
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

ORIGINAL RESEARCH ARTICLE
published: 23 February 2015

doi: 10.3389/fneur.2015.00018

Improvement in fatigue during natalizumab treatment is
linked to improvement in depression and day-time
sleepiness
Iris-Katharina Penner 1*, Eva Catharina Sivertsdotter 2, Elisabeth G. Celius3, Siegrid Fuchs4,
Karen Schreiber 5, Sara Berkö6 and Anders Svenningsson7, for theTYNERGY trial investigators†

1 Department of Cognitive Psychology and Methodology, University of Basel, Basel, Switzerland
2 BiogenIdec Sweden AB, Upplands Väsby, Sweden (formerly employed)
3 Department of Neurology, Oslo University Hospital, Ullevål, Norway
4 Department of Neurology, Medical University of Graz, Graz, Austria
5 Department of Neurology, Copenhagen University Hospital Rigshospitalet, Copenhagen, Denmark
6 BiogenIdec Sweden AB, Upplands Väsby, Sweden
7 Department of Pharmacology and Clinical Neuroscience, University Hospital of Northern Sweden, Umeå University, Umeå, Sweden

Edited by:
Christian Dettmers, Kliniken
Schmieder Konstanz, Germany

Reviewed by:
Timo Partonen, National Institute for
Health and Welfare, Finland
Herbert Schreiber, Neuro Trans Data
(NTD) Study Group on Multiple
Sclerosis, Germany

*Correspondence:
Iris-Katharina Penner , University of
Basel, Missionsstrasse 60/62, Basel
4055, Switzerland
e-mail: ik.penner@unibas.ch
†Trial investigators are listed in
Acknowledgments at the end of the
paper.

Background: Fatigue is a frequent symptom in multiple sclerosis (MS) and often inter-
related with depression and sleep disorders making symptomatic treatment decisions
difficult. In the single-arm, observational phase IVTYNERGY study, relapsing–remitting MS
patients showed a clinically meaningful decrease in fatigue over 1 year of treatment with
natalizumab.

Objective:To evaluate whether fatigue improvement might be directly linked to improved
depression and day-time sleepiness.

Methods: Patients were assessed regarding fatigue, depression, and day-time sleepiness.
The relation between changes of the two latter symptoms and changes in fatigue was
analyzed.

Results: After 1 year of natalizumab treatment, the majority of patients (>92%) remained
stable or improved in total, motor, and cognitive fatigue. Proportion of patients without
depression increased by 17% while proportions of mildly depressed patients or patients
with potential major depression decreased by 5 and 12%, respectively. Proportion of
patients classified as not being sleepy increased by 13% while proportions of sleepy and
very sleepy patients decreased by 11 and 2%, respectively. Most importantly, improved
depression and sleepiness were significantly related to improved fatigue.

Conclusion: Our findings highlight the importance of patient-reported outcomes in iden-
tifying potential benefits of drug treatment beyond its well-established effects on disease
activity and disability progression.

Keywords: fatigue, multiple sclerosis, treatment response, depression, sleepiness

INTRODUCTION
Fatigue is defined as an extreme form of exhaustion with obvi-
ous negative effects on quality of life. With a prevalence ranging
between 53 and 95% (1, 2), it is the most frequent “hidden
symptom” in multiple sclerosis (MS). Often, fatigue symptoms
force individuals to substantially reduce their workload or to
even quit their occupation completely. There is evidence that
MS-fatigue is strongly related to depression and sleep disor-
ders (3, 4) although the underlying pathophysiological processes
are still not completely understood. From the patient’s perspec-
tive, these factors are of particular importance in the context
of the overall burden of the disease. However, effective symp-
tomatic treatment specifically for fatigue is still missing, leav-
ing the patient with feelings of helplessness, and the physician
unsatisfied.

Patients suffering from obvious fatigue symptoms are often
treated with antidepressants, most likely efficacious, partly due to
the strong association between depression and fatigue. Further,
modafinil, amantadine, and aminopyridine are known as treat-
ment options although the therapeutic efficacy is still a matter of
debate.

