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Circadian rhythm sleep disorders in patients with
multiple sclerosis and its association with fatigue:
A case‑control study
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Background: Circadian rhythm sleep disorders are a presentation of sleep disorders in patients with multiple sclerosis (MS). This
study aims to compare this problem in MS patients with healthy people and to determine its association with chronic fatigue in MS
patients. Materials and Methods: A case‑control study was performed on 120 MS patients and 60 healthy subjects matched for
age and sex, in 2009 in MS Clinic Alzahra Hospital. Sleep quality, rhythm and fatigue severity were assessed using PSQI (Pittsburgh
sleep quality index) and FSS (Fatigue severity Scale) questionnaires, respectively. Its reliability and validity has been confirmed in
several studies (Cronbach’s alpha = 0.83). This index has seven sections including patient’s assessment of his/her sleep, sleep duration,
efficacy of routine sleep, sleep disorders, use of hypnotic medication, and dysfunction in daily activities. Results: Circadian rhythm
sleep disorder was more frequent in MS patients relative to healthy subjects (P: 0.002). It was higher in MS patients with severe
fatigue relative to MS patients with mild fatigue (P: 0.05). Fatigue severity was 49.9 ± 8.2 and 22.5 ± 7.4 in the first and second group,
respectively. PSQI index was 7.9 ± 4.5 in patients with severe fatigue and 5.9 ± 4.5 in patients with mild fatigue and 4.5 ± 2.4 in the
control group (P: 0.0001). Conclusion: Circadian rhythm sleep disorders are more frequent in MS patients and those with fatigue.
Recognition and management of circadian rhythm sleep disorders in MS patients, especially those with fatigue may be helpful in
improving care of these patients.
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INTRODUCTION
Multiple sclerosis is an autoimmune demyelinative
disease of the central nervous system. Its prevalence
is about 2.5 million people worldwide.[1] It usually
affects people 20‑50 years old and is more prevalent in
women.[2]
Circadian rhythm disorder is defined as discrepancy
between patient’s sleep pattern and normal sleep
pattern. These disorders cause complaints of insomnia,
hypersomnia and finally lead to impaired functionality
and low quality of life. [3] Circadian rhythm sleep
disorders may be due to external and internal factors.
External factors include jet lag and sleep disorders
due to shift work. Internal factors are of several types:
In delayed sleep phase syndrome, sleep starts with
≥2 h delay. In advanced sleep‑phase syndrome sleep
start is sooner than normal, around 6‑9 pm and the
patient wakes up sooner than normal, about 2‑5 am. In
non‑24 h sleep‑wake syndrome sleep starts increasingly
later every day. In irregular sleep pattern, sleep pattern
is very irregular so that patients wake up at night and
take naps during daytime.[4,5]

Fatigue is the most common reported symptom in MS
patients.[6] It is associated with lower quality of life. It is
defined as lack of physical and mental energy perceived
by the patient that prevents ordinary activities.[7,8]
Physiopathologic basis of fatigue in MS patients is
complicated and underlying mechanisms are not well
known. It might be related to MS process or secondary
to sleep disorders or depression.[9]
While sleep makes one third of every human’s life, its
quality affects the other two third. In a study, prevalence
of sleep complaints was three fold in MS patients.[10]
Taphoorn and colleagues found no circadian rhythm
sleep disorder in MS patients but Soorensen found
abnormalities of circadian sleep rhythm in relapsing
remitting MS.[11,12] Attarian compared 15 MS patients with
complain of fatigue with 15 MS patients without fatigue
and found that there is significant association between
chronic fatigue and circadian rhythm sleep disorder in
MS patients.[13]
Few studies have investigated the role of fatigue in
sleep disorder in MS patients, especially circadian
rhythm sleep disorders. This study aims to investigate
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the frequency of circadian rhythm sleep disorders in MS
patients compared with control group with respect to
different severity fatigue.

