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Study Objectives: Sleep disturbances, including obstructive
sleep apnea (OSA), commonly limit function and quality of life
in people with spondyloarthritis (SpA). Systemic inflammation
has been implicated in the pathophysiology of both OSA and
SpA, and suppression of inflammation with tumor necrosis
factor a (TNF) inhibitors may decrease OSA severity. In this
study, we compared the frequency of OSA in patients receiving
and not receiving TNF-inhibitor therapy.

Methods: Data were collected from 63 consecutively
screened veterans with SpA. Participant interviews, exami-
nations, chart reviews, and referrals to the Salt Lake City Vet-
eran Affairs (SLCVA) Sleep Center were used to obtain de-
mographic data, comorbidities, SpA features, therapy data,
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and sleep study outcomes.

Results: OSA occurred in 76% of SpA patients. OSA was less
common in patients receiving TNF-inhibitor therapy (57%),
compared to patients not receiving TNF-inhibitor therapy
(91%) (p=0.01).

Conclusions: OSA is underrecognized in veterans with SpA,
and TNF-inhibition was associated with a lower frequency of
OSA.
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ormal sleep is a vital component of health and quality of

life. Sleep disturbances negatively affect health, with el-
evated risks of neurocognitive dysfunction, coronary artery dis-
ease, hypertension, depression, stroke, motor vehicle accidents,
and premature death.' Sleep disturbances and fatigue are promi-
nent features of SpA,>* and inflammatory arthritis patients with
sleep inadequacies experience more pain and functional limita-
tions than patients with healthy sleep patterns.*

The contribution of OSA to sleep disturbances in SpA is not
well characterized. Two small uncontrolled studies reported
OSA prevalences of 12% and 23% in ankylosing spondylitis
(AS) patients, compared to 1% to 9% in the general popula-
tion.>¢ Psoriatic arthritis (PsA) has been associated with sleep
interference independent of body mass index (BMI),” and a
higher prevalence of OSA has been reported in psoriasis pa-
tients compared to controls.®

Various mechanisms have been proposed to explain the high
prevalence of OSA in SpA patients including (1) glucocorticoid-
induced weight gain, (2) compression of the oropharyngeal
airway by the cervical spine, and (3) systemic inflammation.*®
Glucocorticoids are selectively used to treat peripheral disease
manifestations of SpA. Glucocorticoids cause central obesity, '
and glucocorticoid-induced deposition of fat in the thorax and
neck may increase the risk of OSA in SpA patients.>

The second hypothesis proposes that SpA patients are at in-
creased risk for OSA because of structural changes in the cervical
spine. SpA patients frequently develop pathologic boney bridging
between vertebrae called syndesmophytes. Syndesmophytes in
the anterior cervical spine may contribute to OSA by compressing
the oropharyngeal airway.’ This hypothesis is supported by case

BRIEF SUMMARY

Current Knowledge/Study Rationale: Sleep disturbances and fatigue
are common in patients with systemic inflammatory conditions, includ-
ing spondyloarthritis. The purposes of this study were to evaluate the
frequency of obstructive sleep apnea (OSA) in spondyloarthritis pa-
tients and to explore associations between TNF-inhibitor therapy and
OSA severity.

Study Impact: The high frequency of OSA demonstrated that routine
screening for OSA risks should be considered in spondyloarthritis pa-
tients. The association between TNF-inhibitor therapy and a lower fre-
quency of OSA suggests that further investigation of TNF-inhibition may
contribute to our understanding of OSA pathology and the development
of novel therapies for OSA.

reports of improvement in OSA after surgical removal of exces-
sively bulky pathologic bone from the anterior cervical spine.'?

The hypothesis that systemic inflammation contributes to
OSA risk is particularly intriguing because shared inflammato-
ry pathways contribute to the pathophysiology of both SpA and
OSA. OSA is characterized by repetitive airway obstructions
causing intermittent hypoxia during sleep. Nuclear factor-«B is
activated by intermittent hypoxia and upregulates the transcrip-
tion of pro-inflammatory genes."* The pro-inflammatory genes
encode multiple inflammatory cytokines, including TNF-a. El-
evated levels of TNF-a have been reported in OSA patients,
independent of obesity, and TNF-a levels fall with continuous
positive airway pressure (CPAP) therapy for OSA.'!* TNF-a is
a well-recognized mediator of inflammation in SpA, and inhi-
bition of TNF-a improves symptoms of SpA, including fatigue
and sleepiness.>'®!”
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Figure 1—Study profile

63 consecutive SpA patients screened
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SpA, spondyloarthritis; OSA, obstructive sleep apnea; PSG,

polysomnography; AHI, apnea hypopnea index.

