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Introduction:-

and Tamer Mohamed Ebrahim Belal, MD.

Background: Sleep disorders and factors contributing to poor sleep in
multiple sclerosis (MS) patients remain unclear and most of previous
studies used subjective scales for sleep assessment.

Objectives: We aimed to assess the subjective and objective
parameters of sleep by evaluating 8-hour polysomnography in MS
patients.

Methods: We included 50 MS patients with either relapsing remittent
MS (RRMS) or secondary progressive MS (SPMS) and 25 age-and
sex-matched controls not diagnosed with sleep disorders. Demographic
and clinical characteristics were collected. All participants completed
standardized self-report questionnaires including Pittsburg Sleep
Quality Index (PSQI), Epworth Sleepiness Scale (ESS), Fatigue
Severity Scale (FSS), Beck Depression Index (BDI), Beck Anxiety
Index (BAI) scales and underwent history taking, general, neurological
examination and nocturnal polysomnography evaluation.

Results: We found 82% of MS patients were poor sleepers and 50% of
them met the criteria of excessive daytime sleepiness. BDI and BAI
scores were significantly higher in poor than good sleepers patients.
Thirty six patients (72%) had middle insomnia, 46% had initial
insomnia. Nine patients (18%) had higher apnea/hypopnea index
versus none of controls. Seventeen patients (34%) had restless legs
syndrome and ten (20%) had higher periodic limb movement index
versus none of controls. Depression, anxiety, pain, nocturia, fatigue,
immunotherapy, high disability and poor quality of life were
independent predictors for poor sleep.

Conclusions: Overall, 82% of MS patients had evidence of one or
more sleep disturbances. Our study confirms that MS causes sleep
fragmentation in terms of both macro and microstructure.

Copy Right, 1JAR, 2018,. All rights reserved.

Sleep disturbances in multiple sclerosis (MS) patients have received less attention in research as compared to
fatigue and depression and clinically under recognized by most physicians and research has primarily focused on
prevalence of sleep disorders and the relationship between sleep and fatigue in MS [1]. More than half of MS
patients suffer from chronic sleep disturbances and report poor sleep quality [2].
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Sleep disorders in MS are multifactorial; they may be caused by the degenerative and inflammatory process of the
disease which affects areas and cerebral neurotransmitters which may be essential for normal sleep [3]. Even though
disrupted nocturnal rest might be directly related to specific sleep disturbances, there is some evidence in the MS
literature, that many other demographic and clinical conditions (presence of comorbidities, MS duration and
progression, medication effects, pain, muscle spasms, sexual and/or bladder dysfunction, anxiety and depression)
should be considered as possible causes of sleep disorders in MS patients [4].

Identifying factors associated with poor sleep in MS is of key importance because sleep dysfunction can potentially
exacerbate other MS symptoms and considered as independent predictors of quality of life [4,5]. Indeed,
polysomnographic studies have only been conducted on small and unselected patient groups, however, most of
previous studies used only subjective sleep questionnaires. Moreover, conflicting measures of sleep disturbances are
seen in different studies of MS patients. Sleep studies in patients with MS that included controls are even rare [6].

The main objectives of our study were to evaluate subjective and objective sleep characteristics, pattern and
prevalence of poor sleep in a selected group of MS patients and also, to examine the possible causes of sleep
disturbance in MS patients through evaluation of the role of demographic, socioeconomic, co-existing conditions,
disease severity, stage of disease progression and clinical variables on sleep quality among MS patients.

Subjects and Methods:-

This is a cross sectional prospective study approved by the Ethical Committee of faculty of medicine, Mansoura
University, conducted on 75 individuals; 50 patients diagnosed as having multiple sclerosis according to the revised
McDonald criteria 2010 and 25 healthy volunteers (control persons) who match patient group for age and sex.

The patients were recruited and collected from Neurology Department in Mansoura University Hospital (MUH)
through outpatients clinic (OPC) from October 2015 to November 2017. The control group was recruited from the
MUH workers and the relatives of the patients. All patients and controls gave their informed consent after a detailed
explanation of the investigational nature of the study.

