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Abstract: (1) Background: Systemic sclerosis (SSc) is a rare systemic disease, which often affects the
esophagus, leading to dilation and complications such as dysphagia and reflux. Obstructive sleep
apnea (OSA) is a chronic condition with recurrent episodes of upper airway collapsibility and is
known to impair quality of life (QoL). The primary aim of this study was to investigate the occurrence
of esophagus dilation in patients with SSc and concomitant OSA and, further, to address the impact
of these conditions on QoL. (2) Methods: In this cross-sectional cohort study, 62 consecutive patients
with SSc underwent chest computer tomography (CT) and home sleep apnea testing. The OSA
diagnosis was based on AHI > 15 events/h. The QoL was quantified using the short-form (SF)-
36 questionnaire. The patients were dichotomized as high- vs. low-esophageal-diameter groups,
based on the median cut-off values. (3) Results: The mean age was 48 + 11 years; 58 (93.5%) were
female; the mean BMI was 26.7 + 5.0 kg/m?. The median esophageal diameter was 17.47 mm. A
larger esophageal diameter was more frequently associated with the diffuse cutaneous subtype of
SSc (p = 0.002) and significantly higher Warrick scores (p < 0.001), indicating more severe pulmonary
fibrosis. There was a significant linear correlation between the Warrick score and the esophageal
diameter (standardized (3 coefficient 0.544 [%95 confidence interval 0.250-0.609]; p < 0.001). In the
subgroup analysis, the patients with both OSA and enlarged esophageal diameter experienced a
significant decline in QoL, particularly in the domains of physical functioning, role physical, general
health, role emotional, and vitality. (4) Conclusions: While OSA was not directly associated with
enlarged esophageal diameter in patients with SSc, those with both OSA and enlarged esophageal
diameter exhibited a significant decline in QoL. These findings suggest that the presence of OSA may
exacerbate the adverse effects of esophageal dilation on QoL in SSc patients. Our results underline
the importance of considering both gastrointestinal and sleep-related aspects in SSc management to
enhance patient QoL.

Keywords: systemic sclerosis; scleroderma; obstructive sleep apnea; quality of life; esophagus dilation

1. Introduction

Systemic sclerosis (SSc) is a chronic autoimmune connective tissue disease affecting
various organ systems, including the skin, lungs, heart, and gastrointestinal tract. The
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subsets of SSc include limited cutaneous SSc, diffuse cutaneous SSc, and SSc without skin
involvement [1,2].

About 90 percent of patients with SSc have some degree of gastrointestinal (GI) involve-
ment, and one of the most frequently affected regions within the GI tract is the esophagus.
Approximately 50% of patients with GI involvement have symptoms such as dysphagia,
reflux, and motility disorders [3]. These complications may significantly impair the quality
of life (QoL) of affected individuals. Dysphagia and reflux cause physical discomfort and
contribute to psychosocial challenges, including anxiety and depression symptoms, as well
as further worsening patients” QoL [4]. There is no effective treatment or cure for SSc, so
the treatment for SSc is primarily aimed at managing symptoms, preventing complications,
and improving QoL.

Despite the high incidence of esophageal complications in SSc¢ patients, the con-
comitant occurrence of obstructive sleep apnea (OSA) is an area of concern that remains
under-explored. Obstructive sleep apnea is a sleep disorder characterized by obstruction of
the upper airway during sleep, leading to episodes of apneas or hypopneas [5]. This condi-
tion is associated with numerous symptoms, including excessive daytime sleepiness and
cognitive challenges, which may further compound the GI symptoms, particularly reflux,
experienced by these patients. Patients with OSA may complain of daytime sleepiness,
morning headache, and memory and cognitive deficits [6]. Gastrointestinal symptom:s,
particularly GI reflux, are also common in patients with OSA [7]. Studies also indicate that
untreated OSA significantly reduces QoL, affecting social, emotional, and physical well-
being [8,9]. There are similar findings in other systemic rheumatologic diseases, indicating
that reduced quality of life and sleep disturbances are common, further underscoring the
effects of these conditions on patient well-being [10].

We previously demonstrated that SSc patients with concomitant OSA was associated
with the risk of developing pulmonary hypertension, which was unrelated to the extent of
pulmonary involvement. Scleroderma involvement of the lungs was shown in 40 out of
62 patients, and enlarged mean pulmonary artery diameter was present in 16 participants.
Additionally, a significant correlation was identified between mean pulmonary artery
diameter and OSA severity indices, namely the apnea-hypopnea index (AHI) and the
oxygen desaturation index (ODI) [11]. It has been suggested that fibrosis associated with
scleroderma may exacerbate OSA symptoms by affecting lung and airway function [12].
The systemic inflammation and fibrotic processes characteristic of SSc may predispose
patients to both esophageal dilation and OSA. Given the close anatomical and physiological
relationships between the esophagus and the upper airways, we also hypothesized that
esophageal complications may interact with OSA in patients with SSc, potentially exacer-
bating both conditions and QoL. Thus, the primary aim of this study was to investigate the
occurrence of esophagus dilation in SSc and its effect on QoL in patients with concomitant
OSA in the same cohort.

