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Abstract
Background: Sleep disorders are common in patients with multiple sclerosis and have a bidirectional
interplay with fatigue and depression.
Objective: To evaluate the effect of treatment with oral dimethyl fumarate on the quality of sleep in relaps-
ing-remitting multiple sclerosis.
Methods: This was a multicentre observational study with 223 relapsing-remitting multiple sclerosis sub-
jects starting treatment with dimethyl fumarate (n=177) or beta interferon (n=46). All patients underwent
subjective (Pittsburgh Sleep Quality Index) and objective (wearable tracker) measurements of quality of
sleep. Fatigue, depression, and quality of life were also investigated and physical activity was monitored.
Results: Patients treated with dimethyl fumarate had significant improvement in the quality of sleep as
measured with the Pittsburgh Sleep Quality Index (p<0.001). At all-time points, no significant changes
in Pittsburgh Sleep Quality Index score were observed in the interferon group. Total and deep sleep mea-
sured by wearable tracker decreased at week 12 with both treatments, then remained stable for the total
study duration. Depression significantly improved in patients treated with dimethyl fumarate. No signifi-
cant changes were observed in mobility, fatigue and quality of life.
Conclusion: In patients with relapsing-remitting multiple sclerosis, the treatment with dimethyl fumarate
was associated with improvements in patient-reported quality of sleep. Further randomised clinical trials
are needed to confirm the benefits of long-term treatment with dimethyl fumarate.
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Introduction
Sleep disorders are linked to a heterogeneous spectrum
of problems and are frequent in patients with multiple
sclerosis (MS)1 contributing to worse daily functioning
and quality of life.2–4 Epidemiological studies have
shown that sleep disorders are undiagnosed in several
MS patients5,6; however, they are more common in
MS compared to healthy subjects,7 in particular in
females, in patients with longer disease duration,8 with

high psychological burden and treated with immuno-
therapy.7 Therefore, these disorders may be associated
not only with the disease itself but also with psycho-
logical problems secondary to MS, side effects of ther-
apies or other comorbidities.

Fatigue, the most common MS symptom,9 is asso-
ciated with sleep disorders2,10,11 and this association
could be partially explained by disruption of sleep
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microstructure, poor subjective sleep quality and
depression.12 There is a limited number of studies
on the impact of disease-modifying treatments on
sleep and most of them with relevant methodological
problems.13 Interferon (IFN)-β treatment may affect
sleep and contribute to fatigue, depression, and poor
quality of life14; conversely, treatment with natalizu-
mab generally improves sleep quality.15

Dimethyl fumarate (DMF), a current MS therapy, may
provide neuroprotection and immunomodulation by
activating the nuclear factor (erythroid-derived 2)-like
2 (Nrf2) pathways16 the primary cellular defence
system to the potentially toxic oxidative and inflamma-
tory stress that may be associated with sleep disruption
in MS.17 DMF demonstrated robust efficacy and an
acceptable safety profile in relapsing-remitting MS
(RRMS) patients in the Phase 3 DEFINE18 and
CONFIRM19 studies; it was shown to have a positive
impact on health-related quality-of-life (HRQoL) out-
comes as early as 6 months, which was maintained
over the 2 years.20 Moreover, it was demonstrated that
in obstructive sleep apnea (OSA), DMF mitigates
OSA severity through suppression of systemic inflam-
mation.21,22 The decrease in inflammatory activity, the
good safety profile and the oral route of administration
may have a positive impact on the quality of sleep. To
date, there is no available data on the long-term effects
of DMF on the quality of sleep.

The primary objective of this case-control observational
study was to evaluate the effects of DMF on sleep in the
treatment of naiveMS patients. The impact on sleep was
estimated by a combination of patient-reported evalua-
tions and objective data recorded by a wearable device.

The primary objective was to assess the longitudinal
change in sleep quality measured by the Pittsburgh
Sleep Quality Index (PSQI) questionnaire. The sec-
ondary objectives were to evaluate the impact of
fatigue, mood and quality of life and to assess the
feasibility of periodic electronic remote monitoring.
Digitalisation and remote monitoring may allow a
constant objective evaluation of functioning in MS
patients with a high time resolution. Conversely, the
use of wearable devices might be limited by technical
problems and suboptimal adherence.23 We have
focused our attention on several sleep parameters
measurable using a wearable device, which may
have an important influence on MS patients’ quality
of life.24 Moreover, a 1-year survey has been con-
ducted on a relatively high sample of patients to
assess whether DMF has a longitudinal effect, not
only from a biological aspect but also on

psychological perspective. Patients who started treat-
ment with IFNs, the most frequently prescribed first-
line DMT in Italy, were observed as a control group
and evaluated as an exploratory objective.

