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Abstract

Objective: The aim of this study was to evaluate the effect of continuous positive airway pressure (CPAP)
treatment on the Fatigue Severity Scale (FSS, preplanned primary outcome), another fatigue measure,
sleep quality, somnolence, pain, disability, and quality of life in multiple sclerosis (MS) patients with
obstructive sleep apnea-hypopnea (OSAH).

Methods: In a randomized, double-blind trial (NCT01746342), MS patients with fatigue, poor subjec-
tive sleep quality, and OSAH (apnea-hypopnea index of =15 events per hour/sleep), but without severe
OSAH (apnea-hypopnea index > 30, and 4% oxygen desaturation index > 15 events/hour or severe som-
nolence), were randomized to fixed CPAP or sham CPAP for 6 months. Outcome assessments were per-
formed at 3 and 6 months.

Results: Of 49 randomized patients, 34 completed the protocol. Among completers, FSS did not improve
with CPAP compared to sham at 6 months. FSS tended to improve (p=0.09), and sleepiness (Epworth
Sleepiness Scale) improved significantly (»=0.03) at 3 months with CPAP compared to sham, but there
were no other improvements with CPAP at either study evaluation.

Conclusion: In non-severe OSAH patients, CPAP did not significantly improve the primary outcome
of FSS change at 6 months. In secondary analyses, we found a trend to improved FSS, and a significant
reduction in somnolence with CPAP at 3 months.

Keywords: Multiple sclerosis, clinical trial, sleep apnea, obstructive, continuous positive airway pressure,
fatigue, sleepiness, sleep
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Introduction
Fatigue is the most common and typically most disa-
bling symptom of multiple sclerosis (MS). In MS,

studies that have objectively evaluated sleep-disor-
dered breathing in MS.

sleep disturbances are common,'? clinically under-
recognized and contribute to fatigue.’> Poor sleep
quality, assessed using the Pittsburgh Sleep Quality
Index (PSQI), was present in 62% of 504 MS patients
versus 32% of normal controls.! Sleep quality and
objective polysomnographic parameters also corre-
late with quality of life in MS.!7 There is a paucity of

In a previous study, we evaluated sleep disorders
using overnight in-laboratory polysomnography
(PSG), and clinical symptoms and quality of life using
standardized questionnaires in 62 MS patients. We
found a high frequency of sleep disorders, most com-
monly obstructive sleep apnea-hypopnea (OSAH) in
58% of patients, and a significant association of
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fatigue with severe OSAH.® Patients were offered
treatment as necessary by a sleep physician. Of the 62
patients, 56 returned for a follow-up evaluation. In a
non-randomized, controlled study, treatment of
OSAH had a significant beneficial effect on fatigue,
somnolence and sleep quality in adjusted, multivari-
ate analyses.’ Other investigators have also found an
association of OSAH with fatigue.'®'? In addition,
non-randomized follow-up studies indicate that
OSAH treatment may improve fatigue.'!'* Continuous
positive airway pressure (CPAP) is the treatment of
choice for OSAH in the general population, but the
potential benefits of CPAP in MS remained to be eval-
uated in a randomized, controlled clinical trial.

We hypothesized that fatigued MS patients with OSAH
who are treated with CPAP would experience an
improvement in fatigue and other clinical parameters
compared to a control group not treated with CPAP. The
objectives of this study were to (1) determine the clini-
cal effectiveness of a 6-month course of CPAP treat-
ment for OSAH on the Fatigue Severity Scale (FSS;
preplanned primary outcome)'> in MS patients with
OSAH and (2) evaluate the effect of CPAP treatment on
the secondary outcomes of another fatigue measure,
sleep quality, somnolence, pain, disability, and quality
of life in MS patients with OSAH at 3 and 6 months.

Methods

Study design

The study was a randomized, double-blinded, pla-
cebo-controlled trial conducted at the McGill
University Health Centre (primary center) and the
Centre Hospitalier de 1’Université de Montréal from
January, 2013 through October, 2018. The study was
approved by our institutional research ethics boards
(ID no. NEU-11-043 and 2013-3229, CE 12.099-
BSP), and all patients provided written informed con-
sent. This trial was registered at ClinicalTrials.gov
(NCTO01746342).

