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Background: Patients with multiple sclerosis (MS) have higher rates of fatigue, mood disturbance, and cog-
nitive impairments than healthy populations. Disease-modifying agents may affect sleep. Although patients
taking natalizumab often show improvement in fatigue during the first year of therapy, the mechanism
behind this effect is unknown. The aim of the NAPS-MS study was to investigate whether natalizumab
affected objective measures of sleep as determined by polysomnography (PSG) and multiple sleep latency
testing (MSLT) in patients with MS with fatigue or sleepiness initiating therapy. Additional goals were to
evaluate changes in measures of fatigue, mood, and cognition and to correlate these measures with objec-
tive sleep measures.

Methods: Patients underwent PSG and MSLT before their first natalizumab infusion and after their sev-
enth. Patients completed the Modified Fatigue Impact Scale, Fatigue Severity Scale (FSS), Epworth Sleepi-
ness Scale (ESS), and visual analogue scale for fatigue (VAS-F) at their first, fourth, and seventh natali-
zumab infusions. NeuroTrax cognitive tests and the Hospital Anxiety and Depression Scale (HADS) were
performed at the first and seventh natalizumab infusions.

Results: Changes in sleep efficiency, wakefulness after sleep onset, and multiple sleep latency from baseline
to 6 months of therapy did not reach significance. The FSS, VAS-E ESS, and HADS scores were signifi-
cantly improved after 6 months of therapy; cognitive scores were not significantly improved.

Conclusions: Although treatment with natalizumab was associated with improvements in fatigue, sleepi-
ness, and mood, changes in objective measures of sleep were not significant. Int ] MS Care. 2016;18:177—-
182.

any studies have shown that patients
with multiple sclerosis (MS) have higher
incidences of fatigue and sleepiness than

healthy control or chronically ill populations.'® Exces-
sive sleepiness is defined as sleepiness occurring in a
situation when an individual is expected to be awake and
alert.* Fatigue is defined as a subjective lack of physical
or mental energy that is perceived by the individual or
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caregiver to interfere with usual and desired activities.’
Sleepiness and fatigue, although often occurring in the
same patient, can exist independently, and either can
negatively impact quality of life in MS.? The etiology
of these symptoms has not been completely elucidated,
although studies have shown that sleep disturbances are
associated with a higher incidence of fatigue and daytime
sleepiness.®® Obstructive sleep apnea, often associated
with sleepiness or fatigue, is prevalent in MS.>'* Other
non—therapy-related diagnoses that may affect the effi-
ciency of sleep could include sleep fragmentation, rest-
less leg syndrome/periodic limb movements of sleep,
menopause, frequent urination, muscle spasms, depres-
sion, and pain.

Disease-modifying agents (DMAs), including inter-
feron and glatiramer acetate, may affect sleep. One study
showed that fatigue increases with interferon treatment
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and that this fatigue drives lower scores on quality of life
measures.'! In a prospective study, glatiramer acetate had
a more favorable effect on fatigue than the interferons.'?
Another smaller study did not confirm this finding and
also found, by actigraphy, that interferon and glatiramer
were associated with reduced sleep efficiency (SE) com-
pared with untreated patients.'

Natalizumab significantly reduces the relapse rate
and progression of disability in relapsing forms of MS.'*
Several studies have shown that natalizumab reduces
fatigue. In the ENER-G (Evaluation of Natalizumab
for thE Relief of MS Associated FatiGue) study, signifi-
cant improvement in scores on fatigue scales was noted
within 12 weeks, and this benefit persisted during the
48-week study.” Likewise, the TYNERGY study found
that patients with MS reported significantly less fatigue
after 12 months of natalizumab treatment.'® Further-
more, the TYNERGY study found improvements in
cognition, mood, and quality of life. In another study
investigating patient-reported outcomes, fatigue and
cognition improved during natalizumab therapy."”

The mechanism whereby natalizumab positively
affects fatigue is unknown. One possibility would be
an effect on sleep quality. The primary purpose of the
NAPS-MS study was to investigate whether natalizumab
affected objective measures of sleep as determined by
polysomnography (PSG) and multiple sleep latency test-
ing (MSLT) in patients with fatigue or sleepiness who
are initiating therapy. Additional goals were to evaluate
changes in measures of fatigue, mood, and cognition
during 6 months of natalizumab treatment and to cor-
relate these measures with objective measures of sleep.

