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Abstract
Sleep disturbance is common in people with multiple sclerosis and may worsen fatigue; however, the
assessment of sleep-fatigue relationships varies across studies. To better understand sleep-fatigue relation-
ships in this population, we conducted a systematic review and random effects meta-analyses for the asso-
ciations between fatigue and 10 sleep variables: Sleep-disordered breathing, daytime sleepiness, sleep
quality, insomnia, restless legs, number of awakenings, sleep efficiency, sleep latency, sleep duration,
and wake after sleep onset. Of the 1062 studies screened, 46 met inclusion criteria and provided sufficient
data for calculating Hedges’ g. Study quality was assessed using the Newcastle-Ottawa Scale. Sample
characteristics did not differ between the 10 analyses. Results indicated that sleep quality and insomnia
(assessed via self-report or diagnostic criteria) were strongly associated with fatigue (all gs≥ 0.80 and
all ps< .001). In contrast, the number of awakenings and sleep duration (assessed objectively) were not
significantly associated with fatigue. Remaining sleep variables yielded moderate, significant effects.
Most effects did not vary based on study quality or sample demographics. Results highlight that insomnia
and perceptions of poor sleep have a stronger link than objective sleep duration to fatigue in multiple scler-
osis and may represent a more effective target for intervention.
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Introduction
Multiple sclerosis (MS) is a chronic neurodegenerative
disease of the central nervous system that causes a wide
range of physical, cognitive, emotional, and behavioral
health issues. MS affects more than 2.3 million people
worldwide and is the most common neurological
disease leading to disability in young adults.1

Fatigue and sleep disturbance are common co-occurring
symptoms reported among persons with MS, and both
can significantly diminish quality of life.1–4 Notably,
fatigue affects up to 90% of persons withMS and is char-
acterized by subjective feelings of unrelenting exhaustion,
lassitude, or tiredness. MS fatigue is one of the leading
contributors to unemployment, early retirement, and dis-
ability in this population.2,5 MS-related fatigue is espe-
cially challenging to assess and treat due to its
multidimensional presentation (e.g., physiological,

cognitive, and behavioral),6,7 its inherently subjective
nature, and its overlap with other symptoms and
comorbidities, including sleep disturbance.8 Sleep dis-
turbance—an umbrella term that encompasses a wide
range of sleep problems, symptoms, and diagnoses—is
also prevalent in persons with MS, with more than
50% of person withMS reporting disruptions in or dissat-
isfaction with sleep.9,10 Sleep disorders are more preva-
lent in persons with MS compared to the general
population and include insomnia, sleep-disordered
breathing, restless leg syndrome, and narcolepsy.11,12

Given the negative impact of fatigue on functioning and
quality of life in persons with MS, emerging research
has aimed to better understand the role of sleep disturb-
ance as a potential contributor to MS fatigue.6,13

Pathophysiological mechanisms of chronic fatigue in
MS (e.g., widespread neuroinflammation and oxidative
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stress that disrupt metabolic pathways and reduced avail-
able energy for essential functions, including homeostatic
regulation of sleep and alertness) is a growing area of
investigation.7,13 Several observational studies over the
past decade have examined associations between sleep
disturbance and fatigue in persons with MS; however,
these associations vary greatly in significance and magni-
tude, with some studies reporting little to no relationship,
and others reporting strong, significant associations.6 This
observed variability in effects may at least in part be due
to the wide range of methodological approaches used to
assess or define sleep disturbance. Although some studies
have used self-report inventories of insomnia symptoms,
sleep quality, or excessive daytime sleepiness to assess
symptom severity, others have used objective measures
such as actigraphy or polysomnography to quantify
common sleep parameters (e.g., apnea-hypopnea index,
total sleep time, sleep efficiency). Given that discrepan-
cies between objectively and subjectively assessed sleep
are well documented in the literature,14 it is likely, and
to a degree expected, that associations between sleep
and fatigue may vary between studies employing differ-
ent methodological approaches. However, to date, pat-
terns of variability in sleep-fatigue relationships in MS
have not yet been systematically and quantitatively char-
acterized or evaluated.

The present systematic review and meta-analysis aimed
to comprehensively assess sleep disturbance-fatigue
relationships in persons with MS and explore whether
specific assessment procedures yield relatively stronger
or weaker associations between these variables. Given
the self-reported nature of fatigue, we hypothesized
that when compared to objective measures, self-report
measures of insomnia and global sleep quality would
yield relatively stronger associations with fatigue and
be at least moderate to large in size (i.e., Hedges’ g≥
0.50). Given that many patients with MS report
fatigue despite achieving the recommended number of
hours of sleep (i.e., total sleep time 6–10 h), we hypothe-
sized that total sleep time would yield relatively weaker
effects and be small to moderate in size (i.e., Hedges’ g
< .50). Results may have significant implications forMS
clinicians and researchers regarding the selection of
optimal measurement approaches and intervention
targets in the treatment of sleep-disturbance and its rela-
tionship with fatigue in individuals with MS.

Methods

Patient/population, exposures, and outcomes
framework
The present study, which was conducted according
to Meta-analysis of Observational Studies in

Epidemiology guidelines,15 featured a systematic
review and meta-analysis of the association between
sleep and fatigue among persons with MS. Our
research question was formulated using the patient/
population, exposures, and outcomes framework for
observational designs,16 with sleep and fatigue con-
ceptualized as the exposure and outcome variables
of interest, respectively (see Table 1).

As shown in Table 1, variables of interest for the
assessment of sleep disturbance included (a) response
on self-report instruments validated for use in MS or
other chronic health conditions (e.g., the Pittsburgh
sleep quality index17); (b) objective sleep parameters
assessed via polysomnography, the multiple sleep
latency test, or actigraphy (e.g., wake after sleep
onset); or (c) presence of one or more sleep disorders
based on established diagnostic criteria (e.g., rest leg
syndrome diagnosis per the International Restless
Legs Syndrome Study Group).18

Variables of interest for the assessment of fatigue
included responses on validated self-report instru-
ments (e.g., the Fatigue Severity Scale19). A fatigue
measure was determined to be valid based on the
data reported about the measure in the included
studies. If adequate information about the validity of
a fatigue scale was not included in a certain article,
we conducted a literature search to find the original
articles that published and validated the fatigue
measures.