Inclusion criteria of patients in this study included acceptance to participate and share in the study, diagnosis of
clinically definite MS including patients diagnosed as having relapsing remittent MS (RRMS) or secondary
progressive MS (SPMS) according to the revised McDonald criteria 2010 [7], age of the patient > 18 years, disease
lasting more than two years and Expanded Disability Status Scale (EDSS) [8] score of less than 7. 0.

Exclusion criteria of the present study included age of the patient < 18 years, EDSS score > 7, patients with severe
degree of cognitive impairment as detected by the Mini-Mental State Examination (MMSE) score < 24 [9], patients
with past history of primary sleep disorders prior to onset of MS or with severe chronic medical disorders
(otorhinological disorders, uncontrolled diabetes mellitus, severe resistant hypertension, hepatic or renal failure and
chest diseases) or history of psychiatric disorders (psychosis, major depression or bipolar disorder) preceding
diagnosis of MS that could affect sleep, patients with history of drug addiction, alcohol intake or with current
history of drug intake that could affect sleep as hypnotics, antidepressant, antipsychotic or antihistaminic drugs and
Body Mass Index (BMI) more than 30.

Controls were healthy gender and age matched subjects to MS patients who had no sleep complaints, no medical
disorders, and were not receiving any medication that could affect sleep parameters.

Our participants underwent thorough medical and neurological history taking and examination with stress on
clinical MS features, coexisting conditions, current therapy and the use of medication either disease modifying
therapy (DMT) or symptomatic treatments. Neurological disability measured by Kurtzke’s Expanded Disability
Status Scale (EDSS) [8] was also assessed in all MS patients.

Subjective measures also were included; such as Pittsburgh Sleep Quality Index (PSQI) [10] to assess the quality
and patterns of sleep during the previous month, Epworth sleepiness scale (ESS) [11] to assess subjective
sleepiness, Fatigue severity scale (FSS) [12] to assess levels of fatigue and its effect on daily functioning, Beck 's
depression inventory scale (BDI) [13] to assess mood related symptoms, Beck 's anxiety inventory scale (BAI) [14]
to measure severity of anxiety during the past month and assess effect of anxiety on sleep of those patients and
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Rapid eye movement Behavior Disorders (RBD) Screening Questionnaire (RBDSQ) [15] to assess sleep behavior.
PSQI score > 5 indicates poor sleep, while ESS score > 10 indicates excessive daytime sleepiness.

Polysomnographic (PSG) assessment for objective sleep parameters by standard 8-hour overnight audio-video-
polysomngraphy was performed in all subjects for one night using SOMNOscreen plus PSG+, 4238 apparatus,
SOMNOmedics GmbH Am Sonnenstuhl 63; Germany. PSG evaluation included; an extended montage of
electroencephalograms (EEG) (F3/A2, F4/Al, C3/A2, C4/Al, Cz/Al, O1/A2, 02/Al), electro-oculograms,
submental electromyograms (EMGSs) and bilateral anterior tibial EMGs for chin and tibialis anterior muscles,
continuous electrocardiographic monitoring, nasal/oral airflow recorded with a thermistor, pulse oximetry and
respiratory activity recorded with a thoracic and abdominal strain gauges (plethysmography). Subjects were under
continuous videographic behavioral monitoring by a trained sleep technician in an adjacent room. After completion
of the study, PSG scoring was done according to the American Academy of Sleep Medicine scoring rules; 2015
version 2.2 [16]. Rapid eye movement sleep behavior disorder was diagnosed according to the International
Classification of Sleep Disorders-2 criteria. [17]. Apnea-hypopnea index (AHI) was calculated as the number of
obstructive apneas, central apneas, or hypopneas per hour of sleep. Sleep disordered breathing (SDB) was diagnosed
in patients with an AHI > 5/hour. SDB was classified as mild (AHI 5-15/hour), moderate (AHI 15-30/hour), and
severe (AHI > 30/hour).