Patients

We recruited patients from our MS Clinics with an
established diagnosis of MS!¢ and Expanded Disability
Status Scale (EDSS)!7 score of 0 to 7, who were relapse-
free for at least 30 days and stable on disease modifying
treatment for 3months prior to screening. Additional
inclusion criteria were poor sleep quality by PSQI®
score >5, substantial fatigue by FSS!5 score=4, no
more than minimal cognitive impairment with a
Montreal Cognitive Assessment (MoCA)'® score
of =26, and a diagnosis of OSAH by PSG with a total

apnea-hypopnea index (AHI) = 15 events/hour of sleep.
Exclusion criteria were pregnancy, psychiatric condi-
tions which preclude informed consent or study require-
ments, or other significant neurological or active
medical conditions, clinically significant laboratory
abnormalities on screening blood tests, current OSAH
treatment, or other symptomatic sleep disorder. Patients
with severe OSAH (AHI > 30) with either a 4% oxygen
desaturation index = 15 events/hour, work in a safety—
critical position or severe sleepiness Epworth Sleepiness
Scale Score (ESS)!?=15 were excluded for ethical
reasons.

Randomization and blinding

Randomization (DACIMA software) was via a rand-
omized block scheme with two stratification factors:
study center and baseline fatigue level (FSS).

Participants, evaluating physicians, study coordina-
tors, and statisticians were blinded to treatment
assignment. However, the sleep physicians, sleep
technologists, and respiratory therapists installing
CPAP were not blinded. The latter were specially
trained not to break the blind.

Procedures/visits

The study protocol is outlined in Figure 1. At screen-
ing, patients underwent a complete medical and
standardized sleep history, including a question on
morning fatigue (Are you fatigued on awakening in
the morning?), Restless Legs Syndrome diagnostic
questionnaire,?’ physical exam by a study Neurologist
or Physiatrist (P.D., Y.L., D.A.T.) with determination
of EDSS, MoCA, PSQI, FSS, and ESS, and blood
sampling. Eligible patients then underwent complete
overnight in-laboratory PSG.2! The subsequent rand-
omization visit included evaluation by Sleep special-
ists (J.K., S.K., and V.J.) and additional questionnaires
including Fatigue Scale for Motor and Cognitive
Functions (FSMC),?? pain visual analog scale (VAS)
scores, Multiple Sclerosis Quality of Life-54
(MSQOL-54),23 Center for Epidemiological Studies-
Depression Scale (CES-D),2* and Tower of London-
Drexel University (TOLDX) assessment (evaluates
executive function).?’> After randomization, CPAP
teaching, and installation, participants underwent
manual CPAP titration PSG. Patients were instructed
to use their CPAP nightly for 6 months. Study assess-
ments were completed at 3 and 6 months and included
an interval history, neurological exam with EDSS,
relapse assessment, study questionnaires and assess-
ments (MoCA, TOLDX, morning fatigue question
only at 6 months), CPAP satisfaction and side effect

Amit Bar-Or

Center for
Neuroinflammation and
Experimental Therapeutics
and Department of
Neurology, University of
Pennsylvania, Philadelphia,
PA, USA

Marta Kaminska
Respiratory Division and
Respiratory Epidemiology
and Clinical Research Unit,
McGill University Health
Centre, McGill University,
Montreal, QC, Canada

journals.sagepub.com/home/msj

83


https://journals.sagepub.com/home/msj

Multiple Sclerosis Journal 28(1)

In-lab Monitoring of CPAP
Randomization Titration PSG complia‘?c.e;& efficacy. |
visit .
Active 2 ey | 6 months:
Screening In-lab Dx PSG - Outcome
visit ’ AHI 2 15/h feasties
- Objective CPAP
l | compliance
AHI = 30 with
4% ODI 2 15, or
ESS =15 - CPAP 3 months: In-lab PSG
Baseline installation & - Outcome on CPAP
assessment teaching measures
of outcome : - Objective CPAP
Excluded and measures compliance
offered clinical
treatment

Figure 1. Study protocol. The figure outlines study procedures and visits from screening to study end at 6 months of
treatment. Gray boxes indicate events and visit post-randomization relevant for both active and sham CPAP groups.
Compliance with study CPAP machine was evaluated for both groups during the 6-month treatment phase of the study.
ESS: Epworth Sleepiness Scale; PSG: polysomnography; AHI: apnea-hyponea index; ODI: oxygen desaturation index.

questionnaire, CPAP compliance, and Sleep special-
ist interview. PSG on study CPAP machine was
obtained prior to the final visit.