Materials and methods
The study included adult outpatients of either sex with
RRMS within 5 years diagnosed as per 2010 revised
McDonald criteria,25 relapse-free and in stable neuro-
logical condition in the last 30 days prior to screening,
with EDSS 0.0–5.5 and started DMF or an IFN within
1–4 weeks before enrolment according to local clin-
ical practice. Exclusion criteria were: other MS
forms according to standard definitions26; onset of
MS relapse in the previous 30 days and/or no partial
recover from a previous relapse; any other previous
MS treatment within 1–4 weeks before enrolment;
steroids administration in the last 30 days (IV methyl-
prednisolone was allowed for relapse treatment after
enrolment); concomitant treatment with hypnotics;
history of malignancy (except for cured basal cell car-
cinoma), severe allergic or anaphylactic reactions or
known drug hypersensitivity, clinically significant
concomitant diseases or laboratory abnormalities,
drug or alcohol abuse in the past 2 years; pregnant
or breastfeeding women or women not using appro-
priate contraception. Patients with major sleep disor-
ders were also excluded.

Following a one-week screening phase, visits at the
clinic took place at baseline and after 12, 24 and 48
weeks of treatment. The primary endpoint was the
change from baseline to Week 24 in quality of sleep,
as measured by means of the PSQI questionnaire. The
PSQI27 includes 19 individual items that generate
seven different areas of sleep. Scoring of answers is
based on a 0–3 scale, whereby a score of 3 reflects the
negative extreme on the Likert Scale. A global sum of
≥5 indicates poor sleep quality.

Secondary end points based on patient-reported
outcome measures included: changes from baseline
in quality of sleep and daily activity as measured by
a wearable tracker (Withings Pulse™); changes
from baseline in quality of life, measured with the
Multiple Sclerosis International Quality of Life
(MusiQoL),28 changes in fatigue measured with the
Fatigue Severity Scale (FSS),29 and in depression
measured with the Asberg Depression Rating Scale
(MADRS)30; treatment satisfaction was assessed
with the Treatment Satisfaction Questionnaire for
Medication-9 (TSQM-9).31 The comparison between
DMF and IFN groups for all the variables was an
exploratory objective.
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Patients wore the tracker during the week before the
planned visit. The technology used by Withings
Pulse™ is based on Actigraphy, a method for moni-
toring human rest/activity cycles through a sensor
called an accelerometer; using Micro-Electro-
Mechanical Systems technology (MEMS) the micro-
movements are converted into electrical signals and
subsequently translated into data through a specific
pre-made algorithm. The following parameters of
sleep were evaluated on a weekly basis: quality of
sleep (duration deep sleep/duration total sleep), total
sleep, deep sleep, light sleep duration, number of awa-
kenings. The daily mobility was estimated by the
number of steps and the total distance covered. The
weekly based assessment of remote monitoring was
based on the availability of at least 4 days of record-
ing. Adverse events were recorded throughout the
study.

The study protocol was approved by the Ethics
Committee of each study site and all participants
signed the informed consent.

Analysis of efficacy was performed in the full analysis
set (FAS), which included all patients that started
treatment with DMF or IFN who had the baseline
and at least one post-baseline assessment of PSQI.
The analysis of the primary endpoint was repeated
in the per-protocol (PP) set, which included all the
FAS patients that completed the study with no
major protocol violations. All statistical tests were
two-sided and were carried out at the 5% level of
significance.