Patients and Methods

Patients

The NAPS-MS study was approved by the Aspire
Institutional Review Board (Santee, CA). A cohort of
37 patients planning to initiate natalizumab therapy
was recruited from three sites. For inclusion, individu-
als had to be naive to natalizumab, be able to give valid
informed consent, have an Expanded Disability Status
Scale'® score of 0 to 6.0, and be aged 18 to 65 years.
Patients were excluded if they did not speak English,
had severe depression (score >32 on the Beck Depression
Inventory-II [BDI-II]),"” or had severe cognitive impair-
ment. To select for a population with either fatigue or
sleepiness, all the patients needed to score greater than
9 on the Epworth Sleepiness Scale (ESS),? greater than

30 on the Modified Fatigue Impact Scale (MFIS),* or
greater than 4 on the Fatigue Severity Scale (FSS).”?
No patients were taking DMAs at the time of baseline
PSG. Patients found to have obstructive sleep apnea on
the baseline sleep study who were planning to initiate
CPAP or other therapy were withdrawn to eliminate
this confounding factor. Of the 37 patients who were
recruited, 33 passed the screening (3 patients did not
meet the fatigue or sleepiness criteria and 1 patient had
severe depression). One patient withdrew consent before
the sleep studies were performed. Correlations between
baseline PSG findings, symptoms, and cognition for
these 32 patients have been reported elsewhere.” Two
patients withdrew from the study to initiate obstruc-
tive sleep apnea therapy, three patients stopped taking
natalizumab before the second PSG, and four patients
withdrew consent during the study. The remaining 23
patients completed the study and were analyzed. Patient
demographic information and concomitant medica-
tions are reported in Table 1. Patients were requested to
continue taking their symptomatic medications without
change during the study.

Evaluations
During the screening visit, patient demographic data,
medical records, and MS history were obtained (Table

Table 1. Baseline characteristics of the 23
study patients

Characteristic Value
Age, mean + SD, y 47.36 £7.93
Female sex, No. (%) 18 (78)
Race, No. (%)
White 19 (83)
Black 2(9)
Hispanic 2(9)
Body mass index, mean + SD? 29.04 £ 6.62
Duration of MS, mean + SD, y 7.4516.96
EDSS score, mean £ SD 2.78 £1.88
Concomitant medications, No.
Antidepressant 11
Benzodiazepine 3
Antiepileptic 2
Antispasticity 5
Opiate 3
Stimulant 9
Nonbenzodiazepine sleep aid 4
Dopamine agonist 1
None 5

Abbreviations: EDSS, Expanded Disability Status Scale; MS, multiple
sclerosis.

2Calculated as weight in kilograms divided by height in meters
squared.
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1). The Expanded Disability Status Scale score was
determined by an individual trained in this evaluation.
The MFIS, ESS, visual analogue scales for fatigue and
pain (VAS-F and VAS-P), and ESS were completed to
assess fatigue and sleepiness. Depression was assessed
using the BDI-II.

Overnight PSG was performed by certified techni-
cians and interpreted by board-certified physicians. The
AASM Manual for the Scoring of Sleep and Associated
Events: Rules, Terminology and Technical Specifications
was used to perform the studies and report the results.?
The absolute time and percentage of stage NI, N2, N3,
and rapid eye movement (REM) sleep were reported.
Sleep onset latency, SE, and wakefulness after sleep
onset (WASO) were determined. Respiratory measures,
including the apnea-hypopnea index, respiratory dis-
turbance index, and oxygenation nadir, were measured.
The limb movement index, limb movement arousal
index, respiratory arousal index, spontaneous arousal
index, and total arousal index were determined. The
morning after the overnight PSG, patients underwent
MSLT.* The mean sleep latency of each of the four or
five naps and whether REM sleep was observed were
reported.