In terms of MS disease-modifying drugs (DMTs), there are no
conclusive data available regarding their efficacy on fatigue symp-
toms. Studies using first generation DMTs, e.g., interferon (IFN)
and glatiramer acetate (GA) have yielded divergent results (5–8)
while two recent publications on the impact of natalizumab on
fatigue (9, 10) showed significant improvement of symptoms after
a 1- and 2-year follow-up period, respectively.

In the prospective, multicentre, open-label, observational
phase IV TYNERGY study, patients with relapsing-remitting MS
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(RRMS) who were naïve to natalizumab treatment at baseline
experienced improvement in MS-related fatigue (primary efficacy
endpoint) over 1 year of treatment (10). The present data analy-
sis was focused especially on the question whether the amount
of fatigue improvement was directly linked to improvements in
depression and day-time sleepiness.

MATERIALS AND METHODS
PARTICIPANTS
Eligible patients were prescribed natalizumab according to
national guidelines, were 18–65 years old (inclusive) at screen-
ing, and presented with at least mild fatigue {as determined by
the Fatigue Scale for Motor and Cognitive Functions [FSMC (11)]
sum score of ≥43; see Table 1}. Patients who had no symptoms
of fatigue (i.e., had an FSMC total score <43 at baseline), had an
Expanded Disability Status Scale (EDSS) score ≥6.0, were receiv-
ing amphetamine medication, or had major depression (assessed
by clinical interview of the patient and review of the medical
records) were excluded from the study.

The intent-to-treat population (ITT) included all enrolled
patients (N = 195). A total of 31 withdrawals occurred over the
trial period, leaving 164 patients who completed the trial. More
than two-thirds of the 195 patients were female (71.3%) (Table 2).
At baseline, the average age was 39.7 years, and the average dura-
tion of MS was 8.8 years. The median EDSS score at baseline was
3.0, and two-thirds of the patients experienced a relapse within
6 months prior to the baseline visit. Most patients (86%) had pre-
viously received disease-modifying therapy; a third of the patients
(31%) had received interferon (IFN) beta in the month prior to
inclusion in TYNERGY.

The study was conducted in compliance with Good Clini-
cal Practices (GCP) and the Declaration of Helsinki, and was
approved by the institutional ethical review board at the Uni-
versity Hospital of Northern Sweden, Umeå. Consecutive patients
prescribed natalizumab at the participating centers gave their writ-
ten, informed consent to enter the study after the therapy decision
was made.

STUDY DESIGN
The TYNERGY study used a one-armed trial design to primarily
evaluate the change in fatigue after 1 year of natalizumab treat-
ment with a well-defined and validated instrument, the FSMC,
designed for use in MS patients. Cut-off values for the clinical

Table 1 | FSMC cut-off values.

Score/subscore Cut-off value Grading of fatigue

FSMC sum (total) score ≥43 Mild fatigue

≥53 Moderate fatigue

≥63 Severe fatigue

FSMC cognitive score ≥22 Mild cognitive fatigue

≥28 Moderate cognitive fatigue

≥34 Severe cognitive fatigue

FSMC motor score ≥22 Mild motor fatigue

≥27 Moderate motor fatigue

≥32 Severe motor fatigue

categories mild, moderate, and severe MS-related fatigue are
shown in Table 1.

Besides fatigue, other important aspects that may have an
important effect on functioning and well being of MS patients
were assessed at baseline, at month 6, and at month 12. They
were: work capacity (assessed by the Capacity for Work Question-
naire – CWQ), health related quality of life (HRQoL), sleepiness,
depression, cognitive impairment (assessed by the Symbol Digit
Modalities Test – SDMT, and the Paced Auditory Serial Addition
Test – PASAT), walking speed, MS disease disability, and overall
activity using a step counter that was worn for 7 days the week
before the study visit.

