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Abstract
: Narcolepsy is a sleep disorder characterised by excessiveBackground

daytime sleepiness and significantly impacts quality of life. People with
narcolepsy demonstrate many potential barriers to being physically fit and
active, such as sleepiness and social isolation. Very little is known about
how physical performance variables may be affected in people with
narcolepsy. This study aims to profile the physical fitness of adults with
narcolepsy and to explore the relationship between physical fitness and
quality of life, symptom severity and disease duration in this cohort.

: In this cross-sectional observational study,Methods and Analysis
participants will undergo a comprehensive physical performance test
battery that will investigate cardiopulmonary fitness, objective measures of
physical activity, muscle strength and endurance. Furthermore, quality of
life, symptom severity and physical activity will be ascertained through
self-report questionnaires. The study population will consist of adults with
narcolepsy aged 18-65 years attending the National Narcolepsy Centre
located in St. James’s Hospital as an outpatient.

 Ethical approval has been obtained from theEthics and Dissemination:
St. James’s Hospital and Tallaght University Hospital Research Ethics
Committee, and this study is presently underway. The results obtained from
this study will be used to help tailor exercise and possible rehabilitation
strategies for this population. Dissemination will be sought through
peer-reviewed journals, national and international conferences, and through
engagement with service user groups.

 ClinicalTrials.gov Identifier  ; registered on 5Registration: NCT04419792
June 2020.
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Introduction
Narcolepsy is a sleep disorder that is characterised by exces-
sive daytime sleepiness and is regularly associated with episodic 
muscular weakness, known as cataplexy, following intense  
emotions such as laughter or anger. Disrupted night-time sleep 
(DNS) is a common complaint in people with narcolepsy and 
can be accompanied by hallucinations and sleep paralysis  
(Roth et al., 2013). With an estimated incidence of 25–50 per 
100,000 in western populations (Overeem et al., 2008), approxi-
mately 1200–2415 people live with narcolepsy in Ireland. 
Furthermore, Ireland, similar to other European countries  
(Heier et al., 2013; Nohynek et al., 2012; Partinen et al., 2012; 
Szakacs et al., 2013), has experienced an increased number of 
cases of narcolepsy following the 2009–2010 Swine Flu epi-
demic, with crude associations identified in pandemic-vaccination  
recipients (O’Flanagan et al., 2014).

People with narcolepsy have a strong likelihood of experienc-
ing occupational and social difficulties (Morse & Sanjeev, 2018) 
with strong links identified between narcolepsy, health care 
usage and unemployment (Jennum et al., 2009). Narcolepsy 
can be disabling from a young age as over half will develop 
symptoms before 16 years of age (Thorpy & Krieger, 2014).  
Symptom onset is commonly associated with an increase in 
body mass, often resulting in obesity (Ponziani et al., 2016). 
Additionally, higher incidences of chronic conditions including 
diabetes mellitus, sleep apnoea, chronic obstructive pulmo-
nary disease, back pain, and arthritis have been observed in 
people with narcolepsy when compared to the general popu-
lation (Jennum et al., 2013). Furthermore, quality of life in  
people with narcolepsy is significantly lower than the general 
population, with physical role limitations and vitality commonly 
being the most affected quality of life domains (Becker et al., 
2004; Campbell et al., 2011; Dodel et al., 2007; Vignatelli  
et al., 2004).

Correlations between physical fitness and symptom severity 
in narcolepsy are not fully understood and likely complex. A 
study conducted by Matoulek et al. (2017) identified that car-
diorespiratory endurance was inversely correlated with sleepi-
ness severity and the monthly frequency of cataplexy attacks in  
people with narcolepsy. However, people with narcolepsy typi-
cally have decreased opportunities to exercise and engage in  
leisurely pastimes due to sleepiness and social isolation, and less 
spontaneous activity has been noted in this population (Bruck  
et al., 2005). A vicious cycle can develop with sedentary behav-
iour increasing sleepiness severity (Golden & Lipford, 2018), 
and the worsening of narcolepsy-related symptoms reducing  
activity levels and quality of life (Matoulek et al., 2017). Addi-
tionally, this functional decline can lead to the secondary  
development of mental health problems, which can exacer-
bate the reduction in function and quality of life (Morse &  
Sanjeev, 2018).

This study aims to profile the physical performance of people 
with narcolepsy attending an outpatient clinic at St. James’s  
Hospital, to ascertain the perception of unmet physical health  
needs, exercise habits and preferences. Secondary objectives  

of this study will be to explore the relationship between 
physical performance indices and sleep quality, functional  
ability, depression and quality of life in this population.

Methods
Study design
This study will be a cross-sectional study which will compre-
hensively profile the physical performance of adults attending 
a dedicated narcolepsy outpatient clinic at St. James’s Hospital, 
Dublin.

Study population
Participants will be required to meet the following eligibility 
criteria: aged 18 to 65 years, diagnosis of type 1 or type 2  
narcolepsy based on the International Classification of Sleep 
Disorders third edition criteria (American Academy of Sleep, 
2014) for at least six months, eligibility screened by their  
treating clinician, and able to understand English and follow 
simple instruction to enable completion of assessments. 
Additionally, participants will be required to provide signed 
and informed consent to participate in the study, and for  
processing of their data to be eligible for participation. Indi-
viduals with sleep disorders other than narcolepsy, contraindi-
cations to moderate-intensity exercise, confirmed pregnancy 
or significant psychiatric illness or cognitive impairment  
will be excluded from participating in the study.

