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Study Objectives: Excessive daytime sleepiness (EDS) in myotonic dystrophy type 1 is mostly of central origin but it may coexist with sleep-related breathing
disorders.However, there isnoconsensusonthesleepprotocols tobeused,assessmentsvary,andonlyaminorityofpatientsare regularly testedorareontreatment for
EDS. Our study presents data on self-reported and objective EDS in adult-onset myotonic dystrophy type 1.
Methods: Sixty-three patientswith adult-onsetDM1were subjected toEDS-sleep assessments (polysomnography,MultipleSleepLatency Test, EpworthSleepiness
Scale). Correlation coefficients were computed to assess the relationship between sleep and sleepiness test results, fatigue, and quality of life.
Results: 33%and48%ofpatientshadEDSbased, respectively,on theEpworthSleepinessScaleandtheMultipleSleepLatencyTest,witha lowconcordancebetween
these tests (k = 0.19). Thirteen patients (20%) displayed 2 or more sleep-onset rapid eye movement periods on Multiple Sleep Latency Test. Patients having EDS by
MultipleSleepLatencyTest hadashorter diseaseduration (P< .05), higher total sleep timeandsleepefficiencyand lowerwakeafter sleeponset onpolysomnography.
Patientswithself-reportedEDSreportedsignificantlyhigher fatiguescorecomparedwithpatientswithoutEDS(P< .05).Nootherdifferencewas found indemographic,
clinical, and respiratory features.
Conclusions: EDS test results are contradictory,making treatment options difficult. Combining quantitative tests and self-reported scalesmay facilitate physicians in
planning EDS care with patients and families.
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BRIEF SUMMARY
Current Knowledge/Study Rationale: Excessive daytime sleepiness (EDS) is among themost frequent complaints in myotonic dystrophy type 1, impacting
patients and family lives. Despite this, there is no consensus on the sleep protocols to be used, assessments vary, and only aminority of patients are regularly
tested or are on treatment for EDS. This study assesses EDSwith self-reported and objectivemeasures while describing demographic and clinical features of
excessively sleepy and nonsleepy participants.
Study Impact:We describe the prevalence of EDS in a cohort of adult individuals with myotonic dystrophy type 1 using self-reported and objective tools. We
conclude that there is no gold standard to test for EDS in myotonic dystrophy type 1 and that both self-reported and objective measures are useful and
complementary.

INTRODUCTION

Myotonic dystrophy type 1 (DM1) is themost commonmuscular
dystrophy of adults, affecting 1 in 2,500–8,000 worldwide
according to the cohorts studied.1–3 It is a multisystem disorder
that impairs skeletal and smoothmuscle as well as the eye, heart,
endocrine system, and central nervous system. Excessive
daytime sleepiness (EDS) is among the most frequent non-
muscular symptoms and one of the most common complaint of
patients with DM1.1 In these patients, EDS can overlap with
symptoms related to lack ofmotivation, depression, or apathy, as

well aswith symptoms of fatigue, both of central origin or related
to the patient’s motor disability. Although there may be an
assessment bias related to the sensitivity of the tools used to
determine it,4,5 EDS reaches a prevalence of up to 88% in some
studies.6–9 It is also often reported as the presenting symptom of
DM1, not infrequently, years preceding the diagnosis.1,4–11

EDS in patients with DM1 has specific features, being
unaffected by naps and typically occurring in monotonous
situations or when attention is not being held.1,10–12 Although
somesleep studies foundsomesimilaritieswithnarcolepsy7,9 (ie,
reduced sleep latency associatedwith 2 ormore sleep-onset rapid
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eye movement periods [SOREMPs], at the Multiple Sleep
Latency Test [MSLT]), typical attacks of sleepiness usually do
not occur in patients with DM1 and the pathogenesis of EDS in
DM1 is generally considered multifactorial. Several studies
support the hypothesis of a central dysfunction of sleep regula-
tion12–17 Moreover, some studies suggest that, in some patients
with DM1, EDS may also be related to a sleep fragmentation
induced by a sleep-related breathing disorder9,18,19 or it may be
secondary tonocturnalhypoxemiaanddiurnalhypercapnia.20On
the other hand, it is not infrequent to find patients with
exceptionally high levels of daytime carbon dioxide (eg,
50 mmHg on at-rest morning pCO2) not complaining of
respiratory problems or of EDS.21,22

EDS can be approached with different treatment strategies,
mainly depending on its cause. Noninvasive ventilation (NIV) is
recommended to treat nocturnal hypoventilation related to chronic
respiratory insufficiency.20,22 However, the adherence of patients
with DM1 to ventilatory treatment is poor and, even in those who
are compliant to NIV, EDS may persist despite correction of
the sleep-related breathing disorder.19,22 Although off-label,
modafinil—a drug used for EDS treatment in narcolepsy—has
been reported to reduceEDS in a cohort of patientswithDM1.23,24

Despite these treatment options, in many centers, patients with
DM1 are not routinely subjected to standardized diagnostic and
management protocols for EDS (including respiratory and sleep
studies), although this symptom has a significant deleterious
impact onwork, social life, andqualityof life.Theaimof this study
is to describe the prevalence of EDS in a cohort of patients with
adult-onsetDM1inItalyusingdifferent sleepassessment toolsand
investigating different demographic and clinical features possibly
associated with self-reported or objective EDS.

