechanisms related 
to adrenergic activation and are accompanied by 
chemoreflex-mediated increases in sympathetic 
activity in the peripheral blood vessels. Toward 
the end of an apneic episode, blood pressure can 
reach very high levels67 and the pattern of blood 
pressure at night has specific features.68 Recur-
rent hypoxemic stress increases the release of va-
soactive and trophic substances, including renin, 
noradrenaline, thromboxane A2, and endothelin, 
along with decreased production of vascular ni-
tric oxide and high vasoconstriction reactivity.68

Expression of NO synthase (eNOS) and acti-
vated eNOS, markers of endothelial NO produc-
tion and activity, was significantly lower whereas 
expression of nitrotyrosine, a marker of oxida-
tive stress, was significantly greater in OSA pa-
tients than in OSA-free subjects.69 Moreover, it 
has been described that endothelial progenitor 
cells are reduced in OSA patients as compared 
to healthy subjects69, 70 and that many mediators 
involved in oxidative stress, such as TNF, IL-1, 
IL-6, IL-8, e HIF-1, can also play a determinant 
role in endothelial dysfunction.71 These abnor-
malities affect the stiffness of the arterial wall. 
Another major mechanism leading to changes 
in the walls of the central arteries is protein gly-
cation;72 under chronic conditions, this leads to 
active vascular inflammation and then to prolif-
eration, consolidation of the intima and changes 
in the media, resulting in stiffer arteries. Several 
studies have also suggested hypercoagulability 
in patients with OSA, but these investigations 

Arousal threshold
There is clear evidence of the relationship be-
tween blood pressure values and sleep quality. 
It has been hypothesized by several authors that 
the peak rise in blood pressure values during 
obstructive apnea was due to hypoxia-induced 
sympathetic response,58 to post-apnea vagal-me-
diated inflation,59 and to the release of the very 
negative intrathoracic pressure, which occurs 
during the obstructive segment.60

A clinical study performed by Guilleminault 
et al.61 demonstrated that none of these effects 
is necessary to explain the rise and fall in blood 
pressure values, that occur at the end of apnea 
during the resumption of respiration. Arousal 
may explain the increase in blood pressure in-
dependently of hypoxia or the increase in re-
spiratory efforts against a partial or complete 
obstruction of the airway. Compared to blood 
pressure values in uninterrupted sleep, there 
were significantly different increases in systolic 
and diastolic blood pressure depending on the 
type of arousal. There was always a change in 
diastolic and systolic blood pressure with audi-
tory stimulation, even when no visual signs of 
EEG changes were noted.61 The changes were 
more marked in diastolic than systolic values, 
however, with EEG arousals. Arousals leading 
to an awakening produced significantly higher 
systolic and diastolic increases than any other 
type of arousal. Alpha EEG arousals also lead to 
significantly different increases in systolic and 
diastolic blood pressure than do k complexes. 
Arousals from sleep indicated by EEG record-
ing were reflected more in blood pressure val-
ues increases than in HR changes.61 Moreover, 
Amatoury et al.62 demonstrated that average 
arousal intensity is independent of the preced-
ing respiratory stimulus. This is consistent with 
arousal intensity being a distinct trait. Respira-
tory and pharyngeal muscle responses increase 
with arousal intensity. Thus, patients with higher 
arousal intensities may be more prone to respira-
tory control instability and, finally, to a higher 
variation of blood pressure values and day-to-
night dipping. The correction of abnormal in-
creases in respiratory efforts and elimination of 
sleep fragmentation with nasal CPAP has a sig-
nificant effect on blood pressure. This indicates 

