Commentary

Obstructive sleep apnea, hypoxia and
inflammatory arthritis: how may they be

linked?

“It may be hypothesized that in conjunction with obesity,

chronic or severe intermittent hypoxia may further amplify
. . . . . . »
inflammation or refractory disease [in a patient with RA].
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Obstructive sleep apnea (OSA) is an increas-
ingly prevalent health concern. It has been
reported to affect between 3 and 17% of
the general population, with a clear gender
disparity in favor of higher rates in men [1).
Recent studies demonstrate much higher
incidence rates thought in part to be second-
ary to increasing obesity in western popula-
tions as well as increased sensitivity of poly-
somnogram recording [2].

OSA is characterized by nocturnal snor-
ing and apneic pauses or hypopneas. These
apneic pauses are defined as a drop of at least
90% of airflow for 10 s or more and hypopnea
defined as a drop in airflow of 30% or more
for 10 s or more. Both apneas and hypopneas
are associated with oxygen desaturations of
3% or greater and/or arousals [2]. Overnight
polysomnography is considered the diagnos-
tic gold standard for OSA.

When left untreated, OSA may result in
pathological sequela related to chronic inter-
mittent nocturnal hypoxia. Such hypoxia-
related physiologic stress has been recog-
nized to have vascular implications and in
more severe cases, sequela including pulmo-
nary hypertension, subsequent cardiac dys-
function, dysthythmias and renal impair-
ment [3.4].

Increased prevalence of OSA or OSA risk
in patients with inflammatory arthritis has
been reported by a number of investigators.
Reading et al. reported that 50% of 164
rheumatoid arthritis (RA) patients at Mayo
Clinic were categorized to be at high risk for

OSA utilizing the Berlin questionnaire [s].
Similar findings in a Canadian RA cohort
were reported with 39% of 145 RA patients
categorized as high risk for OSA utilizing the
Berlin Questionnaire [¢]. Subsequent stud-
ies of 25 Canadian RA patients found 78%
of those categorized at high risk of OSA to
have abnormal polysomnography consistent
with OSA, additionally, 63% of those cat-
egorized to be at low risk of OSA with this
instrument also met polysomnographic crite-
ria for OSA [7]. With respect to other rheu-
matologic disorders, increased proportions of
patients with ankylosing spondylitis (40% of
those over age 35) or with Sjogren’s syndrome
(68% of study population) have been recog-
nized through polysomnography to meet cri-
teria for OSA [8,9]. Rheumatic disease patients
categorized at high risk for OSA also tend to
have poor sleep quality, increased fatigue and
pain, and poorer quality of life [10].

The interplay between sleep, hypoxia and
inflammation is complex. It is recognized
that cytokines, as intercellular signaling pro-
teins are involved in normal sleep regulation
processes. Differential effects from different
cytokines have been observed. For example,
proinflammatory cytokines IL-1, IL-6 and
TNF-a among others have been reported
to promote nonrapid eye movement sleep,
whereas IL-4, IL-10 and IL-13, again among
others, have been reported to inhibit nonr-
apid eye movement sleep [11]. A balanced
effect presumably facilitates a normal restor-
ative sleep pattern.
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For the inflammatory cytokines TNF-a, and IL-6,
which have been more closely studied, diurnal varia-
tions have been observed with peaks during sleep and
lower levels during usual wake times [11]. Those with
sleep pattern disorders such as insomnia have been
reported to have a shift or imbalance in this usual
physiologic variation [12]. Deliberate sleep depriva-
tion has further been observed to be associated with
increased IL-6 levels in humans [13]. These findings
suggest that cytokines involved in sleep regulation may
be influenced by behavioral changes or other factors.

In the case of OSA patients, multiple investigators
have reported an increase in the levels of circulating
TNF-oo [(14]. More severe obstructive diseases and
hypoxia have been associated with higher measured
levels of TNF-al in this population [14]. Improving the
hypoxia and obstruction through use of continuous
positive airway pressure devices has been correspond-
ingly associated with decrease in TNF-a levels [14].
TNF-a is coded for by a NF-kB-dependent gene.
Selective activation of such NF-kB-dependent inflam-
matory pathways through intermittent hypoxia has
been demonstrated [14]. Such hypoxia-related increase
in inflammatory cytokines is not confined to OSA
patients. These reports are similar to the finding of
increased IL-6 levels in people newly exposed to high
altitudes [15]. Such evidence supports the premise that
systemic hypoxic stress may trigger an increase in cir-
culating inflammatory cytokine levels.