METHODS

The study had ethical approval by the local institutional review
board (protocol number 2016-000601-36; IRB approval code
66B-032016). All participants signed consent to the study.

Patient population
Patients were recruited from the NEMO (NEuroMuscular Omni-
service) Center in Milan and the Neuromuscular Diseases Unit in
Rome, Tor Vergata University Hospital. Patient demographic,
clinical, and anthropometric details were collected at each site.

Inclusion criteria for the patients were the following: (1)
molecular diagnosis of DM1, any range of cytosine-thymine-
guanine (CTG) expansion size (≥ 50), adult-onset type; (2) age
range18–65years; (3)NIV-naivepatientsorpatientswhohadnot
been usingNIV for at least 3months prior to enrollment; (4) Raw
Mini–Mental State Examination (MMSE) > 20; and (5) Trail
Making Test A and B and the Color Word Stroop Test within
normal range according to age and education. Patients taking
drugs that could interfere with cognition, breathing, or sleep
function were excluded (eg, steroids, antidepressants, benzodia-
zepines, taurine, antiepileptic drugs).

All patientswere subjected to a complete batteryof respiratory
assessments to identify the presence of a possible chronic

respiratory insufficiency requiring NIV. Sleep tests to assess the
presence of EDS included polysomnography (PSG) followed by
MSLT. The Epworth Sleepiness Scale (ESS) was used as the
patient-reported measure of EDS. Neuromotor and cognitive
assessments were also collected as well asmeasures of quality of
life (QoL) perception.

Tests and procedures
A brief outline of the tests and procedures performed is given
below.

Sleep tests

PSG

A standard overnight full PSG was performed with a portable
device (Embla Polysomnography System, Respironics) in an
unattended setting. In accordance with standard criteria25,26 the
recording included the following: electroencephalography (at
least 6 channels), bilateral electro-oculography, chin and tibial
electromyography, electrocardiography, oronasal airflow, chest
and abdominal effort (recorded using respiratory inductance
plethysmography), pulse oximetry, and sensor of body position.
PSG tracesweremanually reviewedbyamedical doctor expert in
sleep medicine, certified by the Italian Association of Sleep
Medicine and the European Sleep Research Society. Sleep was
staged and respiratory and motor events scored according to
standard criteria.26 The following data were recorded: total sleep
time, sleep efficiency, arousal index, percentage of sleep period
for every sleep stage andwake (N1,N2, N3, rapid eyemovement
[REM], wake after sleep onset [WASO]), sleep latency, apnea-
hypopnea index (AHI), oxygen desaturation index,mean oxygen
saturation, minimal oxygen saturation, saturation time < 90%,
periodic leg movement (PLM) index.

MLST

The test measures the propensity for falling asleep in a
comfortable situation lying in bed in a dark and quiet room with
the explicit permission to fall asleep. MSLT was conducted in
the sleep laboratory the day after nocturnal PSG in accordance
with a standardized protocol.27 MSLT sessions took place at 9
and 11 AM and at 1, 3, and 5 PM. Patients, retired to a quiet, dark
room and laying on a bed, were asked to try to fall asleep. EDS
was defined when the mean sleep latency was ≤ 8 minutes.
SOREMP was defined as the occurrence of 1 or more epochs of
REM sleep within 15 minutes from sleep onset.

Sleep diary and 1-week actigraphy
Patients were encouraged to keep a regular sleep-wake schedule
duringtheweekbefore theMSLT, to limit thepossibility thatEDS
could be induced by sleep deprivation. Specifically, adequate
sleepwasdocumentedbya sleepdiary theweekbefore theMSLT
and, when available, by an actigraphic recording for a period of
1 week. In particular, in a subgroup of patients, a watch-shaped
unit (Actiwatch; Philips) was worn on the wrist of the non-
dominant arm for 7 days. Data were recorded continuously and
then analyzed using Actiware 6.02 software. In the analyses of
records, the recommended algorithm for sleep scoring every
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30-second epochwas used. Eventmarkers determined the length
of time spent in bed. In the case of missing event markers, sleep
diary data were used. The extracted outcomes were total sleep
time and sleep efficiency, time in bed, and time out of bed.