2. Materials and Methods
2.1. Study Design and Participant Selection

This cross-sectional cohort study took place at the Marmara University Pendik Teach-
ing and Education Hospital, Istanbul, during the period 1 April to 1 October 2016. All
consecutive patients diagnosed with SSc and receiving care from the Departments of
Rheumatology and/or Pulmonary Medicine departments, who did not have any known
OSA, psychiatric or neurologic conditions, were invited to participate.

2.2. Basic Clinical Characteristics

Anthropometric information and past medical history for the whole cohort were
extracted from patients’ medical files. Height and weight were measured, and body mass
index (BMI) was determined using the ratio of body weight to the square of height in
meters, with obesity identified by a BMI threshold of 30 kg/m? or higher. Based on skin
involvement scope, patients were sorted into categories of either limited cutaneous SSc or
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diffuse cutaneous SSc, following the criteria developed by Leroy et al. [13]. Baseline data
on accompanying illnesses, such as hypertension and diabetes, were gathered through self-
reporting or diagnoses confirmed by physicians. Current medications were also recorded.

2.3. Pulmonary Function Testing

Lung function tests involving forced vital capacity (FVC) and forced expiratory vol-
ume in 1 s (FEV1) was calculated with MIR Spirolab II spirometry (Medical International
Research, Italy), diffusing capacity of lung for carbon monoxide (DLCO) was calculated
using a body plethysmograph (CareFusion Type MasterScreen PFT; Hoechberg, Germany),
and all results were analyzed following the established guidelines [14,15].

2.4. High-Resolution Computed Tomography

All patients underwent high-resolution computed tomography (HRCT) at the Depart-
ment of Radiology, and Siemens SOMATOM Definition Flash (Erlangen, Germany) was
employed for imaging. Scans older than six months were updated. The chest images were
conducted with patients lying on their back and during end-inspiration. The area of the
images covered from the top of the lungs to the bottom, with 0.6-millimeter collimation and
slices ranging from 1 to 2 mm in thickness at increments of 0.5 mm. Five key anomalies were
identified for assessment, and their seriousness was measured with the Warrick scoring
system (Table 1) [16]. These included ground glass opacities (score 1), pleural irregularities
(score 2), septal /subpleural lines (score 3), honey combing (score 4), and subpleural cysts
(score 5). Additionally, an extent score was applied based on the number of lung segments
involved: 1-3 (score 1), 4-9 (score 2), and more than 9 (score 3), respectively. The total
possible score was 30.

Table 1. Warrick scoring system.

Lesions and Lung Segments Score

Pulmonary Abnormalities Disease Severity Score
Ground-glass opacity
Irregularities at the pleural
Septal/subpleural lines
Honeycombing
Subpleural cysts

Number of Affected Segments isease Extent Score
1-3
4-9

>9

WP Ok RN =

The coronal esophageal diameter was assessed at 3 levels on CT chest scan, above
aortic arch, between the inferior pulmonary vein and the aortic arch, and the diaphragmatic
hiatus, respectively, by a senior pulmonologist blinded to the clinical data. The widest
esophageal diameter was determined by measuring the greatest distance between inner
esophageal mucosal limits at the 3 levels [17]. The patients were dichotomized into a high-
or low-esophageal-diameter group, based on the median cut-off values.

2.5. Epworth Sleepiness Scale

The level of daytime sleepiness was assessed with the Turkish version of the Epworth
Sleepiness Scale (ESS) questionnaire [18]. The ESS evaluates of 8 questions to assess the
probability of falling asleep under 8 situations in the past month. Responses are rated on a
scale from 0 to 3 (0, would never doze; 1 a slim chance; 2 a moderate chance; and 3 a high
chance). The total ESS score can range from 0, indicating no sleepiness, to 24, the highest
level of sleepiness. A score of 11 or higher on the ESS was categorized as excessive daytime
sleepiness (EDS).
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2.6. The Short Form 36 Health Survey (SF-36)

The Turkish version of the Short Form 36 Health Survey (SF-36) was used. It is a survey
with 36 questions that represent eight health areas: physical functioning, role limitations
due to physical health problems, bodily pain, general health, vitality, social functioning,
role limitations due to emotional problems, and mental health. Each answer is transformed
into a measure from 0 (worst) to 100 (best). Higher scores indicate better QoL. Additionally,
patients” SF-36 scores were compared with Turkish SF-36 normative data [19].