Statistical Analysis:-

Statistical package for social science (SPSS) (SPSS, Inc, Chicago, IL; Version 21) was used for data management
and analysis. Kolmogorov-Smirnov test was done to test the normality of data distribution. Qualitative data were
described using number and percentage. Chi square test was used to compare groups of categorical variables.
Continuous variables were presented as mean + SD (standard deviation) for parametric data and median (range;
minimum-maximum) for non-parametric data. Differences among nominal variables were analyzed using the X2
test or Fisher’s exact test. General characteristics, clinical data of MS patients designated ‘‘good sleepers’” (PSQI <
5) were compared with those for poor sleepers (PSQI > 5) using Student’s t-test for normally distributed continuous
variables; the Mann—Whitney U test was used for continuous variables that were not normally distributed. Student t-
test and x2 test were used for the comparisons of all parameters between patients and controls. Correlations between
global PSQI score and continuous variables were evaluated by means of Spearman correlation coefficients. Logistic
regression was performed. Variables were included in the initial regression model if they were associated with sleep
disorders with a p value < 0.10. The results was considered significant when the probability of error is less than 5%
(p <0.05) at confidence interval 95%.

Results:-
There was no significant difference in BMI or marital status between the patients and control groups. Demographic
and clinical characteristics of the studied subjects are shown in (Table 1).

Table 1:- Demographic and clinical data of studied subjects.

Cases N=(50) Controls (N=25) Test of
Demographic Variables Mean + SD (range) Mean + SD (range) significance
N (%) N (%)
Age (years) 36.92+7.5 (23-52) 35.8+9.52 (22-51) t=0.56
P=0.610
Gender Male 24 (48.0%) 12 (48.0%) x*=0.0
Female 26 (52.0%) 13 (52.0%) P=1.0
Marital status Single 9 (18.0%) 8 (32.0%) x*=0.87
Married 41(82.0%) 17 (68.0%) P=0.25
BMI (kg/m2) 26.29+2.7 (20.3-30.0) 25.33+2.4 (20.7-29.0) t=1.52
P=0.13
Cases (N=50)
Clinical Variables Mean + SD (range)
N (%)
EDSS 3.5+1.5 (1.0-7.0)
Disease duration (years) 7.04+4.8
Age of disease onset (years) 29.88+7.78
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Type RRMS 42 (84.0%)
SPMS 8 (16.0%)

Number of attacks 5.443.1 (2.0-15.0)

RR (/year) 0.87+0.35 (0.25-2.0)
Medications Pulse steroids 12 (24%)
DMT (IFNb) 12 (24%)

»°=Chi-Square test t= Student t test

Categorical variables expressed as numbers and proportions (%). Continuous variables expressed as mean+ SD
(standard deviation) and range. N= Number, BMI=Body Mass Index, EDSS=Extended Disability Status Scale, RR=
Relapsing Rate, RRMS=Relapsing remittent multiple sclerosis, SPMS= secondary progressive multiple sclerosis,
DMT=Disease modifying therapy, IFN b= interferon beta, kg/m2= kilogram per square meter

In this study, MS patients experience poor nocturnal sleep quality manifested by significant higher mean global
scores on PSQI (8.48+3.4) than controls (2.44+1.4), with 82% of patients versus 4% of controls had poor sleep with
subjective evidence of a sleep disturbance (PSQI >5), (p <0.001). Compared with healthy controls, MS patients had
statistically highly significant higher scores on ESS than controls, (p <0.001). Middle insomnia with difficult
maintaining asleep and night awakening was the most common sleep complaint among MS patients (72%), coming
next to it, snoring (60%), excessive daytime sleepiness (50%), abnormal movements suggesting restless legs
syndrome (RLS) (34%), difficult breathing (32%), while symptoms of abnormal behavior, with acting out dreams
suggesting RBD was the least described in 8% of patients. All reported sleep complaints in MS patients were
statistically significant higher compared to controls (p<0.05), apart from no statistical significant difference in the
complaint of abnormal behavior with acting out dreams (p=0.294). (Table 2).

