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Background: Crohn's disease (CD) and ulcerative colitis (UC) involve an inflammatory state where sleep dysregulation is common. Little is
known about implications, if any, of inflammatory bowel disease (IBD) on the development of obstructive sleep apnea (OSA). This study aims to
investigate if IBD patients are at higher risk for OSA.

Methods: This retrospective multivariate analysis utilized a commercial database named Explorys (IBM Watson). We identified patients from
1/2015 to 1/2020 with UC and CD. Cohorts of these patients with and without OSA were then created and prevalence values were obtained. A
multivariate analysis was used to correct for several potential confounding variables.

Results: The overall prevalence of OSA was 7.8% in UC and 7.2% in CD, as compared with a prevalence of 4.3% in non-IBD patients (odds ratio
[OR] for UC: 1.9 [95% CI 1.86-1.94, P < .0001], OR for CD: 1.72 [95% CI 1.69-1.76, P < .0001]). In multivariate analysis, age above 65, Caucasian
race, male sex, obesity, smoking, hypertension, and diabetes were all independent risk factors for the development of OSA, with obesity being
the most significant. After controlling for the listed variables in the multivariate analysis, IBD was an independent risk factor associated with
OSA (OR 1.46, 95% Cl 1.43-1.48).

Conclusions: In this large population-based study, IBD was independently associated with increased prevalence of OSA. This has implications
for screening for OSA in IBD, as well as management of other risk factors for OSA in IBD.

Lay Summary

This study looked to see if there was a relationship between inflammatory bowel disease (IBD) and obstructive sleep apnea (OSA), a breathing
disorder. After correcting for other factors, it was found that IBD was associated with more diagnoses of OSA.
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Introduction airway inflammation, which, can manifest as tracheal stenosis
and bronchiectasis.*

IBD leads to higher risk for cardiovascular disease, with
a recent study showing a link between IBD and acute my-
ocardial infarction.” OSA also results in a proinflammatory
state and is associated with coronary heart disease, heart
failure, and arrhythmias.® Given that both IBD and OSA por-
tend a high risk for morbidity and mortality and a potential
link between the 2 disease processes has not been previously
described, this study aims to investigate whether or not IBD
patients are at higher risk of OSA.

The pathogenesis of obstructive sleep apnea (OSA) is multi-
factorial and heterogeneous. However, a factor in the path-
ophysiology is enlargement of the soft tissues of the upper
airway.! This can occur as the result of inflammation and
edema, either locally, as the result of trauma caused by vibra-
tion during snoring, or systemically.'

The inflammatory bowel diseases (IBD), comprised of
Crohn’s disease (CD) and ulcerative colitis (UC), are present in
an estimated 1.5 million people across North America and 2.5
million people across Europe.? Both CD and UC are mediated
by inflammatory cytokines through specific types of T cells
that are activated, but the cytokine profiles differ between the
2 diseases.> Through similar mechanisms, this inflammatory

Methods

state affects both the gastrointestinal tract and extraintestinal
sites, such as the kidneys, skin, and liver.* Previous studies
have demonstrated an association between IBD and persistent

Study Design

This retrospective analysis utilized a large electronic med-
ical record (EMR)-based database named Explorys (IBM
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diagnosis of UC by the total number of patients with UC.
Similarly, the prevalence of OSA in CD and in non-IBD
patients was calculated.

A multivariate model was created using the “fast search”
tool in Explorys to identify those active within the last 3 years,
a new cohort independent of that previously studied, and
adjusting for the following potential confounding variables:
age, race, sex, obesity, smoking, benign hypertension, and di-
abetes mellitus. With OSA as the dependent variable, odds
ratios (ORs) were calculated, along with their respective 95%
ClIs. The associated P values were also calculated, with P < .05
being considered statistically significant.

Results

Among active patients in the database from January 2015 to
January 2020, there were 117 510 with a diagnosis of UC,
145 590 with a diagnosis of CD, and 40 707 320 without
either diagnosis. Table 1 shows baseline characteristics of the
studied population, including age, race, sex, and comorbid
conditions.