COPYRIGHT©
 2024 EDIZIONI MINERVA MEDICA

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



BATTAGLIA 	 PATHOGENESIS OF OSA-RELATED HYPERTENSION

74	 Minerva Medica	 February 2024 

autonomic cardiovascular regulation, both dur-
ing the night and during the day. Both hypoxia 
and hypercapnia result in sympatho-excitation.77 
When combined, these stimuli synergistically in-
crease sympathetic activity. Sleep apnea results 
in yet greater levels of sympathetic activation 
in normal humans. Hypertensive subjects, who 
are at high risk for sleep apnea, have an exag-
gerated sympathetic nerve response to hypoxia, 
and sympathetic activation during sleep apnea 
results in adverse cardiovascular effects and sud-
den death and contributes to daytime essential 
hypertension.78 During apneic episodes there is 
an increase in efferent sympathetic neural activ-
ity, due to chemoreflex stimulation, triggered by 
the reduction in arterial oxygen pressure and by 
hypercapnia occurring during the episodes and 
represents one of the major factors responsible 
for the increases in blood pressure values and 
hearth rate, characteristic after apneic episodes.7 
Patients with obstructive sleep apnea have high 
sympathetic activity, even during normoxic 
wakefulness. The chemoreflex is an important 
mechanism for the regulation of both breathing 
and autonomic cardiovascular function. Abnor-
malities in chemoreflex mechanisms may there-
fore be implicated in increased cardiovascular 
stress in patients with OSA.79

Narkiewicz et al.80 showed that the peripheral 
chemoreflex response to hypoxia is potentiated in 
patients with OSA and the chemoreflex appears 
to be a potent mechanism for sympathetic activa-
tion, overriding the combined restraining influ-
ences of increased blood pressure and increased 
ventilation. This finding suggests that not only 
the ventilatory but also the chemoreflex-mediat-
ed sympathetic autonomic response to hypoxia 
is augmented in OSA. They also shown that the 
blood pressure increase during hypoxia is mark-
edly exaggerated in OSA patients.80 These find-
ings are important in understanding the absence 
of any nocturnal blood pressure decline in un-
treated sleep apneics, in whom repetitive apneic 
episodes elicit surges in blood pressure through-
out the night.67 Furthermore, pressor responses 
and consequent baroreflex resetting to a higher 
set point may be implicated in the development 
of sustained hypertension in these patients.81 
The exaggerated pressure response to hypoxia 

were generally limited by small numbers and 
or inadequate control for potential confounding 
variables such as obesity and smoking.7, 73 Ro-
bustly designed studies have shown that treat-
ment of OSA with nasal continuous positive air-
way pressure improves important intermediate 
risk factors for CVD including hypertension and 
endothelial function.72

Renin-angiotensin-aldosterone 
system (RAAS)

In the literature, there are very little data about 
the correlation between obstructive sleep apnea 
and RAAS, even if this correlation is the object 
of study in the last two decades. A study by Pratt-
Ubunama et al.74 on seventy-one consecutive 
subjects referred to the University of Alabama 
for resistant hypertension has demonstrated 
that the association between obstructive apnea 
and primary aldosteronism is common in sub-
jects affected by resistant hypertension but not 
in control subjects. While cause and effect can-
not be inferred, the data suggest that aldosterone 
excess may contribute to OSA severity. Hyper-
tension occurring in subjects with OSA is more 
likely to be severe, resistant to antihypertensive 
treatment, and associated with alterations in day-
to-night blood pressure changes.17 Moreover, a 
study by Clark et al.75 demonstrated that antago-
nists of mineralocorticoid receptors drugs (i.e. 
spironolactone) reduce Apnea-Hypopnea Index 
(AHI) and both central and obstructive events.