Patients completed the Hospital Anxiety and Depres-
sion Scale (HADS-D and HADS-A) during the first
and seventh natalizumab infusion visits.?* The HADS-
D was chosen over the BDI-II to measure mood over
time because it does not have questions related to sleep
or fatigue that may have overemphasized the magni-
tude of change with treatment. Patients completed the
MFIS, ESS, and VAS-F fatigue scales and the VAS-P
pain scale during the first, fourth, and seventh infusion
visits. Patients took the NeuroTrax neurocognitive bat-
tery during the screening visit and the first and seventh
infusion visits. This test has been validated for use in
MS.% Because of a possible training effect of repeated
neurocognitive testing,” the scores obtained during the
first infusion were used as the baseline for comparison
with the tests during treatment. After the seventh infu-
sion, patients returned to the sleep laboratories for the

on-treatment PSG and MSLT.
Statistical Analysis

Values are reported as mean + SD. For comparison
of data over time, the paired-samples # test was used for
normally distributed data and the Wilcoxon matched-
pairs signed rank test was used for non-normally dis-

tributed data. The Shapiro-Wilk test of normality was
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used to test for a violation of normal distribution. For
between-group analysis, the nonparametric Mann-Whit-
ney U test was used. Significance was determined using
a 2-tailed test. All the statistical analyses were performed
using IBM SPSS Statistics for Windows, version 22.0
(IBM Corp, Armonk, NY).

Results

Objective Measures of Sleep

The results of PSG and MSLT performed after the
seventh infusion were compared with the baseline results
(Table 2). No significant improvements were noted in
SE (P = .523), WASO (P = .108), sleep onset latency (P
= .574), percentage of stage N2 sleep (P = .08), percent-
age of stage N3 sleep (P = .117), or percentage of stage
REM sleep (P = .114). There was a significant decrease
in percentage of stage N1 sleep (P = .016). Also, there

Table 2. Polysomnography and MSLT data
before and after 6 months of natalizumab
therapy

Baseline, 6 mo, z P
Parameter mean t SD mean £ SD  score value
TRT, min 466.98 £ 38.56 451.72+36.68 -1.66 .098
Wake, min 11437 £65.54 102,57 £55.05 -0.85 .394
Wake, % 0.25+0.14 0.23+0.14 -0.64 .523
Stage N1, min 2741+£21.36  16.61£1319 -2.62 .009
Stage N1, % 8.03£6.02 5.16 £4.47 -242 .016°
Stage N2, min 242,67 +70.09 251.13+7422 -1.03 .301
Stage N2, % 68.03+11.83  71.74+13.64 -1.75 .080
Stage N3, min 18.52+22.53  28.26+27.83 -147 .142
Stage N3, % 5.62+6.72 8.58+£820 -1.57 .17
Stage REM, min  64.02+£38.97  53.22+£3543 -1.81 .070
Stage REM, % 18.35+11.38  14.53+9.28 -1.58 114
TST, min 352.61+72.68 349.15+76.18 -0.06 .951
SE, % 7546 +14.23  76.73+14.35 -0.64 .523
SOL, min 39.87+27.75 37.04+3256 -0.56 .574
WASO, min 71.28+53.23  54.22+32.66 -1.61 .108
AHI score 7.78+13.76 791+16.08 -1.01 313
PLMSI score 5.73+£9.59 6.20£10.80 -0.08 .940
RAI score 416+5.87 6.33+£1280 -0.21 .833
PLMAI score 0.81+£1.18 0.46 £0.92 -1.02  .306
SAl score 7.53+£5.70 7.4 £5.65 -0.31 758
TAl score 12.51+8.13 14.02+12.04 -0.75 .456
MSLT, min 1017 +£5.42 1090510  -0.44 661

Abbreviations: AHI, apnea-hypopnea index; MSLT, multiple sleep
latency test; PLMAI, periodic limb movement arousal index; PLMSI,
periodic limb movements of sleep index; RAI, respiratory arousal
index; REM, rapid eye movement sleep; SAIl, spontaneous arousal
index; SE, sleep efficiency; SOL, sleep onset latency; TAl, total arous-
al index; TRT, total recording time; TST, total sleep time; WASO,
wakefulness after sleep onset.
aStatistically significant.
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was no difference in average sleep latency measured on
MSLT (P =.661).