Changes in PSQI and sleep parameters over time were
analysed using a mixed-effects regression model, with
the patient as a random factor and visit and treatment
as a fixed factor, taking into account repeated value
for each subject over time. Models with visit variables
as continuous were estimated to evaluate linear trends
over time. Missing data were interpolated from the
model. Subgroup analyses by gender and age range
(< or > 35 years) were also performed. The relation-
ship between changes from baseline in PSQI score
and quality of sleep (wearable tracker), fatigue,
quality of life, mood and treatment satisfaction was
evaluated using Pearson’s or Spearman’s correlation
coefficient, respectively, when variables were
assessed on an ordinal level of measurement or
when one variable was an ordinal-level variable and
the other was an interval- or ratio-level variable. A
Wilcoxon Signed Rank test was used to analyze the
changes from baseline in quality of life, fatigue and
depression in patients treated with DMF.

Results
A total of 231 patients were screened in 25 Italian
sites and 223 patients accepted to participate, signed
the informed consent and started treatment (177
with DMF and 46 with IFN). Figure 1 summarises
the disposition of patients. Overall, 168 patients
(75.3%, 140 treated with DMF and 28 with IFN) com-
pleted the 48-week study period. Adverse events (8
and 10 patients, respectively in the DMF and IFN
group) were the most common reasons for study dis-
continuation. Seventeen patients (12 and 5, respect-
ively in the two groups) did not have post-baseline
efficacy data and were excluded from the FAS (165
and 41 patients, respectively). The PP population
comprised 136 patients treated with DMF and 27
treated with IFN. Table 1 shows the demographic
and other baseline characteristics of patients without
significant differences.

Patients treated with DMF had significant improve-
ment over time in quality of sleep as measured with
the PSQI (p<0.001); the treatment-by-interaction
effect was not statistically significant. However, the
PSQI score decreased from baseline to Week 24 in
patients treated with DMF (mean change: −0.46;
9% CI: −0.94 to 0.02, p=0.062) and then remained
stable at week 48. No significant changes at any
time points were observed in the IFN group
(Figure 2).

Similar findings of the PSQI score from baseline to
Week 24 were observed for the DMF group in the
baseline-adjusted analysis (p=0.06) and in the PP
population (p=0.048). Moreover, a significant effect
over time and significant changes from baseline to
any post-baseline time point (p<0.001), were
observed in the subgroup of 101 patients treated
with DMF who had poor sleep at baseline (PSQI
score > 5. In the DMF group, depression significantly
improved from baseline to Week 24 (p=0.041): the
mean (SD) change in MADRS score was −0.99
(5.46). No significant changes in depression were
observed in IFN group. Conversely, there were no
statistically significant changes from baseline to Week
24 in quality of life (mean [SD] change in MusiQoL
score: −1.07 [12.09], p=0.366) and fatigue (mean
[SD] change in FSS score: −0.95 [11.73], p=0.273) in
both groups. Statistically, significant direct correlations
were observed between PSQI score and FSS score at
week 48 in the overall population (r=0.17, p=0.048)
and in patients with poor sleep at baseline (r=0.30,
p=0.013), and between PSQI score and MADRS
score at week 12 (r=0.19, p=0.018) and week 24
(r=0.24, p=0.005).

Comi et al.

www.sagepub.com/msjetc 3



The mean TSQM-9 score remained quite stable during
DMF treatment, with a trend of small non-significant
improvement from Week 12 (mean [SD], 42.79
[7.36]) to Week 24 (mean [SD], 43.73 [8.54]), which
was maintained at Week 48 (mean [SD], 43.47 [11.54]).

Overall, the tracker records were downloaded for all
210 patients at baseline, for 188 at Week 12, for
170 at Week 24 and for 151 at Week 48. Quality of
sleep measured by wearable tracker was not signifi-
cantly modified, however, both total and deep sleep

Figure 1. Disposition of patients.

Table 1. Demographic and other baseline characteristics of patients.

DMF
(N=177)

Interferon
(N=46)

Sex, N (%)
Males
Females

n=176
57 (32.4%)
119 (67.6%)

n=45
16 (35.6%)
29 (64.4%)

Age, years
Mean + SD
Median (range)

n=176
35.7 + 10.3
35.0 (18–61)

n=45
37.4 + 12.7
34.0 (19–68)

BMI, kg/m2

Mean + SD
Median (range)

n=153
24.3 + 4.2
23.4 (16–36)

n=41
24.2 + 5.1
23.0 (18–41)

Time from first RRMS diagnosis, days
Mean + SD
Median (range)

n=176
236.2 + 411.1
65.5 (0–2537)

n=46
216.6 + 427.3
52.0 (19–1927)