Table 2:- Sleep problems among studied subjects.

MS Cases (N=50) Controls (N=25) Test of
Sleep variables Mean + SD (range) Mean + SD (range) significance
N (%) N (%)
PSQI 8.48+3.4 (1-17) 2.44+1.4 (1-6)
PSQI<S 9 (18%) 24 (96%) t=8.5
PSQI>5 41 (82%) 1 (4%) P<0.001**
ESS 10.1+3.7 (2-18) 2.16+2.06 (0-10) t=9.8
P<0.001**
Initial insomnia 23 (46.0%) 3 (12.0%) ¥’=8.51
P=0.004*
Middle insomnia 36 (72.0%) 0 (0.0%) ¥’'=34.6
P <0.001**
Excessive daytime sleepiness 25 (50.0%) 1 (4.0%) ¥’=15.57
P <0.001**
Snoring 30 (60.0%) 8 (32.0%) +*=5.23
P=0.022*
Difficult breathing 16 (32.0%) 2 (8.0%) FET
P=0.001**
Abnormal movement (RLS) 17 (34.0%) 2 (8.0%) ¥°=5.96
P=0.015*
Abnormal behavior (RBD) 4 (8.0%) 0 (0.0%) FET
P=0.294

=Student t test  y*=Chi-Square test FET=Fischer exact test

Categorical variables expressed as numbers and proportions (%). Continuous variables expressed as meanz SD
(standard deviation) and range.

* = statistically significant p value ** = highly statistically significant p value

PSQI= Pittsburg Sleep Quality Index, ESS= Epworth Sleepiness Scale (ESS), RLS=Restless legs syndrome, RBD=
REM behavior disorders

Two patients had no stage N3 sleep and ten patients had no REM sleep. Comparison of polysomnographic data
between MS patients and the control group showed that, although, patient groups and controls did not differ
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significantly on REM latency and percentage of stage N3 or slow wave sleep (SWS), MS patients had significantly
higher total arousal index (TAI), periodic limb movement index (PLMI), sleep onset latency (SOL), wake after
sleep onset (WASO), stage shifts, percentage of stage N1 and percentage of stage N2, with lower sleep efficiency
(SE), total sleep time (TST) and percentage of REM sleep than controls. Moreover, there was trend towards
significant higher apnea hypopnea index (AHI) in patients than controls (p=0.069). (Table 3). RBD was confirmed
by subsequent polysomnography with synchronized audio—visual recording with presence of REM without atonia
(RWA) in only one patient (2%). AHI >5 suggesting sleep apnea syndrome was noted in 9 patients (18%). Seven
of these patients (14%) had mild obstructive sleep apnea (OSA) with AHI between 5-15. One patient (2%) had
moderate OSA (AHI between 15 and 30) and one patient (2%) had severe OSA (AHI >30). Ten patients (20%) had
periodic limb movement index (PLMI) >5. Of these patients, seven (14%) had mild periodic limb movement of
sleep (PLMS) with a PLM index between 5-25, one (2%) had moderate PLMS with an index between 25-50 and
two (4%) had severe PLMS with an index of >50.

Table 3:- Polysomnographic findings among studied subjects.