Search strategy
Five electronic databases were initially searched
in January of 2018: PubMed, Excerpt Medica
Database, Cumulative Index to Nursing and Allied
Health Literature, Psychological Information Database,
and the Cochrane Library, and all study abstracts
were examined using Covidence software. However,
due to the lag in time between the initial search
and the submission of this review, searches were
repeated and expanded in December 2019. Searches
were conducted by the senior author and validated
by the primary author during the same week. All
searches were conducted without publication date
restrictions and filtered to include articles only
written in or translated into English. Although
unpublished studies or abstracts were not eligible
for inclusion in this review, publication bias was
assessed, as described in the data analytic strategy.
Two authors independently completed initial study
screening and full-text reviews (primary and third
authors). Discrepancies were resolved by a third
author (senior author). Reference lists from articles
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that underwent full-text review were reviewed for
additional eligible articles. Approximately 60% of
the articles included were reviewed by the senior
author for agreement. Table 2 presents the search
strategy used for each database and the resulting
number of articles.

Study screening criteria
Study titles and abstracts were screened and included
for full-text review if they (a) were published or in
press; (b) were written in/translated to English; (c)
included a sample of adults (age 18 or older) with a
self-reported physician-confirmed MS diagnosis; and
(d) featured either an observational (e.g., case-control,
cohort, or cross-sectional) design or an experimental
design with baseline (pre-randomization) data. Of the
1062 studies, 372 duplicates were removed, and 659
records were screened; this resulted in 100 studies
included in the full-text review.

Full-text review criteria
In addition to meeting screening criteria, articles were
included in the systematic review if they met the fol-
lowing criteria: (a) included at least one valid measure
of fatigue; (b) included at least one valid measure of
sleep20; and (c) either reported at least one effect
size for the association between sleep and fatigue,
or provided sufficient data to calculate the effect
size. Potential effect sizes included standardized
mean differences (i.e., Cohen’s d for the unadjusted
mean difference in fatigue between participants with

and without sleep disturbance, or for the difference in
sleep disturbance between participants with and
without fatigue), bivariate correlation coefficients
(i.e., zero-order Pearson or Spearman’s correlations
between sleep and fatigue), or proportional differences
(i.e., odds ratios for unadjusted proportions of fatigued
and non-fatigued individuals with and without sleep
disturbance). If studies reported only adjusted effect
sizes and did not provide sufficient data for effect
size calculation, authors were contacted to obtain the
unadjusted values. Although some authors responded,
they indicated data were no longer available.

If two studies used the exact same sample and both
reported the information necessary to calculate
effect size, the original study was used (e.g., if a ran-
domized controlled trial was published and then later
a secondary analysis with the same sampled, used the
randomized controlled trial). If the two studies used
slightly different samples (e.g., one study used a
whole sample, but the other study excluded progres-
sive patients, we used the study with the larger and
more complete sample. If one study didn’t report
the metrics necessary to calculate the effect size, the
study with the adequate data was used. This method
was used to avoid data dependency.

Of the 100 studies reviewed, 46 articles were included.
A flow diagram depicting the number of articles
excluded at each stage, and the reason for exclusion,
are provided in Figure 1.

Table 1. Patient/population, exposure, and outcome (PEO) research framework.

Patient / Population Exposures/Predictors Outcomes

Adults (≥18 years) with multiple sclerosis Sleep as measured by
- Self-report measures of

- Sleep apnea symptoms
- Excessive daytime sleepiness
- Overall sleep quality
- Insomnia symptoms

- Objective sleep parameters:
- Apnea-hypopnea index
- Number of awakenings
- Sleep efficiency
- Sleep onset latency
- Total sleep time
- Wake after sleep onset

- Diagnostic criteria for:
- Sleep-disordered breathing
- Insomnia
- Restless legs syndrome

Fatigue as measured by
- Self-report measures of

- Fatigue symptoms

Bhattarai et al.
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Study quality assessment
The Newcastle-Ottawa Scale was used to determine
quality assessment ratings for the 46 included studies.21

Studies were assessed independently by the primary
author and one of the second or fourth co-authors, and
any resulting discrepancies were resolved by a different
co-author. The Newcastle-Ottawa Scale assesses meth-
odological quality of non-randomized observational
(e.g., case-control, cohort, or cross-sectional) studies
based on three criteria: Selected population, comparabil-
ity of groups, and the exposure and outcome of interest
(i.e., sleep and fatigue).21,22 Studies were assigned a
numerical score ranging from 0 to 9, with scores
between 0 and 3 indicating low quality, scores between
4 and 6 indicating fair quality, and scores between 7
and 9 indicating high quality.

Data extraction and synthesis
For each included article, the following variables
were extracted and recorded in a secure database:

article citation; sleep variable(s) assessed (e.g., insom-
nia); method or measure(s) used to assess sleep (e.g.,
insomnia severity index)23 and fatigue (e.g., fatigue
severity scale); sample size; demographic and
disease characteristics, specifically age, gender, MS
disease duration, disability severity as assessed by
the expanded disability status scale (expanded disabil-
ity status scale24); MS type; Newcastle-Ottawa Scale
quality ratings; effect sizes for the association
between sleep and fatigue; and, if applicable, data
used to calculate effect sizes. For each article, one
author extracted, and at least one different author veri-
fied the data.

Many studies included in this review reported data for
multiple sleep variables (e.g., insomnia and excessive
daytime sleepiness), yielding multiple effect sizes per
study. To maintain the independence of observations,
effect sizes were categorized according to the sleep
variable or sleep disorder assessed, with separate

Table 2. Literature search strategy by database.