The results of the unadjusted analysis are presented in
Figure 1. OSA was present in 9210 patients who had UC,
a significantly higher prevalence than those without IBD
(7.8% vs 4.3%, OR 1.90, 95% CI 1.86-1.94, P < .0001).
In CD patients, OSA was present in 10 460 patients, also
significantly higher than those without IBD (7.2% vs 4.3%,
OR 1.72, 95% CI 1.69-1.76, P < .0001). In addition, Table
2 shows the results of the unadjusted analysis when further
subcategorized by age, race, and comorbidity. There is signifi-
cant variability in the effects of IBD on the rates of OSA among
the subgroups, but ORs in each subcategory demonstrated a
significant increase in risk for OSA for both Crohn’s and UC,
as compared with non-IBD patients.

A multivariate analysis with OSA as the dependent vari-
able was conducted in order to adjust for the covariates listed
above. The raw data for the analysis can be viewed in the
Supplementary Material. Table 3 details the results of the
analysis. Age above 65, Caucasian race, male sex, obesity,
smoking, hypertension, and diabetes were all independent
risk factors for the development of OSA. Obesity represented

Prevalence of OSA in IBD and non-IBD Patients
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Figure 1. Prevalence of obstructive sleep apnea in patients with and
without inflammatory bowel disease. OSA was present in 9210 patients
who had ulcerative colitis, a significantly higher prevalence than without
IBD (7.8% vs 4.3%, OR 1.90, 95% Cl 1.86-1.94, P < 0.0001). OSA

was present in 10 460 patients, also significantly higher than those
without IBD (7.2% vs 4.3%, OR 1.72, 95% Cl 1.69-1.76, P < 0.0001).
Abbreviations: CD, Crohn'’s disease; IBD, inflammatory bowel disease;
OR, odds ratio; OSA, obstructive sleep apnea; UC, ulcerative colitis.

Table 2. Prevalence of obstructive sleep apnea with and without inflammatory bowel disease by age, race, and risk factor.

Diabetes

Smoking Hypertension

Obesity

Caucasian Non-Caucasian

Age 65+

Age 18-65

3920 (0.43);

2430 (0.26); 7280 (0.79);

5240 (0.57);

4330 (0.47); 4910 (0.53); 7790 (0.85); 2470 (0.27);

OSA in UC
(N

OR 1.07 (95%
CI1.03-1.11)

OR 1.06 (95%
CI1.03-1.08)
8140 (0.78);

OR 1.41 (95%

OR 1.05 (95%
CI1.02-1.09)
6190 (0.59);

OR 2.01 (95%

OR 1.55 (95%
CI1.51-1.58)
8700 (0.83);

OR 1.41 (95%

OR 1.55 (95%
CI1.50-1.60)
5840 (0.56);

9210)

CI1.35-1.47)
3520 (0.34);

CI1.93-2.10)

3000 (0.29);

Cl 1.37-1.45)
4600 (0.44);

4460 (0.43);

OSA in CD

OR 1.18 (95%
CI 1.14-1.22)

OR 1.08 (95%
CI1.06-1.11)
1224 020
(0.70)

OR 1.16 (95%
CI 1.12-1.20)

OR 1.06 (95%
CI 1.03-1.09)

OR 1.90 (95%
CI 1.83-1.97)

OR 1.42 (95%
CI 1.39-1.45)
1329 600
(0.76)

OR 1.44 (95%
CI 1.40-1.48)

OR 1.47 (95%

CI 1.44-1.51)

10

(N

460)

633100 (0.36)

935260 (0.54) 417 550 (0.24)

536810 (0.31)

723200 (0.41)

96 8100 (0.55)

OSA in non-
IBD (N =1
745 140)

Abbreviations: CD, Crohn’s disease; IBD, inflammatory bowel disease; OR, odds ratio (relative to non-IBD control group); OSA, obstructive sleep apnea; UC, ulcerative colitis.
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Table 3. Multivariate analysis with OSA representing the dependent variable.

Prevalence of OSA in IBD

P Odds ratio 95% CI (lower) 95% CI (upper)
Age >65 <.0001 1.524 1.517 1.530
Caucasian <.0001 1.570 1.563 1.578
Male <.0001 1.730 1.723 1.737
Obese <.0001 6.412 6.383 6.440
Smoking <.0001 1.407 1.400 1.414
Hypertension <.0001 2.185 2.174 2.196
Diabetes mellitus <.0001 2.480 2.468 2.491
Inflammatory bowel disease <.0001 1.459 1.434 1.483

Abbreviation: OSA, obstructive sleep apnea.

the most significant risk factor (OR 6.41,95% CI 6.38-6.44).
In addition, after adjusting for the other variables listed, this
analysis demonstrated that IBD was independently associated
with OSA (OR 1.46, 95% CI 1.43-1.438).