Sleep parameters Cases Controls

Median (min.-max.) Median (min.-max.) p-value

Mean + SD (range) Mean + SD (range)
Sleep efficiency (%) 72.4 (43.50-97.20) 90.5 (74.40-97.90) <0.001**
Total sleep time (minutes) 310.0 (174.50-453.50) 371.5 (270.35-491.18) <0.001**
Sleep onset latency (minutes) 20.93 (2.35-100.11) 11.46 (1.81-25.46) 0.002*
REM latency (minutes) 120.5 (0.00-387.50) 109.5 (54.50-177.0) 0.447
WASO (minutes) 72.5 (1.56-200.50) 19.0 (2.50-116.50) <0.001**
Stage shifts index (/hour) 2.70 (1.0-13.1) 1.90 (0.90-4.20) 0.005*
% stage N1 sleep 12.25 (3.60-33.80) 6.20 (1.60-10.20) <0.001**
% stage N2 sleep 59.35 (43.90-77.80) 49.70 (35.0-59.7) <0.001**
% stage N3 sleep 21.9 (0.00-43.10) 22.10 (16.20-37.10) 0.278
% REM sleep 4.5 (0.00-28.90) 21.20 (14.4-26.60) <0.001**
Total Arousal index 14.68 +11.2 (2.70-68.60) 2.86 +1.9 (0.00-6.10) <0.001**
PLMI (/hour) 6.01 £18.4 (0.00-92.0) 0.09 £ 0.3 (0.00-1.30) 0.005*
AHI (/hour) 3.04 +7.4 (0.00-44.40) 0.48 £ 0.8 (0.00-3.40) 0.069

Continuous variables expressed as mean+ SD (standard deviation) for parametric and as median and range (min.-
max.) for non-parametric variables.

WASO= Wake after sleep onset, PLMI= Periodic limb movements index, AHI=Apnea hypopnea index
* = statistically significant pvalue  ** = highly statistically significant p value

In an univariate analysis, PSQI was significantly positive correlated with disability (EDSS) scores, disease duration,
sleepiness (ESS), depression (BDI), anxiety (BAI), fatigue (FSS) scores and inversely correlated with quality of life
(QoL). Moreover, PSQI was significantly associated with SPMS type, treatment with DMT, pulse steroids, pain,
spasm and nocturia. However, PSQI scores were not correlated with age of disease onset, relapsing rate (RR) of the
disease, demographic data and spasticity. (Table 4).

Comparing poor sleepers (PSQI>5) with good sleepers (PSQI<S), EDSS score, prevalence of pain, spasm, nocturia,
sleepiness (ESS), depression (BDI), anxiety (BAl), fatigue (FSS) due to MS, percentage of patients on DMT (IFB)
and pulse intravenous steroids were significantly higher in poor sleepers than in good sleepers. However, there was
no significant differences between each regards demographic, socioeconomic characteristics, other MS characters
and spasticity. (Table 5).

Table 4:-Effects of different demographic, clinical variables and scales on sleep quality (PSQI).