Database Search strategy

CINAHL Plus (“multiple sclerosis” OR “MS” OR (MM “Multiple Sclerosis”)) AND ((“sleep” OR (MM
“Sleep”)) OR (“insomnia” OR (MM “Insomnia”))) AND (“fatigue” OR (MM
“Fatigue”))

Cochrane
Library

ID Search
#1 MeSH descriptor: [Multiple Sclerosis] explode all trees
#2 MeSH descriptor: [Sleep] this term only
#3 MeSH descriptor: [Sleep Initiation and Maintenance Disorders] this term only
#4 MeSH descriptor: [Fatigue] this term only
#5 multiple sclerosis or “MS”
#6 sleep
#7 insomnia
#8 fatigue
#9 (#1 or #5) and (#2 or #6) and (#4 or #8)
#10 (#1 or #5) and (#3 or #7) and (#4 or #8)
#11 #9 or #10
#12 #9 or #10 in Trials

EMBASE (‘multiple sclerosis’/mj OR ‘multiple sclerosis’ OR ‘MS’) AND (‘fatigue’/mj OR
‘fatigue’) AND (‘sleep’/mj OR ‘sleep’ OR ‘insomnia’/mj OR ‘insomnia’)

PsycINFO (“multiple sclerosis” OR “MS” OR (MM “Multiple Sclerosis”)) AND ((“sleep” OR (MM
“Sleep”)) OR (“insomnia” OR (MM “Insomnia”))) AND (“fatigue” OR (MM
“Fatigue”))

PubMed (“Multiple Sclerosis”[Majr] OR “multiple sclerosis” OR “MS”) AND (“sleep”[Majr:
NoExp] OR “sleep”) AND (“fatigue”[Majr:NoExp] OR “fatigue”) OR (“Multiple
Sclerosis”[Majr] OR “multiple sclerosis” OR “MS”) AND (“Sleep Initiation and
Maintenance Disorders”[Majr:NoExp] OR “insomnia”) AND (“fatigue”[Majr:NoExp]
OR “fatigue”)

CINAHL: Cumulative Index to Nursing and Allied Health Literature; EMBASE: Excerpt Medica Database; PsycINFO:
Psychological Information Database.
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meta-analyses performed for each category and a
minimum of three studies per category. A total of
10 categories of sleep variables were identified to
maintain independence of observations and maximize
the inclusion of all eligible effects. A diagram of the
10 categories is presented in Figure 2.

Data analysis
To establish a common effect size metric, all ds, rs,
and odd-ratios were transformed to a bias-corrected
Hedges’ g and weighted by variance. Given signifi-
cant heterogeneity in effects and study characteristics,
a random effects model was used to estimate the mean

effect size (g), standard error of the estimate, 95%
confidence interval, and statistical significance (p <
0.05) for each of the 10 analyses. We used JASP
open-sourced software to construct (a) a single
forest plot for the mean effect sizes and confidence
intervals for the 10 sleep variable categories25; and
(b) ten separate forest plots for the individual
studies’ effect sizes and confidence intervals within
each of the 10 sleep variable categories.

Additional analyses were performed to assess for
potential sources of variability and bias within each
sleep category. First, we assessed differences in

Figure 1. Flow diagram of included studies. CINAHL: Cumulative Index to Nursing and Allied Health Literature;
EMBASE: Excerpta Medica Database.
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sample characteristics between studies that were
versus were not included in each sleep category ana-
lysis (e.g., differences in average sample age between
studies that assessed versus did not assess sleep-
disordered breathing). Second, sensitivity analyses
assessed whether effect sizes differed between
high-, fair-, and low-quality studies. Third, publica-
tion bias was assessed by computing fail-safe
numbers and their significance. Finally, given the sig-
nificant conceptual overlap of sleepiness with both
sleep disturbance and fatigue, a sensitivity analysis
was conducted on studies that assessed excessive
daytime sleepiness and at least one other sleep vari-
able. The analysis compared sleep-fatigue effect
sizes between studies with high (Hedges’ g≥ .80)
versus low-to-moderate (Hedges’ g < .80) concord-
ance between excessive daytime sleepiness and
fatigue.

Results

Demographic characteristics and quality ratings
Individual study characteristics (k = 46) are pre-
sented in Table 3. Studies were published between
2004 and 2019 and featured a mix of cross-sectional,
case control, and longitudinal cohort designs. The 46
studies included a total of 7404 participants (range:
20–2375), a median sample size of 100, and a

total mean age of 47.41 (range: 28.25–58.10).
Participants across studies were predominately
female (71%), with only two studies reporting a
sample more than 50% male.8,26 Racial and ethnic
backgrounds were largely unreported, or samples
were predominately White. Study samples were pre-
dominately comprised of participants with relapsing-
remitting MS (relapse-remitting MS; M = 71%),
and with MS disease durations ranging from 3.00 to
21.10 years (M = 12.65). Scores on the expanded dis-
ability status scale ranged from 1.50 to 7.73, with the
mean expanded disability status scale (M = 3.29) in
the mild to moderate range.

Individual study quality ratings based on the Newcastle-
Ottawa Scale are presented in Table 4. Overall study
quality ranged from fair to good, with 22 (48%)
studies rated in the fair range (Newcastle-Ottawa Scale
scores from 4 to 6), and an average rating across
studies of 5.84. No studies were rated in the poor
range, and there were no consistent patterns of weak-
nesses across the three quality domains.

Descriptive statistics for demographic characteristics
and study quality ratings within each of the 10 sleep
categories are presented in Table 5. The number of
studies included in each analysis ranged from 3
(number of awakenings) to 23 (sleep quality).

Primary analysis: Associations between sleep and
fatigue
Results of this review’s primary analysis—associa-
tions between sleep and fatigue within each of the
10 identified sleep categories (i.e., sleep-disordered
behaviors, excessive daytime sleepiness, sleep
quality, insomnia, number of awakenings, rest leg
syndrome, sleep efficacy, sleep latency, total sleep
time, and wake after sleep onset)—are presented in
a Forest plot in Figure 3. Effect sizes ranged from
0.26 (total sleep time) to 1.02 (insomnia), with statis-
tically significant effects for all but two categories
(total sleep time and number of awakenings). The
largest effects were observed for insomnia (g = 1.02,
p<0.001) and sleep quality (g = 0.92, p<0.001), fol-
lowed by moderate effects for rest leg syndrome (g =
0.76, p<0.001) and excessive daytime sleepiness (g
= 0.70, p<0.001). Although the number of awaken-
ings exhibited a moderate association with fatigue (g
= 0.62), the three studies assessing the number of awa-
kenings yielded highly variable effects, resulting in a
non-significant mean effect.

