
COMMENTARY

ToDie, to Sleep – to Sleep, Perchance toDream…Without Hypertension: Dreams
of the Visionary Christian Guilleminault Revisited
Commentary on Budhiraja et al. The association between obstructive sleep apnea characterized by a minimum 3 percent oxygen
desaturation or arousal hypopnea definition and hypertension. J Clin Sleep Med. 2019;15(9):1261–1270.

Shahrokh Javaheri, MD1; Peter C. Gay, MD2

1Bethesda North Hospital, Cincinnati, Ohio; 2Mayo Clinic, Rochester, Minnesota

In this issue of the Journal of Clinical SleepMedicine, Budhiraja
and colleagues1 used theAmericanAcademy of SleepMedicine
(AASM) definition of hypopneas2 and reported a strong asso-
ciation with the presence of hypertension using data from 6,131
participants in the Sleep Heart Health Study (SHHS).3 Hypo-
pnea was defined as 30% reduction in airflow associated with
≥ 3% desaturation and/or an arousal. The current Centers for
Medicare andMedicaid Services (CMS) criterion is a reduction
of ≥ 4% with no consideration for an arousal component.

This is the first systematic report incorporating these
criteria and applying them to a large population. The
study should encourage CMS and other third-party payers
to allow hypopneas with arousals alone to be considered
a valid disordered breathing event as arousals are associ-
ated with a crucial number of health care outcomes,
including hypertension.

Table 1 depicts some of the adverse consequences of ob-
structive sleep apnea (OSA) attributed solely to arousals.
Arousals are important biological consequences of OSA
mediating excessive daytime sleepiness (EDS),4–7 and many
patients with EDS have hypopneas with cortical arousals
but without significant desaturation. Aside from impairment of
quality of life, EDS is a major public hazard, and perhaps
many who are denied treatment, may have been subsequently
involved in traffic/occupational accidents because of sub-
optimal attention and vigilance.

Consistent with the current report,1 polysomnographic studies
in men without OSA show that induced arousals are associated
with increased blood pressure8,9 (autonomic arousal). With re-
petitive cycles of apnea and associated arousals heightened
diurnal sympathetic activity and hypertension could prevail. In
the Cleveland Family Study involving 394 participants, after
adjusting for age, sex, race, and body habitus, the odds of
hypertension increased approximately 20% per 5-unit increase
in arousal index. The association of hypertension with oxygen
saturation was weaker.10 Animal studies are confirmatory.11–13

Arousals are associated with sympathetic activation and
withdrawal of parasympathetic activity with consequent el-
evated blood pressure and long-term sleep fragmentation

induces morphologic vessel changes with elastic fiber disruption
leading to hypertension.14

Animal studies also show chronic sleep fragmentation and
arousals impose pathological consequences on wake neurons with
potential permanent damage,15 which may account for persistent
EDS, in adequately treated patients with OSA.16 Chronic sleep
fragmentation increases plasma IL-6, recruits inflammatory
cells and activates nicotinamide adenine dinucleotide phosphate
oxidase 2 contributing to increased proliferation and differentiation
of adipocyte progenitors and eventually obesity.17 Evidence is
accumulating that sleep fragmentation is associated with gut dys-
biosis leading to a number of adverse consequences attributed to
OSA such as hypertension, insulin resistance18 and EDS.

Lastly, in the exploratory analysis of the longitudinal Multi-
Ethnic Study of Atherosclerosis involving 672 participants, higher
arousal index was associated with greater decline in leukocyte
telomere length which could accelerate biological aging.19

Based on the aforementioned animal and human data, we
believe that using arousals alone to define hypopnea is a nec-
essary way to capture the full picture of OSA and its conse-
quences. The best means to promote appropriate treatment for
all patients with OSA is to advocate for change in current re-
imbursement policies. Nearly 20 years ago, the AASM and the
National Association for the Medical Direction of Respiratory
Care brought the SHHS data to the attention of CMS and were
able to provide recognition of hypopneas in OSA. This changed
reimbursement policy for CMS and other private insurers guaran-
teeing treatment for OSA. It is time to return to the table and lobby
for needed treatment of the “OSA arousal syndrome.” Of course
the late Christian Guilleminault realized the clinical importance
of treating arousals alone in sleep patients and astutely brought
this forever to the attention of the sleep community back in 1993
as the upper airway resistance syndrome.20

We congratulate Budhiraja and colleagues for incorporating
arousals in this systematic study involving 6,131 participants.
Their study, however, leaves us with 4 important questions,
some could be answered from reanalysis of their data:

1. Are arousals by themselves without including any
desaturation metrics associated with observed
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hypertension or, is it the interaction of both arousals
and desaturation events that leads to hypertension?

2. Using a minimum of 3% de facto includes ≥ 4%
desaturation. Is the association with hypertension and
desaturation driven by 3%, or 4% and beyond?

3. We suggest the authors report if arousals were associated
with EDS, and if in the subset with EDS, blood pressure
alterations were most significant.

4. Are there any other cardiometabolic consequences of
OSA beyond hypertension that could be driven by
lowering desaturation threshold to minimum of 3%?

We conclude that OSA is associated with a number of car-
diometabolic consequences and must be accurately diagnosed
and appropriately treated.21
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Table 1—Adverse consequences of chronic sleep
fragmentation and arousals.

1. Daytime sleepiness and impaired cognitive dysfunction

2. Autonomic dysregulation with increased sympathetic activation and
withdrawal of parasympathetic activity

3. Induced overnight arousals elevate blood pressure in men

4. In animal models, chronic sleep fragmentation induces inflammation,
structural vascular changes and hypertension

5. In animal models, sleep fragmentation causes dysbiosis with
potentially adverse consequences

6. In animal models, sleep fragmentation causes inflammation,
apoptosis and gliosis of the wake neurons. This could be the reason for
persistent excess daytime sleepiness in well treated patients with OSA

7. In men, high arousal frequency could be associated with telomere
shortening which could result in premature aging
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