CPAP treatment

Active and sham CPAP units (Philips Respironics
System One) were identical in appearance. Active
CPAP was set based on PSG titration with subsequent
adjustment as needed to optimize download AHI.
Objective compliance was determined regularly from
the CPAP memory and recorded at 3 and 6 months.
Patients with suboptimal compliance received inter-
mittent phone calls; those with persistent difficulties
were referred to a blinded clinical sleep nurse. A
blinding questionnaire was completed at 6 months.

Sleep studies

Complete overnight PSG was performed using stand-
ard methods as described previously.$%-2627 Data were
acquired initially using Stellate systems (Natus, Inc.,
Harmonie 7.0 software), then from 2015 onward
using Nihon-Kohden PSG 1100 (Polysmith v. soft-
ware). PSG studies were scored manually by a certi-
fied technologist with sleep physician review using
American Academy of Sleep Medicine (AASM) 2012
criteria,?® with the exception of respiratory events
which were scored using Chicago criteria.?! Summary
PSG outcome measures were generated as previously
described.?? Manual CPAP titration studies were con-
ducted using a standard approach?¢ utilizing the CPAP
flow signal as the primary respiratory signal for effec-
tive CPAP and the mask pressure and respiratory
inductance signals for sham CPAP.

Sample size and statistical analysis

The primary outcome measure was the difference in
FSS scores between baseline and 6 months of treat-
ment. Based on our preliminary observational data for
change in FSS following OSAH treatment in MS,°
considering a reported clinically important difference
for FSS of 0.6 (95% CI, 0.3 to 0.9),% we calculated
that a sample size of 58 patients would enable us to
detect a between-group difference in FSS of 0.9, with
80% power and alpha error of 0.05. Projecting a drop-
out rate of 10%, we aimed to include a total of 65
patients.

The primary analysis compared mean changes in the
FSS (primary outcome) between treatment and control
groups between baseline and 6 months. Secondary
analyses included a comparison of mean changes
between treatment and control groups for the second-
ary outcomes (FSMC, ESS, PSQI, pain VAS scores,
EDSS, MSQOL-54 (physical and mental health com-
posite summary; PCS and MCS), CES-D, MoCA,
TOLDX, PSG variables, and objective CPAP compli-
ance) at 6months, and a comparison of mean changes
between groups of all outcomes (when available) at
3months. Exploratory analyses included comparison
of changes in remaining outcome measures (morning
fatigue question from the standardized sleep question-
naire, CPAP satisfaction questionnaire, and MS
relapses) between treatment groups. Our primary anal-
ysis included all patients who completed the study
protocol. This approach was adapted post hoc due to
early drop-out and extensive missing data from both
arms for these drop-outs (Figure 2). (Intention to treat
analysis was performed secondarily and is presented
in  Supplemental Materials.) Missing values
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Approached for study (n=466)

Excluded (n=363):

« Too time consuming/not interested (n=232)

« Other significant medical or sleep disorder (n=46)
« Not meeting screening criteria (n=81)

« Does not speak English or French (n=4)

Assessed for eligibility (n=103)

Excluded (n=54):

* AHI <15 (n=21)

» Exceeded safety criteria for randomization (n=12)
« Other significant medical or sleep disorder (n=4)
« Withdrew pre randomization (n=5}

* FSS < 4 (n=6)

* MOCA < 26 (n=5)

* PSQI <5 (n=1)

Randomized (n=49)

Allocated to therapeutic CPAP
n=27)

Allocated to placebo CPAP
(n=22)

Dropped out (n=10):

||+ Difficulty tolerating study treatment (n=5)
+ Social/work-related issues (n=4)

- Non-MS-related iliness (n=1)

Dropped out (n=5):
- Difficulty tolerating study treatment (n=2)
+ Declined study treatment (n=1)

- Social issues (h=2)

Completed study (n=17)

Completed study (n=17)