In addition, there were no significant differences in
apnea-hypopnea index, periodic limb movements of
sleep index, total arousal index, respiratory arousal index,
periodic limb movement arousal index, or spontaneous
arousal index scores (all 2> .1).

Fatigue and Sleepiness

The ESS (P = .03) and VAS-F (P = .001) fatigue
scale scores were significantly improved from baseline
to month 6, and the MFIS score showed a trend toward
improvement (P = .074) (Table 3). Improvement in
fatigue occurred rapidly, with MFIS (P = .028) and FSS
(P = .003) scores showing significant differences between
baseline screening and month 3. Significant improve-
ments in the physical and psychosocial subscales of the
MFIS were noted over 6 months, and improvements in
the cognitive subscale did not reach significance. The
ESS also showed that patients reported less sleepiness
between screening and 6 months (P = .011). Patients
who improved by more than 1 SD on the FSS, MFIS,
or VAS-F did not show significant changes in SE or
WASO (Mann Whitney U > 0.05).

Mood and Cognition

The HADS-A and HADS-D were administered
during the first and seventh natalizumab infusions
(Table 3). The HADS-D (P = .007) and HADS-A (P =
.049) scores were significantly improved between these
two points. Improvement in mood did not correlate

to improvement in SE or WASO. Patients took the
NeuroTrax cognitive tests during the first and seventh
infusions (Table 4). During this period, there was no
significant improvement in the global measure or in the
memory, executive function, verbal function, attention,

information-processing speed, or motor skills subscales.

Discussion

This is the first study to evaluate the effect of natali-
zumab on objective measures of sleep as determined by
PSG and MSLT. Less stage N1 sleep was observed, but
the difference was only 11 minutes, or approximately
3.7% of sleep time. Because this decrease was accom-
panied by a similar increase in stage N2 sleep and no
significant change in total arousal index, this finding is
unlikely to be meaningful. Sleep efficiency and WASO
were not significantly improved. In addition, the mean
sleep latency was not significantly different.

Very few data are available quantifying the effect
of DMAs on sleep. One actigraphy study of patients
with MS treated with interferon found reduced SE the
night after injection and also found that patients treated
with glatiramer had lower SE compared with untreated
patients.”” A second actigraphy study comparing sleep
at baseline with sleep after starting interferon beta use
found that treatment reduced SE.*” In an unrelated dis-
ease state, interferon alpha decreased SE and increased
WASO in patients with hepatitis C.*® To our knowl-
edge, the present study is the first to compare PSG

Table 3. Self-reported scales of sleepiness, fatigue, pain, depression, and anxiety

3 mo 6 mo
Scale Baseline, mean + SD Mean * SD P value? Mean * SD P value®
ESS 7.65 +5.01 6.74 +4.87 .090 6.13 + 4.04 .011¢
MFIS 4417 +13.54 37.17 £ 14.44 .028¢ 36.87 +£15.33 .074
MFIS-Physical 21.78 £ 6.65 18.04 £ 7.67 .030¢ 17.43 +7.87 .035¢
MFIS-Cognitive 18.43 +£8.52 15.96 +7.86 115 16.13 +8.71 225
MFIS-Psychosocial 4.00+1.57 3.17£1.56 .008¢ 3.30+1.79 .084
FSS 5.08 £1.15 434+1.27 .003¢ 4.32+1.80 .030¢
VAS-Fatigue 5.66 +2.45 4.86+2.12 172 3.66 +2.47 .001¢
VAS-Pain 2.75+2.44 2.50+2.47 .586 2.29+2.25 .344
HADS-Depression 6.00 £+ 2.61 NA NA 4.09 +£2.76 .007¢
HADS-Anxiety 7.48 +£2.79 NA NA 6.22 +3.77 .049¢

Abbreviations: ESS, Epworth Sleepiness Scale; FSS, Fatigue Severity Scale; HADS, Hospital Anxiety and Depression Scale; MFIS, Modified

Fatigue Impact Scale; NA, not applicable; VAS, visual analogue scale.

