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Introduction  Systemic sclerosis (SSc) is a chron-
ic autoimmune disease of unknown cause char-
acterized by fibrosis of the skin and internal or-
gans, vasculopathy, and immune disturbances.
The disease is heterogeneous in clinical presenta-
tion and affects almost all organs and systems.' ?
SSc significantly impairs quality of life and is as-
sociated with increased mortality.®

Sleep disturbances have been reported in pa-
tients with SSc, but only a few studies have been
published. All reports indicated higher incidence
of various sleep disturbances in patients with SSc,
as compared with the general population. Using
all-night polysomnography, Prado et al* revealed
reduced sleep efficacy and increased arousal in-
dex. Poor sleep in SSc patients was associated with
esophageal dyskinesia and dyspnea. These findings
were confirmed in other studies, including larger
groups of patients.” Most reports have suggest-
ed a leading role of gastrointestinal involvement
and pain in generating sleep disturbances.®’” Oth-
er factors associated with poor sleep were also sug-
gested, including depression, severe internal or-
gan involvement, digital ulcers, and pruritis.® It
became clear that patients with poor sleep qual-
ity had a worse quality of life in both mental and
physical domains.’ Less is known about an associ-
ation between laboratory findings and poor sleep
quality. In general, it is believed that sleep distur-
bances in SSc patients result from a number of fac-
tors that significantly affect their quality of life. On
the other hand, sleep disturbances are commonly
underdiagnosed or overlooked in clinical practice.

This study was designed to evaluate the charac-
teristics of sleep in SSc patients and to establish
a potential relationship between sleep disturbanc-
es and other factors detectable in the patients.

Patients and methods A total of 57 patients with
SSc who fulfilled the classification criteria for
the disease'® were investigated. All patients were
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hospitalized in the Rheumatological Department
of the University Hospital No. 7 in Katowice. Pa-
tients with unclear diagnoses, overlap syndromes,
or other disorders known to affect sleep or tak-
ing medications directly affecting sleep or other
psychotropic medications were excluded from
the study. A control group consisted of 65 healthy
individuals matched for age and sex.

Sleep quality was evaluated with the Pittsburgh
Sleep Quality Index,'" the Epworth Sleepiness
Scale,'? and the Berlin Questionnaire.'® The Sys-
temic Sclerosis Quality of Life Questionnaire,
Patient Health Questionnaire-9,'s and Fatigue
Assessment Scale'® were also used. The patients’
characteristics were based on the following de-
mographic, clinical, and laboratory data: disease
duration (from the occurrence of the first non-
-Raynaud symptom or sign), smoking history, co-
existing chronic diseases, routine laboratory test
results, and medications administered for all med-
ical reasons. Cutaneous involvement was deter-
mined with the modified Rodnan skin score, and
the measurements were performed by the same
person in all the patients. Internal organ involve-
ment was characterized with the Medsger Disease
Severity Scale.'”” Body mass and body mass index
(BMI) were determined. The following laboratory
data were collected: serum antibodies, serum lev-
els of C3 and C4 complement components, serum
levels of creatinine, glucose, C-reactive protein
(CRP), bilirubin, sodium, potassium, total calci-
um, total iron, uric acid, thyrotropin, free thyrox-
ine, vitamin D, N-terminal pro-B-type natriuretic
peptide, activity of creatine kinase, alanine ami-
notransferase, aspartate transaminase, and alka-
line phosphatase. Blood hemoglobin, erythrocyte
sedimentation rate, and prothrombin time (in-
ternational normalized ratio) were also assayed.
All tests were performed with standard methods
routinely used in clinical practice. A detailed his-
tory of symptoms and signs was collected with



TABLE 1

Sleep quality and factors associated with sleep disturbances

Indices of sleep quality Systemic sclerosis  Controls P value
(n = 57) (n = 65)

Sleep efficiency, % 83 (67-88) 100 (85-100) <0.001

Sleep latency

<15 min 18 (32) 40 (63) 0.002

16-30 min 25 (44) 18 (28)

31-60 min 6(11) 5(8)

>60 min 8(14) 1(2)

General quality of sleep

Good 18 (32) 42 (66) <0.001

Poor 39 (68) 22 (34)