Objective CPAP adherence >4h/night, >70% nights

Per-protocol analysis (n=11)

Per-protocol analysis (n=5)

Figure 2. CONSORT flow diagram. Of the 466 patients approached for the study, 49 were randomized, 34 (17 in each
group) completed the study protocol and were included in the primary study analysis.
PSQI: Pittsburgh Sleep Quality Index; FSS: Fatigue Severity Scale; MoCA: Montreal Cognitive Assessment; AHI: apnea-hypopnea

index.

for outcome measures were assigned using multiple
imputation through chained equations.3%3! Continuous
variables were evaluated with linear regression analy-
sis and the binary outcome with the Wald test. The

primary analysis was unadjusted, but a secondary
analysis was adjusted for age and sex, but not other
variables due to the relatively small number of patients.
Another secondary analysis (“Per protocol analysis,”
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Table 1. Characteristics of study subjects according to treatment group.

Characteristic/outcome
Mean £ SD, N (%)

Active CPAP (n=17) Sham CPAP (n=17)

Characteristics at baseline
Age (years)
Female sex
Body mass index (kg/m?)
MS disease duration (years)
MS type
Relapsing remitting
Secondary progressive
Immunomodulating treatment at baseline
EDSS
Characteristics during the study period
Change in MS immunomodulating treatment
MS exacerbations
Initiated steroids

49.6+ 10 528+8.8
11 (64.7%) 11 (64.7%)
28.8+6.7 30.0+7.6
21.2+10.1 19.8+ 11
14 (82.4%) 13 (76.5%)
3 (18.8%) 4(23.5%)
11 (64.7%) 10 (58.8%)
42+18 39+15
2 (11.8%) 1(5.9%)
3 (17.6%) 3 (17.6%)
1(5.9%) 2 (11.8%)

CPAP: continuous positive airway pressure; SD: standard deviation; EDSS: Expanded Disability Status Scale; MS: multiple sclerosis.

Figure 2) included only patients compliant with CPAP
(using CPAP at least 4 hours per night for at least 70%
of nights). Finally, in an exploratory analysis, mean
disease alleviation (MDA) was calculated using the
equation: [(diagnostic AHI-AHI on treatment)/
Diagnostic AHI] X [CPAP Use (h/night)/Total Sleep
Time].3233 MDA was calculated by two methods:
MDA, using AHI on treatment obtained from end of
study PSG and MDA, calculated using AHI on treat-
ment obtained from 6-month CPAP download. MDA
was only calculated for the treatment group since for
the sham CPAP group, there was no AHI obtainable
from download. The association of MDA with primary
and secondary outcomes was evaluated with an
adjusted linear regression model.

All tests were two-sided, and a p-value less than 0.05
was considered to be statistically significant. We did
not adjust for multiple analyses since we identified a
single primary outcome a priori. The data were ana-
lyzed with RStudio statistical software.3*

Results

Patients

Of the 466 patients approached for the study, 103 com-
pleted screening (Figure 2). The main reasons for declin-
ing participation were lack of time or interest (n=232).
In total, 49 patients fulfilled study criteria and were
enrolled. Of the patients excluded, 21 had AHI<15, 12
exceeded the AHI and other study safety criteria and
were treated emergently. 27 patients were randomly

assigned to fixed CPAP treatment and 22 to sham CPAP.
However, 10 patients in the active treatment group and
five controls either never used CPAP or used the machine
one to two times and then dropped out of the study. In
total, 17 patients in each group completed the study pro-
tocol and were included in the primary analysis.
Recruitment was halted prior to achieving study target
population due to the depletion of operating funds.

Clinical characteristics at baseline and during the study
period of patients who completed the study were simi-
lar in both groups (Table 1). Most patients were on
Fingolimod, Natalizumab, or other newer MS immu-
nomodulating medications. Patients had few other
comorbidities in addition to MS (Supplementary Table
S1). There were no differences in baseline characteris-
tics of patients who completed the study and all patients
who were randomized (Supplemental Table S2).
However, patients who dropped out had significantly
lower EDSS, lower FSS, and less severe OSAH than
study completers (Supplemental Table S3).