To explore the hypothesis that suppression of inflammation
with TNF-inhibition improves sleep outcomes, Vgontzas et al.
treated eight obese OSA patients with etanercept.'® They report-
ed improvements in the apnea hypopnea index (AHI) (p <0.05)
and sleepiness (p < 0.05) after three weeks of therapy. Since
inflammatory cytokine levels are higher in inflammatory arthri-
tis patients than obese patients,'*?° we hypothesize that TNF-in-
hibitors may have a greater effect on OSA in SpA patients than
obese patients. In this study, we explored the impact of TNF-
inhibition on OSA, by comparing OSA frequencies in SpA pa-
tients receiving and not receiving TNF-inhibitor therapy.

METHODS

Between July 2008 and July 2010, 63 consecutively en-
countered patients enrolled in the Program to Understand the
Longterm outcomes of SpondyloARthrits (PULSAR) regis-
try from the SLCVA Rheumatology Clinics were screened for
this study. Inclusion criteria were participation in PULSAR
and willingness to participate in this investigation. According
to established practice at the SLCVA, current cigarette smok-
ers were excluded because smoking confounds sleep testing
and interpretation. Patients were excluded from analyses if
they had sleep studies that were unavailable, incomplete,
or inconsistent with the SLCVA Sleep Center’s reporting of
sleep apnea parameters.

In order to qualify for a sleep study, the SLCVA Sleep Center
required patients to have at least one symptom of OSA. SpA
patients were evaluated for symptoms of OSA by the principal
investigator at the time of clinic visits. The symptom evaluations
included questions about snoring, excessive daytime sleepiness,
non-restorative sleep, cessation in breathing while sleeping,
awakening gasping for air, restlessness at night, difficulty sleep-
ing with frequent awakenings, concentration difficulties, fall-
ing asleep while driving, changes in mood, morning headaches,
and vivid, strange, or threatening dreams. All SpA patients had
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> 1 symptom of OSA and were offered a referral to the SLCVA
Sleep Center for standard-of-care testing and therapy.

The assignment of home monitoring versus laboratory poly-
somnography (PSG) was determined by the SLCVA Sleep Cen-
ter coordinators and was based on patient comorbidities and the
availability of home monitoring devices. Home monitoring tests
were conducted for 3 nights with 4-channel NovaSom QSG Di-
agnostic devices that measured airflow, oximetry, pulse, and
respiratory effort. PSG testing was completed in sleep laborato-
ries located in Utah and surrounding states. Apnea events were
defined as cessation of airflow > 10 seconds. Hypopnea events
were defined as a decrease in airflow > 50% and a decline in
oxyhemoglobin saturation of > 4% for > 10 seconds. Epworth
Sleepiness Scale (ESS) questionnaires were administered to pa-
tients by the SLCVA Sleep Center.

Data including demographics, comorbidities, SpA features,
SpA activity, and therapies were obtained from patient inter-
views, examinations, and medical records. The Bath Ankylos-
ing Spondylitis Disease Activity Index (BASDAI) and Bath
Ankylosing Spondylitis Functional Index (BASFI) are validat-
ed patient questionnaires that were used to measure SpA dis-
ease activity and severity. The erythrocyte sedimentation rate
(ESR) and C-reactive protein (CRP) are laboratory inflamma-
tory markers commonly used for SpA disease activity assess-
ments. BASFI, BASDAI, ESR, and CRP data were included
only if they were completed within 2 months of the sleep study
date. Treatment information was collected from clinic visit
notes and verified via the SLCVA’s pharmacy medication dis-
pensing records.