2.7. Home Sleep Apnea Testing

The simplified sleep study was performed through with a portable home sleep apnea
testing (HSAT) device (NOX-T3; Nox Medical Inc., Reykjavik, Iceland), which included
measurements. The device gauged nasal airflow with a pressure-sensitive cannula, detected
chest and abdomen movement with plethysmography belts, and measured heart rate and
blood oxygen saturation (SpO,) with a finger-pulse oximeter, as well as body position and
movement. Additionally, the NOX-T3’s integrated microphone captured audio data for
snore analysis. Patients with less than four hours of recorded sleep time were given the op-
portunity for new HSAT. An apnea was characterized as an approximately complete (>90%)
reduction in airflow, and hypopnea was noted as a drop in nasal pressure amplitude of
>30% and/or thoracoabdominal movement >30% for >10 s if there was significant blood
oxygen desaturation (a significant drop in SpO, of at least 3% from baseline) according to
the American Academy of Sleep Medicine’s latest guidelines [20]. Additionally, total num-
ber of significant desaturations was scored, and the oxygen desaturation index (ODI) was
calculated based on the frequency of significant desaturations per hour of estimated sleep.
Minimum SpO, and time spent below 90% SpO, (TS90%) were also noted. Obstructive
sleep apnea was identified by an AHI of 15 or more events per hour, in accordance with
the most recent sleep disorder classifications [21], without considering any accompanying
OSA symptoms. All HSAT recordings were evaluated by a single physician (Y.P.), who was
uninformed about patients, clinical details, and findings from the lung function tests and
HRCT scans.

2.8. Statistical Analysis

For the analysis, variables were expressed as either the mean and standard devi-
ation, or the median with the interquartile range, with 25th and 75th percentiles for
continuous variables, and categorical variables were shown as counts and percentages.
To compare baseline variables between groups, we used the independent-sample ¢-test
or Mann-Whitney U for the continuous data and the chi-square test for the categorical
data. Normality of the data was verified using the Shapiro-Wilk test. Kruskal-Wallis
test was performed to compare the study subgroups, which were categorized relying on
the combination of presence or absence enlarged esophageal diameter (EED) and OSA.
Post hoc pairwise comparisons were conducted using the Mann-Whitney U test with
Bonferroni correction.

A multivariate linear regression analysis was conducted to test variables associated
with the primary outcome for the esophageal diameter. Covariates were chosen based on
recent guidelines [22], including age, BMI, sex, disease duration, Warrick score, DLCO,
time below SpO, < 90%.

All statistical tests were two-sided, and a p value of less than 0.05 was considered
significant. Statistical analysis was performed using SPSS version 26.0 for Windows (SPSS
Inc., Chicago, IL, USA).

3. Results

A total of 79 patients with SSc were identified as eligible (Figure 1). Two patients were
excluded due to having accompanying psychiatric and neurological conditions, and 13
did not want to participate. Thus, 64 patients agreed and underwent HSAT. Two patients
were excluded due to technical failure and 62 constituted the final analytic sample (43 with
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limited SSc, 19 with diffuse SSc). The mean age was 48 + 11 years (range 21-72 years)), 58
(93.5%) were female, and the mean BMI was 26.7 & 5.0 kg/ m?2. The median esophageal
diameter was 17.47 mm, with a range of 7-39 mm in the entire cohort.

79 consecutive Scleroderma patients were evaluated for eligibility from
April 2016 to October 2016

15 were excluded;

2 due to psychiatric and
neurological disorders

13 due to lack of interest in
the study

\ 4

64 patients underwent home sleep apnea testing and high-resolution
computed tomography

2 were excluded because of
technical failure and refusal to
repeat the sleep study

\ 4

m 62 Scleroderma patients fulfilled the inclusion criteria for the main study m

Figure 1. Flow chart of the study participants.

Table 2 shows the study cohort’s characteristics based on the diameter of the esophageal
dilatation. We grouped the patients according to whether their esophageal diameter was
< or >, with a median esophageal diameter of 17.47 mm. The patients with the greater
esophageal diameters more often had dcSSc (51.6% vs. 12.9%, p = 0.002), and signifi-
cantly higher Warrick scores (16.7 &= 9.5 vs. 7.65 = 7.7, p < 0.001) than those with lower
esophageal diameter. There were no significant differences between the groups regarding
the pulmonary function test, HSAT findings, or medications (Table 2).

Table 2. Study population based on the diameter of esophageal dilation.

Esophageal Esophageal
Diameter Diameter
<17.47 mm >17.47 mm

Variables (n=31) (n=31) p Value
Age (years) 475+ 127 494+938 0.486
Female, 1 (%) 29 (46.8) 29 (46.8) 1.000
BMI (kg/m?) 264+ 5.2 27+5 0.788
Obesity, 11 (%) 10 (32.3) 11 (35.5) 1.000
Current smoker, 1 (%) 309.7) 1(3.2) 0.612
ESS score 58 +43 57+5.3 0.492
Diffuse cutaneous SSc, 1 (%) 4(12.9) 16 (51.6) 0.002
Hypertension, 1 (%) 6(19.4) 5(16.1) 0.740
Diabetes mellitus, n (%) 4 (12.9) 1(3.2) 0.354
Cardiac disease, n (%) 2 (6.5) 2 (6.5) 1.000