EDSS score
Mean + SD
Median (range)

n=176
1.6 + 1.1
1.5 (0–5)

n=45
1.6 + 0.9
1.5 (0–4)

PSQI score
Mean + SD
Median (range)

n=165
6.0 + 3.7
5.0 (0–18)

n=41
5.8 + 3.3
6.0 (1–13)

N: number of patients; n: number of observations; DMF: dimethyl fumarate; RRMS: relapsing-remitting multiple
sclerosis; PSQI: Pittsburgh Sleep Quality Index; BMI: body mass index.
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were significantly modified by the onset of treatment.
Treatment with DMF was associated with statistically
significant decreases from baseline in the mean dur-
ation of deep sleep at Week 12 (p=0.020) and
Week 48 (p=0.024), and in mean duration of total
sleep at Week 24 (p=0.014) and Week 48
(p=0.017) (Figure 3). Similar longitudinal changes
of totals sleep duration and deep sleep duration
were observed in the IFN group, however, the
intragroup longitudinal changes were statistically sig-
nificant for total sleep duration only at 48 Weeks
(p=0.005). The profile of recorded sleep parameters
was confirmed by the results observed in the PP popu-
lation and in the population with PSQI score >5.
There were no significant changes in number of awa-
kenings in both treatment groups. The results of
mobility are shown in Figure 4. An increase from
baseline in number of footsteps and in covered dis-
tance to any post-baseline time point was observed
in both groups. The increase in covered distance
from baseline to Week 24 was statistically significant
in patients treated with DMF (p=0.037) and the
increase in number of footsteps from baseline to
Week 48 was statistically significant in IFN group
(p=0.037).

In the DMF group, the analysis of the correlation of
changes from baseline showed significant inverse cor-
relations between PSQI and deep sleep at week 48 in

the overall population (r=−0.36, p=0.001) and in
patients with poor sleep at baseline (r=−0.48,
p=0.002), and between PSQI and quality sleep at
week 48 in the overall population (r=−0.286,
p=0.016) and in patients with poor sleep at baseline
(r=−0.35, p=0.028). There were no statistically sig-
nificant correlations between PSQI score and light
sleep, and between MADRS score and deep sleep.
In the overall sample, statistically significant inverse
correlations between the EDSS score and the
number of steps were observed at both the baseline
(r=−0.22, p=0.004) and all post-baseline visits
(Week 12: r=−0.20, p=0.012; Week 24: r=−0.17,
p=0.046; Week 48: r=−0.23, p=0.010).

The subgroup analyses (overall population) showed
that the mean PSQI score significantly decreased
from baseline to any post-baseline time point in
females, without important changes in males, as
well as statistically significant decreases in mean
PSQI from baseline to any post-baseline time
point were observed in patients aged ≥ 35 years,
but not in younger patients (Figure 5). Mean dur-
ation of total sleep decreased from baseline to any
post-baseline time point both in males and
females, and decreased significantly at Week 24
and Week 48 in patients aged <35 years, with less
evident and non-significant decreases in patients
aged ≥35 years.

Figure 2. Results of PSQI (FAS). Values are adjusted means. PSQI: Pittsburgh sleep quality index; FAS: full analysis set.
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Discussion
The main findings of the study have shown that treat-
ment with DMF was associated with a patient-perceived
improvement of quality of sleep as measured with the
PSQI: improvements in patients treated with DMF
were observed as early as after 12 weeks of treatment

and were sustained over 48 weeks. Even if a treatment
per time interaction was not evident, a significant
improvement of the PSQI score was observed only in
DMF group. The absence of improvement in IFN
group is probably explained by the negative effects of
IFN on the quality of sleep, mostly because of its

Figure 3. Results of quality of sleep measured with the wearable tracker (full analysis set (FAS)). Values are adjusted
means.

Figure 4. Results of mobility measured with the wearable tracker (full analysis set (FAS)).Values are adjusted means.

Multiple Sclerosis Journal—Experimental, Translational and Clinical
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flu-like symptoms. This subjective improvement of the
sleep quality after the onset of treatment with DMF
was confirmed in PP and in the baseline adjusted ana-
lysis; an even larger improvement was observed in
patients with sleep problems at entry.