Available cervical spine radiographs were evaluated by a
board-certified musculoskeletal radiologist. The scoring system
from the modified Stoke Ankylosing Spondylitis Spinal Score
(mSASSS) was applied to quantify radiographic changes in the
cervical spine consistent with SpA.?' The number of syndesmo-
phytes in the cervical spine was also recorded. The maximum
syndesmophyte size was determined by measuring the distance
between the most anterior portion of the largest syndesmophyte
and the vertical plane of the adjacent anterior vertebral bodies,
on the lateral projection of cervical radiographs.

Continuous variables were compared with 2-tailed Student
t-tests. Categorical variables were compared with Fisher exact
tests. Spearman correlation coefficients were used to compare
AHI to SpA features and activity measures, including cervical
mSASSS, number of syndesmophytes, maximum syndesmoph-
yte size, BASDAI, BASFI, ESR, and CRP.

RESULTS

Sixty-three consecutively encountered SpA patients were
screened for participation (Figure 1); 45 patients were included
in the analyses. Thirty-six participants were tested with home
monitoring devices, and 9 participants received PSG in sleep
laboratories. Informed consent was obtained from all partici-
pants, and approval was granted by the Institutional Review
Board at the University of Utah.

Eighteen patients were excluded: 4 patients declined par-
ticipation, and 4 were excluded because of current smoking.
Four additional patients with a diagnosis of sleep disordered
breathing were excluded because they did not have clinical in-
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dications for retesting, and medical records were unavailable or
inconsistent with the SLCVA Sleep Center’s reporting of OSA
parameters. Six excluded patients had incomplete home sleep
studies and were unwilling or unable to repeat sleep testing.
No patient was excluded because of lack of OSA symptoms.
One patient was excluded from therapy analyses because it was
unclear if a TNF-inhibitor was used when the sleep study was
completed. A comparison of patients included and excluded
from this investigation demonstrated no differences in demo-
graphics, comorbidities, SpA features, SpA disease activity,
TNF-inhibitors, or other SpA therapies.

The mean age of participants was 59.7 + 11.8, and 43 (96%)
were male. (Table 1) The mean BMI was 29.2 + 5.2. Thirty-one
(69%) participants had hypertension, 4 (9%) had ischemic car-
diomyopathy, and 3 (7%) had a history of a stroke. Radiograph-
ic measures of cervical spine disease included a mean cervical
mSASSS score of 8.5 + 8.4, a mean number of syndesmophytes
of 2.8 £ 2.0, and a maximum syndesmophyte size mean of 2.6 +
1.4. The mean BASDAI and BASFI scores were 4.5 + 2.5 and
4.3 £ 2.6, respectively. The mean ESR was 14.6 £ 14.2 mm/h,
and the mean CRP was 10.0 = 10.8 mg/L.

Thirty-four (76%) participants had an AHI > 5. The mean
AHI was 17.7+ 16.4. The AHI was > 5 in 18 (80%) AS patients,
14 (70%) PsA patients, and 2 (100%) enteric arthritis (EA) pa-
tients. The mean AHI of participants tested with home monitor-
ing devices was not statistically different than the mean AHI of
participants tested with laboratory PSG (16.7 + 17.6 vs. 20.9 +
13.3, respectively, p = 0.47).

Therapy data were available in 44 of the 45 participants.
Twenty-one (48%) were receiving TNF-inhibitor therapy at
the time of sleep testing. Non-biologic disease modifying
anti-rheumatic drugs (DMARDs) included methotrexate, hy-
droxychloroquine, sulfasalazine, and leflunomide. Sixteen
(36%) patients received non-biologic DMARDs, and 8 (18%)
were on a combination of a TNF-inhibitor and non-biologic
DMARD(s). Glucocorticoids were not used by any participant
within 12 months prior to sleep testing.

In comparing participants with and without TNF-inhibitor
therapy, the demographics, SpA subtype distribution, and co-
morbidities were similar (Table 2). Radiographic disease of the
cervical spine, as measured by the cervical mSASSS, number
of syndesmophytes, and maximum syndesmophyte size, was
similar in participants receiving and not receiving TNF-inhib-
itors. The BASDAI and BASFI disecase activity scores were
lower in the group receiving TNF-inhibitor therapy than the
group without TNF-inhibitor therapy, but the differences were
not statistically significant. There were no differences in ESR or
CRP between groups.