PSQI
Variables Rho p-value
Median (min-max)
Beck depression scale 0.670 <0.001**
Beck anxiety scale 0.673 <0.001**
Fatigue severity scale 0.602 <0.001**
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Quality of life index -0.677 <0.001**
Epworth sleepiness scale 0.698 <0.001**
EDSS 0.672 <0.001**
Disease duration 0.321 0.023*
Relapsing rate 0.086 0.553
Age of disease onset -0.057 0.692
Attacks number 0.406 0.003*
Type RRMS 8.0 (1.0-14.0) 0.044*
SPMS 10.0 (8.0-17.0)
Disease modifying therapy Yes 9.5 (8-17) 0.025*
No 8.0 (1-14)
Pulse steroids Yes 11.0 (1-17) 0.034*
No 8.0 (3-14)
Age 0.186 0.197
Body mass index 0.141 0.330
Gender Male 8.00 (1-14)
Female 8.00 (3-17) 0.945
Residence Rural 8.00 (3-12)
Urban 8.00(1-17) 0.265
Educational level Low 9.00 (1-14)
High 7.00 (3-17) 0.312
Pain Yes 9.00 (7-17)
No 6.00 (1-17) <0.0001**
Spasm Yes 9.00 (7-12)
No 8.00 (1-17) 0.0494*
Spasticity Yes 9.00 (1-17)
No 6.00 (3-14) 0.063
Nocturia Yes 9.00 (3-17)
No 6.00 (1-9) <0.0001**
Rho= Spearman's correlation coefficient, Mann-Whitney test
* = statistically significant p value ** = highly statistically significant p value
PSQI= Pittsburg Sleep Quality Index, EDSS= Extended Disability Status Scale
Table 5:-Different demographic, clinical variables and scales in patients with poor and good slee
Good sleepers (N=9) Poor sleepers (N=41)
Variables Mean + SD Mean + SD P value
Median (Min. — Max.) Median (Min. — Max.)
N (%) N (%)
Age (years) 35.11+ 4.22 37.32+7.79 0.427
BMI (kg/m2) 24.90 (22.7-29.5) 27.00 (20.3-30.0)
0.318
Gender Male 4 (16.7%) 20 (83.3%)
Female 5 (19.2%) 21 (80.8%) 1.00
Residence Rural 6 (24.0%) 19 (76.0%)
Urban 3 (12.0%) 22 (88.0%) 0.463
Educational level | Low 4 (12.1%) 29 (87.9%)
High 5 (29.4%) 12 (70.6%) 0.242
Marital status Single 1(11.1%) 8 (88.9%)
Married 8 (19.5%) 33 (80.5%) 1.00
Age of disease onset (years) 31.00 (23-38) 29.0 (18-46)
0.781
Disease duration (years) 4.00 (3-12) 6.0 (2-25)
0.230
Number of attacks 4.00 (2-6) 5.0 (2-15)
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0.229
Relapsing rate (/year) 1.00 (0.25-2.00) 0.83 (0.25-2.00)
0.721
EDSS 2.05+1.01 3.81+1.46
0.001**
Type RRMS 9 (21.4%) 33 (78.6%)
SPMS 0 (0.0%) 8 (100.0%) 0.322
Epworth sleepiness scale 5.0 (2-12) 11.0 (6-18)
0.001**
Beck depression scale 11.56 +2.87 18.95 +5.08
<0.001**
Beck Anxiety scale 12.0 (9-15) 21.00 (9-33)
<0.001**
Fatigue severity scale 21.0 (16-49) 40.0 (21-56)
0.001**
Quiality of life index 84.00 (67-95) 59.00 (23-83)
<0.001**
Pulse steroid No 18 (47.4%) 20 (52.6%)
Yes 1(8.3%) 11 (91.7%) 0.042*
DMT No 19 (50%) 19 (50%)
Yes 0 (0.0%) 12 (100.0%) 0.05*
Pain Absent 9 (39.1%) 14 (60.9%)
Present 0 (0.0%) 27 (100.0%) <0.001**
Spasm Absent 25 (55.5%) 20 (44.5%)
Present 0 (0.0%) 5 (100.0%) 0.047*
Spasticity Absent 7 (17.1%) 34 (82.9%)
Present 2 (22.2%) 7 (77.8%) 0.657
Nocturia Absent 7 (41.2%) 10 (58.8%)
Present 2 (6.1%) 31 (93.9%) 0.004*

* = statistically significant p value

(EDSS), poor quality of life (QoL) were considered as independent predictors for poor sleep. (Table 6).

** = highly statistically significant p value
EDSS=Extended Disability Status Scale, BMI=Body Mass Index, DMT=Disease modifying therapy, RRMS =
Relapsing remittent MS, SPMS= Secondary progressive MS
In multivariate analysis, depression, anxiety, pain, nocturia, fatigue, DMT (immunotherapy), high disability

Table 6:-Logistic regression analysis for prediction of poor sleep (PSQI >5).