The subgroup analyses revealed that females and
patients older than 35 years of age had a larger
improvement in perceived sleep quality, which is
not surprising because these groups were those with
a poorer sleep quality at entry. In fact, patients with
some impairment of sleep (PSQI >5) at entry were
those with a larger improvement after the onset of
DMF. No significant benefits were reported by
patients who started IFN treatment.

The benefit of sleep of starting DMF was not con-
firmed by remote monitoring: the sleep quality was
not significantly influenced by the onset of both treat-
ments and the total sleep and deep sleep decreased,
mostly in the first 12 weeks, with both treatments,
then remained stable for the total study duration.
With both treatments, there were no significant
changes from baseline in the number of awakenings.

It is important to underline the superior sensitivity
of patients reported outcome compared to an object-
ive assessment of the sleep profile in revealing an
improvement of the quality of sleep. The correlation
tests showed significant correlations between subject-
ive (PSQI) and objective (wearable tracker) improve-
ment of quality of sleep at Week 48 in DMF group,
which were more evident in patients with poor sleep
at baseline. Treatment with DMF was associated
with significant and sustained improvements in
depression, with no significant changes in fatigue.
Both depression and fatigue improved with a subject-
ive improvement of sleep quality, whereas there was
no correlation between MADRS score and FSS and
sleep parameters collected by wearable tracker.
Adherence to the wearable tracker declined over
time but records at Week 48 were available from
approximately 90% of patients who completed the
overall observational period. As none of the patients
had previous experience with the wearable tracker
used in the study and no registration was performed
before enrolment, it can be hypothesised that adher-
ence to the device may be further enhanced after a
period of familiarisation.

Figure 5. Results of PSQI and total sleep by age and gender subgroups (FAS). Values are adjusted means. PSQI: Pittsburgh
sleep quality index; FAS: full analysis set.
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Quality of life and satisfaction with treatment did not
significantly improve over time. Notably, other obser-
vational studies with DMF in RRMS,32,33 reporting
significant improvements in quality of life, included
higher sample size and used different scales for the
assessment of the quality of life.

There were no gender differences in the duration of
total sleep, whereas significant improvements in PSQI
score were observed only in female patients, which sug-
gests that, in line with data reported in the literature ,34

female patients may have a worse perception of
quality of sleep than males, but this perception is not
reflected on measurements done by wearable tracker.
Furthermore, as gender differences were more evident
at Week 12 than thereinafter, it is likely that gender
may influence the initial adaptation to sleep perception.

DMF exhibited a satisfactory safety profile, which
was in line with the safety profile highlighted from
randomised clinical trials.18,19

Despite the evidence of the benefits of DMF in improv-
ing sleep quality in RRMS patients, this study has
some limitations, particularly for the comparison
between DMF and IFN groups, which was an explora-
tory endpoint. First, the study was conducted according
to an open-label design, and thus the awareness of the
treatment received might have influenced the subject-
ive measurements of patients. Second, caution should
be used in the interpretation of results in patients
treated with IFN and of comparisons between DMF
and IFN treatment, due to the small sample of patients
treated with IFN (approximately a quarter of DMF
recipients), which might have limited the probability
of detecting statistically significant changes. Also,
the difference by gender in subjective sleep percep-
tion might have been biased by the larger sample of
females than males enrolled. Finally, the potential
pre-selection of patients and assigned therapy that
could have excluded potentially treating difficult
might have led to potential biases in treatment selec-
tion and hence in the interpretation of the results.
Great caution should also be used to interpret the
tracker findings, both for technical and methodo-
logical reasons.23 The polysomnography would be
of help in validating and interpreting the tracker findings,
on the other side it would enhance the study burden
impacting adherence. Because there were 1–4 weeks
between the onset of treatment and the enrolment, we
may have missed the initial phase of adaptation to the
treatment. This choice was intentional because the scope
of the study was to examine if the anti-inflammatory
effects of DMF could improve the quality of sleep.

Despite these limitations, the main findings of this
study suggest that treatment with DMF may
improve the quality of sleep in RRMS patients
naïve to treatment, in which sleep disruption and
fatigue are important determinants in impaired
quality of life that often remain under-diagnosed
and under-treated in routine evaluation. Further ran-
domised controlled clinical trials would be helpful
to confirm the benefits of long-term treatment with
DMF in the management of sleep disorders in patients
with RRMS.
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