The DMTs used prior to initialization of natalizumab were doc-
umented. All concomitant medications taken during the trial were
recorded and special attention was paid to change in symptomatic
fatigue therapy, e.g., modafinil and amantadine. Information on
relapses, adverse events (AEs), and serious adverse events (SAEs)
were collected.

The first patient’s first visit was on March 23, 2009 and the
last patient’s last visit on June 30, 2011. EudraCT number for the
Swedish protocol: 2008-008065-35. Clinical Trials.gov identifier:
NCT00884481. The study was considered observational in Austria,
Norway, and Denmark.

The study was performed at 27 centers: 12 in Sweden, 7 in Nor-
way, 5 in Austria, and 3 in Denmark. Patients were scheduled for
five assessment visits (baseline and at months 3, 6, 9, and 12) over
a period of 12 months.

Results have been described in detail elsewhere (10).

ASSESSMENT INSTRUMENTS
Fatigue was assessed by the FSMC, a validated 20-item question-
naire specifically developed for MS patients. The FSMC allows
separate evaluation of motor and cognitive fatigue and clinical
grading of fatigue severity.

Depression was measured by the Center for Epidemio-
logic Studies Depression Scale (CES-D). The CES-D is a short

Table 2 | Demographics and baseline characteristics.

Variable Total ITT population

(N = 195)

Gender, female, n (%) 139 (71.3)

Race, white, n (%) 188 (96.4)

Age (years)

Mean (SD) 39.7 (9.2)

Median 39.9

Min, Max 18.3, 63.8

EDSS score, median (range) 3.0 (0.0–7.0)

Received IFN beta therapy in month prior to

TYNERGY, n (%)

61 (31.3)

Duration of MS (years)

Mean (SD) 8.8 (7.0)

Median 6.7

Min, Max 0.2, 30.5

SD, standard deviation.
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self-report scale designed to measure depressive symptomatology
in the general population. It consists of 20 questions and scores
ranging from 0 to 60: a score <15, no depression; A score 15–21,
mild-to-moderate depression; A score >21, possibility of major
depression.

Day-time sleepiness was assessed by the Epworth Sleepiness
Scale (ESS) for day-time sleepiness. The ESS is a short, eight-
item questionnaire designed to determine the level of day-time
sleepiness. Scores range from 0 to 24: a score in the 0–9 range is
considered normal. A score in the 10–24 range indicates that expert
medical advice should be sought. A score of ≥10 is considered
sleepy. A score of ≥18 is considered very sleepy.

STATISTICAL ANALYSES
Statistical analyses were based on pooled datasets from all par-
ticipating countries. All statistical tests were two-sided with a 5%
level of significance unless otherwise stated. Fatigue was classified
as mild, moderate, or severe, according to the FSMC score cut-off
values listed in Table 1. On the basis of FSMC scores at 1 year,
patients were categorized into three groups:

• Worsened fatigue (a shift to higher fatigue classifications, e.g.,
moderate to severe);

• Stable fatigue (no change in fatigue classification);
• Improved fatigue (a shift to lower fatigue classifications, e.g.,

moderate to mild).

Correlations between changes in FSMC motor and cognitive
sub-scores and changes in CES-D and ESS scores were evalu-
ated using Pearson correlation coefficients. Associations between
FSMC status (worsened, stable, or improved) and changes in
CES-D and ESS at 1 year were assessed by analysis of covariance,
with adjustment for baseline scores and antidepressant use.

All statistical analysis and programing were done using
SAS v9.2.

RESULTS
CHANGES IN FATIGUE
After 1 year of natalizumab treatment, the majority of patients
remained stable or improved in FSMC total (96%), motor (97%),
and cognitive (92%) scores (10) (see Figure 1).