Recruitment
Potential participants will be screened by their treating clini-
cians in advance of their scheduled clinic visit, and sent an 
information leaflet at least 5–7 days before their appointment 
if deemed eligible to participate. A follow-up call from the  
specialist nurse will be made to answer any study-related ques-
tions. During their clinic visit, the primary study assessor (a  
research physiotherapist, R.T.) will approach potential participants 
and provide additional information regarding the study.

Assessment
The assessment will be divided into three components,  
described below.

I. Physical variables
Participants will be asked to undergo an expanded physiother-
apy assessment which consists of measures of cardiovascular 
fitness and physical activity. The primary study assessor  
will conduct the following test battery:

Cardiopulmonary fitness will be assessed by the YMCA  
submaximal bike test to estimate VO

2
 max (Golding et al., 

1989). The YMCA submaximal bike test is reported to have a 
moderately high correlation coefficient of r = 0.79, and when 
used to assess cardiopulmonary fitness in a heterogeneous  
population, Beekley et al. (2004) found no statistical difference  
between the predicted VO

2
 max and the criterion measure 

(mean difference = 1.3 ml/kg-1/min). The YMCA protocol uses 
two to four 3-minute stages of continuous exercise. The test is  
designed to raise the steady-state heart rate of the subject to  
between 110 beats per minute and 85% of the age-predicted  
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maximal heart rate for at least two consecutive stages  
(American College of Sports Medicine, 2013).

Actigraphy. Physical activity and sedentary behaviour will be 
measured objectively through the use of actigraphy. Actigra-
phy is based on miniaturised acceleration sensors that translate 
physical motion to numeric representations (Sadeh et al., 1995). 
Actigraphy utilises a portable device to collect movement infor-
mation over prolonged periods of time (Berry, 2012). Actigraphy  
is based on the concept that movement is increased during 
waking hours and reduced during sleep (Littner et al., 2003). 
The GTX3 model actigraph has strong relationships between 
counts per minute and VO

2
 (r = 0.810, p < 0.001), and can  

reliably quantify physical activity when compared to oxygen  
consumption (Kelly et al., 2013). Participants will be asked to 
wear the Actigraph around their waist for seven consecutive  
days, excluding swimming or bathing, and log the dura-
tion worn. Participants will be asked to post the Actigraph 
and wear time log to the study assessor in stamped addressed 
envelopes previously provided to them. Actigraph data will be  
downloaded and analysed using the ActiLife Software  
(ActiGraph Manufacturing Technology Inc., FL).

Lower body assessments. Vertical jump height and power will 
be measured through the countermovement jump test. The 
countermovement jump test correlates with sprint perform-
ance, maximal strength, and explosive-strength tests (Nuzzo 
et al., 2008). When compared to other jump tests, the counter-
movement jump test is the most reliable measure of lower-body  
power (Markovic et al., 2004). Furthermore, the counter-
movement jump test demonstrates great factorial validity 
through its relationship with explosive power (r = 0.87), low 
within-subject variation of 2.8% and high reliability with a 
Cronbach’s alpha of 0.98 (Markovic et al., 2004). Subjects 
are instructed to place chalk on their dominant hand. Partici-
pants will stand with their dominant shoulder about 6 inches 
(15 cm) from the wall and, with both feet flat on the floor, reach 
as high as possible with the dominant hand and make a chalk 
mark on the wall. They then lower their dominant hand and  
perform a countermovement by quickly flexing the knees and 
hips, moving the trunk forward and downward, and swinging 
their arms backwards. During the jump, the dominant arm reaches 
upward, and at the highest point in the jump, the participant  
places a second chalk mark on the wall with the fingers 
of the dominant hand using a swiping motion of the fin-
gers. The score is the vertical distance between the two chalk 
marks. The best of three trials will be recorded to the nearest  
0.5 inches or 1.0 cm (Haff & Triplett, 2015).

The isometric wall sit test is commonly used for evaluating 
endurance because it can be administered almost anywhere and 
is not complex (Tomchuk, 2011). Little equipment is neces-
sary for the wall squat test, making it both cost-effective and  
accessible (Goldring et al., 2014). The intra-class correla-
tion coefficient for the wall squat test ranges from 0.69 to 
0.88 (Lubans et al., 2011). Participants will be instructed to  

place their back flat against the wall, with their toes pointed 
straight out and away from the wall. When instructed to go, the 
participant slides their back down the wall until their knees are 
at a 90-degree angle. This position is maintained until exhaus-
tion, and only one trial is performed. The participants will be 
timed from the moment they obtain the proper test position until  
they can no longer maintain this position (Tomchuk, 2011).