Hypoxia-stimulated increase in inflammatory mark-
ers has been identified to be at least in part mediated
through the hypoxia-inducible factor (HIF) system.
HIF is made up of a constitutively expressed HIF-1§3
subunit and an oxygen-regulated HIF-a subunit. In
hypoxic conditions, HIF-a isoforms are stabilized, and
can form a heterodimer with HIF-1f leading to acti-
vation of proinflammatory cytokines, and influence
on other cellular processes including angiogenesis and
vasomotor control [1¢].

Conversely, inherent TNF-a variation may be a
contributing factor in the development of sleep pathol-
ogy. Increased TNF-a production has been reported
to be associated with functional gene polymorphism at
the promotor region, position -308 [17]. This TNF-a
(-308) allele has been described as significantly associ-
ated with a diagnosis of OSA compared with popula-
tion controls [17]. Anti-TNF-a. biologic strategies have
been reported to have some efficacy in treatment of
OSA patients (without concurrent rheumatic disease)
and also on some polysomnographic sleep parameters
in RA patients [18,19]. A lower incidence of OSA in
ankylosing spondylitis patients on anti-TNF-a thera-
pies has been observed [20]. These observations imply
excess TNF-a production or alteration in TNF-a

functional responses may directly influence develop-
ment of sleep disorders. These clinically based observa-
tions suggest the potential for an amplification loop in
respect to OSA development, subsequent intermittent
hypoxia and increased inflammatory cytokine produc-
tion.

Many of the rheumatology-related OSA reports have
been based on the RA patient population. Consider-
ations for why RA patients may be susceptible to devel-
opment of OSA have yielded a number of potentially
contributing factors, including from a structural per-
spective, involvement of temporomandibular or crico-
arytenoid joints, presence of retro or micrognathia and
also cervical spine abnormalities [21]. From a humoral
perspective, RA is itself characterized by an increase
in proinflammatory cytokines such as TNF-a, to the
extent that this forms the basis for targeted biologic
therapies. In a sufficiently predisposed individual, it
could be hypothesized that this increase in TNF levels
may increase susceptibility to OSA.

Obesity s link.

BMI and larger neck circumference has been long rec-

another common Increased
ognized as associated with increased risk for developing
OSA [22]. Obesity more recently has been linked with
increased risk for both developing RA and also having
poorer disease control or biologic therapeutic effective-
ness [2324]. There has been speculation about the role
of the active adipose tissue in promoting inflammatory
processes directly [25]. Associations have been observed
between obesity and increased production of inflam-
matory adipokines including IL-6 and TNF-a [25]. In
susceptible individuals, it is possible that increased cir-
culating proinflammatory mediators from excess adi-
pose tissue may play a role in promoting development
of OSA and/or RA.

In the rheumatoid synovial microenvironment,
both inflammation and hypoxia are present. NF-kB-
activated inflammatory responses manifested in part
through production of TNF-a are evident as well as
activated HIF-a, which is involved in the hypoxic
response within the synovium [16]. The NF-«B and
HIF systems have been demonstrated to have some
commonality in terms of target genes and stimuli.
The full nature of the interactions between these two
systems is incompletely understood, although there is
some evidence for role duality with both promoting
and repressing effects [16]. Further studies elucidating
the interactions and interdependence between the vari-
ous components of these two systems are ongoing,.

It is not clear what impact systemic intermittent
hypoxia may have on the synovial microenvironment.
It does appear that intermittent systemic hypoxia
associated with OSA may be implicated in microcir-
culatory dysfunction and reactivity in other tissues
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however, is it not clear whether the synovium may
be also susceptible to such physiologic stress [4.26].
In support of the concept for intermittent systemic
hypoxia playing a role in promotion of inflammatory
processes within local nonairway-related tissue envi-
ronments, increased gene expression in the skin for
both TNF-a induced proteins and HIF-a has been
reported in OSA patients with severe intermittent
hypoxia compared with OSA patients with milder
disease [26]. It is intriguing to consider whether the
synovium may demonstrate similar findings. To fur-
ther speculate, it would be most interesting to deter-
mine whether intermittent hypoxia in a patient with
RA would be associated with a measurable proin-
flammatory upregulation systemically or within the
synovium microenvironment and whether this would
translate to a measurable impact on disease activity
and therapeutic responsiveness. It may be hypoth-
esized that in conjunction with obesity, chronic or
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Obstructive sleep apnea, hypoxia & inflammatory arthritis

severe intermittent hypoxia may further amplify
inflammation or refractory disease in this setting.