Participants using TNF-inhibitor therapy had OSA less
frequently than participants without TNF-inhibitor therapy
(12 [57%] vs. 21 [91%], p = 0.01). Compared to participants
taking TNF-inhibitors, participants without TNF-inhibition had
more abnormal OSA outcomes, including a higher proportion
of participants with AHI > 15, a higher mean AHI, a higher
percent time with oxygen saturation < 90%, and a higher mean
ESS score, but the differences were not statistically significant.
The allocation of home monitoring devices and PSG testing
was similar in the TNF-inhibitor and no TNF-inhibitor groups
(p = 1.00). Similar proportions of participants with and without

OSA in SpA patients with TNF-Inhibitors

Table 1—Characteristics of 45 participants
No.£8Dor(%) n
Demographics

Age (mean) 59.7+11.8 45
Male 43 (96) 45
BMI (mean) 292+52 45
Comorbidities
Hypertension 31(69) 45
Ischemic CM 4(9) 45
Stroke 3(7) 45
SpA features and activity
Cervical mSASSS 85+84 36
Number of syn 28+20 36
Max syn size (mm) 2614 36
BASDAI 45425 25
BASFI 43+26 25
ESR (mm/h) 146 £14.2 22
CRP (mglL) 10.0 £10.8 20
OSA outcomes
AHI =5, all 34 (76) 45
AHI (mean), all 17.7+£16.4 45
AHI = 5,AS 18 (80) 23
AHI = 5, PsA 14 (70) 20
AHI 25, EA 2(100) 2
AHI (mean), home test 16.7 £ 17.6 36
AHI (mean), PSG 209+133 9
Therapy
TNF-i 21 (48) 44
Non-biologic DMARD 16 (36) 44
TNF-i + non-biologic 8 (18) 44
Glucocorticoids 0 44

SpA, spondyloarthritis; No., number of participants; SD, standard
deviation; n, sample size; BMI, body mass index; CM, cardiomyopathy;
mSASSS, modified Stoke Ankylosing Spondylitis Spinal Score; Max,
maximum; syn, syndesmophyte; ESR, erythrocyte sedimentation rate;
CRP, C-reactive protein; OSA, obstructive sleep apnea; AHI, apnea
hypopnea index; AS, ankylosing spondylitis; PsA, psoriatic arthritis; EA,
enteric arthritis; TNF-i, tumor necrosis factor a inhibitor; DMARD, disease
modifying anti-rheumatic drug.

TNF-inhibition were taking non-biologic DMARD:s at the time
of sleep testing.

Correlation coefficients were calculated between AHI and
SpA features and between AHI and SpA activity measures in
all participants, regardless of TNF-inhibitor therapy (Table 3).
There were moderate correlations between AHI and BASDALI
(R=0.49) and between AHI and BASFI (R = 0.47). The ESR,
CRP, cervical mSASSS, number of syndesmophytes, and
maximum syndesmophyte size did not significantly correlate
with AHI.

DISCUSSION

We found that OSA was less frequent in participants re-
ceiving TNF-inhibitor therapy, compared to participants not
receiving TNF-inhibitor therapy. Additionally, there were non-
significant trends toward less severe OSA in the TNF-inhibitor
group, with respect to AHI, oxygen saturation, and sleepiness.

Journal of Clinical Sleep Medicine, Vol. 8, No. 6, 2012
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Rﬁzlel 2—Characteristics of 44 SpA patients with and without

TNF-i No TNF-i
No. +SD No. = SD
or % n or % n p

Demographics

Age (mean) 587117 21 606119 23 0.59

Male 21(100) 21 2191 23 0.49

BMI (mean) 292+55 21 295+48 23 0.84
SpA subtype

PsA 12(57) 21 11(48) 23 0.56

AS 9(43) 21 1148) 23 0.77

EA 0 21 1(4) 23 1.00

Comorbidities

Hypertension 17@81) 21 14(61) 23 0.19

Ischemic CM 3(14) 21 1(4) 23 0.60

Stroke 3(14) 21 0 23 0.10
SpA features and activity

Cervical 82+73 18 89+95 18 0.80

mSASSS

Numberofsyn  27+20 18 28+21 18 0.94

23+14 18 0.36

Max syn size 27+15 18

(mm)