MATERIALS AND METHODS
A case control study was performed in 2009 in MS Clinic
Alzahra Hospital in Isfahan. Inclusion criteria were: Age
>18 years old, EDSS score ≥2 and history of relapsing
remitting MS for at least two years. Exclusion criteria were
acute relapse phase, substance abuse, taking sedatives
or immunosuppressive agents, comorbid condition or
pregnancy.
MS patients with relapsing remitting type referring to
Alzahra Hospital MS Clinic were recruited using easy
sampling method. Their healthy family members or
relatives were included in the control group after matching
for age and sex.
Assessment of patients’ disability was performed using
EDSS (Expanded disability scale score). This is a standard
questionnaire.[14,15]
Sleep quality was assessed using Pittsburgh sleep quality
index (PSQI).[16,17] Its reliability and validity has been
confirmed in several studies (Cronbach's alpha = 0.83). This
index has seven sections including patient’s assessment of
his/her sleep, sleep duration, efficacy of routine sleep, sleep
disorders, use of hypnotic medication, and dysfunction in
daily activities. Every item scores between 0‑3. 0 means that
the patient had not have the condition in the previous month
and 3 means that it had happened at least three times in
the previous week. A score of 5 or higher means low sleep
quality. Circadian rhythm sleep disorder was assessed by
the four first questions.
Fatigue severity was assessed using FSS (Fatigue Severity
Scale). The reliability and validity of this questionnaire
has been determined before. It contains nine questions
with Likert scale, ranging from 1‑7. Lower scores mean
disagreement and higher scores show agreement. A score
of 36 or higher is regarded as severe chronic fatigue and
lower than that is mild fatigue.
One hundred and twenty MS patients including those with
mild and severe fatigue were studied. Sixty healthy subjects
who were family members or relatives of patients and were
matched for age and sex were the control group.
After getting informed consent EDSS and FSS questionnaires
were completed in the case group and demographic data
and PSQI in both groups. The data was analyzed using Ki
square and independent sample t‑test using SPSS software
package (version 16, SPSS Inc., Chicago, IL).
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RESULTS
Mean age of studied subjects was 33 ± 8.8 years. Each group
included 48 women (80%) and 12 men (20%). Patients and
control group were matched for age and sex. EDSS was
2.8 ± 0.9 in patients with severe fatigue and 2.5 ± 0.7 in
patients with mild fatigue. Fatigue severity was 49.9 ± 8.2
and 22.5 ± 7.4 in the first and second group, respectively.
PSQI index was 7.9 ± 4.5 in patients with severe fatigue and
5.9 ± 4.5 in patients with mild fatigue and 4.5 ± 2.4 in the
control group (P: 0.0001).
Circadian rhythm sleep disorders including advanced
sleep phase syndrome, delayed sleep phase syndrome
and irregular sleep wake pattern were found in 4 (6.7%),
7 (11.7%) and 20 (33.3%) patients, respectively. Twenty‑nine
patients (48.3%) did not have circadian rhythm sleep
disorder.
In MS patients with mild fatigue, 2 (3.3%), 11 (18.3%) and
5 (8.3%) had advanced sleep phase syndrome, delayed
sleep phase syndrome and irregular sleep wake pattern
syndrome, respectively. Forty‑two (70%) patients did not
have circadian rhythm sleep disorder. In the control group
the disorders were found in 1 (1.7%), 7 (11.7%) and 6 (10%)
patients, respectively (P: 0.002). PSQI was 6.5 ± 0.7, 7.4 ± 4.3
and 3 ± 9.8 in three types of sleep disorder in MS patients
with severe fatigue, and 5.1 ± 3.1 for patients without
rhythm disorder (P: 0.015). In the control group the PSQI
scale was 6, 7.7 ± 2.4 and 7 ± 1.6 in three groups of rhythm
disorder, respectively. It was 3.6 ± 1.8 in patients without
rhythm disorder (P: 0.0001) [Table 1].

DISCUSSION
In this study various types of circadian sleep disorder
including advanced sleep phase syndrome, delayed sleep
phase syndrome and irregular sleep wake pattern in MS
patients with mild and severe fatigue were compared
with healthy subjects. Circadian sleep rhythm disorders
were higher significantly in MS patients relative to healthy
subjects. They were higher in patients with severe fatigue
compared with patients with mild fatigue.
Table 1: Mean of EDSS, FSS and PSQI in MS patients
and control group
Variables

Age (year)
Sex (female) n (%)
EDSS (mean±SD)
PSQI (mean±SD)

Study groups
MS+severe
MS+mild
fatigue
fatigue
35±8.3
31±8.8
48 (80%)
48 (80%)
2.8±0.9
7.9±4.5

2.5±0.7
5.9±3.6

P value
Control
group
32±9.1
80%
N/A
4.5±2.4

>0.05
>0.05
0.115
<0.0001

EDSS=Expanded disability status scale; PSQI=(Pittsburgh sleep quality index) and
FSS=Fatigue severity scale; MS=Multiple sclerosis; The results are presented as
n (%) or mean (SD)
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The etiology of fatigue in MS patients is not well known.
Metabolic derangement and structural abnormalities in
nerve tracts related to basal ganglia, thalamus, limbic
system and neocortex are involved in the pathophysiology
of fatigue.[16] Sleep disorders, especially circadian rhythm
sleep disorder may be an important factor in MS fatigue.[18]
However, fatigue must be differentiated from sleepiness
related to sleep disorder.
MS is associated with various types of sleep disorders.[19,20]
The frequency of circadian sleep rhythm is not known in the
Iranian general population or in MS patients.[21] Circadian
rhythm varies according to age, cultural and geographical
conditions.[5] These disorders lead to insomnia, excessive
day sleep or both. This leads to dysfunction at school, work
or socially.[4]
A study in Iranian patients similar to our study showed
circadian sleep rhythm in MS patients with fatigue.[13]
However, another study did not show any circadian sleep
rhythm in MS patients.[12] These findings support more
vulnerability of biological clock in MS patients. Different
findings might be due to small sample size, simultaneous
mood disorders, lack of discrimination between various MS
classes, using medication, and different cultural and social
background. Circadian rhythm sleep disorder cannot be
related solely to fatigue as it is a multifactorial phenomenon.
Anatomic location of demyelinative lesions (such as optic
nerve and hypothalamus) may have a role in the pathogenesis
of sleep disorder.[12] Demyelination of nerve fibers and tracts
may impair biological clock. Confirming the association
between anatomic location of demyelinative plaques with
types of sleep disorder, especially circadian sleep rhythm
needs further assessment usin g MRI and functional MRI.
The findings of this study showed that circadian sleep
rhythm disorders are more frequent in MS patients and those
with fatigue. Recognition and management of circadian
rhythm disorders in MS patients, especially those with MS
fatigue may be helpful in improving care of these patients.
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It is suggested that MS patients suffering from fatigue be
evaluated for circadian rhythm sleep disorders. Larger
studies are needed to determine frequency of sleep
disorders in MS patients.
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