Respiratory assessments
Forced spirometry (forced vital capacity sitting and supine and
the difference between these 2measures) and respiratory muscle
pressures (muscle inspiratory pressure, muscle expiratory pres-
sure) assessments were performed according to the American
Thoracic Society standards.28 Peak cough expiratory flow was
performed according to standard procedures.29 The best value
was recorded. The test was considered to be well performed and
reliable when the difference between the measurements was not
greater than 20 L/minute.

Fatigue and EDS assessments
To determine self-reported EDS and general fatigue, the Italian
Version of ESS30 and the Fatigue Sleepiness Scale (FSS) and
Fatigue and Daytime Sleepiness Scale (FDSS)5,31,32 were used.
Patients scoring 11 or more on the ESS were considered to have
self-reported EDS.

QoL perception
QoL perception was evaluated through the Italian version of the
Short Form-36HealthSurvey33 and the IndividualizedQuality of
Life (INQoL) questionnaire.34

Statistical analysis
Shapiro-Wilk test and Levene test were used for each variable
included in the analysis, to assess thenormalityof thedistribution
and the homogeneity of variance, respectively.

Data were summarized using median and interquartile range for
continuousvariablesandnumberandpercentageforcategoricalones.

Comparisons of demographic and clinical characteristics,
disease characteristics, fatigue assessments, QoL perceptions,
cognitive and behavioral aspects, and respiratory features
between nonsleepy and sleepy patients in accordance with the
ESS, and between nonsleepy and sleepy patients in accordance
with theMSLT, were assessed using theMann-Whitney test and
the chi-square test as appropriate.

To test the degree of agreement between the ESS and the
MSLTinclassifyingnonsleepyandsleepypatients, theCohen’sk
coefficient was used and was interpreted in accordance with
McHugh.35

To test the ability of both MSLT and ESS to screen patients
with respiratory abnormalities requiring NIV adaptation, the
concepts of sensibility and negative predictive value were taken
into account, arbitrarily considering as more appropriate the
assessment that maximizes sensitivity and negative predicted
value, giving greater importance to the potential screening
purpose of MSLT and ESS.

To assess the difference in terms of total sleep time and sleep
efficiency between patients with DM1 and a group of age- and
sex-matched healthy controls using the actigraphy data, the
Mann-Whitney testwas used.Testswere 2-tailed, and aPvalue<

0.05 was considered statistically significant. All the analyses
wereperformedusingSASversion9.3 (SASInstitute,Cary,NC).

RESULTS

Patient population
Sixty-three patients with adult-onset DM1 were included
(median age of 43.7 years [37.0–55.1], 30 men [48%], median
CTG range of 184.0 [150.0–575.0]). All were ambulant, the
majoritywith aMuscular ImpairmentRatingScaleof 2 (n=16), 3
(n=20), or 4 (n =21).Only 4 patients had aMuscular Impairment
Rating Scale of 1 and 2 of 5. Disease duration ranged from 7.2
years to 20.5 years,with amedian disease duration of 12 years. In
general, patients were slightly overweight (median body mass
index, 25.1 kg/m2; range, 22.7–27.9). None were hypothyroid.
Ten patients were taking mexiletine as an antimyotonic agent.

Demographicandclinicaldetailsof thecohortsofpatientswith
and without EDS determined either by MSLT or ESS are
summarized in Table 1.

EDS
EDS was determined by ESS and MSLT in all participants. ESS
wasabnormal (ESSscore>10) in21of63(33.3%)patients,while
MSLTproved tobeabnormal (mean sleep latency≤8minutes) in
30 out of 63 (47.6%) patients screened. Concordance between
abnormal ESS and MSLT results was present in 13 patients
(20.6% of the overall population), while 25 (39.7%) patients
proved to be abnormal in either one or the other (Figure 1). The
degreeof agreementbetweenESSandMSLTin termsofCohen’s
k coefficient resulted equal to 0.19 (20.04 to 0.43]. Patientswith
objectiveEDSduringMSLTdisplayed a shorter disease duration
with respect to thosewithoutEDS(10 [6–17]vs15 [11–22]years;
P < .05). No other significant difference in the demographic and
clinical characteristics was found between the cohorts with or
without EDS as assessed by MSLT or by ESS.

Nine of the 30 patients with abnormal mean sleep latency at
MSLT, had 2 or more sleep-onset REM periods (SOREMPs)
during MSLT and/or PSG. Four additional patients without
objective EDS had 2 or more SOREMPs (Table 2). The shortest
sleep latency acrossMSLT naps was observed during the second
nap both in patients with and without objective EDS (Table 2).