Factors disturbing sleep

Mild 1(2) 5(8) <0.001

Moderate 13 (23) 41 (63)

Severe 33 (58) 17 (26)

Very severe 10(18) 1(2)

Prevalence of moderate to very severe sleep disturbances in the systemic sclerosis

patients with or without specific symptoms

Variable No symptom Symptom present P value
Early satiety 37(73) 6 (100) <0.001
Nausea, vomiting 39 (74) 4 (100) <0.001
Constipation 31(69) 12 (100) <0.001
Articular pain 12 (57) 31(86) 0.01

Bone lesions 37 (73) 6 (100) <0.001
Serum anticentromere 37(73) 6(100) <0.001

antibodies

Sleep latency in patients with systemic sclerosis, min

Variable No symptom Symptom present P value
Nonarticular pain 1.5 (5-20) 20 (15.25-50) 0.04
Constipation 20 (5-25) 32.5(18-50) 0.04
Variable No symptom Symptom present P value
Constipation 85 (75-89) 72 (59.25-78) 0.01

Data are presented as number (percentage) or median (interquartile range).

N

questionnaires we developed for this study from
all the patients.

Statistical analysis The calculations were per-
formed using the R Project package (R Founda-
tion for Statistical Computing, Vienna, Austria).
The Shapiro-Wilk test was used to check if the
variables follow normal distribution. Quantita-
tive variables which did not follow normal distri-
bution were displayed as median and interquartile
range (IQR). Qualitative variables were expressed
as numbers and percentages. The x? test was used
for comparison of qualitative variables. Compari-
son of the quantitative data between the 2 groups
was carried out with the Mann-Whitney test.
Comparison of the quantitative data between
three and more groups (severity of internal or-
gan involvement, ie, the Medsger Disease Severi-
ty Scale) was carried out using the Kruskal-Wallis
test. The association between the parameters was
investigated with the Spearman correlation test.
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The results were deemed significant for a P val-
ue below 0.05.

Ethics The Bioethical Committee of the Medical
University of Silesia, Poland, endorsed the study
protocol (KNW/0022/KB/71/19). All partici-
pants provided written informed consent to par-
ticipation in the study and to publication of its
results.

Results Characteristics of the patients The SSc
group consisted of 45 women and 12 men aged
26-62 years. Over half of them (34 patients;
60%), had normal BMI, while the remaining 23
patients (40%) had lowered BMI. Median (IQR)
time from the occurrence of the first non-Raynaud
symptom or sign was 4 (2-7) years. Forty-one pa-
tients (72%) suffered from a diffuse type of SSc,
and 16 (28%) were diagnosed with limited SSc.
Serum antitopoisomerase I antibodies were de-
tected in 85%, and anticentromere antibodies in
15% of the patients.

Articular pain was reported by 36 patients
(63%). The most common complaints were
hand arthralgia (21 patients) and foot arthral-
gia (17 patients). Swollen joints were also com-
mon (28 patients; 49%) and with similar location
(hand in 13 and feet in 11 patients). Nonarticu-
lar pain was reported by 28 patients (49%), and
included mostly myalgia and nonspecific head-
aches. Interstitial lung disease was diagnosed in
42 patients (74%), and pulmonary hypertension
in 10 patients (18%). Gastrointestinal manifesta-
tions were common, and included impaired swal-
lowing, symptoms of reflux disorder, nausea and
vomiting, loss of appetite, early feeling of satiety,
and chronic constipation.

Most of the patients were treated with myco-
phenolate mofetil or cyclophosphamide. Some pa-
tients received corticosteroids in the early phase
of the disease (terminated at least 8 months
before the study). Symptomatic drugs, includ-
ing phosphodiesterase-5 inhibitors and calcium
channel antagonists, were also administered to
the patients.

Sleep quality Several sleep disturbances were
found in the SSc patients, some of which were as-
sociated with other symptoms or laboratory re-
sult alterations, as summarized in TABLE 1.