CHANGES IN DEPRESSION AND ASSOCIATION WITH CHANGES IN
FATIGUE SCORES
The proportion of patients with no depression increased by 17%,
while proportions of patients mildly to moderately depressed
or with potential major depression decreased by 5 and 12%,
respectively (Figure 2). CES-D score changes differed among
worsened, stable, and improved FSMC total/subscale subgroups
(P < 0.01), with greatest improvements in patients with improved
FSMC scores (Figure 3). Improved FSMC total, motor, and cog-
nitive scores were associated with improved mood (correlation
coefficients= 0.45, 0.39, 0.47, respectively, P < 0.01).

CHANGES IN SLEEPINESS AND ASSOCIATION WITH CHANGES IN
FATIGUE SCORES
The proportion of patients classified as not sleepy on ESS increased
by 13%. Proportions of patients classified as sleepy or very sleepy
decreased by 11 and 2%, respectively (Figure 4).

FIGURE 1 | Changes from baseline in total, motor, and cognitive FSMC
scores. *P < 0.001 across status groups (worsened, stable, improved).
Worsened= shift to higher fatigue classification; stable=no change in
fatigue classification; improved= shift to lower fatigue classification.

FIGURE 2 | Depression status at baseline and at 1 year of follow-up.

Improvement in FSMC total, motor, and cognitive scores
was associated with improved ESS scores (correlation coeffi-
cients= 0.44, 0.37, 0.46, respectively, P < 0.01). ESS-score changes
differed among worsened, stable, and improved total/subscale
FSMC subgroups (P < 0.01), with greatest improvements in
patients with improved FSMC scores (Figure 5).

DISCUSSION
The present data analysis was focused on the association between
already reported clinically meaningful changes in MS-fatigue
under natalizumab treatment (10) and strongly associated factors
such as depression and day-time sleepiness.

Our results clearly demonstrate that natalizumab-treated MS
patients in TYNERGY exhibited not only improvements in fatigue
but also in depression, and day-time sleepiness from baseline to
year 1. Measures of total, motor, and cognitive fatigue were stable
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FIGURE 3 | CES-D score change in patients with worsened, stable, and
improved FSMC total, motor, and cognitive scores. P value is for
comparison across subgroups of worsened, stable, and improved.

FIGURE 4 | Degree of sleepiness at baseline and at 1 year of follow-up.

or improved in more than 90% of patients, all of whom had at
least mild fatigue at baseline. This large beneficial effect on fatigue
symptoms is most likely referable to the high anti-inflammatory
efficacy of the drug and the lack of specific side-effects, which are
discussed to increase fatigue.

Although patients with major depressive disorder were
excluded from the study, 56% of patients had some degree of
depression at baseline. After 1 year of natalizumab treatment, the
proportion of patients categorized as depressed had decreased to
39%. Mean CES-D scores decreased (improved) by as much as
8.85 points from baseline. This absolute change is greater than
the six-point difference between the pre-specified categories of
mild-to-moderate depression and possible major depression, sug-
gesting that the absolute score changes observed were clinically
meaningful.

The proportion of patients with some degree of sleepiness
decreased from 46% at baseline to 33% at year 1. In contrast to the

FIGURE 5 | ESS-score change in patients with worsened, stable, and
improved FSMC total, motor, and cognitive scores. P value is for
comparison across subgroups of worsened, stable, and improved.

change in depressive symptoms, the absolute changes in ESS scores
were smaller than the change of at least eight points that would be
needed to shift between categories of sleepiness. The reason for this
discrepancy remains unclear. One might assume that the mecha-
nisms underlying sleepiness are more specific than those causing
depression. For depression and fatigue, some pathophysiological
similarities such as disturbed serotonergic neurotransmission have
been reported [e.g., Hanley and Van de Kar (12)]. For Fatigue and
sleep disorders, we have evidence of an interrelation (13). The
underlying processes, however, are still unknown.

We are aware that an observational trial always runs the risk
of influence by a placebo effect, when starting a new and more
efficient treatment. However, since all scales displayed highly sig-
nificant improvements with an additional increase over time, this
argument is not likely to be major in explaining our results.