PSG results
Results for all 63 patients are summarized in Table 3. Forty-three
patients(68%)displayedasleep-relatedbreathingdisorder(AHI≥5
events/h) that was mild in 16 patients (5 ≤ AHI < 15 events/h),
moderate in 16 patients (15 ≤ AHI < 30 events/h), and severe in 7
patients (AHI≥30 events/h). ThePLMindexwas≥15 in7patients
(11.1%). Patients with objective EDS on MSLT showed a
statistically significant increase in sleep efficiency (86.00%
[79.80–92.10%] vs 81.60% [64.80–87.50%]; P= .01) and increase
in total sleep time (428.00 [334.00–457.00] vs 346.00
[299.00–415.00] minutes; P = . 01) and decrease in WASO (13.03
[6.70–18.37] vs 18.63 [10.30–31.10]minutes;P= .04)with respect
to patients without objective EDS. Comparing PSG parameters in
patientswithorwithoutself-reportedEDS, thepercentageofN1was
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significantly lower in patients with EDS (3.26% [1.61–5.15%] vs
4.75% [3.45–7.60%]). No other significant differencewas found in
respiratoryor limbmovementPSGfeaturesbetweenpatientswithor
without objective or self-reported EDS. Two patients displayed
SOREMPs during PSG recording. Both of them showed a mean
sleeplatencylessthan8minutesduringMSLTbuttheydidnotreport
self-reported EDS (ESS≤ 10).

Respiratory involvement
Of the 63 patients included in the study and subjected to
respiratoryscreeningprotocols,16hadan indication touseNIVat

night (25%). Functional objective respiratory parameters (forced
vital capacity, muscle inspiratory pressure, muscle expiratory
pressure, and peak cough expiratory flow) did not differ between
participants with DM1 with either self-reported or objective
sleepiness (Table 1).

Actigraphy
Actigraphy was recorded in 23 of 30 patients having objective
EDS on MSLT, based on the availability of the instruments.
Results were compared with 17 age- and sex-matched historical
controls from the Sleep Units in Milan and Rome. Patients with

Table 1—Demographic and clinical characteristics of the study cohort.

Overall (n = 63) MSLT Scores
<8 (n = 30)

MSLT Scores
≥8 (n = 33)

ESS Scores
>10 (n = 21)

ESS Scores
≤10 (n = 42)

Demographic and
clinical features

Age at screening, y 43.7 [37.0–55.6] 40.9 [33.0–51.5] 47.1 [39.6–58.6] 40.1 [36.3–51.3] 46.4 [38.2–55.6]

Male/female, n/n 30/33 13/17 17/16 9/12 21/21

BMI, kg/m2 25.1 [22.7–27.9] 25.1 [22.1–28.2] 25.1 [23.7–27.7] 24.2 [22.0–27.4] 25.5 [23.7–28.4]

Disease characteristics

MIRS, n (%)

1 4 (6.3) 3 (10.0) 1 (3.0) 2 (9.5) 2 (4.8)

2 16 (25.4) 7 (23.3) 9 (27.3) 5 (23.8) 11 (26.2)

3 20 (31.7) 12 (40.0) 8 (24.2) 10 (47.6) 10 (23.8)

4 21 (33.3) 7 (23.3) 14 (42.4) 4 (19.0) 17 (40.5)

5 2 (3.2) 1 (3.3) 1 (3.0) 0 (0.0) 2 (4.8)

Disease duration, y 12.0 [7.2–20.5] 10.0 [6.0–17.0]* 15.0 [11.0–22.0]* 12.0 [7.0–18.0] 13.0 [8.0–21.0]

CTG range 184.0 [150.0–575.0] 150.0 [140.0–434.0] 250.0 [150.0–733.7] 150.0 [130.0–542.0] 250.0 [150.0–575.0]

Respiratory
assessments

% FVC seated 79.00 [65.00–90.00] 82.00 [73.00–90.00] 75.00 [63.00–89.00] 80.00 [67.50–98.00] 79.00 [65.00–89.00]

% FVC supine 74.00 [60.00–82.00] 77.00 [67.00–82.00] 69.00 [53.00–84.00] 75.00 [63.50–90.00] 73.50 [58.00–81.00]

MIP, cmH20 55.50 [39.00–75.00] 56.00 [44.00–66.00] 54.00 [37.00–78.00] 50.50 [38.00–69.00] 58.00 [44.00–78.00]

MEP, cmH20 54.00 [38.00–75.00] 50.00 [38.00–64.00] 54.00 [31.00–86.00] 55.00 [41.50–84.00] 54.00 [32.00 - 68.00]

PCEF, L/min 392.40 [330.00–480.60] 369.00 [297.60–528.00] 404.00 [333.60–469.80] 339.60 [272.40–412.00] 439.80 [349.80–514.20]

Fatigue

FSS 40.00 [26.00–51.00] 42.00 [30.00–51.00] 39.00 [18.00–55.00] 49.00 [38.00–55.00]* 37.00 [20.00–50.00]*

FDSS 10.00 [6.00–13.00] 9.50 [7.00–12.00] 11.00 [5.00–13.00] 13.00 [10.00–16.00]* 8.00 [5.00–11.00]*

QoL perception

INQoL total score 33.00 [17.20–47.20] 34.15 [21.70–41.70] 32.20 [17.20–51.70] 40.00 [28.30–47.20] 31.25 [15.60–40.00]