Discussion

Previous studies have demonstrated an association between
IBD and extraintestinal inflammation, including persistent
airway inflammation.* Inflammation of the upper airways is a
known pathophysiologic mechanism for the development of
OSA." However, until this retrospective analysis, no studies
had investigated the effects of IBD on the subsequent devel-
opment of OSA. In this study, we observed that IBD was in-
dependently associated with an increased prevalence of OSA.

A statistically significant increase of OSA in patients with
underlying IBD was demonstrated in the initial unadjusted
analysis. However, several differences in baseline charac-
teristics among the CD, UC, and non-IBD subgroups made
interpreting these data difficult. As a result, a multivariate
analysis adjusting for major risk factors was conducted.
In addition to confirming increased rates of OSA for each
known risk factor (age >65, Caucasian race, male sex, obe-
sity, tobacco use, hypertension, and diabetes mellitus), IBD
was shown to independently associated with OSA.

This proinflammatory state in IBD is 1 potential mech-
anism for the development of OSA. This has been previously
described in other inflammatory conditions. For example,
1 previous study demonstrated that a larger proportion of
rheumatoid arthritis patients screened as “high risk” for sleep
apnea, as compared with a control group.!* Inflammatory cy-
tokine levels, such as tissue necrosis factor alpha, have been
shown to correlate to the severity of OSA."S IBD similarly can
lead to increased levels of inflammatory cytokines and sys-
temic inflammation. In turn, this can lead to local enlarge-
ment and edema of soft tissue and subsequent obstruction
during sleep, resulting in apnea and hypopnea.

Via similar mechanisms, as a result of the proinflammatory
environment, IBD has previously been demonstrated to be
associated with higher rates of cardiovascular disease, inde-
pendent of other risk factors. For example, in Panhwar et al,
IBD was found to confer a higher risk of acute myocardial
infarction with an adjusted OR of 1.25 (95% CI 1.24-1.27,
P < .0001).° One proposed pathophysiologic mechanism is
the chronic inflammation of IBD leading to increasing arterial
stiffness and impaired endothelial function.'®

There are several potential implications of the increased
risk of OSA in IBD. For example, it may be beneficial to screen
patients with IBD for OSA more frequently than the general
population. In addition, more aggressive cardiovascular risk
factor management may be indicated in patients with both
IBD and OSA given their increased risk of cardiovascular dis-
ease. Currently, it is unclear how the severity and treatment
of IBD affect the risk of OSA, but this could be addressed
in further studies and would further influence screening and
management.

Strengths of this study include the large population size
due to the use of a database like Explorys. This large dataset
allows for more precise results with narrow Cls for each OR
for known risk factors of OSA, as well as IBD as an inde-
pendent risk factor. In addition, the relationship between IBD
and OSA is demonstrated in both an unadjusted and adjusted
analysis.

The Explorys database has inherent limitations, as well.
This includes the fact that patients may seek some of their
care at healthcare systems within the Explorys network and
some of their care at outside facilities. In addition, Explorys
relies on SNOMED-CT diagnosis codes. This may not ac-
curately identify all patients with these conditions and
provides no verification these diagnoses are correct. For ex-
ample, there was no way of confirming the diagnosis of OSA
was based on a formal sleep study. Due to the limitations
of Explorys, we were also unable to collect data regarding
the extent, location, and severity of pathology in those with
IBD. These factors, especially severity, may affect the asso-
ciation with OSA. Last, though we were able to correct for
obesity using the multivariate analysis, body mass index
data for these patients were not available and may be dif-
ferent among the cohorts.

Finally, ascertainment bias is a significant limitation in this
study population, as IBD patients may be more involved with
the healthcare system than the average patient. This leads
to an increased chance of being diagnosed with our studied
comorbidities, as well as OSA.

As above, future research could confirm these data
prospectively, in addition to clarifying if the risk of OSA
increases with increasing severity of IBD, as well as how
treatment of IBD affects the risk of developing OSA. Future
studies could also investigate outcomes in patients with IBD
who develop OSA, as it is currently unknown if OSA and
IBD have additive effects in terms of cardiovascular risk. In
summary, this is one of the first studies to show that IBD is
an independent predictor of OSA. As such, we recommended



Hoffman et al

screening for OSA in patients with IBD, especially in those
with 1 or more traditional risk factors for OSA and/or sleep
dysregulation.

Supplementary Data

Supplementary data is available at Crobn’s and Colitis 360
online.
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