HSAT findings

AHI > 15 9(29) 11 (35.5) 0.587
AHI (events/h) 11.2 +£10.2 14.5 + 139 0.486
ODI (events/h) 92+8.1 13 +12.8 0.410
Minimum SpO; (%) 848+ 6 83.5+79 0.709
Time below SpO, < 90% (min) 29+57 6.9 +13.5 0.269
Mean SpO, drops (%) 3.65+ 0.8 38+1.1 0.442

HRCT, spirometry, and DLCO findings
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Table 2. Cont.
Esophageal Esophageal
Diameter Diameter
<17.47 mm >17.47 mm
Variables (n=31) (n=31) p Value
Widest esophageal diameter 134 +£27 259 +57 <0.001
Warrick Score 7.65+77 16.7 £9.5 <0.001
DLCO (%) * 722 +20.9 66.7 £19.7 0.389
DLCO < 80% n (%) * 20 (74.1) 23 (73.3) 0.643
Medications
Corticosteroids, 1 (%) 9 (29) 13 (41.9) 0.288
Methotrexate, 1 (%) 4 (12.9) 5(16.1) 1.000
Hydroxychloroquine, 1 (%) 22 (71) 17 (54.8) 0.189
Mycophenolate mofetil, 1 (%) 4(12.9) 11 (35.5) 0.073
Azathiopyrin, n (%) 4 (12.9) 10 (32.3) 0.127
Leflunomide, n (%) 2 (6.5) 0 (0) 0.492

Values are presented as mean =+ standard deviation (evaluated with the independent student ¢ test) or as the count
of patients (percentage; analyzed using chi-squared test or Fisher’s exact test). Definition of abbreviations: BMI,
body mass index; ESS, Epworth Sleepiness Scale; HSAT, home sleep apnea testing; AHI, apnea-hypopnea index;
ODI, oxygen desaturation index; HRCT, high-resolution computed tomography; DLCO, diffusing capacity of
lung for carbon monoxide. * Evaluated in 53 patients.

As shown in Figure 2, there was a significant linear correlation between the Warrick
score and the esophageal diameter, which remained significant in the multivariate analysis
adjusted for age, BMI, sex, disease duration, DLCO, and time spent below 90% in SpO,
(Table 3). None of the other tested variables showed a significant relationship.

Warrick score
o

0 o0 o o000 o o e e o

Esophagus diameter (mm)

Figure 2. Correlation between the Warrick score and the esophageal diameter.

Table 3. Variables associated with esophageal diameter in adults with SSc.

Standardized 95% Confidence

Coefficients Beta Interval for Beta p Value

Age 0.023 —0.138-0.170 0.955

BMI 0.118 —0.208-0.584 0.839

Sex 0.016 —5.913-6.871 0.881

Disease duration (years) 0.169 —0.058-0.459 0.126
Warrick score 0.544 0.250-0.609 <0.001

DLCO (%) 0.000 —0.101-0.102 0.988

Time below SpO; < 90% (min) 0.126 —0.078-0.258 0.288

Abbreviations defined: BMI, body mass index; DLCO, diffusing capacity of lung for carbon monoxide; SpO5,
oxyhemoglobin saturation.
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Table 4 shows the respective SF-36 scores in the subgroups of patients with without
OSA. There were markedly lower scores on five scales (physical functioning, role physical,
general health, role emotional, and vitality) among the patients with enlarged esophageal
dilatation with concomitant OSA, whereas those without OSA had no significant differences
in their SF36 scores. As illustrated in Figure 3a,b, the patients with EED and concomitant
OSA demonstrated the lowest physical functioning (a) scores when assessed with the other
subgroups with EED or OSA alone, and with those with neither EED nor OSA. The patients
with both EED and OSA demonstrated significantly lower general health (b) scores than
those with only OSA. The cases with EED only also showed lower scores compared to the

OSA-only group.

Table 4. SF-36 scores in the subgroups of patients with SSc.

Neither EED Only OSA Only Both OSA
OSA nor (1:20) 4 1:9) and EED P
EED (1:22) : : (n:11)
Physical 62.5(45-86)  67.5(51-80) 0930 65 (53-85)  25(25-45)  <0.001
Functioning
Role Physical 62.5(0-100)  37.5 (25-100)  0.886 (501_01000) 25(0-50)  0.006
Bodily Pain 635(21-86)  52.5(24-96) 0.649 65(31-85)  45(30-61)  0.230
General Health 35 (14-52) 22(15-48) 0587 50 (40-78)  15(15-37)  0.001
Role Emotional 66.6 (33-67)  49.9 (8-67) 0487 67(50-100) 333 (0-67) 0.025
Vitality 35(19-65)  42.5(23-73) 0528 60 (45-70)  35(25-50)  0.007
Social Functioning 50 (38-100) 687 (48-100) 0635 432_'5’ y 632575 0295
Mental Health 445(37-68)  62(37-84) 0283 60(48-69) 52 (36-72)  0.370

Definition of abbreviations: OSA, obstructive sleep apnea; EED, enlarged esophageal diameter. AHI >15 events/h
was accepted as an indication of OSA. Esophageal diameter of >17.47 mm was accepted as an indication of EED.