Upper body assessment. Grip strength will be assessed using a 
handheld calibrated dynamometer (JAMAR, Hatfield, PA, USA). 
Although the relationship is not causative, grip strength has been 
reported to correlate with chronic health conditions (Bohannon, 
2008; Massy-Westropp et al., 2011). Low grip strength has been  
associated with low spinal and pelvic bone mineral density 
and increased risk of vertebral fractures in women (Dixon 
et al., 2005). Additionally, longitudinal studies have identified 
strong inverse relationships between grip strength and all-cause 
mortality, mortality from cardiovascular disease, respiratory dis-
ease, and cancer (Celis-Morales et al., 2018). The American  
Society of Hand Therapists recommends that the Jamar 
dynamometer is used as the gold standard for the assessment of 
grip strength (Fess et al., 1992). The Jamar dynamometer has  
excellent test-retest reliability (ICC = 0.822), and interrater  
reliability (ICC = 0.996-0.998) as reported by Mathiowetz et al. 
(1984), and Lindstrom-Hazel et al. (2009), respectively. Fur-
thermore, Jamar dynamometry has excellent concurrent validity  
between participant’s dominant hand (ICC = 0.99) and  
non-dominant hand (ICC = 0.98) as reported by Bellace et al.  
(2000) Measurements will be obtained in standardised con-
ditions and following testing conditions as outlined by the  
American Society of Hand Therapists (MacDermid et al., 2015). 
The participants will be instructed to squeeze as hard as they  
can for 3 to 5 seconds. The procedure will be performed 
three times with each hand alternately, with an interval of one  
minute between each measurement (MacDermid et al., 2015).

The American College of Sports Medicine (ACSM) Push-Up 
test will be used to assess the strength and endurance of the 
upper limb. The Push-up test is a simple, cost-effective meas-
ure that can provide an approximation of functional status  
(Yang et al., 2019). Muscle strength and endurance have been 
shown to provide an independent protective effect for all-cause 
mortality and hypertension in healthy males (Artero et al., 2011). 
Furthermore, longitudinal studies suggest that push up capac-
ity is inversely related to the risk of cardiovascular disease, 
with individuals capable of performing 11 or more push-ups 
having significantly reduced risk of subsequent cardiovascu-
lar events (Yang et al., 2019). The Push-Up test is highly reli-
able (r = 0.95 and 0.91) for predicting upper limb muscular  
endurance in collegiate students (Baumgartner et al., 2002). The 
Push-Up test has a test-retest interclass correlation coefficient 
of 0.95, with a 95% confidence interval of 0.85-0.99 (Ryman 
Augustsson et al., 2009). The maximal number of push-ups  
performed consecutively without rest is counted. The test is stopped 
when the participant strains forcibly or is unable to maintain  
the appropriate technique within two repetitions (ACSM, 2013).
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II. Questionnaires:
Participants will be asked to complete several questionnaires 
which will subjectively explore participant’s perception of their  
physical activity levels, quality of life and symptom severity.

Health-related quality of life. Health-related quality of life 
(HRQoL) will be evaluated using the Medical Outcomes 
Short-Form 36 (SF36) and the functional outcomes of day-
time sleepiness questionnaire (FOSQ). The SF36 is one of the 
most widely used scales for measuring HRQoL, and it has been 
used in various populations and different health conditions  
(Ware, 2000). The SF36 includes one multi-item scale that 
assesses eight health domains: Physical Functioning, Physical 
Role Limitations, Bodily Pain, General Health, Vitality, Social 
Function, Emotional Role Limitations and Mental Health. A 
higher score implies better health status. Eight domains can be  
combined into a physical component score (PCS) and men-
tal component score (MCS) to provide a general overview of 
health (Ware & Sherbourne, 1992). The FOSQ takes approxi-
mately 15 minutes to complete and  measures how the 
sleepiness affects a person’s actual daily ability to function, 
which is conceptually defined as those everyday behaviours  
encompassing the areas of physical, mental, and social  
functioning in daily life (Weaver et al., 1997).

Symptom severity. Symptom severity will be assessed through 
condition-specific questionnaires such as the Epworth Sleepi-
ness Scale (ESS) and the Narcolepsy Severity Scale (NSS). 
The ESS is a simple method for measuring the general level 
of daytime sleepiness in adults. The ESS is an eight-item meas-
ure of daytime sleepiness. Respondents report their likelihood 
of falling asleep in particular situations using a 4-point Likert  
scale. Subjects are asked to distinguish dozing behaviour from  
feelings of tiredness. The ESS score is the sum of eight item-
scores and can range from 0 to 2, and higher scores indicate  
greater sleepiness; scores more than 10 suggest excessive day-
time sleepiness (Johns, 1991). The NSS is a 15-item scale that 
assesses all clinical symptoms of narcolepsy (EDS, cataplexy,  
hallucinations, sleep paralysis and disturbed night-time sleep)  
with a good balance of items on these key symptoms that were 
selected and validated by sleep experts who took into account  
the patients’ feedback (Dauvilliers et al., 2017).

Physical activity. Physical activity will be subjectively assessed 
through the Physical Activity Vital Sign, and Sedentary Behav-
iour Questionnaire. The Physical Activity Vital Sign is a clinical  
assessment tool designed to gauge adult moderate to vigorous 
physical activity levels. The Physical Activity Vital Sign ascer-
tains how many days during the past week participants per-
formed physical activity for at least 30 minutes where their 
heart beats faster and their breathing is heavier than normal  
(Greenwood et al., 2010). The Sedentary Behaviour Question-
naire was designed to assess the amount of time spent doing the 
following sedentary activities: watching television, playing com-
puter games, listening to music, talking on the phone, doing 
paperwork or office work, reading, playing an instrument, doing 

arts and crafts, sitting and driving/riding in a car, bus, or train. 
These items will be completed separately for weekdays and  
weekend days and summated to provide an estimate of weekly  
sedentary behaviour (Rosenberg et al., 2010).