Outcome analyses

For the primary outcome of change in FSS at 6 months,
the study showed no difference between active and sham
CPAP groups (p=0.64), with a mean reduction of FSS
between baseline and 6 months of 0.32 in the treatment
group and 0.2 in the control group (Table 2). There were
no significant differences between treatment and control
groups at 6months with respect to the secondary out-
comes of fatigue as assessed by the FSMC, somnolence
(ESS), sleep quality (PSQI), pain (pain VAS), EDSS,
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Table 3. Baseline diagnostic and 6-month on-CPAP polysomnographic data.

Variable Active CPAP (n=17) Sham CPAP (n=17) p-
value
Baseline 6 months D- Baseline 6 months -
diagnostic on CPAP value diagnostic on CPAP value

Total sleep time (hours) 55%1.0 62*1.0
Sleep efficiency (%) 759+13.4 81.6x12.7
Wake after sleep onset 88.4£528 70.8*£599
(minutes)

Arousal index (n/hour) 475+174 33.0=*13.1
Stage N1 (% TST) 182+%9.8 13778
Stage N2 (% TST) 525+124 51.8+123
Stage N3 (% TST) 162*+11.6 18.1x11.7
Stage R (% TST) 13.1+73 16.3+8.8
Apnea-hypopnea index 31.0x11.5  124%69
(n/hour)

Obstructive hypopnea 292*11.6 109=*6.3
index (n/hour)

4% oxygen desaturation 47*4.6 1.1+1.3
index (n/hour)

Nadir Sa0, (%) 85.6+9.5  89.7%=3.9

0.06 52%0.9 54*x14 0.70 <0.05

023  75.6%107 773=19.1 0.75 0.43
036 762+448 774%60.7 092 0.32
0.01 554%269 448=155 0.17 0.62
017 224+148 193=10.0 0.53 0.70
080 502+10.7 46.1+172 0.79 1.00
065 162+166 158+134 094 0.74
026 113+53 14370  0.11 0.91

<0.01 360+249 252+14.1 0.13 0.28

0.01 343x20.5 238%x13.7 041 <0.01

<0.01 2.8*38 42+6.0 0.14 0.26

0.13 86.9*4.1 86.7*5.1 0.91 0.06

CPAP: continuous positive airway pressure; TST: total sleep time; Sa0,: hemoglobin oxygen saturation.

Values are mean = standard deviation.

p-values presented are for the differences in change between baseline and 6 months for the two treatment groups.

Statistically significant p-values are marked in bold.

PCS score of the MSQOL-54, depressed mood (CES-
D), MoCA, and TOLDX (Table 2). For the secondary
outcomes at 6 months, there was a slight improvement in
mental quality of life in the control group which had a
mean improvement of 5.82 in the MCS score of the
MSQL-54 compared to —0.75 in the treatment group
(»<<0.01, 95% CI of difference 2.85, 9.83). At 3months,
for secondary outcomes, we found a statistically and
clinically®® significant reduction in mean sleepiness
measured by ESS of 3.4 in the treatment group com-
pared to 0.8 in the control group (p=0.03, 95% CI of
difference 0.34, 5.20). There was a clinically signifi-
cant® trend for improvement in the FSS with treatment
with a reduction of mean 0.9 compared to 0.3 in controls
(p=0.09, 95% CI of difference —0.23, 1.20). At 3 months,
there were no other significant differences between
groups for outcome measures (Table 2). The adjusted
analyses were similar to unadjusted analyses.

When all patients including drop-outs were included in
an intention-to-treat (ITT) analysis, the results for the
primary and secondary outcomes were similar to the
results in study completers (Supplemental Table S4).

PSG data are presented in Table 3. Baseline PSG char-
acteristics between groups were similar in both groups
(Table 3). With treatment, there was a significant
reduction in the mean total arousal index, AHI,

obstructive hypopnea index, and 4% oxygen desatura-
tion index, and a trend to increased total sleep time in
the active CPAP group only. Sham CPAP did not yield
significant changes in PSG parameters. AHI reduction
was significantly greater with active CPAP compared
to sham.

CPAP compliance

The active treatment group had better overall compli-
ance than the control group (Table 4). Percent days with
the usage for more than 4 hours were a mean of 70% in
the active CPAP group and 35% in the sham group. In
total, 11 patients in the treatment group and five con-
trols achieved the minimum requirement of per protocol
CPAP usage of at least 4 hours/night for 70% of nights.