Variables Poor sleep (PSQI > 5)

OR (95% CI) P value
Beck depression inventory 7.968 (0.835- 12.063) 0.041*
Beck anxiety inventory 5.309 (0.428 - .955) 0.036*
Fatigue severity scale 8.991 (0.823 - 30.281) 0.025*
Quality of life index 7.864 (2.754 — 19.562.) 0.033*
Epworth sleepiness scale 3.073 (0.190 - 8.051) 0.0637
Disease duration 1.523 (0.812 - 2.856) 0.190
Number of attacks 0.460 (0.197 - 1.074) 0.073
EDSS 3.309 (0.428 - 6.755) 0.026*
MS type 0.015 (0.001- 3.607) 0.066
Pulse steroid 1.036 (0.054 - 19.826) 0.981
Disease modifying therapy 5.638 (1.54- 13.785) 0.032*
Pain 7.921 (0.601 - 14.43) 0.0216*
Spasm 1.572 (0.088 - 28.08) 0.758
Nocturia 24.92 (2.532 - 45.44) 0.006*

* = statistically significant p value

781




ISSN: 2320-5407 Int. J. Adv. Res. 6(6), 775-786

OR= Odds Ratio, Cl= Confidence interval, PSQI= Pittsburg Sleep Quality Index, EDSS= Extended Disability
Status Scale

Discussion:-

Our study shows that, 82% of our patients reported poor sleep based on PSQI. Unlike demographic and
socioeconomic variables, clinical conditions, both related and unrelated to MS, are associated with an altered quality
of sleep in individuals affected by MS. Moreover, our study underscores and confirms important points that sleep
disorders are common in MS patients though often unrecognized and also, sleep disorders are often associated with
disability, pain, bladder dysfunction, fatigue and mood disorders leading to impairment of QoL.

In agreement with our study, several studies [18-22] showed that in MS patient group, there was higher number of
nocturnal awakenings, stage shifts index and WASO, with lower SE compared with controls. Other studies [23, 24]
found increased sleep stage changes and shifts in the subjects with sleep disorders compared to those without and in
MS patients than matched controls. Moreover, in concordance with our study, some researchers found that MS
patients had significant longer sleep latency, WASO and higher number of awakenings with less SE and TST
compared to the controls [25, 26]. Furthermore, two studies [27, 28] found that MS patients had significantly
reduced SE % and increased sleep latency, compared to control group.

However, in contrast to our study, SE and sleep latency did not differ significantly between MS patients and healthy
controls in some previous studies [5, 23, 24, 29]. Moreover, another study [30] found that patient groups and
controls did not differ significantly on TST, SL, SE, WASO percentage and stage shifts. The reasons of this
difference may be that Kaminska and colleagues included patients with relapse-free for at least 30 days prior to
screening and during the study, and no chronic steroid treatment for >6 months prior to study entry. Lunde and
colleagues depended on self-report questionnaires but not on objective measures as PSG or actigraphy like our
study. In addition, authors of another study reported that the difference in TST between women with and without
MS was not significant (p = 0.16) [31].

The present study showed a significant increase in the median TAI and PLMI in MS cases than controls, reflecting
disruption of sleep microstructure, in agreement with several previous studies [18, 20-22, 24, 28, 30].

The current study showed significant increased stage N1 and N2 NREM sleep percentage (light sleep) in MS
patients in comparison to controls (p<0.001), in agreement with some studies [21, 22]. Moreover, authors of
another study [24] found increased N1 sleep in the sleep disorder (SD)-subjects compared with the no SD subjects.
We reported absent stage N3 sleep in two patients (4%), with no significant difference between MS patients and
normal controls (p=0.278), in agreement with several studies [18, 23, 24, 29, 30, 32]. We reported absent stage
REM sleep in 13 patients (26%), with median REM sleep percentage was reduced in MS patients compared to
normal controls (p < 0.001), in agreement with some two previous studies [22, 28].

Moreover, in the present study, there was a trend towards significant difference between MS patients and controls
regards AHI (p= 0.069), in agreement with findings of another study [23]. In addition, authors of other two studies
[29, 30] found no significant differences in AHI between patient group and controls.