III. Qualitative interview
A qualitative interview to explore perceptions of unmet  
physical health needs will be carried out by the research physi-
otherapist (R.T) in the Physiotherapy Department in St James’s 
Hospital. Interviews will last approximately ten minutes, and 
participants will be asked several open-ended questions that 
will be audio-recorded and transcribed verbatim by the study  
assessor. The following questions will be asked: What matters 
most to you at the moment? Do you have any concerns with  
your physical health (your strength, how fit you feel) at the 
moment? Is there anything we could do/offer to address these 
concerns? What do you feel are your main barriers to being  
more physically active/exercising? Have you any suggestions 
for us based on the tests you have just completed or anything  
else to add?

Statistical analysis
The data obtained from the study will be analysed using SPSS 
V26 software. Data will be entered into Excel, checked and 
coded. Data will be analysed using SPSS; normality will be 
assessed using the Kolmogorov-Smirnov test to determine 
the appropriate statistical test that will be used to compare  
between-group variables. A p-value of <0.05 will be consid-
ered statistically significant. Physical performance variables of 
participants within this study will be descriptively quantified. 
Regression analyses will be used to explore relationships  
between the following data:

I. Physical performance variables and sleep quality as well  
as narcolepsy severity,

II. Physical performance variables and quality of life.

Straight forward thematic analysis (Braun & Clarke, 2006)  
will identify patterns/themes in data generated from open-ended  
questions and will be analysed using NVivo (NVivo, 2012).

Sample size calculation
As this is an exploratory cross-sectional study in a predomi-
nantly unresearched area, sample size calculation is challenging. 
This study will recruit participants via a process of consecu-
tive clinic attendances. Between a 9-month period (September 
2019–May 2020), all attendees of the Narcolepsy outpatient  
clinic will be eligibility screened. Approximately 15–20 out-
patients attend the Narcolepsy outpatient clinic in St. James’s 
Hospital each month. Over a 9-month period, taking the 
lower threshold of 15 per month, this would be approximately  
135 outpatients which will be eligibility screened. Allowing for 
those not meeting the inclusion criteria, repeat visit attenders, 
and a 10–20% refusal rate, a conservative estimate is that  
70 people will participate in this study.
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Data management
In compliance with GDPR, data will only be shared with those 
in the project team. Data will be archived for seven years as per 
the institutional ethical obligations, in a password protected 
data drive for purposes including subsequent dissemination 
in peer-reviewed journals or at national and international  
conferences. A Data Protection Impact Assessment form has 
been completed and submitted to the Data Impact Officer in 
Trinity College Dublin. This ensures that the risks associated 
with processing personal data and the impact on individuals 
are minimised throughout the proposed research. In order to  
prevent unauthorised consultation, alteration, disclosure or 
erasure of the collected data, the following strategies will  
be employed:

I. Hard copies of the data collected during the study will be 
filed and stored in a locked cabinet within the Physiotherapy 
Department in St James’s Hospital for the minimal time period  
possible in compliance with GDPR.

II. The electronic data will be stored on a networked computer,  
with hard disk encryption provided by St. James’s Hospital.

III. Strong encryption software and passwords will be used to 
protect collected data, and will only be accessible to author-
ised data processors. The most secure versions of all software  
packages will be run and will be protected by anti-virus software.

IV. Every available step will be taken to ensure GDPR  
compliance by ensuring computing devices used for this study  
are safe and secure.

Discussion
Very little is known about physical performance variables 
of people with narcolepsy. This article presents a study  
protocol to comprehensively profile physical performance of 
people with narcolepsy and explore the relationship between  
physical variables, quality of life, symptom severity and disease  
duration. Conduction of a comprehensive physical performance 
test battery will facilitate the establishment of population-specific 
normative values and enable comparison to the general popula-
tion. Furthermore, through establishing the normative values for 
the cardiovascular fitness, physical activity, strength and power 
of this population, considerable insight will be provided to help 
tailor exercise and possible physical rehabilitation strategies for 
this population. Strengths of this protocol include a broad and 
representative sample, as this study will be undertaken in the 
National Narcolepsy Centre for Ireland, located in St. James’s  
Hospital and the robust physical performance measures 
employed in this study. Limitations of this proposed proto-
col include that this is a novel research area, and as such, it is  
difficult to do a formal sample size calculation.

Data availability
No data are associated with this article.