Exploratory analyses

In an exploratory outcome, on a standardized sleep
questionnaire, a significant proportion of patients in
the treatment group reported resolution of morning
fatigue compared to the control group at 6 months
(p=0.03) (Table 2). There was no difference between
treatment and control groups for the exploratory out-
come of MS relapses.

On the exploratory outcome of the CPAP satisfaction
questionnaire, at 6 months, patients in the fixed CPAP
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Table 4. CPAP adherence and efficacy according to treatment group.

Variable

Active CPAP (n=17) Sham CPAP (n=17)

Usage all nights (hours/night)
Usage on nights used (hours/night)
Percent nights with >4 hours use
Mean pressure (cm H,0)

Residual AHI (n/hour)

Mean disease alleviation

Based on final PSG AHI, TST (%)
Based on CPAP microprocessor AHI, PSQI TST (%)

55+28 2.8+2.1
63+22 4.1+2.1
69.6+32.7 34.7+31.8
9.0+2.6 N/A
1.7+14 N/A
52.4+355 0.7+42.5
82.9+35.0 N/A

CPAP: continuous positive airway pressure; AHI: apnea-hypopnea index; PSG: polysomnogram; TST: total sleep time; PSQI:

Pittsburgh Sleep Quality Index.

Table 5. Adverse effects at 6 months.

Adverse effect

Active CPAP  Sham CPAP  p-value

Difficulty donning/doffing gear 3(17.6) 6(35.3) 0.44
Difficulty finding a comfortable sleeping position due to the mask/tubing 11 (64.7) 13 (76.5) 0.71
Nose congested or runny 7(41.2) 9(52.9) 0.73
Nosebleed, or nose dry or irritated 3(17.6) 5(29.4) 0.93
Mouth dry 8 (47.1) 11(64.7) 0.49
Difficulty with air pressure 2(11.8) 7(41.2) 0.12
Difficulty with machine noise 4(23.5) 5(29.4) 1.00
Difficulty with air leaking from around the mask 12 (70.6) 5(29.4) 0.04
Difficulty with air escaping through your mouth 7 (41.2) 3(17.6) 0.26
Difficulty waking up during the night due to CPAP 5(29.4) 12 (70.6) 0.04
CPAP bothers my bed partner 6(35.3) 4 (23.5) 0.71

CPAP: continuous positive airway pressure.
Values presented are n’s and percentages in parentheses.
Statistically significant p-values are marked in bold.

group were significantly more likely to report that
they were better off since they started using CPAP
than controls (p=0.04). In addition, patients in the
fixed CPAP group tended to report more frequently
that they wished to use CPAP in the long run than
controls (p=0.06).

Blinding

The chi-square p-value comparing the proportions of
patients and investigators guessing that patients were
on active treatment provided evidence for unblinding
for patients but not investigators (p=0.0028 and
p=0.16) (Supplemental Table S5).

Adverse effects

Adverse effects were related to the physical effects of the
machine and mask. Patients in the sham CPAP group
had more difficulty waking up during the night due to

CPAP and those using active CPAP had more difficulty
with air leaking around the mask, but otherwise side
effects were similar in the two groups (Table 5).

Analysis in compliant patients

For the subset of patients meeting threshold CPAP com-
pliance (Figure 2), there were no significant beneficial
effects of active CPAP compared with sham on primary
and secondary outcome measures (Supplemental Table
S6).

MDA

MDA, (mean = SD) was 52.4% * 35.5% in the active
group and 0.73% = 42.5% in the control group (Table
4). Results of MDA were similar when TST from the
PSQI was used to calculate MDA. However, MDA,
for patients in the treatment group was higher at
85.5% * 38.8%. There was no association of MDA,
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and FSS at 3 and 6 months in CPAP-treated patients,
and no association between the change in FSS and
MDA, at 3 and 6 months (Supplemental Table S7).
However, at 3 and 6 months, reduced PSQI score was
significantly associated with improved MDA,
(»=0.01 and p <0.01, respectively).