Ninety six percentage of MS patients were reported to have objective evidence of relevant sleep disturbances in a
previous study [33]. Moreover, authors in another study [23] reported as high as 80% of MS patients had sleep
disorders when describing incidence of OSA in a clinical sample. In addition, some researchers found that poor
sleep was present in 77% of patients [29]. Other authors in their study [34] found that 80% of patients reported sleep
problems. Furthermore, 85% of patients in another study [35] endorsed at least one nocturnal symptom to interfere
with their ability to get a good night’s sleep. More than 87% of MS patients of another study experienced sleep
problems [36]. In another study [37] authors found that 93.75% of MS patients had objective evidence of a sleep
disturbance. These previous studies are consistent with and near similar to our study, that 82% of our MS patients
had poor sleep.

With respect to subjective sleep data, we reported a significant higher mean global PSQI score compared with the
healthy controls, in agreement with different previous studies [5, 20, 30, 38-43]. In the current study, there was no
significant association between demographic characteristics (gender or age) and poor sleep, in agreement with two
previous studies [4, 44].
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In the current study, there was a significant positive correlation between PSQI and EDSS (p< 0.001), disease
duration (p=0.023), with significant higher EDSS and percentage of SPMS in poor than good sleepers. It could be
assumed that increased disability would lead to increased sleep impairment due to restricted movement with
difficulty in turning in or getting out of bed unaided, decreased bladder control, progressive neurological symptoms
and increased psychological strain. Some studies [4, 30, 38, 39, 45- 48] suggested that higher EDSS and longer MS
duration are associated with a greater prevalence of sleep disorders and higher PSQI, in agreement with our study.

In the present study, there was significant association between poor sleep and usage of immunotherapy (DMT,
IFNDb), with higher percentage of poor sleepers taking DMT than good sleepers, in agreement with some previous
studies [5, 44, 49, 50]; however, in contrast to other studies [4, 45, 46, 51].

In our study, depression, anxiety, pain, nocturia, fatigue, DMT (immunotherapy), high disability (EDSS) and poor
quality of life (QoL) were considered as independent predictors for poor sleep in MS patients in linear regression
modeling. In agreement with our study, depression, pain, fatigue and nocturia were found to be associated with
reduced quality of sleep in one previous study [52]. In an another study [5], authors found that poor sleep was
independently associated with use of immunotherapy, reduced quality of life and the high psychological burden of
MS. Moreover, in a multivariate analysis of another study [45], their authors reported depression, disability,
nocturia, pain and fatigue were associated with poor sleep. In addition, two more studies [48, 53] found that
multivariate logistic regression analysis indicated that patients with higher fatigue were more likely to have poor
sleep quality.

Moreover, in concordance with our study, some authors in their study [54] found that, in a linear regression model
variables statistically significantly related with sleep problems included higher level of disability (EDSS), fatigue,
pain, bladder/sexual dysfunction, depression and anxiety. No relations were found between independent variables
like residence, education, marital status, disease duration and sleep problems. In addition, a significant regression
coefficient between sleep quality and disability, depression, pain and physical fatigue was reported in another study
[65]. Furthermore, multivariate logistical regression analysis of another study [43] revealed that higher
psychological burden of MS and depression might be risk factors for poor sleep in MS patients.

In the current study; ESS score was significantly higher in MS patients than in controls, (p<0.001). Fifty percentage
of MS patients reported excessive daytime sleepiness (EDS) versus none of the controls (p<0.001), in concordance
with previous studies [21, 29, 31, 37, 44, 45, 48- 51, 57, 58]. In agreement with our study, several studies [31, 44,
45, 56] found that ESS scores were positively correlated with disturbed sleep.

Conclusion:-

Sleep disorders are an underestimated problem in MS patients. We concluded that sleep disturbances are very
frequent in MS patients and more prevalent than general population, with poor sleep quality was reported in 82% of
our patients; middle insomnia in 72%; initial insomnia in 46%; EDS in 50%; RLS in 34%; PLMD in 20%; sleep
apnea in 18%; while RBD was only reported in 2% of patients with MS. There are several variables contributing to
disturbed sleep in our MS patients. Different factors of depression, anxiety, pain, nocturia, fatigue, DMT
(immunotherapy), high disability (EDSS) and poor quality of life (QoL) were considered as independent predictors
for poor sleep in MS patients.
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