Besides these promising results, we are aware of limitations that
need to be addressed. First, the TYNERGY trial lacks of a control
group showing that the reported effects are purely driven by the
drug. At the time of study start, there was no other second-line
treatment available and it was regarded as unethical to include a
control arm since all patients had high disease activity. Second, we
were not able to study a causal relation among fatigue, depression,
and sleepiness but only relations or associations. Nonetheless, it
is of clinical importance to realize that improved fatigue symp-
toms are associated with an increase of patients’ well being in
terms of decreased levels of depression and sleepiness. Third, our
study was primarily focused on patient-reported outcomes since
these tools offer insight into patients’ view and feelings. We did
not control for important confounders such as cytokine influ-
ence, which is known to be modulated by natalizumab (14) nor
did we control for concomitant medication influence. Finally, the
fact that more than 30% of our patients received IFNs prior to
study inclusion might have driven in part the effects documented
under natalizumab treatment. However, when controlling for dif-
ferent previous treatments, the effect of natalizumab on fatigue
remained stable speaking in favor of a therapeutic effect.
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CONCLUSION
Improvement in fatigue, as measured by decreasing total, motor,
and cognitive FSMC scores, was associated with improvement
of depression status measured by CES-D and improvement of
sleepiness status measured by ESS.

While additional research is needed to elucidate a causal rela-
tionship among fatigue, depression, and sleepiness in MS, these
findings from TYNERGY highlight the important role of patient-
reported outcomes in identifying potential benefits of natalizumab
treatment beyond its well-established effects on disease activity
and disability progression.

ACKNOWLEDGMENTS
The authors wish to thank all patients who participated and
the TYNERGY investigators, contributing to the conduct of the
trial. The trial investigators are listed as follows. Sweden: Anders
Svenningsson, Norrlands Universitetssjukhus, Umeå; Fredrik
Piehl, Karolinska Universitetssjukhuset Solna, Stockholm; Jan
Lycke, Sahlgrenska Universitetssjukhuset, Göteborg; Peter Vagh-
feldt, Norra Älvsborgs Länssjukhus, Trollhättan; Petra Nils-
son, Skånes Universitetssjukhus, Lund; Lucia Alonso Magdalena,
Skånes Universitetssjukhus, Malmö; Karin Johnsson, Helsing-
borgs lasarett, Helsingborg; Claes Martin, Danderyds sjukhus,
Danderyd; Martin Gunnarsson, Universitetssjukhuset Örebro,
Örebro; Margareta Hultgren, Länssjukhuset Ryhov, Jönköping;
Rune Johansson, Centralsjukhuset, Karlstad; Annemarie Torstens-
son, Vrinnevisjukhuset, Norrköping. Norway : Elisabeth G. Celius,
Oslo Universitetssykehus Ullevål, Oslo; Kjell-Morten Myhr,
Haukeland Universitetssykehus, Bergen; Åse M. Hagen, Molde
Sjukehus, Molde; Astrid Edland, Drammen Sykehus, Drammen;
Wenche Telstad, Førde sentralsjukehus, Førde; Nina Øksendal,
Nordlandsjukehuset Bodø; Tone Hognestad, Sykehuset Innlan-
det, Lillehammer. Austria: Siegrid Fuchs, Medizinische Universität,
Graz; Thomas Berger, Universitätsklinik für Neurologie, Inns-
bruck; Franz Schautzer, LKH Villach, Villach; Karl Vass, Univer-
sitätsklinik für Neurologie,Wien; Gunter Ladurner and Jörg Kraus,
Christian-Doppler-Klinik, Salzburg. Denmark: Karen Schreiber,
Rigshospitalet, Copenhagen; Thor Petersen, Aarhus University
Hospitalet, Aarhus; Mads Ravnborg, Odense University Hospital,
Odense.