INQoL Fatigue 57.90 [42.10–68.40] 57.90 [47.40–68.40] 57.90 [36.80–68.40] 57.90 [57.90–73.70] 50.00 [31.60–63.20]

INQoL Activity 38.90 [16.70–52.80] 41.65 [19.40–52.80] 36.10 [10.20–58.30] 43.50 [30.60–52.80] 34.25 [13.90–53.50]

SF-36 Mental
Component
Summary score

52.00 [38.00–58.00] 52.00 [38.00–73.00] 47.00 [37.00–55.00] 44.00 [36.00–55.00] 52.00 [41.00–62.00]

SF-36 Physical
Component
Summary score

45.00 [33.00–56.00] 44.50 [33.00–63.00] 45.00 [34.00–55.00] 38.00 [33.00–55.00] 45.00 [36.00–56.00]

All dataare representedasmedianand interquartile range,exceptwhereotherwise indicated. *Statistically significantcomparison (P< .05).BMI=bodymass index,
CTG= cytosine-thymine-guanine, ESS=Epworth Sleepiness Scale, FDSS=Fatigue andDaytimeSleepiness Scale, FSS=Fatigue Severity Scale, FVC= forced
vital capacity, INQoL=IndividualizedNeuromuscularQualityofLifequestionnaire,MEP=maximalexpiratorypressure,MIP=maximal inspiratorypressure,MIRS=
Muscular Impairment Rating Scale, MSLT = Multiple Sleep Latency Test, PCEF = peak cough efficacy flow, SF-36 = Short Form-36 Health Survey.
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DM1 showed a statistically significant increase in mean total
sleep time with respect to controls (460.1 [426–502] vs 418.7
[379.8–438] minutes in controls; P = .03). Sleep efficiency was
slightly decreased in patients with DM1 with respect to control
participants (84.18% in patients with DM1 vs 88.47% in
controls), yet this was not statistically significant (P = .08).
There was a trend for patients to go to bed later (mean time into
bed: DM1 = 01:18:00 vs controls = 00:26:08) andwoke up in the
morning later than controls (mean time out of bed: DM1 =
08:40:30 vs controls = 07:31:30), although this was not statis-
tically significant (P = .08).

EDS and fatigue
No significant difference in terms of FSS and FDSS was found
between patients with and without EDS assessed by MSLT.
Considering EDS assessed by ESS, patients with EDS reported a
significantly higher FSS and FDSS score comparedwith patients
without EDS (49.00 [range, 38.00–55.00] vs 37.00 [range,

20.00–50.00], respectively; P = .0286 for FSS; 13.00 [range,
10.00–16.00] vs 8.00 [range, 5.00–11.00], respectively; P < .01
for FDSS) (Table 1).

QoL assessments
QoL perception as determined by the INQoL questionnaire (the
higher the score the worse the perception) was the same
irrespective of EDS assessed by MSLT and ESS (P = .57 and
P= .15, respectively). In particular, neither the total score nor the
scores on the subscales differed in the cohort with and without
EDS as assessed by MSLT. The subscore Fatigue in the INQoL
was higher in the patients reporting EDS on the ESSwith respect
to those without self-reported ESS (63.2 [57.9–73.7] vs 47.4
[34.2–43.5], respectively; P = .042). No difference was detected
using the SF-36 mental and physical scores in patients with EDS
measured by MSLT or ESS (Table 1).

DISCUSSION

This study confirms that EDS is a common complaint in patients
withDM1, but the prevalence changes according to the test used.
Indeed, between one-third and one-half of patients reported self-
reported or objective EDS, respectively. Moreover, our results
showed a low concordance between self-reported (ESS) or
objective (MSLT) measures, in line with previous studies.36,37

ESShasamajoradvantageover theMSLTin its very lowcost and
ease of administration; however, some authors underlined that
this questionnaire may not be the most sensitive tool to assess
daytimesleepiness inDM1.5,38Also,onemayquestion theability
of patientswithDM1 tobe aware of their sleepiness and therefore
fill in the questionnaire in a reliableway. In our studywe included
patients with scores on MMSE, the Trail Making Test, and the
Colored Word Stroop Test within a normal range, thus reducing

Table 2—Multiple Sleep Latency Test features.