[ Pp<0.001 p=0.002

Physical Functioning

Neither OSA nor EED EED only

o

OSA only

Both OSA and EED

p=0.011
100

80

40

General Health

Neither OSA nor EED EED only

OSA only

p=0.002

Both OSA and EED

(a)

(b)

Figure 3. Comparison of the scores for physical functioning (a) and general health (b) on SF-36

Questionnaire for four subgroups of the study population.
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4. Discussion

The primary outcomes of our research were that OSA was not associated with an
enlarged esophageal diameter in the patients with SSc, and that the patients with both OSA
and enlarged esophageal diameter experienced a significant decline in QoL. This decline
was particularly pronounced in the domains of physical functioning and general health,
which are crucial aspects of daily living. These findings suggest that the presence of OSA
may exacerbate the adverse effects of esophageal dilation on QoL in SSc patients. Thus,
our results underline the importance of considering both gastrointestinal and sleep-related
aspects in SSc management to enhance patient QoL.

To the best of our knowledge, this is the first study to report the effect of ED on QoL
in patients with SSc and concomitant OSA. The correlation between enlarged esophageal
diameter and decreased QoL in the presence of OSA could be indicative of more severe
systemic involvement in SSc. The esophageal abnormalities may exacerbate the symptoms
of OSA, leading to more pronounced sleep disturbances, which, in turn, can affect phys-
ical and mental health. Previous research showed a decrease in the QoL of SSc patients
with gastrointestinal involvement. One of these studies demonstrated that GI symptoms
negatively affected these patients” QoL, particularly in social and emotional aspects, as
measured by the Gastrointestinal Tract questionnaire [23]. Another study assessed the QoL
of life in SSc patients and healthy controls using the SSC-GIT 1.0 instrument, focusing on
social functioning and emotional well-being. A considerable number of SSc patients re-
ported issues with social functioning and experienced lower levels of emotional well-being.
Specifically, abnormal social functioning was found to be significantly common and severe
in the SSc group compared to controls. No significant differences in emotional health were
observed between the two groups or between SSc subtypes and disease duration [24].

Although it is known that OSA can reduce QoL, there is a lack of studies specifically
investigating the impact of OSA on QoL in patients with SSc [9]. Nevertheless, previous
studies investigated sleep disturbances within this patient group. The study shows that the
prevalence of sleep disturbance among the patients was found to be 73.3%, and a significant
association was identified between sleep disturbance and esophageal involvement. This
association indicates a higher disease severity (as measured by the Medsger index). Patients
with poor sleep quality experienced worse QoL, both mentally and physically, according to
SF-12 results [25]. In another study, SSc patients reported worse scores on most MOS-Sleep
scales, indicating poor sleep quality. Significant correlations were found between poor sleep
quality and worsening pain, dyspnea, gastroesophageal reflux (as measured by the UCLA
SCTC GIT 2.0), depression (CESD), and fatigue (FACIT-Fatigue) [26]. While these articles
did not directly investigate the presence of OSA, the significant correlation between sleep
disturbances and QoL factors is clear, suggesting that sleep quality is a critical component
of patient care in SSc.

Numerous studies have established a relationship between esophageal dilation and
interstitial lung disease in SSc. These studies provide convincing evidence of a positive
correlation between increased esophageal diameter and the severity of ILD, as measured
by radiographic scoring, along with a negative correlation with pulmonary function, forced
vital capacity, and diffusion capacity for carbon monoxide [17,27]. Such findings support
the hypothesis that esophageal abnormalities in SSc can lead to or worsen pulmonary com-
plications, possibly via mechanisms such as micro-aspiration. This indicates that the role
of esophageal involvement in SSc is complex and multifaceted, contributing to more than
just dysphagia and reflux by playing role in the development of more severe lung disease.
Currently, there is no definitive cure for SSc and, thus, the primary objective of treatment
is to alleviate symptoms, prevent complications, and enhance QoL. For interstitial lung
disease, the use of mycophenolate is recommended, and further research into the safety
and efficacy of pirfenidone and the combination of pirfenidone with mycophenolate is en-
couraged. Additionally, the use of cyclophosphamide, rituximab, tocilizumab, nintedanib,
and the combination of nintedanib with mycophenolate is suggested. For gastrointestinal
symptoms, standard care includes lifestyle modifications to minimize the risk of occult
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micro-aspiration, with or without treatment with proton pump inhibitors, H2 blockers,
and/or prokinetic agents [28]. Our study’s findings have significant implications for the
treatment of SSc, particularly for patients presenting with both interstitial lung disease
and gastroesophageal reflux. The observed correlation between esophageal dilation, OSA,
and a decline in QoL underlines the need for a treatment approach that covers the full
spectrum of SSc manifestations. Particularly in patients who present with gastrointestinal
symptoms accompanied by sleep apnea symptoms, it is important to evaluate for OSA
and, if necessary, incorporate appropriate treatment. Future studies should investigate
the effects of these treatments on organ involvement to better understand and improve
therapeutic approaches in SSc.