References

	 American College of Sports Medicine, A. C. O. S: ACSM’s guidelines for exercise 
testing and prescription. Lippincott Williams & Wilkins. 2013.  
Reference Source

	 American Academy of Sleep Medicine: International classification of sleep 
disorders. 3rd ed. Darien, IL: American Academy of Sleep Medicine; 2014. 
Reference Source

	 Artero EG, Lee DC, Ruiz JR, et al.: A Prospective Study of Muscular Strength 
and All-Cause Mortality in Men With Hypertension. J Am Coll Cardiol. 2011; 
57(18): 1831–1837.  
PubMed Abstract | Publisher Full Text | Free Full Text 

	 Baumgartner TA, OH S, Chung H, et al.: Objectivity, Reliability, and Validity for a 
Revised Push-Up Test Protocol. Meas Phys Educ Exerc Sci. 2002; 6(4):  
225–242.  
Publisher Full Text 

	 Becker PM, Schwartz JR, Feldman NT, et al.: Effect of modafinil on fatigue, 
mood, and health-related quality of life in patients with narcolepsy. 
Psychopharmacology (Berl). 2004; 171(2): 133–9.  
PubMed Abstract | Publisher Full Text 

	 Beekley MD, Brechue WF, Dehoyos DV, et al.: Cross-Validation of the YMCA 
Submaximal Cycle Ergometer Test to Predict VO2max. Res Q Exerc Sport. 2004; 
75(3): 337–342.  
PubMed Abstract | Publisher Full Text 

	 Bellace JV, Healy D, Besser MP, et al.: Validity of the Dexter Evaluation System’s 
Jamar dynamometer attachment for assessment of hand grip strength in a 
normal population. J Hand Ther. 2000; 13(1): 46–51.  
PubMed Abstract | Publisher Full Text 

	 Berry RB: Chapter 28 - Parasomnias. In: BERRY, R. B. (ed.) Fundamentals of 
Sleep Medicine. Saint Louis: W.B. Saunders. 2012. 

	 Bohannon RW: Hand-grip dynamometry predicts future outcomes in aging 
adults. J Geriatr Phys Ther. 2008; 31(1): 3–10.  
PubMed Abstract | Publisher Full Text 

	 Braun V, Clarke V: Using thematic analysis in psychology. Qual Res Psychol. 
2006; 3(2): 77–101.  
Publisher Full Text 

	 Bruck D, Kennedy GA, Cooper A, et al.: Diurnal actigraphy and stimulant efficacy 
in narcolepsy. Hum Psychopharmacol. 2005; 20(2): 105–13.  
PubMed Abstract | Publisher Full Text 

	 Campbell AJ, Signal TL, O'keeffe KM, et al.: Narcolepsy in New Zealand: pathway 
to diagnosis and effect on quality of life. N Z Med J. 2011; 124(1336): 51–61. 
PubMed Abstract 

	 Celis-Morales CA, Welsh P, Lyall DM, et al.: Associations of grip strength with 
cardiovascular, respiratory, and cancer outcomes and all cause mortality: 
prospective cohort study of half a million UK Biobank participants. BMJ. 2018; 
361: k1651.  
PubMed Abstract | Publisher Full Text | Free Full Text 

	 Dauvilliers Y, Beziat S, Pesenti C, et al.: Measurement of narcolepsy symptoms: 
The Narcolepsy Severity Scale. Neurology. 2017; 88(14): 1358–1365.  
PubMed Abstract | Publisher Full Text 

	 Dixon WG, Lunt M, Pye SR, et al.: Low grip strength is associated with bone 
mineral density and vertebral fracture in women. Rheumatology (Oxford). 2005; 
44(5): 642–646.  
PubMed Abstract | Publisher Full Text 

	 Dodel R, Peter H, Spottke A, et al.: Health-related quality of life in patients with 
narcolepsy. Sleep Med. 2007; 8(7-8): 733–741.  
PubMed Abstract | Publisher Full Text 

	 Fess EE: Grip strength. In: Casanova JS editor. Clinical Assessment 
Recommendations. 2nd ed. Chicago: American Society of Hand Therapists; 1992; 
41–5. 

	 Golden EC, Lipford M: Narcolepsy: Diagnosis and management. Cleve Clin J 
Med. 2018; 85(12): 959–969.  
PubMed Abstract | Publisher Full Text 

	 Golding LA, Myers CR, Sinning WE: Y’s way to physical fitness: the complete 

Page 6 of 7

HRB Open Research 2020, 3:42 Last updated: 03 JUL 2020

http://antoinedl.com/fichiers/public/ACSM-guidelines-2014.pdf
https://j2vjt3dnbra3ps7ll1clb4q2-wpengine.netdna-ssl.com/wp-content/uploads/2019/05/ICSD3-TOC.pdf
http://www.ncbi.nlm.nih.gov/pubmed/21527158
http://dx.doi.org/10.1016/j.jacc.2010.12.025
http://www.ncbi.nlm.nih.gov/pmc/articles/3098120
http://dx.doi.org/10.1207/S15327841MPEE0604_2
http://www.ncbi.nlm.nih.gov/pubmed/14647965
http://dx.doi.org/10.1007/s00213-003-1508-9
http://www.ncbi.nlm.nih.gov/pubmed/15487296
http://dx.doi.org/10.1080/02701367.2004.10609165
http://www.ncbi.nlm.nih.gov/pubmed/10718222
http://dx.doi.org/10.1016/s0894-1130(00)80052-6
http://www.ncbi.nlm.nih.gov/pubmed/18489802
http://dx.doi.org/10.1519/00139143-200831010-00002
http://dx.doi.org/10.1191/1478088706qp063oa
http://www.ncbi.nlm.nih.gov/pubmed/15624116
http://dx.doi.org/10.1002/hup.666
http://www.ncbi.nlm.nih.gov/pubmed/21946744
http://www.ncbi.nlm.nih.gov/pubmed/29739772
http://dx.doi.org/10.1136/bmj.k1651
http://www.ncbi.nlm.nih.gov/pmc/articles/5939721
http://www.ncbi.nlm.nih.gov/pubmed/28258080
http://dx.doi.org/10.1212/WNL.0000000000003787
http://www.ncbi.nlm.nih.gov/pubmed/15728415
http://dx.doi.org/10.1093/rheumatology/keh569
http://www.ncbi.nlm.nih.gov/pubmed/17512797
http://dx.doi.org/10.1016/j.sleep.2006.10.010
http://www.ncbi.nlm.nih.gov/pubmed/30526757
http://dx.doi.org/10.3949/ccjm.85a.17086