MSLT ≤ 8 MSLT > 8

No. of SOREMPs, n (%)

0 13 (43.33) 26 (78.79)

1 8 (26.67) 3 (9.09)

2* 5 (16.67) 4 (12.12)

3 1 (3.33) 0 (0.00)

4** 3 (10.00) 0 (0.00)

5 0 (0.00) 0 (0.00)

Mean sleep latency, median [IQR]

Nap 1 (9 AM) 6.00 [3.75–9.00] 20.00 [10.25–20.00]

Nap 2 (11 AM) 4.00 [3.00–5.75] 10.50 [7.63–15.00]

Nap 3 (1 PM) 5.50 [4.13–7.75] 13.50 [10.00–18.00]

Nap 4 (3 PM) 6.00 [4.00–6.75] 11.50 [9.00–17.00]

Nap 5 (5 PM) 5.75 [4.63–8.00] 11.50 [9.00–14.00]

*Of the 4 patients having 2 SOREMPs, 1 had 1 SOREMP on PSG. **Of the 3 patients having 4 SOREMPs, 1 had 1 SOREMP on PSG. IQR = interquartile range,
MSLT = Multiple Sleep Latency Test, PSG = polysomnography, SOREMP = sleep-onset rapid eye movement period.

Figure 1—Concordance between MSLT and ESS in the
assessment of EDS.

EDS = excessive daytime sleepiness, ESS = Epworth Sleepiness Scale,
MSLT = Multiple Sleep Latency Test.
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the risk ofmisunderstanding the questions on the ESS. Similarly,
none of our patients were depressed or anxious based on the
Hamilton Depression Scale and the Profile of Mood States (data
not reported), again lowering the possibility that responses were
biasedbymoodorbehavioralabnormalities.Anotherexplanation
for theweak correlation betweenMSLTandESS results could be
related to the difficulty for the patients to self-reportedly
discriminate between sleepiness and fatigue,5,31,32 another
common complaint in this population.6,34 Consistently with this
hypothesis, in our cohort, fatiguewas similar in patients with and
without EDSwhen thiswas objectively assessedwith theMSLT;
on the other hand, patients reporting EDS by self-reported
assessments (ESS scores) had a higher perception of fatigue
compared with those without EDS. Analogously, previous
studies in patients with DM1 found higher levels of fatigue in
patients with EDS, asmeasured by self-reportedmeasures;5,31,32

conversely, EDS was higher in patients with excessive fatigue.
This emphasizes the importance of defining what is meant by
EDS, specifically pointing to the need to distinguish it from
fatigue,39 and to address it as the patient’s propensity to sleep
across a variety of situations in normal life and specifically
unrelated to physical disability.

From a clinical point of view, patients with DM1 frequently
describe EDS features more similar to those reported by patients
affected by SRDB than by patients with narcolepsy. Indeed,
DM1-related EDS occurs prevalently in monotonous situations
or when attention is not being held and is unaffected by naps;
moreover “sleep attacks” are rarely reported. However, our sleep
studiesaimedat characterizing thenatureof sleepiness frequently
showed results that resembled those observed in patients with
primary narcolepsy. Indeed, we found that 9 of the 30 patients
withEDSatMSLTand4 patientswithout objectiveEDShad2 or

Table 3—Descriptive analysis of the polysomnography data (n = 63).

Overall (n = 63) MSLT Scores < 8
(n = 30)

MSLT Scores ≥ 8
(n = 33)

ESS Scores > 10
(n = 21)

ESS Scores ≤ 10
(n = 42)

Sleep efficiency, % 84.65 [72.30–90.00] 86.00 [79.80–92.10]* 81.60 [64.80–87.50]* 84.75 [78.80–90.70] 84.65 [66.40–89.70]

Arousal index 12.50 [9.20–17.00] 11.80 [8.80–18.40] 12.95 [10.45–16.75] 13.10 [9.50–15.00] 12.40 [9.10–18.90]

TST, min 376.70 [312.50–447.00] 428.00
[334.00–457.00]*

346.00
[299.00–415.00]*

386.70 [312.75–460.50] 374.00 [312.50–431.70]

N1, % of sleep period 4.35 [2.69–6.20] 4.03 [2.69–5.60] 4.70 [3.45–9.40] 3.26 [1.61–5.15]* 4.75 [3.45–7.60]*

N2, % of sleep period 25.40 [21.00–32.90] 27.50 [22.41–33.67] 24.83 [17.96–32.26] 24.85 [21.50–35.22] 26.40 [18.40–32.40]

N3, % of sleep period 29.54 [21.87–35.87] 32.80 [25.10–37.02] 26.15 [20.70–33.42] 33.40 [21.39–38.60] 27.43 [22.60–33.60]

REM, % of sleep period 19.50 [14.70–25.83] 20.80 [16.42–26.20] 19.05 [11.97–24.00] 18.27 [13.42–23.47] 20.98 [14.80–26.50]

WASO, % of sleep
period

15.36 [7.90–27.70] 13.03 [6.70–18.37]* 18.63 [10.30–31.10]* 14.24 [5.85–21.41] 15.61 [10.00–33.00]