BASDAI 39+25 13 51+£27 M 0.29

BASFI 36+£22 13 48+26 11 0.26

ESR (mm/h) 14.1+£151 13 155+135 8 0.83

CRP (mg/L) 100+£121 11 10.1+96 8 0.98
OSA

AHI =5 12(57) 21 21091 28 0.01

AHI =15 8(38) 21 12(52) 23 0.38

AHI (mean) 13.7£135 21 21.5+18.0 23 0.12

%tme 0,<90% 18+28 21 33+£32 19 0.11

ESS 73+£38 19 102+52 17 0.07

Home testing 17 (80) 21 18(78) 23 1.00

PSG testing 4(19) 21 5(22) 23 1.00
Therapy

Non-biologic 9(43) 2 7(30) 23 0.53

DMARD

SpA, spondyloarthritis; TNF-i, tumor necrosis factor a inhibitor; No.,
number of patients; SD, standard deviation; n, sample size; BMI, body
mass index; PsA, psoriatic arthritis; AS, ankylosing spondylitis; EA, enteric
arthritis; CM, cardiomyopathy; mSASSS, modified Stoke Ankylosing
Spondylitis Spinal Score; Max, maximum; syn, syndesmophyte; BASFI,
Bath Ankylosing Spondylitis Functional Index; BASDAI, Bath Ankylosing
Spondylitis Disease Activity Instrument; ESR, erythrocyte sedimentation
rate; CRP, C-reactive protein; OSA, obstructive sleep apnea; PSG,
polysomnography; O, oxygen saturation; ESS, Epworth Sleepiness
Scale; DMARD, disease modifying anti-rheumatic drug.

These data suggest that TNF-inhibition may protect against the
development of OSA and decrease OSA severity. The improve-
ment in AHI and sleepiness in obese patients treated with a
TNF-inhibitor reported by Vgontzas et al. also suggested that
TNF-inhibition may reduce OSA severity and sleepiness.'®
These findings are conceptually supported by the growing body
of evidence implicating TNF-o and other inflammatory media-
tors in the pathophysiology of OSA."!3

The mechanistic relationship between inflammation and
hypoxia in OSA is unclear. It has been proposed that intermit-
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Table 3—Correlations between AHI and SpA features and
activity measures in all participants

Correlation
coefficient (R) n p
BASDAI 0.49 25 0.01
BASFI 0.47 25 0.02
ESR (mm/hr) 0.15 21 0.53
CRP (mglL) 0.11 19 0.65
Cervical mSASSS 0.04 36 0.83
Number of syn -0.07 36 0.69
Max syn size (mm) 0.15 36 0.36

AHI, apnea hypopneaindex; SpA, spondyloarthritis; n, sample size; BASFI,
Bath Ankylosing Spondylitis Functional Index; BASDAI, Bath Ankylosing
Spondylitis Disease Activity Instrument; ESR, erythrocyte sedimentation
rate; CRP, C-reactive protein; mSASSS, modified Stoke Ankylosing
Spondylitis Spinal Score; Max., maximum; syn, syndesmophyte.

tent hypoxia stimulates inflammatory cytokine production,
and resultant inflammation contributes to OSA comorbidities,
such as cardiovascular disease.”” This theory suggests that
suppression of inflammation may improve comorbidity-relat-
ed outcomes for OSA patients, but fails to explain the possi-
ble protective effects of TNF-inhibition on OSA development
and severity. Research in children and adults with OSA has
demonstrated that intranasal steroids improve AHI, presum-
ably by diminishing inflammation in hypertrophied lymphoid
tissue adjacent to airways.”?* An alternative hypothesis is
that alterations of cholinergic activity with TNF-inhibition
may reduce airway collapse during sleep. Acetylcholine in-
creases muscle contraction and sympathetic autonomic ac-
tivity. It is also involved in the regulation of inflammatory
cytokines, including TNF-a.?*2* TNF-inhibition may alter the
balance of acetylcholine and inflammatory cytokines. These
changes may positively influence airway musculature and re-
duce hypoxic events in OSA patients. A pilot study, reporting
reductions in AHI after therapy with a cholinesterase inhibi-
tor, supports this hypothesis.?’