guide to fitness testing and instruction. Champaign, IL Published for YMCA of 
the USA by Human Kinetics Publishers. 1989.  
Reference Source

	 Goldring N, Wiles JD, Coleman D: The effects of isometric wall squat exercise 
on heart rate and blood pressure in a normotensive population. J Sports Sci. 
2014; 32(2): 129–136.  
PubMed Abstract | Publisher Full Text 

	 Greenwood JL, Joy EA, Stanford JB: The Physical Activity Vital Sign: a primary 
care tool to guide counseling for obesity. J Phys Act Health. 2010; 7(5): 571–6. 
PubMed Abstract | Publisher Full Text 

	 Haff GG, Triplett NT: Essentials of Strength Training and Conditioning 4th 
Edition. Human Kinetics. 2015.  
Reference Source

	 Heier MS, Gautvik KM, Wannag E, et al.: Incidence of narcolepsy in Norwegian 
children and adolescents after vaccination against H1N1 influenza A. Sleep 
Med 2013; 14(9): 867–71.  
PubMed Abstract | Publisher Full Text 

	 Jennum	P,	Ibsen	R,	Knudsen	S, et al.: Comorbidity and Mortality of Narcolepsy: 
A Controlled Retro- and Prospective National Study. Sleep. 2013; 36(6): 835–840.  
PubMed Abstract | Publisher Full Text | Free Full Text

	 Jennum P, Knudsen S, Kjellberg J: The economic consequences of narcolepsy. 
J Clin Sleep Med. 2009; 5(3): 240–245.  
PubMed Abstract | Publisher Full Text | Free Full Text 

	 Johns MW: A New Method for Measuring Daytime Sleepiness: The Epworth 
Sleepiness Scale. Sleep. 1991; 14(6): 540–545.  
PubMed Abstract | Publisher Full Text 

	 Kelly LA, Mcmillan DG, Anderson A, et al.: Validity of actigraphs uniaxial and 
triaxial accelerometers for assessment of physical activity in adults in 
laboratory conditions. BMC Med Phys. 2013; 13(1): 5.  
PubMed Abstract | Publisher Full Text | Free Full Text 

	 Lindstrom-Hazel D, Kratt A, Bix L: Interrater reliability of students using hand 
and pinch dynamometers. Am J Occup Ther. 2009; 63(2): 193–7.  
PubMed Abstract | Publisher Full Text 

	 Littner M, Kushida CA, Anderson WM, et al.: Practice parameters for the role of 
actigraphy in the study of sleep and circadian rhythms: an update for 2002. 
Sleep. 2003; 26(3): 337–41.  
PubMed Abstract | Publisher Full Text 

	 Lubans DR, Morgan P, Callister R, et al.: Test–retest reliability of a battery of 
field-based health-related fitness measures for adolescents. J Sports Sci. 2011; 
29(7): 685–693.  
PubMed Abstract | Publisher Full Text 

	 Macdermid J, Solomon G, Valdes K: Clinical assessment recommendations. 
American Society of Hand Therapists. 2015.  
Reference Source

	 Markovic G, Dizdar D, Jukic I, et al.: Reliability and Factorial Validity of Squat 
and Countermovement Jump Tests. J Strength Cond Res. 2004; 18(3):  
551–555.  
PubMed Abstract | Publisher Full Text 

	 Massy-Westropp NM, Gill TK, Taylor AW, et al.: Hand Grip Strength: age and 
gender stratified normative data in a population-based study. BMC Res Notes. 
2011; 4: 127–127.  
PubMed Abstract | Publisher Full Text | Free Full Text 

	 Mathiowetz V, Weber K, Volland G, et al.: Reliability and validity of grip and 
pinch strength evaluations. J Hand Surg Am. 1984; 9(2): 222–6.  
PubMed Abstract | Publisher Full Text 

	 Matoulek M, Tuka V, Fialova M, et al.: Cardiovascular fitness in narcolepsy is 
inversely related to sleepiness and the number of cataplexy episodes. Sleep 
Med. 2017; 34: 7–12.  
PubMed Abstract | Publisher Full Text 

	 Morse AM, Sanjeev K: Narcolepsy and Psychiatric Disorders: Comorbidities or 
Shared Pathophysiology? Med Sci (Basel). 2018; 6(1): 16.  
PubMed Abstract | Publisher Full Text | Free Full Text 