Sleep latency, min

N1 9.80 [3.50–21.30] 6.00 [3.60–17.00] 11.50 [3.50–29.80] 11.50 [3.50–22.30] 9.65 [3.40–21.30]

N2 16.55 [6.50–27.20] 17.25 [7.65–22.75] 16.30 [4.95–36.95] 14.40 [4.60–20.00] 17.00 [7.00–28.50]

N3 30.05 [17.95–60.60] 30.70 [18.95–53.50] 29.10 [15.30–70.00] 24.80 [12.90–65.50] 32.40 [19.00–58.80]

REM, min 87.75 [70.00–132.00] 90.25 [75.00–129.50] 81.00 [69.00–134.00] 120.00 [79.00–149.50] 81.50 [69.50–122.50]

< 15 minutes, n (%) 2 (3.33) 2 (7.14) 0 (0.00) 0 (0.00) 2 (4.88)

≥ 15 minutes, n (%) 58 (96.67) 26 (92.86) 32 (100.00) 19 (100.00) 39 (95.12)

AHI, events/h 10.80 [3.70–22.00] 8.65 [2.20–21.60] 14.70 [5.50–22.40] 7.30 [3.70–17.40] 14.20 [4.00–27.50]

≤ 5 events/h, n (%) 20 (31.75) 12 (40.00) 8 (24.24) 8 (38.10) 12 (28.57)

5–15 events/h, n (%) 16 (25.40) 7 (23.33) 9 (27.27) 6 (28.57) 10 (23.81)

15–30 events/h, n
(%)

16 (25.40) 8 (26.67) 8 (24.24) 5 (23.81) 11 (26.19)

> 30 events/h, n (%) 11 (17.46) 3 (10.00) 8 (24.24) 2 (9.52) 9 (21.43)

ODI 9.80 [2.00–19.20] 7.35 [1.40–18.50] 13.50 [4.50–22.50] 4.30 [1.10–12.10]* 14.15 [3.30–22.60]*

Mean O2 saturation, % 93.00 [91.00–95.10] 93.10 [92.00–95.70] 93.00 [90.00–95.00] 93.80 [92.30–95.20] 92.20 [89.00–95.00]

Minimal O2 saturation,
%

85.00 [74.00–88.00] 86.00 [74.00–90.00] 83.00 [73.00–88.00] 86.00 [78.00–89.00] 82.50 [73.00–88.00]

PLM index 2.50 [0.70–5.90] 2.35 [0.75–5.55] 2.50 [0.00–5.90] 1.45 [0.00–5.60] 3.20 [0.90–5.90]

< 15, n (%) 52 (88.14) 26 (92.86) 26 (83.87) 19 (95.00) 33 (84.62)

≥ 15, n (%) 7 (11.86) 2 (7.14) 5 (16.13) 1 (5.00) 6 (15.38)

All data are represented asmedian and interquartile range, except where otherwise indicated. *Statistically significant comparison. AHI = apnea-hypopnea index,
ESS = Epworth Sleepiness Scale, MSLT = Multiple Sleep Latency Test, ODI = oxygen desaturation index, PLM = periodic limb movement, REM = rapid eye
movement, TST = total sleep time, WASO = wake after sleep onset.
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more SOREMPs duringMSLT and/or PSG. These observations,
in line with previous findings,4,9,16,40 support an REM sleep
dysregulation in these patients. Moreover, patients having EDS
by MSLT displayed higher total sleep time and sleep efficiency
and lower WASO on PSG with respect to patients without EDS.
Thus, sleep deprivation seems not to be claimed as a possible
cause of EDS in these patients. Other reports have already
documented a longer habitual nocturnal sleep in patients with
DM1 with respect to control participants.7,16,41 Therefore, the
association of long total sleep time, short sleep-onset latency,
and multiple SOREMPs—highly suggestive for central hyper-
somnia—could suggest a “sleepy intrinsic phenotype,” similar
to that observed in other neurological disease, such as
Parkinson’s disease.42

Wefound that68%ofourpatientswasaffectedbySRDB(AHI
>5 events/h). This prevalence is concordant with data from the
literature, ranging from 15% to 86%.8,19,43,44 The role of the
presence of an SRDB in the pathogenesis of EDS in this specific
population represents a highly debated topic. On one hand,
recurrent respiratory and hypoxemia events could induce sleep
fragmentation, thus favoring EDS.18 However, different studies
failed to reveal a direct correlation between sleepiness and
SRDB4,14,16,42 or between SRDB severity, daytime pulmonary
function test results, and EDS in patients with DM1.9,16,21 In our
work, we did not find any difference in SRDB prevalence or in
functional objective respiratory parameters between patients
with or without self-reported or objective EDS, supporting the
hypothesis that SRDBdoes not always explain EDS. Similarly to
SRDB, PLMs are also frequently reported in patients with DM1,
although the correlation between PLMs and EDS in DM1 is still
controversial.9 In our cohort we found a PLM index that was
greater than15events/honly in11.1%ofpatientsand therewasno
difference between patients with or without self-reported or
objective EDS, so that it is unlikely that PLMs caused significant
sleep disruption to justify EDS.