Since systemic inflammation is suspected to contribute to
the severity of OSA, we hypothesized that AHI would correlate
with measures of SpA disease activity. BASDAI and BASFI
scores had moderate correlations with AHI, suggesting that
higher burdens of inflammation are positively associated with
OSA severity. In contrast, ESR and CRP did not correlate with
AHI. This was unexpected, since CRP levels have been demon-
strated to correlate with both OSA and SpA disease activity.?®
However, other uncontrolled factors may have influenced ESR
and CRP levels, including non-biologic DMARD use. Several
non-biologic DMARDs were used by participants, and these
DMARDS are known to affect ESR and CRP levels.

We also explored the hypothesis that structural changes in
the cervical spine may increase the risk of OSA in SpA patients.
Our data did not support this premise, with no correlations be-
tween AHI and any measure of radiographic disease of the cer-
vical spine. We were unable to comment on the relationship
between glucocorticoid use and OSA because glucocorticoids
were not used by any participant. The lack of support for these
alternative hypotheses strengthens our position that suppression
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of inflammation contributed to the lower frequency of OSA in
participants on TNF-inhibitor therapy.

The markedly elevated frequency of OSA in veterans with
SpA suggests that the scope of this medical condition may be
greater than previously recognized. The 80% frequency of OSA
in the 20 veterans with AS is much higher than the 12% and
23% prevalences reported in AS patients in German and Turk-
ish studies.’® The older mean age of 60 in this study, compared
to 47 and 33 in the respective aforementioned studies, may ac-
count for some of the differences in OSA prevalence. Age was
established as a risk factor for OSA in a study of 741 men, in
which the OSA prevalence was 24.8% in men > 65 years old
compared to 7.9% in men 20-44 years old, when OSA was de-
fined as AHI > 5, regardless of symptoms.* Since body weight
is the strongest predictor of OSA,' the higher mean BMI 0£29.3
in this study, compared to 26.4 and 24.5 in the German and
Turkish studies, also likely contributed to the high OSA fre-
quency in this investigation.

There may have been additional characteristics affecting the
risk for OSA in this veteran population that differed from the
German and Turkish populations. The prevalence of OSA in
4,060,504 U.S. veterans according to ICD-9 codes was 2.9%,*
but these patients likely represent only the most symptomatic
veterans. The prevalence of OSA was 27% among 26 randomly
selected veteran inpatients, when OSA was defined by > 30 epi-
sodes of apnea per night.>' A matched control group of outpa-
tient veterans without SpA would be required to quantify the
differential risk for OSA with and without SpA. However, the
very high frequency of OSA in this population suggests that
providers should consider routine screening for OSA risks in
SpA patients.

Enhanced awareness of the elevated risk of OSA in SpA
will create opportunities to improve patients’ quality of life and
potentially survival. In a study evaluating the relative impor-
tance of disease features, approximately 50% of AS and PsA
patients ranked fatigue among their top 3 priorities for disease
improvement.* OSA is strongly associated with fatigue, and
CPAP therapy improves energy levels and quality of life.?323
Importantly, long-term CPAP is also associated with decreased
mortality.>**

Despite the benefits of CPAP, approximately 30% of OSA
patients stop CPAP within 10 years, primarily because of in-
tolerance.’® The only available nonsurgical alternatives involve
oral and nasal appliances, which are generally less effective.’”*
OSA patients would benefit from additional therapeutic op-
tions, and improving our understanding of TNF-inhibition in
OSA may lead to the development of novel therapies.

This study is limited by the small sample size. An additional
limitation involves the use of different types of sleep apnea test-
ing. While PSG in a sleep laboratory is the gold standard, porta-
ble home monitoring devices are increasingly used to improve
access and reduce cost. Comparisons of home monitoring to
laboratory PSG have demonstrated strong correlations between
the diagnostic results of these testing modalities.* Additionally,
equivalent outcomes have been reported in patients tested with
home studies and in-laboratory PSG.*

In conclusion,this investigation demonstrated a high fre-
quency of OSA in veterans with SpA and suggests that OSA
is underrecognized in this population. SpA patients currently

OSA in SpA patients with TNF-Inhibitors

treated with TNF-inhibitors had OSA less frequently than un-
treated patients. Further investigation of TNF-inhibition in
OSA may provide mechanistic insights into the pathogenesis of
OSA,and TNF-inhibition should be explored as an alternative
therapy to CPAP.
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