Discussion

The results of this two-center, randomized, sham-
CPAP-controlled clinical trial of a 6-month course of
CPAP in MS patients with OSAH demonstrate no sta-
tistically significant beneficial effect of the treatment
on the predefined primary outcome of the FSS, and
secondary outcomes of FSMC, sleep quality, somno-
lence, pain, disability, and quality of life at 6 months.
However, at 3months of treatment, for secondary out-
comes, we observed a trend to a reduction of fatigue
and a significant reduction in somnolence with CPAP.
Both improvements would be deemed clinically impor-
tant, but may have been influenced by unblinding of
subjects. In an exploratory analysis, there was a signifi-
cant reduction in the proportion of patients reporting
morning fatigue with active CPAP treatment. In another
exploratory analysis, patients were more likely to
believe they were better off with active compared with
sham CPAP treatment. Despite some positive results
from secondary and exploratory analyses of clinical
data and objective improvement of sleep on PSG, this
study was formally negative and did not show a clear
benefit of CPAP on the primary and secondary clinical
outcomes at 6 months. Therefore, the possible effect of
CPAP on clinical symptoms in this population of
patients requires further study.

The finding of no statistically significant beneficial
effects of CPAP on predefined clinical outcomes in
MS patients with OSAH at 6 months does not reflect
the previous experience in observational studies®:!?
which showed a clinical benefit with CPAP in a pro-
portion of patients. Several potential study limitations
could contribute to this discrepancy. First, we
excluded patients with severe OSAH for ethical and
safety reasons. However, these patients may have
potentially benefited most from the treatment. Second,
we had a limited sample size and did not obtain our
target patient population, which was at least in part
related to the complexity of the protocol with signifi-
cant patient burden and 6-month duration. Third,
despite a concerted effort of the study team, treatment
compliance was not optimal, reducing the chance of
finding a treatment effect. Of the 49 randomized
patients, 15 dropped out soon after randomization
with difficulty tolerating CPAP. Since these patients
were less disabled and had less severe OSAH, our

results could be influenced by their exclusion from
the analysis. Of the 34 patients who completed the
study, relatively few (Figure 2) met threshold CPAP
compliance criteria in both groups. Thus, the impact
of OSAH treatment may have been limited by subop-
timal compliance. Fourth, the inclusion of patients
with elevated PSQI scores is another potential limita-
tion which could have affected our findings, although
only one potential study subject who met other eligi-
bility criteria was excluded on this basis. Finally, our
primary outcome of fatigue is subjective and is influ-
enced by many factors in MS.? A change in other fac-
tors can impact a patient’s fatigue level and may make
it difficult to identify a change due to OSAH treat-
ment. In addition, our primary measure, the FSS, did
not include a time of day component which would be
important for future studies due to our finding of a
significant reduction in morning fatigue with CPAP.

Our study has several strengths. It is the first rand-
omized, placebo-controlled, double-blinded study of
OSAH treatment for MS fatigue. The control group
used sham CPAP which helped reduce bias. We tar-
geted patients with fatigue and poor sleep quality
which would be expected to aid in identifying a treat-
ment effect. In addition, we had a relatively long
intervention period of 6 months which we believed
would provide sufficient time for acclimatization to
therapy, and to observe any changes in clinical symp-
toms. However, based on our experience, an even
longer period may be necessary for MS patients due
to the time necessary to become acclimatized to CPAP
and to address any difficulties, such as with mask
comfort.

In conclusion, this randomized, double-blinded,
sham CPAP-controlled clinical trial of CPAP treat-
ment of MS patients with fatigue and non-severe
OSAH did not show a significant improvement in the
primary outcome measure of FSS at 6 months. We
did observe some improvements in secondary out-
come measures of fatigue and somnolence at
3months, and a significant resolution of morning
fatigue, an exploratory outcome, at 6 months with
CPAP. The latter results should be viewed with cau-
tion. This study does not exclude a potential benefi-
cial effect of CPAP in MS. We believe that further
studies are warranted in this area given the potential
impact for patients. Future studies should include
longer term evaluation of outcomes, alternate fatigue
assessment instruments, larger sample sizes, use of
sleep hygiene measures with OSAH treatment, and
the inclusion of patients with more severe OSAH. In
addition, other therapeutic approaches for OSAH in
MS should be considered.
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