Note: Fatigue, sleepiness, and visual analogue scales were compared using the t test. Depression and anxiety scales were compared using

the Wilcoxon signed rank test.
2Between baseline and 3 months.
bBetween baseline and 6 months.
<Statistically significant.
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Table 4. NeuroTrax cognitive testing at
baseline and after 6 months of natalizumab
therapy

Score, mean * SD

z P
Subscale Baseline 6 mo score? value
Global 98.79+8.68 97.4+11.56 -0.608 .543
Memory 94.86 £24.96 97.6 £24.57 -1.065 .287
Executive 97.88+12.66 95.24+14.12 -0.7 .484
function
Verbal function  102.54 £ 16.55 102.05+12.78 -0.765 .444
Attention 97.97£10.8 93.99+16.92 -0.852 .394
Information- 97.44 £12.38 94.84+15.02 -1.338 .181
processing speed
Motor skills 97.8+14.05 945+23.56 -0.03 .976

aWilcoxon signed rank test.

findings at baseline and after starting a specific DMA
for MS.

The present finding that patients receiving natali-
zumab therapy report improved fatigue as measured by
the MFIS, ESS, and VAS-F is similar to that in other
reports.>7#>3% Improvement occurred rapidly and was
significant by the third month. Improvement in sleepi-
ness, as measured by the ESS, was also observed. Metz et
al.’? found that 24.8% and 12.9% of patients with MS
treated with glatiramer acetate and interferon, respec-
tively, improved 1 SD or more on the Fatigue Impact
Scale over 6 months. When a similar evaluation was
performed with the present population, we found that
39.1%, 43.4%, and 47.8% of patients improved 1 SD
or more on the related MFIS, the FSS, and the VAS-F,
respectively.

We also found that patients improved on depression
and anxiety scales after 6 months of natalizumab ther-
apy. This finding contrasts with a study showing that
interferon or glatiramer acetate treatment has no effect
on depression as measured by the BDL?' Furthermore,

subcutaneous interferon beta-1a was not found to have

e Six months of therapy with natalizumab was
associated with improvement in fatigue, sleepi-
ness, depression, and anxiety.

* Natalizumab therapy was not associated with
significant changes in sleep efficiency, wakeful-
ness after sleep onset, or multiple sleep latency
as measured by polysomnography.

Natalizumab Effects on Sleep in MS

an effect on depression in the PRISMS-4 (Prevention of
Relapses and Disability by Interferon B-1a Subcutane-
ously in Multiple Sclerosis-4) study.*

The finding that changes in sleep do not seem to
play a prominent role in the improved reports of fatigue
could be due to the small sample size in this study. Alter-
natively, another non-sleep-related mechanism may be
responsible. Reduction of proinflammatory cytokines
or other proteins in the central nervous system might
explain some of the observed improvement in fatigue
and other symptoms. Proinflammatory cytokines,
including interleukin (IL)-1 beta, tumor necrosis factor,
and IL-6, are found at elevated levels in the cerebrospi-
nal fluid (CSF) of patients with MS.**34 Khademi et al.”
showed that natalizumab therapy decreases lymphocyte
counts in the CSF. In that study, intrathecal cells from
natalizumab-treated patients expressed less messenger
RNA for the proinflammatory interferon gamma and
IL-23 cytokines and more messenger RNA for the
anti-inflammatory IL-10 cytokine.”> Mellergdrd et al.*
confirmed that natalizumab-treated patients had reduced
numbers of cells in the CSF and also found lower lev-
els of the proinflammatory cytokines IL-1b, IL-6, and
IL-8 and several chemokines. Other studies in patients
without MS found that IL-6 is increased in the CSF of
patients with depression or failed suicide attempts.?”
laffaldano et al.’® found that natalizumab decreases
serum osteopontin levels. The decrease correlated with
improvement in cognitive impairment but not improve-
ment in the FSS score observed during natalizumab
treatment.

In summary, this study found that significant
improvement in objective measures of sleep did not
occur during 6 months of natalizumab therapy despite
improvements in fatigue, reported sleepiness, depres-
sion, and anxiety. This exploratory study is limited by
a small sample size and lack of a placebo or an active
comparator arm. In addition, the duration of the study
may be insufficient to demonstrate slow improvement
over a longer period. However, changes in sleep quality
are unlikely to fully explain the observed improvements
in fatigue and other symptoms during natalizumab
therapy. O
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