REFERENCES
1. Amato MP, Portaccio E. Management options in multiple sclerosis-associated

fatigue. Expert Opin Pharmacother (2012) 13(2):207–16. doi:10.1517/14656566.
2012.647767

2. Fisk JD, Pontefract A, Ritvo PG, Archibald CJ, Murray TJ. The impact of fatigue
on patients with multiple sclerosis. Can J Neurol Sci (1994) 21:9–14.

3. Bakshi R, Shaikh ZA, Miletich R, Czarnecki D, Dmochowski J, Henschel K, et al.
Fatigue in multiple sclerosis and its relationship to depression and neurologic
disability. Mult Scler (2000) 6:181–5. doi:10.1191/135245800701566052

4. Veauthier C, Radbruch H, Gaede G, Pfueller CF, Dörr J, Bellmann-Strobl
J, et al. Fatigue in multiple sclerosis is closely related to sleep disorders:
a polysomnographic cross-sectional study. Mult Scler (2011) 17(5):613–22.
doi:10.1177/1352458510393772

5. Melanson M, Grossberndt A, Klowak M, Leong C, Frost EE, Prout M, et al.
Fatigue and cognition in patients with relapsing multiple sclerosis treated with

interferon beta. Int J Neurosci (2010) 120(10):631–40. doi:10.3109/00207454.
2010.511732

6. Metz LM, Patten SB, Archibald CJ, Bakker JI, Harris CJ, Patry DG, et al. The
effect of immunomodulatory treatment on multiple sclerosis fatigue. J Neurol
Neurosurg Psychiatry (2004) 75(7):1045–7. doi:10.1136/jnnp.2002.007724

7. Patti F, Amato MP, Trojano M, Bastianello S, Tola MR, Picconi O, et al. Quality of
life, depression and fatigue in mildly disabled patients with relapsing-remitting
multiple sclerosis receiving subcutaneous interferon beta-1a: 3-year results from
the COGIMUS (COGnitive Impairment in MUltiple Sclerosis) study. Mult Scler
(2011) 17(8):991–1001. doi:10.1177/1352458511401943

8. Ziemssen T, Hoffman J, Apfel R, Kern S. Effects of glatiramer acetate on fatigue
and days of absence from work in first-time treated relapsing-remitting multiple
sclerosis. Health Qual Life Outcomes (2008) 6:67. doi:10.1186/1477-7525-6-67

9. Iaffaldano P, Viterbo RG, Paolicelli D, Lucchese G, Portaccio E, Goretti B, et al.
Impact of natalizumab on cognitive performances and fatigue in relapsing
multiple sclerosis: a prospective, open-label, two years observational study. PLoS
One (2012) 7(4):e35843. doi:10.1371/journal.pone.0035843

10. Svenningsson A, Falk E, Celius EG, Fuchs S, Schreiber K, Berkö S, et al. Natal-
izumab treatment reduces fatigue in multiple sclerosis. Results from the TYN-
ERGY trial; a study in the real life setting. PLoS One (2013) 8(3):e58643.
doi:10.1371/journal.pone.0058643

11. Penner IK, Raselli C, Stöcklin M, Opwis K, Kappos L, Calabrese P. The fatigue
scale for motor and cognitive functions (FSMC) – validation of a new instrument
to assess multiple sclerosis-related fatigue. Mult Scler (2009) 15(12):1509–17.
doi:10.1177/1352458509348519

12. Hanley NR, Van de Kar LD. Serotonin and the neuroendocrine regulation of the
hypothalamic – pituitary-adrenal axis in health and disease. Vitam Horm (2003)
66:189–255. doi:10.1016/S0083-6729(03)01006-9

13. Veauthier C, Paul F. Sleep disorders in multiple sclerosis and their relationship
to fatigue. Sleep Med (2014) 15(1):5–14. doi:10.1016/j.sleep.2013.08.791

14. Mellergard J, Edström M, Vrethem M, Ernerudh J, Dahle C. Natal-
izumab treatment in multiple sclerosis: marked decline of chemokines and
cytokines in cerebrospinal fluid. Mult Scler (2010) 16(2):208–17. doi:10.1177/
1352458509355068