Sympathetic activation

It is well known that OSA is associated with a se-
lective potentiation of autonomic, hemodynamic, 
and ventilatory responses to peripheral chemo-
receptor activation by hypoxia. Bilateral carotid 
body denervation was achieved by sectioning of 
the carotid sinus nerve and chemical sympathec-
tomy prevented hypertension76 suggesting that it 
depended on chemoreceptor activation and was 
mediated by the sympathetic nervous system. 
Cardiovascular autonomic control is dynami-
cally modified in different physiological con-
ditions, such as wakefulness and sleep.70 OSA 
patients are characterized by a derangement in 
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hypoventilation, which may be present in these 
patients and may be independent of the diur-
nal level of PaCO2. Therefore TST SpO2<90% 
could be considered an expression of the sever-
ity of sleep-related respiratory disturbances, that 
is to say, apneic-hypopnea events and hypoven-
tilation.90 In patients with OSA and COPD, hy-
percapnia was related to the degree of airways 
obstruction; in contrast, in obese patients with 
OSA but no evidence of obstructive airways dis-
ease, hypercapnia was related to the degree of 
the restrictive ventilatory defect and the severity 
of OSA as measured by the degree of nocturnal 
oxyhemoglobin desaturation.90, 91 A large study 
of Japanese patients87 with OSA showed only 
AHI to be a predictor of hypercapnia, although 
this index was not independent of BMI.

Finally, the role of OSA in the pathogenesis 
of hypoventilation has been well established 
by the resolution of hypercapnia in the major-
ity of patients with hypercapnic OSA or OHS 
with short-term treatment with either positive 
airway pressure therapy or tracheostomy.88 This 
improvement occurs without any significant 
changes in body weight or respiratory system 
mechanics.90 Gender is not associated with hy-
percapnia;88 BMI and the AHI are significantly 
higher in hypercapnic patients, and FEV1% is 
significantly lower in patients with hypercapnia, 
such as %VC (vital capacity) and %TLC (total 
lung capacity).88

Anthropometric variables

A lot of scientific data testifies to the complex 
interaction between sex, age, menopausal sta-
tus, and the cross-sectional association between 
sleep duration and the prevalence of hyperten-
sion. Lombardi et al.91 underlined that sleep de-
privation might have a stronger effect on blood 
pressure levels and cardiovascular and metabolic 
problems in women than in men. Stranges et 
al.55 have done a clinical study on a large pop-
ulation-based sample, including 3027 white men 
(43.5%) and women (56.5%) from the Western 
New York Health Study, performed between 
1996 and 2001; on a multi-variate analysis, short 
sleep duration (<6 hours of night sleep) was as-
sociated with a significantly increased risk of hy-

in OSA is explained in part by the greater in-
crease in heart rate. However, other factors, such 
as impaired hypoxic vasodilator effects, cannot 
be excluded.80 The reduction of baroreflex sen-
sitivity has been shown to improve after chronic 
treatment with CPAP.7 Finally, the degree of au-
tonomic impairment occurring at night in OSA 
patients may have an impact on daytime symp-
toms and it is truly a marker of excessive day-
time sleepiness.7, 82 We also know that sympa-
thetic activation is involved in both heart failure 
and atrial fibrillation associated with OSA.83, 84