Additional Forest plots for each of the 10 analyses are
presented in Figures 1 through 3. Across all 10

Figure 2. Conceptual framework for categorization of 10
sleep variables predicting MS fatigue. Sleep variables
identified based on a systematic search of the literature in
PubMed, EMBASE, CINAHL/PsycINFO, and the
Cochrane Library, and through data synthesis, with no
category having fewer than 3 studies. CINAHL: Cumulative
index to Nursing and Allied Health Literature; EMBASE:
Excerpta Medica Database; MS: multiple sclerosis;
PsycINFO: Psychological Information Database.
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Table 3. Characteristics of included studies (k = 46).

Author (Year)
[citation]

Sample
(N )

Age, yrs (M ±
SD; range)

%
Women

MS duration,
yrs (M ± SD;
range)

EDSS
(M ± SD)

%
RRMS Sleep variables

Abdel Salam
et al. (2019)27

124 31.12 ± 7.48;
18–46

57% 7.94 ± 4.98;
1–24

4.06 ± 1.49 87% ESS,
STOP-Bang

Al-dughmi et al.
(2016)28

51 47.00 ± 10.10 84% 12.60 ± 7.60 — 90% ESS, NoA,
PSQI, SE,
SOL, TST,
WASO

Ashjazadeh
et al. (2016)29

120 33.10 ± 7.40;
18–55

76% 6.39 ± 5.16 — RLS

Attarian et al.
(2004)30

30 39.95 73% — 3.20 ESS, NoA

Bøe Lunde et al.
(2012)31

90 45.00 ± 10.40 54% — — PSQI

Braley et al.
(2012)32

30 46.70 ± 11.30 70% 12.00 ± 10.80 — 70% ESS, SE

Braley et al.
(2014)33

195 47.10 ± 12.10 66% 10.20 ± 8.20 — 74% ESS, ISI, RLS,
STOP-Bang

Brass et al.
(2014)11

2375 54.70 ± 12.40 81% 16.30 ± 10.80 — STOP-Bang

Chen et al.
(2014)34

21 29.00 ± 8.50;
18–51

71% 3.30 ± 2.30;
1–10

4.00 ± 2.00 ESS, PSQI,
SE, SOL,
TST

Chinnadurai
et al. (2018)35

113 32.43 ± 9.90;
18–50

65% 4.84 ± 3.77;
1–29

7.73 ± 2.71 56% SE, SOL,
WASO

Dayapoğlu et al.
(2012)36

32 38.15 ± 9.48;
24–33

63% — — PSQI

Dias et al. et al.
(2012)37

103 45.78 ± 10.97 72% 11.71 ± 8.88 — ESS,
STOP-Bang

El-Nabil et al.
(2015)38

50 31.80 ± 8.10 68% 7.06 ± 5.10 3.70 ± 1.60 74% RLS

Elkattan et al.
(2009)39

20 28.25 ± 6.43;
20–40

— 5.15 ± 3.10 3.71 ± 1.34 76% ESS, NoA, SE,
SOL, TST

Gavrilov et al.
(2018)40

85 37.60 ± 10.20 62% — 2.90 ± 1.60 74% ESS

Ghaem et al.
(2008)41

141 32.00 ± 9.70;
16–60

75% — 2.30 ± 2.10 73% PSQI

Ghajarzadeh
et al. (2012)42

100 32.50 ± 8.70 75% 4.80 ± 5.20 4.80 ± 5.20 100% ESS, PSQI

Giannaki et al.
(2018)26

50 38.46 ± 7.05 48% — 2.36 ± 1.01 70% RLS

Hare et al.
(2017)2

115 44.00 ± 11.59 72% 9.64 ± 8.62 — 64% ISI

Hughes et al.
(2017)43

121 52.10 ± 9.10;
24–65

55% 21.10 ±
11.70; 1–47

— 56% PSQI

Hughes et al.
(2018)44

163 52.20 ± 10.10;
25–76

87% 12.00 ± 9.00;
0–49

— 13% MOS-SS

Kallweit et al.
(2013)45

69 49.80 ± 9.20;
21–75

70% 13.70 ± 8.80;
1–33

5.80 ± 1.40 76% AHI

(continued)
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Table 3. Continued.

Author (Year)
[citation]

Sample
(N )

Age, yrs (M ±
SD; range)

%
Women

MS duration,
yrs (M ± SD;
range)

EDSS
(M ± SD)