Lastly, our study’s emphasis on the absence of significant differences in SF-36 scores
in the patients with or without enlarged esophageal diameter in the OSA-negative group
could indicate that OSA might be a key modifier in the relationship between esophageal
complications and QoL. It is important to consider the holistic management of these
patients, focusing not just on the pulmonary implications, but also on the gastrointestinal
and sleep-related symptoms to enhance their QoL.

5. Study Limitations

We should acknowledge several limitations in the current study. Firstly, the size of the
study population was small, so the study may lack the statistical power needed to conduct
subgroup analyses. Secondly, as the cohort was from a single center, the generalizability of
the study’s findings may be limited. Although SSc is a rare disease, our study features one
of the largest cohorts in the literature. Lastly, the HSAT, while a practical tool for diagnosing
OSA in home environments, may not be as comprehensive as full polysomnography, and it
may lead to the underestimation of the prevalence and severity of OSA. Nevertheless, a
cutoff level of AHI 15 events/h was demonstrated to be reliable for OSA diagnosis with
this kind of diagnostic tool such as HSAT when patients do not show typical symptoms of
OSA [29].

6. Conclusions

While concomitant OSA is not directly correlated with ED in patients with SSc, it
significantly compounds the decline in QoL for those with both conditions. This highlights
the significant impact of esophageal dilation on QoL for patients with concomitant OSA,
emphasizing an approach to patient management that includes both gastrointestinal and
respiratory conditions. Further research is needed to confirm these findings and elucidate
the underlying mechanisms between esophageal involvement, OSA, and QoL in SSc.
Randomized controlled trials evaluating the effect of CPAP treatment on QoL in this group
of patients are warranted.

Author Contributions: Conception and design: T.Y. and Y.P. Analysis and interpretation: T.Y., C.C.,
S.K.,, H.D,, Y.Y. and Y.P. Drafting the manuscript for important intellectual content: T.Y. and Y.P. All
authors have read and agreed to the published version of the manuscript.

Funding: This research received no external funding.

Institutional Review Board Statement: The research conforms to the ethical guidelines of the 1975
Declaration of Helsinki, as reflected in a priori approval by the Ethics Committee of the Medical
Faculty of Marmara University, Istanbul (approval no.: 09.2016.208). The date for the approval was 4
March 2016. The study was registered at ClinicalTrials (NCT 02740569).

Informed Consent Statement: Written informed consent was obtained from all subjects involved in
the study.

Data Availability Statement: Individual participant data reported in this article can be provided by
contacting the corresponding authors: tyakut@kuh.ku.edu.tr and yuksel. peker@lungall.gu.se.

Acknowledgments: The authors thank Vivisol Turkey for supplying the NOX-T3 devices used in
the study.



J. Clin. Med. 2024, 13, 1884 10 of 11

Conflicts of Interest: Y.P. reports grants from ResMed Foundation outside the submitted work. T.Y.,
C.C.,S.K, H.D., and Y.Y. declare no conflicts of interest.

References

1. Denton, C.P; Khanna, D. Systemic sclerosis. Lancet 2017, 390, 1685-1699. [CrossRef] [PubMed]

2. Wollheim, F.A. Classification of systemic sclerosis. Visions and reality. Rheumatology 2005, 44, 1212-1216. [CrossRef]

3.  Roman, S.; Hot, A.; Fabien, N.; Cordier, ].E.; Miossec, P.; Ninet, J.; Mion, F. Esophageal dysmotility associated with systemic
sclerosis: A high-resolution manometry study. Dis. Esophagus 2011, 24, 299-304. [CrossRef] [PubMed]

4. Nietert, P].; Mitchell, H.C.; Bolster, M.B.; Curran, M.Y,; Tilley, B.C.; Silver, R M. Correlates of depression, including overall and
gastrointestinal functional status, among patients with systemic sclerosis. J. Rheumatol. 2005, 32, 51-57. [PubMed]

5. Gottlieb, D.J. Sleep Apnea and Cardiovascular Disease. Curr. Diabetes Rep. 2021, 21, 64. [CrossRef]

6.  Chen, Y.H,; Keller, ] K.; Kang, ].H.; Hsieh, H.J.; Lin, H.C. Obstructive sleep apnea and the subsequent risk of depressive disorder:
A population-based follow-up study. . Clin. Sleep. Med. 2013, 9, 417-423. [CrossRef]

7. Ing, A.J.; Ngu, M.C,; Breslin, A.B. Obstructive sleep apnea and gastroesophageal reflux. Am. J. Med. 2000, 108, 120S-125S.
[CrossRef]

8. Bjornsdottir, E.; Keenan, B.T.; Eysteinsdottir, B.; Arnardottir, E.S.; Janson, C.; Gislason, T.; Sigurdsson, J.F; Kuna, S.T.; Pack, A.L;
Benediktsdottir, B. Quality of life among untreated sleep apnea patients compared with the general population and changes after
treatment with positive airway pressure. J. Sleep Res. 2015, 24, 328-338. [CrossRef]