Conflict of Interest Statement: Iris-Katharina Penner: research grants from Bayer
Switzerland AG and the Swiss Multiple Sclerosis Society; honoraria for serving as
speaker at scientific meetings, as consultant, and as member of scientific advisory
boards for Actelion, Bayer Pharma AG, Biogen Idec, Merck Serono, Roche, and Teva
Aventis. Elisabeth G. Celius: compensation from Biogen Idec, Merck Serono, Novar-
tis, Sanofi, and Teva for travel to congresses, lectures, and advisory boards. Karen
Schreiber: compensation as a consultant for Biogen Idec and Novartis. Siegrid Fuchs:
honoraria for lectures and as a member of advisory boards for Bayer Schering, Bio-
gen Idec, Genzyme, Merck Serono, and Novartis. Sara Berkö: employee of Biogen
Idec and hold stock in the company. Eva Catharina Sivertsdotter: former employee
of Biogen Idec. Anders Svenningsson: research grants from Baxter Medical, Bayer
Schering, and Biogen Idec; travel grants and consulting fees from Baxter Medical,
Biogen Idec, Merck Serono, and Sanofi-Aventis.

Received: 08 October 2014; accepted: 24 January 2015; published online: 23 February
2015.
Citation: Penner I-K, Sivertsdotter EC, Celius EG, Fuchs S, Schreiber K, Berkö S and
Svenningsson A, for the TYNERGY trial investigators (2015) Improvement in fatigue
during natalizumab treatment is linked to improvement in depression and day-time
sleepiness. Front. Neurol. 6:18. doi: 10.3389/fneur.2015.00018
This article was submitted to Multiple Sclerosis and Neuroimmunology, a section of the
journal Frontiers in Neurology.
Copyright © 2015 Penner, Sivertsdotter , Celius, Fuchs, Schreiber , Berkö and
Svenningsson, for the TYNERGY trial investigators. This is an open-access article dis-
tributed under the terms of the Creative Commons Attribution License (CC BY). The
use, distribution or reproduction in other forums is permitted, provided the original
author(s) or licensor are credited and that the original publication in this journal is cited,
in accordance with accepted academic practice. No use, distribution or reproduction is
permitted which does not comply with these terms.

www.frontiersin.org February 2015 | Volume 6 | Article 18 | 5

http://dx.doi.org/10.1517/14656566.2012.647767
http://dx.doi.org/10.1517/14656566.2012.647767
http://dx.doi.org/10.1191/135245800701566052
http://dx.doi.org/10.1177/1352458510393772
http://dx.doi.org/10.3109/00207454.2010.511732
http://dx.doi.org/10.3109/00207454.2010.511732
http://dx.doi.org/10.1136/jnnp.2002.007724
http://dx.doi.org/10.1177/1352458511401943
http://dx.doi.org/10.1186/1477-7525-6-67
http://dx.doi.org/10.1371/journal.pone.0035843
http://dx.doi.org/10.1371/journal.pone.0058643
http://dx.doi.org/10.1177/1352458509348519
http://dx.doi.org/10.1016/S0083-6729(03)01006-9
http://dx.doi.org/10.1016/j.sleep.2013.08.791
http://dx.doi.org/10.1177/1352458509355068
http://dx.doi.org/10.1177/1352458509355068
http://dx.doi.org/10.3389/fneur.2015.00018
http://creativecommons.org/licenses/by/4.0/
http://www.frontiersin.org
http://www.frontiersin.org/Multiple_Sclerosis_and_Neuroimmunology/archive

	Improvement in fatigue during natalizumab treatment is linked to improvement in depression and day-time sleepiness
	Introduction
	Materials and methods
	Participants
	Study design
	Assessment instruments
	Statistical analyses

	Results
	Changes in fatigue
	Changes in depression and association with changes in fatigue scores
	Changes in sleepiness and association with changes in fatigue scores

	Discussion
	Conclusion
	Acknowledgments
	References