%
RRMS Sleep variables

Kaminska et al.
(2012)46

62 47.30 ± 10.40;
24–71

73% 13.40 ± 8.7;
.50–35

3.60 ± 1.80 — AHI

Kaynak et al.
(2006)47

37 37.16 ± 8.51 57% 7.72 ± 5.58 2.24 ± 1.36 88% AHI, ESS,
PSQI, RLS,
SE, SOL,
TST,
WASO

Kotterba et al.
(2018)48

106 41.00 ± 11.03;
19–65

70% 3.40 ± 5.92;
.01–26

— 75% PSQI

Łabuz-Roszak
et al. (2012)49

122 37.70 ± 10.80;
20–68

71% 6.70 ± 7.60 2.20 ± 1.40 100% ESS

Leonavicius
(2015)50

101 53.70 ± 13.90;
18–74

73% 9.70 ± 3.70;
.50–28

3.70 ± 2.20 100% MOS-SS

Leonavicius
(2016)51

137 44.70 ± 28.10;
18–74

72% 12.60 ± 10.70 10.70 ±
3.80

82% MOS-SS

Lopes et al.
(2016)52

180 29–50 76% — — — ESS, PSQI

Ma et al.
(2017)53

208 41.30 ± 12.93 55% — — 64% PSQI

Merkelbach
et al. (2011)54

80 43.20 ± 9.80 71% 8.00 ± 6.80 3.10 ± 1.60 53% ESS

Mills et al.
(2011)55

635 46.60 ± 10.90;
21–83

71% 15.10 ± 9.50;
2–49

— 80% ESS

Moreira et al.
(2008)56

44 43.00 ± 14.00;
18–64

73% 6.80 ± 5.90;
.40–23

3.60 ± 2.00 — ESS, PSQI,
RLS

Nagaraj et al.
(2013)57

31 30.10 ± 9.10;
16–50

81% 4.90 ± 4.40;
1–17

3.50 ± 2.20 100% PSQI

Najafi et al.
(2013)58

120 33.00 ± 8.80 80% — 2.65 ± 0.82 87% PSQI

Nociti et al.
(2017)59

102 43.30 ± 11.60;
28–66

64% 10.60 ± 6.60 2.40 ± 1.80 37% ESS, PSQI

Pokryszko-
Dragan et al.
(2013)60

100 42.00; 20–67 69% 8.60; 1–36 3.20 52% ESS

Schellaert et al.
(2018)61

57 46.79 ± 11.92;
20–67

63% 12.41 ± 10.02 4.76 ± 2.22 83% Insomnia

Shahrbanian
et al. (2015)62

188 43.00 ± 10.00 74% 3.00 ± 4.00 2.40 ± 2.00 70% PSQI

Siengsukon
et al. (2018)63

40 50.30 ± 11.60 90% 12.15 ± 8.64 — 76% PSQI

Stanton et al.
(2006)64

60 19–69 72% — — 70% ESS

Trojan et al.
(2007)65

49 47.00 ± 9.60;
26–66

64% 15.10 ± 8.40 3.40 ± 2.20 — PSQI

Veauthier et al.
(2011)66

66 43.20 ± 10.00;
20–66

68% 11.45 ± 9.02;
1–39

2.00 ± 1.8 — ESS,
Insomnia,

(continued)
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analyses, every effect size reported showed a positive
relationship between sleep disturbance and fatigue;
however, the magnitude and variability (i.e., 95%
CIs) of these effects varied significantly.

Sources of variability and bias
As described in the data analysis section, sources of
variability were explored, including study sample
demographic characteristics, quality ratings, publica-
tion bias, and sleepiness-fatigue concordance. There
were no significant differences between the 10 separ-
ate meta-analyses regarding sample age, gender, MS
disease duration, expanded disability status scale
rating, or MS type (all p values < 0.05). Mean study
quality ratings also did not significantly differ
between the 10 analytic groups. Within each of the
10 groups, effect sizes did vary as a function of
study quality for the three studies that assessed the
number of awakenings (z = 2.62, p< .01), and the
seven studies that assessed rest leg syndrome (z =
1.99, p< .05), where high-quality studies yielded sig-
nificantly stronger sleep-fatigue associations than
fair-quality studies. No other sleep domains exhibited
significant differences in effects between high- versus
fair-quality studies.

Regarding potential publication bias, Rosenthal’s fail-
safe Ns (i.e., the estimated number of non-significant
effects that would need to make the overall effect non-
significant) are reported in Table 5 for each sleep variable

category that yielded a significant mean effect (i.e., all
categories except total sleep time and number of awaken-
ings). Fail-safe Ns ranged from 18 (wake after sleep
onset) to 3619 (sleep quality), suggesting a large
number of studies with non-significant effects would
be needed to change the overall results of this study.
Of the 10 categories assessed, nine (all except insomnia)
included studies that assessed excessive daytime sleepi-
ness and at least one other sleep variable. For those cat-
egories, sleep-fatigue relationships were able to be
assessed for differences in excessive daytime sleepiness-
fatigue concordance. Significant differences were noted
for the number of awakenings, where one study with
high sleepiness fatigue concordance (Hedges’ g≥0.80)
exhibited significantly stronger effect sizes than the
remaining studies with low-to-moderate concordance
(z = 2.62, p<0.01).

Discussion
The present review was the first to comprehensively
assess sleep disturbance-fatigue associations in
persons with MS and explore the degree to which
methodological variations in sleep assessment con-
tribute to variability in sleep-fatigue relationships.
Consistent with our hypotheses, self-report measures
of insomnia and global sleep quality yielded strong
associations with fatigue that were larger relative to
associations resulting from other measurement
approaches, especially the use of objective sleep para-
meters. This finding is consistent with extant literature

Table 3. Continued.

Author (Year)
[citation]

Sample
(N )

Age, yrs (M ±
SD; range)

%
Women

MS duration,
yrs (M ± SD;
range)

EDSS
(M ± SD)

%
RRMS Sleep variables

RLS, SE,
WASO

Veauthier
(2013)67

410 58.10 ± 0.70;
20–86

29% — — 89% AHI, ESS,
PSQI, SE,
SOL,
WASO

Veauthier et al.
(2016)68

65 44.60 ± 10.00 68% 12.40 ± 9.00 — 100% PSQI

Viana et al.
(2015)69

206 42.10 ± 10.70;
18–69

70% 7.00 ± 10.00 1.50 ± 2.00 70% Insomnia

AHI: apnea-hypopnea index; EDSS: expanded disability severity status; ESS: Epworth sleepiness scale; Insomnia:
insomnia diagnosis; ISI: insomnia severity index; MOS-SS: medical outcome survey sleep scale; MS: multiple sclerosis;
NoA: number of awakenings; PSQI: Pittsburgh sleep quality index; RLS: restless legs syndrome diagnosis; RRMS:
relapsing remitting multiple sclerosis; SE: sleep efficiency; SOL: sleep onset latency; STOP-Bang: snoring, tiredness,
observed apneas, blood pressure, body mass index, age, neck circumference, and gender; TST: total sleep time; WASO:
wake after sleep onset.
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Table 4. Methodologic quality of studies based on the NOS.21

Author(s) (Year) [citation] Study design
Selectiona

(out of 4)
Comparabilityb

(out of 2)

Exposure/
outcomec

(out of 3)

NOS
totald

(out of 9)