We found that only one-third of the SSc pa-
tients had good general sleep quality, as com-
pared with two-thirds in the control group
(TABLE 1). SSc was associated with prolonged sleep
latency and diminished sleep efficiency. Medi-
an (IQR) of total sleep time was similar to that
of the controls (7 [6-8] h vs 6.75 [6-8] h). Men
with SSc had shorter sleeping time than wom-
en (P = 0.047). Women and men also differed in
their median sleep efficiency (83% [67-88]% vs
100% [85-100]%). SSc was associated with greater
frequency of restless leg syndrome, as compared
with the controls (17 patients, 30% vs 4 healthy
individuals, 6%; P <0.001).



The occurrence of gastrointestinal symptoms
was shown to be associated with sleep disturbanc-
es. All patients with early satiety, nausea, vom-
iting, or constipation suffered from moderate to
very severe sleep disturbances, while only some
of the SSc patients without the symptoms had
sleep problems (TABLE 1). Nausea and / or vomiting
were also associated with an increase in the hy-
persomnolence index (according to the Epworth
Sleepiness Scale). In the SSc patients suffering
from nausea or vomiting, mean (SD) value of
this index was 12.75 (2.22), while in those with-
out the symptoms it was 6.98 (4.37) (P = 0.009).
Constipation was associated with impaired sleep
latency (1ABLE 1) and median sleep efficiency (72%
[59.25-78]% vs 85% [75-89]% in the patients
with and without the symptom; P = 0.01).

Articular pain enhanced sleep disturbances
(taBLE 1); 81% of the patients with this symptom
had low sleep quality, while among those with-
out articular pain this rate was 48%. Nonarticular
pain affected median sleep latency (20 [15.25-50]
min vs 7.5 [5-20] min in those with and without
the symptom; P = 0.042).

Arterial hypertension was associated with lon-
ger median sleep duration (7 [7-7.88] h vs 6.5
[5.75-7.5] h in the patients with or without arteri-
al hypertension; P =0.03), and better median sleep
efficiency (87% [78-91.25]% vs 80% [62-86.5]%).

The risk of sleep apnea was similar in the SSc
patients and the control group. Pulmonary in-
volvement (interstitial lung disease and/ or pul-
monary hypertension) was detected with chest
high-resolution computed tomography and/or
echocardiography, and was found to be in an ear-
ly clinical stage. Median forced vital capacity in
the SSc patients was 80% of predicted value (IQR,
70-96.75), and median diffusion lung capacity
for carbon monoxide (DLCO) was found to be
74% (IQR, 59.25-86) of the predicted value. Low
DLCO was associated with higher frequency of in-
somnia symptoms (P = 0.03), but there were no
other associations between pulmonary manifes-
tations and sleep disturbances.

A correlation was shown between the disease
duration (any overt non-Raynaud symptom) and
sleep latency (R = 0.388; P = 0.003). Interestingly,
some laboratory data correlated with sleep distur-
bances. A C3 complement component level posi-
tively correlated with sleep duration (R = 0.286;
P =0.04), hypersomnolence correlated with CRP
levels (R = 0.337, P = 0.01), and a negative corre-
lation was found between hypersomnolence and
serum potassium (R = —0.333; P = 0.01) and iron
levels (R = -0.594; P = 0.001). A negative corre-
lation was shown between sleep efficiency and
serum potassium levels (R = -0.287; P = 0.03).

As expected, total quality of life decreased in
the SSc patients with enhanced sleep disturbanc-
es. These patients also had a higher fatigue index.

Discussion Sleep problems are common in
the patients with SSc; abnormal Pittsburgh
Sleep Quality Index scores indicating poor
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sleep quality were shown in 68% of our SSc pa-
tients. This finding is consistent with other re-
ports. Horsley-Silva et al’ demonstrated poor
sleep quality in 68%, Sariyildiz et al® in 69%,
and Figueiredo et al’ in 73% of their SSc pa-
tients. A higher percentage of SSc patients with
impaired sleep quality (94%) was reported by
Bagnato et al."®

Sleep disturbances in SSc individuals result
from a number of factors. Complexity and com-
mon concurrence of these factors can explain
alack of association of such variables as skin in-
volvement, the Medsger Disease Severity Scale,
or BMI with sleep disturbances. Only disease du-
ration was shown to be related to sleep latency.
It is suggested that the indices reflecting the se-
verity of systemic involvement tend to be associ-
ated with sleep quality indices. Figueiredo et al’
found sleep disturbances to be associated with
the Medsger index with higher disease severity.