Hypercapnia

There are very little data in the literature about 
the association between hypercapnia (pCO2 >45 
mmHg) and OSA. Hypercapnia seems to be re-
lated to obesity (obesity hypoventilation syn-
drome-OHS) and COPD (also known as over-
lap syndrome), in the absence of other known 
causes of hypercapnia. The mechanism by which 
obesity leads to chronic daytime hypercapnia 
is complex and not fully understood. Higher 
body surface area in obese patients is associated 
with an increase in carbon dioxide production.85 
Therefore, obesity is not the only determinant of 
hypoventilation, because chronic daytime hyper-
capnia develops in less than one-third of severely 
obese individuals.86 The Apnea-Hypopnea Index 
(AHI) has been reported by some studies to be 
an independent risk factor for the development 
of hypercapnia.87 A meta-analysis by Kaw et 
al.,88 performed with the aim to identify the de-
terminants of chronic daytime hypercapnia in 
obese patients with OSA (OHS), has suggested 
that chronic daytime hypercapnia is associated 
with the following three factors: the severity of 
OSA, BMI and the degree of restrictive chest 
wall mechanics associated to the mean nocturnal 
oxyhemoglobin saturation, as also testified by 
the results of the study by Resta et al.89 There 
is also a relationship among diurnal PaCO2 and 
TST SpO2<90% (total sleep time with oxyhemo-
globin saturation <90%), which is only partially 
obvious.14 It is well known that the severity of 
the oxyhemoglobin desaturations during sleep 
depends not only on the level of diurnal base-
line SpO2 and PaO2 but also on the nocturnal 
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hood that hormone levels (e.g., estradiol) may 
play a protective effect in these findings.96 In ad-
dition to sex-specific differences in sympathetic 
neurovascular transduction after acute intermit-
tent hypoxia, divergent blood pressure responses 
between men and women may be the result of 
differences in the cardiac response to intermit-
tent hypoxia. There is a tendency for the systolic 
blood pressure response to intermittent hypoxia 
to be greater in men compared with women,92 
and post hoc analysis uncovered a significant 
correlation between cardiac output and systolic 
blood pressure in men but not women; it is likely 
that a portion of the overall effect of intermittent 
hypoxia on blood pressure in men may be related 
to greater cardiac output via a greater inotropic 
response, as already described in the literature.97 
Changes in cardiac control of blood pressure 
following acute intermittent hypoxia are further 
supported by a fall in cardiac baroreflex sensitiv-
ity in men.92 In addition to sex, age also seems 
to affect the cardiovascular changes induced by 
alterations in sleep patterns. Sleep deprivation 
(quantified as a sleep duration of £5 hours/night) 
was reported to be associated with a higher risk 
of hypertension in middle-aged adults but not in 
children or elderly individuals.91, 98, 99

Finally, obesity also plays a significant role 
in the association between elevated OSA, sleep 
fragmentation, vascular endothelial inflamma-
tion, increased risk for cardiovascular diseases 
and, at least, glucose levels and lipids metabo-
lism,69, 100 as already described in “Artery stiff-
ness and endothelial dysfunction” paragraph, to 
which we refer.

Genetic aspects

There are genetic factors, which may be responsi-
ble for the expression of cardiovascular diseases 
and metabolic syndrome in the context of OSA. 
OSA is an independent risk factor for diurnal 
hypertension;101 however, it is clear from family 
and epidemiological studies that a complex inter-
play between heritable factors and environmen-
tal risks such as dietary sodium intake, alcohol 
consumption, and body weight results in the final 
expression of the disease.42 The most successful 
studies have been those identifying Mendelian 

pertension compared with a sleep duration of at 
least 6 hours per night in women, but not in men. 
When considering also menopausal status in sub-
group analyses, the effect of short sleep duration 
and hypertension was stronger among premeno-
pausal than among postmenopausal women and 
it was independent of socioeconomic status, tra-
ditional cardiovascular risk factors and psychiat-
ric comorbidities.55

Sex differences in sympathetic control of 
blood pressure in humans after acute intermit-
tent hypoxia exposure have been described. 
Dain Jacob in 202092 has done a study among 
49 subjects, young (<45 years of age), healthy, 
non-obese (BMI<30 Kg/m2), and non-smokers, 
with the aim to examine sex-related differences 
in the effect of intermittent hypoxia on sympa-
thetic control of blood pressure in humans. Ma-
jor findings of the work include that increases 
in blood pressure following acute intermittent 
hypoxia, observed in young men, are not pres-
ent in young women, despite similar increases 
in muscle sympathetic nerve activity (MSNA) 
and that any effect of intermittent hypoxia on 
persistent increases in MSNA and blood pres-
sure is independent of a change in sympathetic 
baroreflex sensitivity.92 These results extend pre-
clinical work showing that female rats exposed 
to chronic intermittent hypoxia do not develop 
high blood pressure93 and are consistent with a 
lower incidence of hypertension in women with 
sleep apnea compared with men.94 Dain et al.92 
also observed a significant fall in total peripheral 
resistance in women, following intermittent hy-
poxia, that did not occur in men; it’s likely that 
a decrease in adrenergic-mediated vasoconstric-
tion or possibly an increase in b-adrenergic recep-
tor-mediated vasodilation following intermittent 
hypoxia may contribute. Because anywhere from 
10% to 50% of hypoxic vasodilation is attribut-
ed to the b-adrenergic receptors,95 the Authors 
speculate that attenuated vasoconstriction fol-
lowing intermittent hypoxia-mediated increases 
in MSNA in women occurs via catecholamines 
preferentially binding to b-adrenergic receptors 
in the skeletal muscle vasculature.92 Estrogen is 
an established regulator of b-adrenergic vascu-
lar receptors and increases b-adrenergic receptor 
expression.96 This notion strengthens the likeli-
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on 23,000 OSA patients at diagnosis, using the 
multinational ESADA,105 applying a latent class 
analysis (LCA) to identify OSA phenotypes in 
the European population, representing broad 
geographical variations, has allowed dividing 
patients into eight distinct clusters, subdivided 
into two distinct categories.