Abdel Salam et al. (2019)27 Cross-sectional ★★★ ★★ ★ 6 (fair)
Al-dughmi et al. (2016)28 Cross-sectional ★★★ ★ ★ 5 (fair)
Ashjazadeh et al. (2016)29 Cross-sectional ★★★ ★ ★★ 6 (fair)
Attarian et al. (2004)30 Case-control ★★★ ★★ ★★★ 8 (high)
Bøe Lunde et al. (2012)31 Case-control ★★★ ★★ ★ 6 (fair)
Braley et al. (2012)32 Cohort ★★★ ★★ ★ 6 (fair)
Braley et al. (2014)33 Cross-sectional ★★★ ★ ★★★ 7 (high)
Brass et al. (2014)11 Cross-sectional ★ ★ ★★ 4 (fair)
Chen et al. (2014)34 Case-control ★★★ ★★ ★★ 7 (high)
Chinnadurai et al. (2018)35 Cross-sectional ★★★ ★★ ★★ 7 (high)
Dayapoğlu et al. (2012)36 Cross-sectional ★★★ ★ ★★ 6 (fair)
Dias et al. (2012)37 Cross-sectional ★★ ★ ★ 4 (fair)
El-Nabil et al. (2015)38 Cross-sectional ★★ ★★ ★★ 6 (fair)
Elkattan et al. (2009)39 Cross-sectional ★★ ★★ ★★ 6 (fair)
Gavrilov et al. (2018)40 Cross-sectional ★★★★ ★★ ★★ 8 (high)
Ghaem et al. (2008)41 Cross-sectional ★★★ ★★ ★ 6 (fair)
Ghajarzadeh et al. (2012)42 Cross-sectional ★★★ ★★ ★ 6 (fair)
Giannaki et al. (2018)26 Cross-sectional ★★★★ ★★ ★★ 8 (high)
Hare et al. (2017)2 Cross-sectional ★★ ★★ ★ 5 (fair)
Hughes et al. (2017)43 Cross-sectional ★★★ ★★ ★★ 7 (high)
Hughes et al. (2018)70 Cohort ★★ ★★ ★★ 6 (fair)
Kallweit et al. (2013)45 Cohort ★★★ ★★ ★★★ 8 (high)
Kaminska et al. (2012)46 Cross-sectional ★★★★ ★★ ★★★ 9 (high)
Kaynak et al. (2006)47 Case-control ★★★ ★★ ★★ 7 (high)
Kotterba et al. (2018)48 Cohort ★★ ★★ ★★ 6 (fair)
Łabuz-Roszak et al. (2012)49 Cross-sectional ★★★ ★★ ★★★ 8 (high)
Leonavicius et al. (2015)50 Cross-sectional ★★★★ ★★ ★★ 8 (high)
Leonavicius et al. (2016)51 Cross-sectional ★★★★ ★★ ★★ 8 (high)
Lopes et al. (2016)52 Other ★★★ ★★ ★★★ 8 (high)
Ma et al. (2017)53 Cross-sectional ★★★★ ★★ ★★ 8 (high)
Merkelbach et al. (2011)54 Cross-sectional ★★★ ★★ ★ 6 (fair)
Mills et al. (2011)55 Cross-sectional ★★★ ★★ ★★ 7 (high)
Moreira et al. (2008)56 Cross-sectional ★★★ ★★ ★★ 7 (high)
Nagaraj et al. (2013)57 Cross-sectional ★★★ ★★ ★ 6 (fair)
Najafi et al. (2013)58 Case-control ★ ★★ ★ 4 (fair)
Nociti et al. (2017)59 Cohort ★★★★ ★★ ★★ 8 (high)
Pokryszko-Dragan et al.
(2013)60

Cross-sectional ★★★ ★★ ★ 6 (fair)

Schellaert et al. (2018)61 Cross-sectional ★★★ ★★ ★★★ 8 (high)
Shahrbanian et al. (2015)62 Cross-sectional ★★★ ★★ ★★★ 8 (high)
Siengsukon et al. (2018)63 Cross-sectional ★★★★ ★★ ★★ 8 (high)
Stanton et al. (2006)64 Cross-sectional ★★★★ ★★ ★★ 8 (high)
Trojan et al. (2007)65 Cross-sectional ★★★ ★★ ★ 6 (fair)
Veauthier et al. (2011)66 Cross-sectional ★★★★ ★★ ★★★ 9 (high)
Veauthier et al. (2013)67 Cross-sectional ★ ★★ ★★★ 6 (fair)
Veauthier et al. (2016)68 Cross-sectional ★★ ★★ ★★★ 7 (high)

(continued)
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showing stronger effects for subjectively assessed
sleep. Also, consistent with our hypotheses, total
sleep time yielded the weakest and non-significant
association with fatigue. The primary clinical and
research implications for these findings are that
while some objective sleep assessments (e.g., total
sleep time) may yield results in the normal range,
patients can continue to experience severe fatigue as
a function of poor sleep. Specifically, meeting diag-
nostic criteria for insomnia or rest leg syndrome and
reporting poor sleep quality and severe sleepiness
are significant risk factors for, and are likely to
cause, or exacerbate, MS fatigue.

Results also demonstrated a strong overlap between
sleep disturbance, sleepiness, and fatigue. In the pres-
ence of both high fatigue and sleepiness as measured
by subjective assessments, nocturnal awakenings
exhibited a stronger relationship to fatigue. However,
sleep efficiency and delayed sleep onset were not
found to have a strong relationship to fatigue. This
may suggest that the sleepiness-fatigue relationship
may be low in the variance of the sleep-disturbance
and fatigue relationship. With this finding, measures
of sleep disturbance are distinct from measures of
excessive daytime sleepiness.

Another important finding from this review was that
demographic characteristics and MS-related disease
characteristics did not significantly impact the
strength of sleep-fatigue relationships. In contrast,
the extant literature shows potential differences in
the sleep-fatigue relationship among certain demo-
graphic groups. For example, older adults with MS
and individuals with progressive MS generally
exhibit a greater risk for sleep disturbance.30 This
group of participants in our study sample, however,

was not experiencing disproportionally significant
fatigue.