9.  Wallstrom, S.; Balcan, B.; Thunstrom, E.; Wolf, A.; Peker, Y. CPAP and Health-Related Quality of Life in Adults With Coronary
Artery Disease and Nonsleepy Obstructive Sleep Apnea in the RICCADSA Trial. J. Clin. Sleep Med. 2019, 15, 1311-1320. [CrossRef]

10. Gouda, W.; Mokhtar, M.; Elazab, S.A.; Alreefi, R.; Alomar, T.; Kushk, F; Alahmadi, R.; Khalil, M.; Kamal, M. Sleep disorders
in patients with rheumatoid arthritis: Association with quality of life, fatigue, depression levels, functional disability, disease
duration, and activity: A multicentre cross-sectional study. J. Int. Med. Res. 2023, 51, 03000605231204477. [CrossRef]

11.  Yakut, T,; Balcan, B.; Karakurt, S.; Direskeneli, H.; Yalcinkaya, Y.; Peker, Y. Impact of concomitant obstructive sleep apnea on
pulmonary involvement and main pulmonary artery diameter in adults with scleroderma. Sleep Breath. 2021, 25, 135-143.
[CrossRef]

12.  Xerfan, E.M.; Facina, A.S.; Tomimori, J.; Xavier, S.D.; Tufik, S.; Andersen, M.L. Scleroderma and obstructive sleep apnea: A
consideration of immunological aspects and the role of fibrosis. Sleep Breath. 2022, 26, 1-3. [CrossRef]

13. LeRoy, E.C,; Black, C.; Fleischmajer, R.; Jablonska, S.; Krieg, T.; Medsger, T., Jr.; Rowell, N.; Wollheim, F. Scleroderma (systemic
sclerosis): Classification, subsets and pathogenesis. J. Rheumatol. 1988, 15, 202-205.

14. Graham, B.L.; Steenbruggen, I.; Miller, M.R.; Barjaktarevic, I.Z.; Cooper, B.G.; Hall, G.L.; Hallstrand, T.S.; Kaminsky, D.A.;
McCarthy, K.; McCormack, M.C.; et al. Standardization of spirometry 2019 update. An official American thoracic society and
European respiratory society technical statement. Am. J. Respir. Crit. Care Med. 2019, 200, e70-e88. [CrossRef]

15.  Cotes, J.; Chinn, D.; Quanjer, PH.; Roca, J.; Yernault, J.-C. Standardization of the measurement of transfer factor (diffusing
capacity). Eur. Respir. J. 1993, 6 (Suppl. 16), 41-52. [CrossRef]

16. Warrick, ].H.; Bhalla, M.; Schabel, S.I; Silver, R. M. High resolution computed tomography in early scleroderma lung disease. J.
Rheumatol. 1991, 18, 1520-1528.

17. Richardson, C.; Agrawal, R.; Lee, J.; Almagor, O.; Nelson, R.; Varga, J.; Cuttica, M.].; Jane, D.; Dematte, A.; Chang, R.W.; et al.
(Eds.) Esophageal dilatation and interstitial lung disease in systemic sclerosis: A cross-sectional study. In Seminars in Arthritis and
Rheumatism; Elsevier: Amsterdam, The Netherlands, 2016.

18. Izci, B.; Ardic, S.; Firat, H.; Sahin, A.; Altinors, M.; Karacan, I. Reliability and validity studies of the Turkish version of the
Epworth Sleepiness Scale. Sleep Breath. 2008, 12, 161-168. [CrossRef]

19. Demiral, Y.; Ergor, G.; Unal, B.; Semin, S.; Akvardar, Y.; Kivircik, B.; Alptekin, K. Normative data and discriminative properties of
short form 36 (SF-36) in Turkish urban population. BMC Public Health 2006, 6, 247. [CrossRef] [PubMed]

20. Kapur, VK,; Auckley, D.H.; Chowdhuri, S.; Kuhlmann, D.C.; Mehra, R.; Ramar, K.; Harrod, C.G. Clinical practice guideline for
diagnostic testing for adult obstructive sleep apnea: An American Academy of Sleep Medicine clinical practice guideline. J. Clin.
Sleep Med. 2017, 13, 479-504. [CrossRef] [PubMed]

21. Sateia, M.]. International classification of sleep disorders-third edition: Highlights and modifications. Chest 2014, 146, 1387-1394.
[CrossRef] [PubMed]

22. Lederer, D.J; Bell, S.C.; Branson, R.D.; Chalmers, ].D.; Marshall, R.; Maslove, D.M.; Ost, D.E.; Punjabi, N.M.; Schatz, M.; Smyth,
A.R;; et al. Control of confounding and reporting of results in causal inference studies. Guidance for authors from editors of
respiratory, sleep, and critical care journals. Ann. Am. Thorac. Soc. 2019, 16, 22-28. [CrossRef]

23. Crowell, M.D.; Umar, S.B.; Griffing, W.L.; DiBaise, ].K.; Lacy, B.E.; Vela, M.F. Esophageal motor abnormalities in patients with
scleroderma: Heterogeneity, risk factors, and effects on quality of life. Clin. Gastroenterol. Hepatol. 2017, 15, 207-213.el. [CrossRef]

24. Yang, H; Xu, D.; Li, M.T,; Yao, Y,; Jin, M.; Zeng, X.F; Qian, ].M. Gastrointestinal manifestations on impaired quality of life in
systemic sclerosis. J. Dig. Dis. 2019, 20, 256-261. [CrossRef]

25.  Figueiredo, F.P; Aires, G.D.; Nisihara, R.; Skare, T.L. Sleep disturbance in scleroderma. JCR J. Clin. Rheumatol. 2021, 27, S242-5245.