Our results showed longer sleep latency and
reduced sleep efficiency in the SSc patients than
in the controls, which is consistent with the find-
ings of Sariyildiz et al.? Prado et al* reported low-
er sleep efficiency in 70% of patients with SSc,
which is similar to our study results. Moreover,
polysomnography revealed reduced rapid eye
movement sleep, increased arousal index, and
increased slow-wave sleep in SSc patients.” Little
is known about the factors that influence sleep la-
tency and sleep efficiency in SSc patients. In our
study, constipation and a tendency to hyperkale-
mia affected sleep efficiency. Constipation, non-
articular pain, and longer disease duration im-
paired sleep latency.

We reported for the first time an association
between electrolyte imbalance and disordered
sleep in SSc patients. The patients with low-
er serum potassium and iron levels had higher
Epworth Sleepiness Scale scores, while elevated
serum potassium levels were independent pre-
dictors of impaired sleep efficiency. Potassium
supplementation markedly increased actigraphy-
-based sleep efficiency and decreased daytime
sleepiness, while increased serum potassium lev-
els improved polysomnographic homeostasis of
the sleep architecture,'® and hyperkalemia may
contribute to poor sleep quality.?’ A potential link
between the sleep-wake cycle and electrolyte bal-
ance may be clinically meaningful; however, its
pathomechanism remains unknown.

A negative association between hypersomno-
lence and low serum iron level was shown. De-
creased serum iron level was found in about one-
-third of the SSc patients, and it is believed to be
a cumulative result of such factors as bleeding
from the stomach telangiectasias (watermelon
stomach) and diverticula of the colon as well as
impaired iron absorption (bacterial colonization
of the small intestine and fibrosis of the intesti-
nal wall, impaired motility of the gastrointesti-
nal system, and decreased appetite). Low tissue
level of iron can be one of etiological factors of
common occurrence of fatigue in the SSc patients.

3



Sleep disturbances occurred more frequently in
the SSc patients with gastrointestinal manifesta-
tions. Diarrhea, bloating, fecal incontinence, and
constipation were important correlates with sleep
problems in SSc. We observed poor sleep quali-
ty in all patients who reported vomiting or nau-
sea at night. Vomiting or nausea at night were
also independent predictors of excessive daytime
sleepiness in SSc patients. Other studies have also
shown a negative association between gastroin-
testinal involvement and sleep patterns in SSc pa-
tients.®5?' One of the mechanisms may be wors-
ening gastrointestinal motor dysfunction, which
interferes with the sleep structure. Moreover, gas-
troesophageal reflux can cause or increase the se-
verity of SSc-associated interstitial lung disease.

Novel observations from our study involve as-
sociations between some laboratory data and
sleep quality. We found an association between
the serum C3 complement component level and
sleep duration. The C3 complement component
level is known to be altered in various autoimmu-
nological diseases, including systemic lupus ery-
thematosus. Additionally, Manzar et al?? found
a correlation between serum C4 complement lev-
els and sleep duration and sleep quality in healthy
men. Acute-phase reactants are also suggested to
affect sleep quality. Our study revealed a correla-
tion between CRP levels and hypersomnolence.
Acute-phase reactants are also suggested to affect
sleep quality. Our study revealed a correlation be-
tween CRP levels and hypersomnolence. In SSc,
an impaired acute-phase response was revealed.
The mechanism of this phenomenon and the cor-
relation between the disease activity and inflam-
matory indices level remain unclear.?® Given in-
consistent evidence for the significance of vari-
ous chronotypes in obstructive sleep apnea,?* it
would be of interest to assess them in SSc patients
in association with polysomnography.

In summary, sleep disturbances in SSc are
a very common and important but underrat-
ed clinical problem. They are caused by a set of
factors of various nature and are probably re-
lated to several organ manifestations, but their
pathomechanisms remain unclear. Moreover,
sleep quality in SSc patients may have a signif-
icant impact on their physical and mental func-
tion, as well as treatment outcomes. It seems that
the medical history of SSc patients should include
details on sleep patterns. More research is need-
ed to understand the role of sleep disturbances
in the clinical course of SSc. They may result in
development of clinical guidelines for the diag-
nosis and management of sleep abnormalities
in patients with SSc.
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