There is suggestive evidence for a complex and
intertwined relationship between obesity, obstructive
sleep apnea with intermittent hypoxia, and inflamma-
tion. When coexisting in a patient with RA or other
inflammatory arthritis, there may be potential for pro-
motion of inflammatory disease activity and decreased
therapeutic responsiveness.

Financial & competing interests disclosure
The author has no relevant affiliations or financial involvement
with any organization or entity with a financial interest in or fi-
nancial conflict with the subject matter or materials discussed
in the manuscript. This includes employment, consultancies,
honoraria, stock ownership or options, expert testimony,
grants or patents received or pending, or royalties.

No writing assistance was utilized in the production of this
manuscript.

11 Kapsimalis F, Richardson G, Opp MR, Kryger M. Cytokines
and normal sleep. Curr. Opin. Pulm. Med. 11, 481-484
(2005).

12 Vgontzas AN, Zoumakis M, Papanicolaou DA ez al. Chronic
insomnia is associated with a shift of interleukin-6 and
tumor necrosis factor secretion from nighttime to daytime.
Metabolism 51, 887-892 (2002).

13 Haack M, Sanchez E, Mullingon JM. Elevated inflammatory
markers in response to prolonged sleep restriction are
associated with increased pain experience in healthy

volunteers. Sleep 30, 11451152 (2007).

14 Ryan S, Taylor CT, McNicholas WT. Predictors of elevated
nuclear factor-kappa B dependent genes in obstructive
sleep apnea syndrome. Am. J. Respir. Crit. Care Med. 174,
824-830 (2000).

15 Hartmann G, Tschop M, Fischer R ¢z 2/. High altitude
increases circulating interleukin-6, interleukin-1 receptor
antagonist and C-reactive protein. Cyrokine 12, 246252
(2000).

16  Biddlestone J, Bandarra D, Rocha S. The role of hypoxia in
inflammatory disease. Int. J. Mol. Med. 35, 859-869 (2015).

17 Riha RL, Brander P, Vennelle M ¢z z/. Tumour necrosis
factor-alpha (-308) gene polymorphism in obstructive sleep
apnoea-hypopnoea syndrome. Eur. Respir. J. 26, 673—-678
(2005).

18 Vgontzas AN, Zoumakis E, Lin H-M, Bixler EO, Takada
G, Chrousos P. Marked decrease in sleepiness in patients
with sleep apnea by etanercept, a tumor necrosis factor-alpha
antagonist. /. Clin. Endocrinol. Metab. 89, 4409—4413 (2004).

19 Taylor-Gjevre RM, Gjevre JA, Nair BV, Skomro RP, Lim
HJ. Improved sleep efficiency after anti-tumor necrosis factor
alpha therapy in rheumatoid arthritis patients. 7her. Adv.
Musculoskeletal Dis. 3, 227-233 (2011).

20 Walsh JA, Duffin KC, Crim J, Clegg DO. Lower frequency

of obstructive sleep apnea in spondyloarthritis patients taking

TNF-inhibitors. J. Clin. Sleep Med. 8, 643-648 (2012).

Commentary

fsg

future science group

www.futuremedicine.com

221



Commentary

Taylor-Gjevre

21

22

23

Taylor-Gjevre RM, Nair BV, Gjevre JA. Obstructive sleep 24
apnoea in relation to rheumatic disease. Rheumarology 52,

15-21 (2013).

Gjevre JA, Taylor-Gjevre RM, Reid JK, Skomro R,

Cotton D. Inter-observer reliability of candidate predictive 25
morphometric measurements for women with suspected
obstructive sleep apnea. J. Clin. Sleep Med. 9, 695-699

(2013). 26

Lu B, Hiraki LT, Sparks JA e al. Being overweight or obese
and risk of developing rheumatoid arthritis among women:
a prospective cohort study. Ann. Rheum. Dis. 73, 19141922
(2014).

Sandberg ME, Bengtsson C, Kallberg H ez al. Overweight
decreases the chance of achieving good response and low
disease activity in early rheumatoid arthritis. Ann. Rheum.
Dis. 73,2029-2033 (2014).

Derosa G, Fogari E, D’Angelo A ez al. Adipocytokine levels
in obese and non-obese sujects: an observational study.
Inflammation 36, 914-920 (2013).

Kaczmarek K, Bakker JP, Clarke DN ez 2/. Molecular

biomarkers of vascular dysfunction in obstructive sleep

apnea. PLoS ONE 8(7), 70559 (2013).

222

Int. J. Clin. Rheumatol. (2015) 10(4)

fsg

future science group