In the first category, there are four gender-
based phenotypes, corresponding to 54% of the 
included patients (12,504 patients):105

•  cluster 2: older obese men (100%), with 
high AHI (46.2 events/h), daytime sleepiness 
(ESS 11/24), with the greatest number of co-
morbidities, like hypertension, cardiac failure, 
COPD and diabetes;

•  cluster 6: overweight younger to middle-
aged men, with BMI 28.3 kg/m2, low AHI (17.5 
events/h), ESS score 9/24 and a low frequency of 
comorbidities compared to other clusters;

•  cluster 7: overweight middle-aged women 
(100%), with BMI 29.6 kg/m2, with low AHI 
(12.8 events/h), ESS 10/24 and low comorbidi-
ties;

•  cluster 8: older obese women (100%), with 
BMI 36.3 kg/m2, high AHI (60.8 events/h), day-
time sleepiness (ESS 13/24), and a lot of comor-
bidities.

In the second category there are the remaining 
clusters (46% of the population involved in the 
analysis-10635 patients):105

•  cluster 1: younger sleepy obese (90.6% 
men), with BMI 36.3 kg/m2, high AHI (60.8 
events/h), daytime sleepiness (ESS 13/24), and 
fewer comorbidities;

•  cluster 3: obese comorbid patients, mainly 
men (73%), with BMI 31.2 kg/m2, moderate AHI 
(22.2 events/h), and very high levels of hyperlip-
idemia, cardiovascular diseases and chronic dis-
eases, like gastrointestinal diseases, neurological 
and psychiatric diseases;

•  cluster 4: overweight older men (72.9%), 
with BMI 28.4 kg/m2, moderate AHI (22.2 
events/h), low ESS (8/24), and an intermediate 
level of comorbidities;

•  cluster 5: middle-aged, obese, men (67.5%), 
with few comorbidities except pulmonary dis-
ease, AHI 24.1 events/h, and a low ESS score 
(9/24).

Clusters vary not only by symptoms, OSA se-

forms of hypertension, which comprise the mi-
nority of hypertensive patients.102 Data from a 
Han Chinese population were examined for the 
association of polymorphisms in a gene involved 
in the angiotensin system genes (modulation of 
hypoxic responses at altitude; effects on hyper-
tension) with OSA.103 Findings suggested that 
the angiotensin-converting enzyme (ACE) gene 
insertion/deletion polymorphism was potentially 
involved in the development of central obesity 
and thereby may have contributed to the expres-
sion of OSA and hypertension.103 The impor-
tance of gene polymorphisms in OSA and hyper-
tension may lie in predicting the reversibility of 
abnormal vascular responses with treatment.104 
Systemic inflammation plays an important role 
in all stages of atherosclerosis and there is grow-
ing evidence that cell and molecular mechanisms 
involving inflammatory mediators are up-regu-
lated in patients with OSA.37 OSA is a complex, 
polygenic disease with several etiologies inter-
acting to produce a single phenotype. OSA is 
not just a sporadic, but also a familial condition. 
The major factor affects ting progress in genetic 
studies remains a solid definition of OSA phe-
notype. Further investigations should be under-
taken into whether the OSA phenotype remains 
static throughout life, or whether it changes with 
time and under different environmental condi-
tions42 The role of epigenetic phenomena as well 
as epistasis (gene-gene interactions) is underesti-
mated and highlights influences that are difficult 
to measure with accuracy.42