[CrossRef]


https://doi.org/10.1016/S0140-6736(17)30933-9
https://www.ncbi.nlm.nih.gov/pubmed/28413064
https://doi.org/10.1093/rheumatology/keh671
https://doi.org/10.1111/j.1442-2050.2010.01150.x
https://www.ncbi.nlm.nih.gov/pubmed/21166734
https://www.ncbi.nlm.nih.gov/pubmed/15630725
https://doi.org/10.1007/s11892-021-01426-z
https://doi.org/10.5664/jcsm.2652
https://doi.org/10.1016/S0002-9343(99)00350-2
https://doi.org/10.1111/jsr.12262
https://doi.org/10.5664/jcsm.7926
https://doi.org/10.1177/03000605231204477
https://doi.org/10.1007/s11325-020-02059-4
https://doi.org/10.1007/s11325-021-02324-0
https://doi.org/10.1164/rccm.201908-1590ST
https://doi.org/10.1183/09041950.041s1693
https://doi.org/10.1007/s11325-007-0145-7
https://doi.org/10.1186/1471-2458-6-247
https://www.ncbi.nlm.nih.gov/pubmed/17029646
https://doi.org/10.5664/jcsm.6506
https://www.ncbi.nlm.nih.gov/pubmed/28162150
https://doi.org/10.1378/chest.14-0970
https://www.ncbi.nlm.nih.gov/pubmed/25367475
https://doi.org/10.1513/AnnalsATS.201808-564PS
https://doi.org/10.1016/j.cgh.2016.08.034
https://doi.org/10.1111/1751-2980.12720
https://doi.org/10.1097/RHU.0000000000001437

J. Clin. Med. 2024, 13, 1884 11 0f 11

26.

27.

28.

29.

Frech, T.; Hays, R.D.; Maranian, P.; Clements, P.J.; Furst, D.E.; Khanna, D. Prevalence and correlates of sleep disturbance in
systemic sclerosis—Results from the UCLA scleroderma quality of life study. Rheumatology 2011, 50, 1280-1287. [CrossRef]
[PubMed]

Salaffi, F.; Di Carlo, M.; Carotti, M.; Fraticelli, P.; Gabrielli, A.; Giovagnoni, A. Relationship between interstitial lung disease and
oesophageal dilatation on chest high-resolution computed tomography in patients with systemic sclerosis: A cross-sectional
study. La Radiol. Medica 2018, 123, 655-663. [CrossRef]

Raghu, G.; Montesi, S.B.; Silver, R.M.; Hossain, T.; Macrea, M.; Herman, D.; Barnes, H.; Adegunsoye, A.; Azuma, A.; Chung,
L.; et al. Treatment of Systemic Sclerosis—associated Interstitial Lung Disease: Evidence-based Recommendations. An Official
American Thoracic Society Clinical Practice Guideline. Am. J. Respir. Crit. Care Med. 2023, 209, 137-152. [CrossRef] [PubMed]
Cairns, A.; Wickwire, E.; Schaefer, E.; Nyanjom, D. A pilot validation study for the NOX T3 TM portable monitor for the detection
of OSA. Sleep Breath. 2014, 18, 609-614. [CrossRef] [PubMed]

Disclaimer/Publisher’s Note: The statements, opinions and data contained in all publications are solely those of the individual
author(s) and contributor(s) and not of MDPI and/or the editor(s). MDPI and/or the editor(s) disclaim responsibility for any injury to
people or property resulting from any ideas, methods, instructions or products referred to in the content.


https://doi.org/10.1093/rheumatology/ker020
https://www.ncbi.nlm.nih.gov/pubmed/21324979
https://doi.org/10.1007/s11547-018-0894-3
https://doi.org/10.1164/rccm.202306-1113ST
https://www.ncbi.nlm.nih.gov/pubmed/37772985
https://doi.org/10.1007/s11325-013-0924-2
https://www.ncbi.nlm.nih.gov/pubmed/24442914

	Introduction 
	Materials and Methods 
	Study Design and Participant Selection 
	Basic Clinical Characteristics 
	Pulmonary Function Testing 
	High-Resolution Computed Tomography 
	Epworth Sleepiness Scale 
	The Short Form 36 Health Survey (SF-36) 
	Home Sleep Apnea Testing 
	Statistical Analysis 

	Results 
	Discussion 
	Study Limitations 
	Conclusions 
	References