An important limitation of this review was the low
number of studies that assessed objective sleep dis-
turbance, especially relative to the high number of
studies that assessed subjective sleep. This observa-
tion is not limited to this review but is generally
reflective of the broader literature, where objective
sleep assessment in MS confers numerous logistical
and financial challenges. Although fail-safe Ns were
in the acceptable range for this review, more studies
are needed that include polysomnography, multiple
sleep latency test, actigraphy, and other objective
measurement approaches. Of note, it remains
unknown if objective measures of sleep disturbance
differ significantly in relation to MS-related fatigue.

One of our aims with this research was to summarize
the varying number of sleep disturbance measures
published in the literature and how, if at all, their rela-
tionship with fatigue differs. This paper focuses on
the synthesis of data based on the different sleep dis-
turbance measures and consequently, does not include
the wide array of fatigue measures that exist. Fatigue
measures that were subjective (i.e., self-report) and
had previously been validated in the MS or a related
patient population were included in this study.
Assessment of general self-report fatigue symptoms
has commonly been linked with sleep disturbance or
sleepiness (as a result of the disturbance) in MS.
However, this does not capture the nuances among
different types of fatigue, including state vs. trait
fatigue, central vs. peripheral fatigue, and cognitive
vs. psychosocial vs. physical fatigue. The different
types of fatigue and how they are evaluated, espe-
cially in the context of the sleep-fatigue relationship

Table 4. Continued.

Author(s) (Year) [citation] Study design
Selectiona

(out of 4)
Comparabilityb

(out of 2)

Exposure/
outcomec

(out of 3)

NOS
totald

(out of 9)

Viana et al. (2015)69 Cross-sectional ★★★ ★★ ★★ 7 (high)

MS: multiple sclerosis; NOS: Newcastle-Ottawa Scale.
aSelection, scored from 0 to 4, is based on the definition and representativeness of the case/cohort, selection and
ascertainment of exposed or non-exposed cases.
bComparability, scored from 0 to 2, is based on the comparability of the cases/cohorts based on the design or analysis.
cExposure or outcome, scored from 0 to 3, is based on ascertainment of exposure or assessment of outcome.
dNOS total, the sum of the subscores for selection, comparability, and exposure/outcome, ranged from 0 to 9 and
classified each study as low quality (total score between 0 and 3), fair quality (between 4 and 6), and high quality
(between 7 and 9).
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in individuals with MS is an important area for future
research. The examination of the use of both objective
and subjective fatigue measures and their relationship
to MS-related sleep disturbance would provide a more
comprehensive picture of the sleep-fatigue relation-
ship and likely also elucidate additional, novel areas
to target for clinical intervention.

Another limitation of this reviewwas the relatively homo-
genous study sample demographics and MS-related

characteristics (e.g., mostly female, White, with relapse-
remitting MS and low-to-moderate disability). Although
these demographic distributions are consistent with the
general MS literature, underrepresentation of men and
people with progressive MS preclude any general con-
clusions regarding these subgroups, who also experi-
ence severe fatigue and may exhibit a different
pattern of the sleep-fatigue relationship. Finally,
given that all of the studies included in this review
were observational in design, conclusions regarding

Table 5. Sample characteristics, study quality ratings, and publication bias for each sleep variable analysis.

Sleep
Variable k N

Age
(M )

%
Women

Duration
(M )

EDSS
(M )

%
RRMS

NOS
(M )

Fail-safe
Na

SDB 8 3375 42.97 72% 15.16 4.14 69% 4.72 197***
EDS 21 2595 45.26 63% 11.02 3.16 70% 6.31 1888***
SQ 23 2537 45.41 64% 9.72 3.09 78% 6.74 3619***
INS 5 639 44.50 68% 9.39 2.17 74% 8.02 226***
NoA 3 101 41.19 80% 10.50 3.40 90% 5.69 —
RLS 7 562 40.55 67% 8.69 2.74 77% 6.86 175***
SE 8 748 49.04 47% 8.18 4.85 68% 6.38 23***
SOL 6 652 49.74 43% 6.81 5.84 66% 6.24 24***
TST 4 129 38.34 72% 8.53 3.09 90% 6.32 –
WASO 5 677 50.38 45% 8.36 5.04 67% 6.45 18***

EDS: excessive daytime sleepiness; EDSS: expanded disability severity status; INS: insomnia; NoA: number of
awakenings; NOS: Newcastle Ottawa Scale; RLS: restless legs syndrome diagnosis; RRMS: relapsing remitting multiple
sclerosis; SDB: sleep-disordered breathing; SE: sleep efficiency; SQ: sleep quality; SOL: sleep onset latency; TST: total
sleep time; WASO: wake after sleep onset.
aFail-safe Ns were calculated for all analyses yielding significant effects (i.e., all sleep categories except NoA and
TST). ***p< .001.

Figure 3. Forest plot of associations between sleep and fatigue across 10 sleep categories. *p< .05; **p< .01; ***p< .001.
EDS: excessive daytime sleepiness; INS: insomnia; NoA: number of awakenings; RLS: restless legs syndrome diagnosis;
SDB: sleep-disordered breathing; SE: sleep efficiency; SQ: sleep quality; SOL: sleep onset latency; TST: total sleep time;
WASO: wake after sleep onset.
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causal relationships between sleep disturbance and
fatigue remain speculative.

Conclusions
The present review was the first to quantify associa-
tions between MS-related sleep disturbance and
fatigue. Results demonstrate that these relationships
vary substantially as a function of the type of sleep
variable assessed. Insomnia, poor sleep quality, rest-
less legs syndrome, and excessive daytime sleepiness
were the strongest predictors of fatigue in MS. In the
clinical context, our findings support regular assess-
ment of insomnia symptoms, sleep quality, and exces-
sive daytime sleepiness when assessing and treating
MS-related fatigue. A combination of subjective and
objective measurement is ideal, though one can

expect subjective symptoms to correlate more reliably
with fatigue. A primary focus on increasing sleep dur-
ation is not recommended, given the lack of support
for sleep duration as a modifiable target to improve
fatigue.