Phenotypic subtypes

Several studies have attempted to clarify disease 
heterogeneity and personalize OSA manage-
ment. The clinical OSA phenotypes can vary in 
symptoms; sleepy vs. insomniac vs. asymptom-
atic patients.100 Also, the underlying pathophysi-
ological phenotypes of OSA can be anatomical 
or non-anatomical, like functional impairment 
of pharyngeal dilator muscles during sleep, low 
respiratory arousal threshold, and increased pro-
pensity for awakenings or respiratory control 
instability because of the high loop gain mecha-
nism.100

A large cross-sectional analysis conducted 

COPYRIGHT©
 2024 EDIZIONI MINERVA MEDICA

Th
is

 d
oc

um
en

t i
s 

pr
ot

ec
te

d 
by

 in
te

rn
at

io
na

l c
op

yr
ig

ht
 la

w
s.

 N
o 

ad
di

tio
na

l r
ep

ro
du

ct
io

n 
is

 a
ut

ho
riz

ed
. I

t i
s 

pe
rm

itt
ed

 fo
r p

er
so

na
l u

se
 to

 d
ow

nl
oa

d 
an

d 
sa

ve
 o

nl
y 

on
e 

fil
e 

an
d 

pr
in

t o
nl

y 
on

e 
co

py
 o

f t
hi

s 
Ar

tic
le

. I
t i

s 
no

t p
er

m
itt

ed
 to

 m
ak

e 
ad

di
tio

na
l c

op
ie

s 
(e

ith
er

 s
po

ra
di

ca
lly

 
or

 s
ys

te
m

at
ic

al
ly,

 e
ith

er
 p

rin
te

d 
or

 e
le

ct
ro

ni
c)

 o
f 

th
e 

Ar
tic

le
 f

or
 a

ny
 p

ur
po

se
. 