	 Nohynek H, Jokinen J, Partinen M, et al.: AS03 adjuvanted AH1N1 vaccine 
associated with an abrupt increase in the incidence of childhood narcolepsy 
in Finland. PLoS One. 2012; 7(3): e33536.  
PubMed Abstract | Publisher Full Text | Free Full Text 

	 Nuzzo JL, Mcbride JM, Cormie P, et al.: Relationship Between Countermovement 
Jump Performance and Multijoint Isometric and Dynamic Tests of Strength.  
J Strength Cond Res. 2008; 22(3): 699–707.  
PubMed Abstract | Publisher Full Text 

	 NVIVO: NVivo Qualitative Data Analysis Software. QSR International Pty Ltd. 
Version 10. 2012.  
Reference Source

	 O’flanagan D, Barret A, Foley M, et al.: Investigation of an association between 
onset of narcolepsy and vaccination with pandemic influenza vaccine, Ireland 
April 2009-December 2010. Euro surveill. 2014; 19(17): 15–25.  
PubMed Abstract 

	 Overeem S, Black JL, Lammers GJ: Narcolepsy: Immunological aspects. Sleep 
Med Rev. 2008; 12(2): 95–107.  
PubMed Abstract | Publisher Full Text | Free Full Text 

	 Partinen M, Saarenpaa-Heikkila O, Ilveskoski I, et al.: Increased incidence and 
clinical picture of childhood narcolepsy following the 2009 H1N1 pandemic 
vaccination campaign in Finland. PLoS One. 2012; 7(3): e33723.  
PubMed Abstract | Publisher Full Text | Free Full Text 

	 Ponziani V, Gennari M, Pizza F, et al.: Growing Up with Type 1 Narcolepsy:  
Its Anthropometric and Endocrine Features. J Clin Sleep Med. 2016; 12(12): 
1649–1657.  
PubMed Abstract | Publisher Full Text | Free Full Text 

	 Rosenberg DE, Norman GJ, Wagner N, et al.: Reliability and validity of the 
Sedentary Behavior Questionnaire (SBQ) for adults. J Phys Act Health. 2010; 
7(6): 697–705.  
PubMed Abstract | Publisher Full Text 

	 Roth T, Dauvilliers Y, Mignot E, et al.: Disrupted nighttime sleep in narcolepsy.  
J Clin Sleep Med. 2013; 9(9): 955–965.  
PubMed Abstract | Publisher Full Text | Free Full Text 

	 Ryman Augustsson S, Bersås E, Thomas E, et al.: Gender differences and 
reliability of selected physical performance tests in young women and men. 
Advances in Physiotherapy. 2009; 11(2): 64–70.  
Publisher Full Text 

	 Sadeh A, Hauri PJ, Kripke DF, et al.: The role of actigraphy in the evaluation of 
sleep disorders. Sleep. 1995; 18(4): 288–302.  
PubMed Abstract | Publisher Full Text 

	 Szakacs A, Darin N, Hallbook T: Increased childhood incidence of narcolepsy 
in western Sweden after H1N1 influenza vaccination. Neurology. 2013; 80(14): 
1315–21.  
PubMed Abstract | Publisher Full Text 

	 Thorpy	MJ,	Krieger	AC: Delayed diagnosis of narcolepsy: characterization and 
impact. Sleep Med. 2014; 15(5): 502–7.  
PubMed Abstract | Publisher Full Text

	 Tomchuk D: Companion guide to measurement and evaluation for kinesiology 
Jones & Bartlett Publishers. 2011.  
Reference Source

	 Vignatelli L, D'alessandro R, Mosconi P, et al.: Health-related quality of life in 
Italian patients with narcolepsy: the SF-36 health survey. Sleep Med. 2004; 5(5): 
467–75.  
PubMed Abstract | Publisher Full Text 

	 Ware JE Jr: SF-36 health survey update. Spine (Phila Pa 1976). 2000; 25(24): 
3130–9.  
PubMed Abstract | Publisher Full Text 

	 Ware JE Jr, Sherbourne CD: The MOS 36-item short-form health survey (SF-36). 
I. Conceptual framework and item selection. Med Care. 1992; 30(6): 473–83. 
PubMed Abstract 

	 Weaver TE, Laizner AM, Evans LK, et al.: An instrument to measure functional 
status outcomes for disorders of excessive sleepiness. Sleep. 1997; 20(10): 
835–43.  
PubMed Abstract 

	 Yang J, Christophi CA, Farioli A, et al.: Association Between Push-up Exercise 
Capacity and Future Cardiovascular Events Among Active Adult Men. JAMA 
Netw Open. 2019; 2(2): e188341.  
PubMed Abstract | Publisher Full Text | Free Full Text 