Continued work is needed to characterize the mechan-
isms underlying sleep-fatigue relationships. Future
research efforts should emphasize the inclusion of
objective assessment methods to provide more
nuanced characterizations of sleep profiles and their
relationship to fatigue in MS. Additional research on
cognitive behavioral therapy for insomnia in MS, and
other evidence-basedbehavioral approaches to treating
sleep disturbance in MS, is needed to determine if
improvements in sleep confer improvements in fatigue.

Glossary of terms

Excessive daytime sleepiness (EDS) Inability to stay awake or alert during the day, resulting in drowsiness
or falling asleep

Fatigue A perceived lack of physical and/or mental energy that interferes with
usual activities

Forest plot Graphical depiction of meta-analysis results
Insomnia Sleep disorder characterized by complaints of difficulty falling or

staying asleep or inadequate sleep duration or quality, despite adequate
opportunity for sleep

Number of awakenings (NoA) Number of times awakened during the sleep period between initial
sleep onset and final awakening

Objective sleep parameters Sleep variables are typically assessed via actigraphy,
polysomnography, or the multiple sleep latency test, and included
variables such as the apnea-hypopnea index, sleep efficiency, sleep
onset latency, total sleep time, and wake after sleep onset

Restless legs syndrome (RLS) Sleep disorder characterized by significant discomfort in the legs that is
relieved only by moving the legs and often occurs at night

Sleep-disordered breathing (SDB) Umbrella term for sleep disorders involving breathing difficulties and
abnormalities of respiration during sleep (e.g., sleep apnea)

Sleep disturbance General term to describe problems with sleep, including subjective
symptoms, objective parameters, and diagnosed sleep disorders

Sleep efficiency (SE) The ratio of time spent asleep to the amount of time spent in bed or
attempting sleep

Sleep onset latency (SOL) Time spent awake trying to initiate sleep
Sleep quality (SQ) Satisfaction with sleep, including aspects of sleep initiation, sleep

maintenance, sleep quantity, and feeling refreshed upon waking
Total sleep time (TST) Total time spent asleep
Wake after sleep onset (WASO) Time spent awake after initial sleep onset and prior to final awakening
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Sleep disturbances in patients with multiple sclerosis.
Neurol Sci 2013; 34: 1291–1296.

61. Schellaert V, Labauge P, Lebrun C, et al. Psychological
processes associated with insomnia in patients with
multiple sclerosis. Sleep 2018; 41: 1–8.

62. Shahrbanian S, Duquette P, Kuspinar A, et al.
Contribution of symptom clusters to multiple sclerosis
consequences. Qual Life Res 2015; 24: 617–629.

63. *Siengsukon CF, Aldughmi M, Kahya M, et al.
Individuals with mild MS with poor sleep quality

have impaired visuospatial memory and lower per-
ceived functional abilities. Disabil Health J 2018; 11:
116–121.

64. Stanton BRR, Barnes F and Silber E. Sleep and
fatigue in multiple sclerosis. Mult Scler 2006; 12:
481–486.

65. *Trojan DA, Arnold D, Collet JP, et al. Fatigue in mul-
tiple sclerosis: association with disease-related, behav-
ioural and psychosocial factors. Mult Scler 2007; 13:
985–995.

66. *Veauthier C, Radbru H, Gaede G, et al. Fatigue in
multiple sclerosis is closely related to sleep disorders:
a polysomnographic cross-sectional study. Mult Scler
J 2011; 17: 613–622.

67. Veauthier C. Younger age, female sex, and high
number of awakenings and arousals predict fatigue in
patients with sleep disorders: a retrospective polysom-
nographic observational study. Neuropsychiatr Dis
Treat 2013; 9: 1483–1494.

68. Veauthier C, Gaede G, Radbruch H, et al. Poor sleep in
multiple sclerosis correlates with beck depression
inventory values, but not with polysomnographic
data. Sleep Disord 2016; 2016: 1–5.

69. Viana P, Rodrigues E, Fernandes C, et al. InMS:
Chronic insomnia disorder in multiple sclerosis—A
Portuguese multicentre study on prevalence, subtypes,
associated factors and impact on quality of life. Mult
Scler Relat Disord 2015; 4: 477–483.

70. Hughes AJ, Dunn KM, Chaffee T, et al. Diagnostic and
clinical utility of the GAD-2 for screening anxiety
symptoms in individuals with multiple sclerosis. Arch
Phys Med Rehabil 2018; 99: 2045–2049.

Multiple Sclerosis Journal—Experimental, Translational and Clinical

16 www.sagepub.com/msjetc


	 Introduction
	 Methods
	 Patient/population, exposures, and outcomes framework
	 Search strategy
	 Study screening criteria
	 Full-text review criteria
	 Study quality assessment
	 Data extraction and synthesis
	 Data analysis

	 Results
	 Demographic characteristics and quality ratings
	 Primary analysis: Associations between sleep and fatigue
	 Sources of variability and bias

	 Discussion
	 Conclusions
	 References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile ()
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 5
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Average
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Average
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Average
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /PDFX1a:2003
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError false
  /PDFXTrimBoxToMediaBoxOffset [
    33.84000
    33.84000
    33.84000
    33.84000
  ]
  /PDFXSetBleedBoxToMediaBox false
  /PDFXBleedBoxToTrimBoxOffset [
    9.00000
    9.00000
    9.00000
    9.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<

    /BGR <>
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /CZE <>
    /DAN <>
    /DEU <>
    /ESP <>
    /ETI <>
    /FRA <>
    /GRE <>

    /HRV <>
    /HUN <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /LTH <>
    /LVI <>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /POL <>
    /PTB <>
    /RUM <>
    /RUS <>
    /SKY <>
    /SLV <>
    /SUO <>
    /SVE <>
    /TUR <>
    /UKR <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames false
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks true
      /AddColorBars false
      /AddCropMarks true
      /AddPageInfo true
      /AddRegMarks false
      /BleedOffset [
        9
        9
        9
        9
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