It 
is

 n
ot

 p
er

m
itt

ed
 t

o 
di

st
rib

ut
e 

th
e 

el
ec

tro
ni

c 
co

py
 o

f 
th

e 
ar

tic
le

 t
hr

ou
gh

 o
nl

in
e 

in
te

rn
et

 a
nd

/o
r 

in
tra

ne
t 

fil
e 

sh
ar

in
g 

sy
st

em
s,

 e
le

ct
ro

ni
c 

m
ai

lin
g 

or
 a

ny
 o

th
er

 m
ea

ns
 w

hi
ch

 m
ay

 a
llo

w
 a

cc
es

s 
to

 th
e 

Ar
tic

le
. T

he
 u

se
 o

f a
ll 

or
 a

ny
 p

ar
t o

f t
he

 A
rti

cl
e 

fo
r 

an
y 

C
om

m
er

ci
al

 U
se

 is
 n

ot
 p

er
m

itt
ed

. T
he

 c
re

at
io

n 
of

 d
er

iv
at

iv
e 

w
or

ks
 fr

om
 th

e 
Ar

tic
le

 is
 n

ot
 p

er
m

itt
ed

. T
he

 p
ro

du
ct

io
n 

of
 r

ep
rin

ts
 fo

r 
pe

rs
on

al
 o

r 
co

m
m

er
ci

al
 u

se
 is

 n
ot

 p
er

m
itt

ed
. I

t i
s 

no
t p

er
m

itt
ed

 to
 r

em
ov

e,
 

co
ve

r, 
 o

ve
rla

y,
 o

bs
cu

re
, 

bl
oc

k,
 o

r 
ch

an
ge

 a
ny

 c
op

yr
ig

ht
 n

ot
ic

es
 o

r 
te

rm
s 

of
 u

se
 w

hi
ch

 t
he

 P
ub

lis
he

r 
m

ay
 p

os
t 

on
 t

he
 A

rti
cl

e.
 I

t 
is

 n
ot

 p
er

m
itt

ed
 t

o 
fra

m
e 

or
 u

se
 f

ra
m

in
g 

te
ch

ni
qu

es
 t

o 
en

cl
os

e 
an

y 
tra

de
m

ar
k,

 lo
go

, 
or

 o
th

er
 p

ro
pr

ie
ta

ry
 in

fo
rm

at
io

n 
of

 t
he

 P
ub

lis
he

r.



BATTAGLIA 	 PATHOGENESIS OF OSA-RELATED HYPERTENSION

78	 Minerva Medica	 February 2024 

bidity data, in addition to other clinical features, 
from the Sleep Apnea Cardiovascular Endpoints 
(SAVE) trial to identify four clusters: coronary 
artery disease (CAD), CAD and diabetes, cere-
brovascular disease, and cerebrovascular disease 
and diabetes. The risk of incident composite car-
diac and stroke outcomes was increased in all 
clusters, compared with those with cerebrovas-
cular disease alone.112, 113 The findings highlight 
the importance of recognizing gender-based phe-
notypes, of stratifying risks correlated with OSA 
and associated comorbidities and the impact of 
these subtypes on treatment prescription.

Conclusions

OSA is an independent risk factor for diurnal hy-
pertension and has been implicated as a risk fac-
tor for the first stroke, recurrent stroke, and post-
stroke mortality. There are a lot of factors that 
contribute to developing a hypertensive state in 
patients suffering from Obstructive Sleep Apnea 
(OSA), some more decisive, others less.112, 113 
It is important to discover the mechanisms that 
might be responsible for this association, clus-
tering the patients and aimed at deciding the 
better treatment in OSA patients affected also 
by hypertension. In clinical practice, allocating 
patients to one of these clusters also might help 
in implementing personalized medicine in OSA. 
We try to analyze the most important factors 
that underline the pathogenesis of OSA-related 
hypertension, through a narrative review accord-
ing to the most recent literature. The limit of our 
work is represented by the fact that we have not 
led one systematic review, which can lead to an 
incomplete analysis of the multiple sides of the 
same coin “OSA and hypertension”. In the end, 
the link between OSA hypertension and cardio-
vascular risk represents an issue under constant 
evaluation.

More evidence from longitudinal studies is 
needed on the impact of OSA on cardiovascular 
risk in females, on the causal link between OSAS 
and arterial hypertension or metabolic diseases, 
like diabetes and glucose intolerance, and the ef-
fect of different kinds of OSA treatment (CPAP, 
MAD, surgery, positional therapies) on the re-
duction of blood pressure levels and cardiovas-

verity and comorbidities but also by polysomno-
graphic features; clusters 1 and 2 had the highest 
hypoxic burden with most time spent with noc-
turnal oxygen saturation (SpO2) <90% (67.6 min 
for cluster 1 and 65 min for cluster 2), meanwhile 
clusters 6 and 7 shown little nocturnal hypoxia. 
Sleep efficiency varied from 77.6% for cluster 2 
to 85.9% for clusters 6 and 7.105