Page 7 of 7

HRB Open Research 2020, 3:42 Last updated: 03 JUL 2020

https://www.worldcat.org/title/ys-way-to-physical-fitness-the-complete-guide-to-fitness-testing-and-instruction/oclc/18497437
http://www.ncbi.nlm.nih.gov/pubmed/23879248
http://dx.doi.org/10.1080/02640414.2013.809471
http://www.ncbi.nlm.nih.gov/pubmed/20864751
http://dx.doi.org/10.1123/jpah.7.5.571
https://us.humankinetics.com/products/essentials-of-strength-training-and-conditioning-4th-edition-with-web-resource
http://www.ncbi.nlm.nih.gov/pubmed/23773727
http://dx.doi.org/10.1016/j.sleep.2013.03.020
http://www.ncbi.nlm.nih.gov/pubmed/23729926
http://dx.doi.org/10.5665/sleep.2706
http://www.ncbi.nlm.nih.gov/pmc/articles/3649826
http://www.ncbi.nlm.nih.gov/pubmed/19960645
http://dx.doi.org/10.5664/jcsm.27493
http://www.ncbi.nlm.nih.gov/pmc/articles/2699169
http://www.ncbi.nlm.nih.gov/pubmed/1798888
http://dx.doi.org/10.1093/sleep/14.6.540
http://www.ncbi.nlm.nih.gov/pubmed/24279826
http://dx.doi.org/ 10.1186/1756-6649-13-5
http://www.ncbi.nlm.nih.gov/pmc/articles/4175111
http://www.ncbi.nlm.nih.gov/pubmed/19432057
http://dx.doi.org/10.5014/ajot.63.2.193
http://www.ncbi.nlm.nih.gov/pubmed/12749556
http://dx.doi.org/10.1093/sleep/26.3.337
http://www.ncbi.nlm.nih.gov/pubmed/21391082
http://dx.doi.org/10.1080/02640414.2010.551215
https://www.researchgate.net/profile/Elaine_Fess/publication/303400806_American_Society_of_Hand_Therapists_Clinical_Assessment_Recommendations/links/57409a6208aea45ee847b254/American-Society-of-Hand-Therapists-Clinical-Assessment-Recommendations.pdf
http://www.ncbi.nlm.nih.gov/pubmed/15320660
http://dx.doi.org/10.1519/00124278-200408000-00028
http://www.ncbi.nlm.nih.gov/pubmed/21492469
http://dx.doi.org/10.1186/1756-0500-4-127
http://www.ncbi.nlm.nih.gov/pmc/articles/3101655
http://www.ncbi.nlm.nih.gov/pubmed/6715829
http://dx.doi.org/10.1016/s0363-5023(84)80146-x
http://www.ncbi.nlm.nih.gov/pubmed/28522101
http://dx.doi.org/10.1016/j.sleep.2017.02.017
http://www.ncbi.nlm.nih.gov/pubmed/29462876
http://dx.doi.org/10.3390/medsci6010016
http://www.ncbi.nlm.nih.gov/pmc/articles/5872173
http://www.ncbi.nlm.nih.gov/pubmed/22470453
http://dx.doi.org/10.1371/journal.pone.0033536
http://www.ncbi.nlm.nih.gov/pmc/articles/3314666
http://www.ncbi.nlm.nih.gov/pubmed/18438251
http://dx.doi.org/10.1519/JSC.0b013e31816d5eda
https://www.timberlake.co.uk/software/nvivo.html
http://www.ncbi.nlm.nih.gov/pubmed/24821121
http://www.ncbi.nlm.nih.gov/pubmed/18291691
http://dx.doi.org/10.1016/j.smrv.2007.07.010
http://www.ncbi.nlm.nih.gov/pmc/articles/2366136
http://www.ncbi.nlm.nih.gov/pubmed/2247046
http://dx.doi.org/10.1371/journal.pone.0033723
http://www.ncbi.nlm.nih.gov/pmc/articles/3314680
http://www.ncbi.nlm.nih.gov/pubmed/27707443
http://dx.doi.org/10.5664/jcsm.6352
http://www.ncbi.nlm.nih.gov/pmc/articles/5155189
http://www.ncbi.nlm.nih.gov/pubmed/21088299
http://dx.doi.org/10.1123/jpah.7.6.697
http://www.ncbi.nlm.nih.gov/pubmed/23997709
http://dx.doi.org/10.5664/jcsm.3004
http://www.ncbi.nlm.nih.gov/pmc/articles/3746724
http://dx.doi.org/10.1080/14038190801999679
http://www.ncbi.nlm.nih.gov/pubmed/7618029
http://dx.doi.org/10.1093/sleep/18.4.288
http://www.ncbi.nlm.nih.gov/pubmed/23486871
http://dx.doi.org/10.1212/WNL.0b013e31828ab26f
http://www.ncbi.nlm.nih.gov/pubmed/24780133
http://dx.doi.org/10.1016/j.sleep.2014.01.015
https://www.worldcat.org/title/companion-guide-to-measurement-and-evaluation-for-kinesiology/oclc/639520992
http://www.ncbi.nlm.nih.gov/pubmed/15341892
http://dx.doi.org/10.1016/j.sleep.2004.04.003
http://www.ncbi.nlm.nih.gov/pubmed/11124729
http://dx.doi.org/10.1097/00007632-200012150-00008
http://www.ncbi.nlm.nih.gov/pubmed/1593914
http://www.ncbi.nlm.nih.gov/pubmed/9415942
http://www.ncbi.nlm.nih.gov/pubmed/30768197
http://dx.doi.org/10.1001/jamanetworkopen.2018.8341
http://www.ncbi.nlm.nih.gov/pmc/articles/6484614
http://dx.doi.org/10.1186/1756-6649-13-5