To date, this is the first study applying actigraphy recording to
evaluate sleep in a DM1 population, although actigraphy was
recorded only in a minority of patients with DM1 with objective
EDS.With respect to a control population,weshowedan increase
in total sleep timeanda tendency toan increase in sleepefficiency
inpatientscomparedwithcontrolparticipants.Theseresultsseem
to be in line with data of PSG already discussed.Moreover, there
was a trend showing that patients tended to go to bed andwake up
in themorning later than controls. This observation could suggest
a possible alteration of the circadian rhythm as a further factor
contributing to EDS pathogenesis.45 As already observed by
Bonanni and coworkers,18 our patients with DM1 showed the
lowest latency in the second session of theMSLT and not during
the third or the fourth sessions as usually occurs in the general
population according to the circadian sleep propensity. Thus, a
sleep-wake rhythmdisorder could also contribute toEDS inDM1
and should be further investigated.

Our study could not identify distinguishing demographic
and clinical features among sleepy patients with DM1,46 except
for a shorter disease duration in patients with DM1 with
objective EDS.

As patients included in our study had, in general, a relatively
shortCTGrepeat expansion (medianCTG=184)our resultsmight

not be applicable to patients with DM1 with larger repeat-size
expansions. On the other hand, choosing a less severe population
may have reduced the risk of introducing additional EDS-
promotingvariablesrelated tomultiorganimpairment.Yet,despite
the short expansion size, EDS was present in at least one-third of
our patients and one-third of our patients had moderate–severe
muscle weakness (21 patients with Muscular Impairment Rating
Scale = 4 and 2 = 5). This suggests that, although progression of
EDS over time has been reported to be modulated by CTG size,
psychological distress, andbodymass index,46 its presencemaybe
independent from muscle impairment and general disability, at
least at baseline and in some patients.

Finally, it is worth underlining that the patients’ perception of
QoL was not affected by the presence or absence of EDS,
supporting the hypothesis that QoL perception is multifactorial
and cannot be related to 1 symptom, althoughpredominant and of
high impact.34

Many of our results replicated findings already reported in
previous studies, although conducted in smaller cohorts of
patients. Our study was partially limited by the complexity and
number of procedures. From a technical point of view, we used
unattended home portable PSG in order to give patients the
opportunity to be registered in their natural environment.
Moreover, with the aim of ensuring a high rate of adherence to
the burden of procedures, we selected only adult patients without
cognitive or psychiatric impairment. Therefore, given these
inclusion criteria, our data may not be transferable to the whole
population of patients with DM1.

In conclusion, our study provides some points of discussion
that could be useful for designing a pharmacological trial onEDS
in DM1.We can conclude that the ESS is easy to administer and
low-cost and, if coupled to a quantitative sleep test likeMSLT, it
may reduce the possibility of excluding sleepy participants with
either test. Also, our respiratory results seem to suggest that EDS
is mostly of central origin. Anyway, we recommend always
including respiratory function tests in the assessment of EDS to
screen for patients having an indication for NIV. Finally, there
seems to be nomain significant difference in QoL perception, so
that it is hard to conceive a way to monitor the impact of drugs
acting on EDS from aQoL perception. Although actigraphy data
did not differ between sleepy patients and controls, this cohort
was too small to draw definitive conclusions. This technique is
well tolerated and is a relatively low-cost procedure,which could
be applied in a larger cohort of,maybe less selected, patients. The
actigraphic studies, even associated with other tests (such as
melatonin dosage), could be useful to investigate a possible
circadian rhythm disorder. Moreover, actigraphy could be also
applied to measure activity levels, an indirect indicator of social
functioning. Thus, this technique may allow verifying whether
changes with treatment, if any, are clinically meaningful to these
patients who may potentially become more active and better
functioning because they are less sleepy.

ABBREVIATIONS

AHI, apnea-hypopnea index
CTG, cytosine-thymine-guanine
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DM1, myotonic dystrophy type 1
EDS, excessive daytime sleepiness
ESS, Epworth Sleepiness Scale
FDSS, Fatigue and Daytime Sleepiness Scale
FSS, Fatigue Sleepiness Scale
INQoL, Individualized Quality of Life
MSLT, Multiple Sleep Latency Test
NIV, noninvasive ventilation
PLM, periodic leg movement
PSG, polysomnography
QoL, quality of life
REM, rapid eye movement
SOREMP, sleep-onset rapid eye movement period
WASO, wake after sleep onset
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