Zinchuk et al.106 summarized all the existing 
data from cluster analysis studies in OSA. They 
identified a subtype ‘C’ of middle-aged females 
with insomnia or complaints of poor sleep and 
medium AHI, a medium prevalence of comor-
bidities, and low CPAP adherence. This subtype 
corresponds to cluster 7 and it is characterized 
by low CPAP acceptance and the highest per-
centage of MAD prescriptions and adherence.105 
Data proposed by Bailly et al.105 present a high 
concordance with Zinchuk’s data, but ESADA 
analysis has allowed describing for the first time 
a cluster (cluster 5) characterized by pulmonary 
diseases, almost always asthma. According to 
this clinical evidence, Turino et al.,107 identi-
fied six clusters of comorbidities in a very large 
population (72,217 subjects), of CPAP-treated 
Spanish patients, using 30 diagnoses in an ad-
ministrative database. A predominantly female 
subgroup of patients with asthma was identified, 
exhibiting high rates of hospitalization. Such 
findings are consistent with previous studies sug-
gesting a bidirectional OSA-asthma relationship, 
with a combined adverse impact on health out-
comes.108 In addition, a cluster with cancer and 
one with cardiovascular disease (i.e. hyperten-
sion, heart failure, stroke), both oldest and with 
previously reported associations with hypoxemia 
in OSA109 exhibited the highest rates of mortal-
ity and healthcare resource use. Some studies 
have attempted to identify comorbidity patterns 
among patients with OSA. In one study, Vavou-
gios et al.110 used the AHI and 19 comorbidi-
ties, including cardiovascular, metabolic, liver, 
renal, pulmonary disorders, and malignancies. 
They found high and low comorbidity burden 
clusters within both moderate and severe OSA 
groups. Age, BMI, daytime oxygen saturation, 
and hypertension predicted inclusion in the high 
versus low comorbidity clusters. Quan et al.111 
used cardiovascular and cerebrovascular comor-
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humans. Am J Respir Crit Care Med 2004;169:1231–7. 
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Appl Physiol 2009;106:1538–44. 
25.  Muraki I, Tanigawa T, Yamagishi K, Sakurai S, Ohira T, 
Imano H, et al.; CIRCS Investigators. Nocturnal intermittent 
hypoxia and the development of type 2 diabetes: the Circu-
latory Risk in Communities Study (CIRCS). Diabetologia 
2010;53:481–8. 
26.  Shpirer I, Rapoport MJ, Stav D, Elizur A. Normal and el-
evated HbA1C levels correlate with severity of hypoxemia in 
patients with obstructive sleep apnea and decrease following 
CPAP treatment. Sleep Breath 2012;16:461–6. 
27.  Zhu Y, Fenik P, Zhan G, Mazza E, Kelz M, Aston-Jones G, 
et al. Selective loss of catecholaminergic wake active neurons 
in a murine sleep apnea model. J Neurosci 2007;27:10060–71. 
28.  Lal C, Strange C, Bachman D. Neurocognitive impair-
ment in obstructive sleep apnea. Chest 2012;141:1601–10. 
29.  Canessa N, Castronovo V, Cappa SF, Aloia MS, Marelli 
S, Falini A, et al. Obstructive sleep apnea: brain structural 
changes and neurocognitive function before and after treat-
ment. Am J Respir Crit Care Med 2011;183:1419–26. 
30.  Harris AL. Hypoxia—a key regulatory factor in tumour 
growth. Nat Rev Cancer 2002;2:38–47. 
31.  Almendros I, Montserrat JM, Ramírez J, Torres M, Du-
ran-Cantolla J, Navajas D, et al. Intermittent hypoxia enhanc-
es cancer progression in a mouse model of sleep apnoea. Eur 
Respir J 2012;39:215–7. 
32.  Almendros I, Wang Y, Becker L, Lennon FE, Zheng J, 
Coats BR, et al. Intermittent hypoxia-induced changes in 
tumor-associated macrophages and tumor malignancy in 
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33.  Huang YS, Guilleminault C, Hwang FM, Cheng C, Lin 
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tive sleep apnea. Medicine (Baltimore) 2016;95:e4944. 

cular, neurological, and metabolic risks. A broad 
clinical approach could allow clinicians to better 
control nocturnal and diurnal blood pressure val-
ues, while treating the underlining sleep disor-
ders, ameliorating sleep quality, quality of life, 
and cardiovascular outcomes and re-evaluating 
the current therapeutic schemes of antihyperten-
sive medications.
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