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Study Objectives: Little is known about the type and severity of sleep disturbances in the pediatric chronic fatigue syndrome/myalgic encephalomyelitis 
(CFS/ME) population, compared with healthy adolescents. Using a range of objective and subjective measures, the aim of this study was to investigate 
sleep quality, the relationship between objective and subjective measures of sleep quality, and their associations with anxiety in adolescents with CFS/ME 
compared with healthy controls.
Methods: Twenty-one adolescents with CFS/ME aged 13 to 18 years (mean age 15.57 ± 1.40), and 145 healthy adolescents aged 13 to 18 years (mean age 
16.2 ± 1.00) wore actigraphy watches continuously for 2 weeks to collect a number of objective sleep variables. The Pittsburgh Sleep Quality Index was used 
to obtain a subjective measure of sleep quality. Anxiety was measured by the Spence Children’s Anxiety scale.
Results: On average over the 2-week period, adolescents with CFS/ME were found to have (1) significantly longer objective sleep onset latency, time in bed, 
total sleep time, and a later rise time (all P < .005), and (2) significantly poorer subjective sleep quality (P < .001), compared with healthy adolescents. The 
CFS/ME patient group displayed higher levels of anxiety (P < .05), and in both groups, higher levels of anxiety were significantly related to poorer subjective 
sleep quality (P < .001).
Conclusions: This study provides objective and subjective evidence of sleep disturbance in adolescents with CFS/ME compared with healthy 
adolescent controls.
Keywords: actigraphy, adolescent, chronic fatigue syndrome, myalgic encephalomyelitis, PSQI, sleep diary, sleep quality
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INTRODUCTION

Persistent, excessive, and debilitating fatigue is a primary fea-
ture of chronic fatigue syndrome/myalgic encephalomyelitis 
(CFS/ME). In addition, CFS/ME is characterized by sleep 
disturbance, postexertional malaise, and impairments in cog-
nitive, autonomic, neuroendocrine, and/or immune function-
ing.1 Although extensive literature exists investigating the 
illness in adults, more recently, research has focused on how 
this chronic condition affects the pediatric population, with 
prevalence estimated to be within the 0.001% to 2% range2 for 
this younger group.

The typical onset of pediatric CFS/ME in middle to late 
adolescence occurs during an important period of academic, 
social, emotional, hormonal, physical, and brain develop-
ment.3–6 Importantly, associated maturational changes in the 
quality of sleep (ie, duration, timing, efficiency) also occur in 
the transition from childhood to adolescence.7–11 For instance, 
healthy adolescents are observed to demonstrate adaptation of 
their sleep-wake cycle to the environment, including an overall 
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reduction in total sleep time, later bedtimes, and an increase in 
sleep onset latency.7,12 However, relatively little is known about 
the type and severity of sleep disturbances in the adolescent 
CFS/ME population, and how this compares to the quality of 

BRIEF SUMMARY
Current Knowledge/Study Rationale: Little is known about 
the type and severity of sleep disturbances in the pediatric CFS/
ME population, particularly in comparison with the healthy 
adolescent population. Poor or disordered sleep can affect future 
educational, cognitive, psychosocial, psychopathological, and 
physical health outcomes, and may exacerbate the impact of other 
CFS/ME symptoms.
Study Impact: This study provides objective and subjective 
evidence of sleep disturbances in adolescents with CFS/ME 
compared with healthy adolescents. Psychological factors such as 
anxiety do not appear to contribute to objective sleep disturbance, 
but may play a role in influencing adolescents’ perception of their 
sleep quality. Both objective and subjective factors may be important 
for clinicians to consider when treating adolescent patients with 
sleep disturbance.
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sleep experienced by the healthy adolescent population. This 
is pertinent given that poor or disordered sleep can affect fu-
ture educational and cognitive outcomes,13 psychosocial and 
psychopathological outcomes,14 and physical health15 in chil-
dren and adolescents, and therefore may exacerbate the effect 
of other CFS/ME symptoms. A more comprehensive under-
standing of sleep disturbances in adolescents with CFS/ME 
may also facilitate targeted research on effective sleep inter-
ventions for this population. Importantly, investigation of both 
objective measures of sleep quality (ie, actigraphy or polysom-
nography) and subjective measures (ie, self-report question-
naires, sleep-wake diaries) is recommended as complementary 
sources for characterizing sleep disturbances in adults16 and 
children.17 Subjective measures are often inexpensive, easily 
administered, and provide detailed descriptions of sleep char-
acteristics, whereas objective measures such as actigraphy can 
provide additional impartial information about sleep quality.17

A recent systematic review12 found that, since 1987 (ie, the 
year in which the official diagnosis of CFS/ME was first pub-
lished), only 6 studies have investigated sleep in children and 
adolescents younger than 19 years with a diagnosis of CFS/
ME. The studies are characterized by wide variation with re-
spect to the inclusion criteria employed (ie, some have used 
different case definitions of CFS/ME), sample size (ie, ranging 
from n = 3 to n = 57),12 method used to assess sleep (ie, actigra-
phy, polysomnography, core body temperature, sleep/wake di-
ary), sleep outcomes (ie, total sleep time, sleep efficiency, sleep 
latency), time frame of data collection (ie, polysomnography 
for 1 night, actigraphy for 2 weeks), and the investigation of 
biological factors that potentially underlie sleep disturbances 
(ie, core body temperature, cortisol levels, melatonin levels).

Increased objective sleep disturbance in participants with 
CFS/ME in comparison with healthy controls was a common 
finding in previous studies.12 Compared with controls, children 
and adolescents with CFS/ME showed significantly longer to-
tal sleep time,18 more disrupted sleep and reduced sleep effi-
ciency,18,19 reduced rapid eye movement (REM) and non-REM 
stage 2 sleep,20 delayed time of appearance of the lowest core 
body temperature and lower amplitude of changes in circadian 
core body temperature,21 higher levels of melatonin in the first 
part of the night and early morning,22 and temporal differences 
in bouts of actual rest during time in bed.19 Nevertheless, chil-
dren and adolescents with CFS/ME have also been shown to 
have objective sleep parameters that are comparable to healthy 
controls such as actual sleep time,20,22 sleep onset latency,20,22 
REM latency, and the amount of non-REM stage 1 sleep.20 The 
inconsistency in findings may relate to the variable method-
ologies and measures employed. For instance, of the 6 studies 
in the recent systematic review,12 2 studies used actigraphy, 2 
studies used polysomnography, and 2 studies used a sleep/wake 
diary. Importantly, the use of actigraphy in pediatric CFS/ME 
studies is relatively rare, despite it being recommended as a 
more ecologically valid and sensitive measure of sleep quality 
and routine because it is performed in a naturalistic setting (ie, 
in the individual’s home).23,24 The small sample sizes in these 
studies may also account for the inconsistency in findings.

Only one previous study has investigated sleep on a sub-
jective basis in pediatric CFS/ME. Subjective measures are 

important because they are often a more economically and 
methodologically feasible way of measuring sleep quality.25 
They provide valuable information about the patient’s sleep 
experience, which has the potential to influence objective 
measurements. Knook and colleagues found that children 
and adolescents with CFS/ME reported more unrefreshing 
sleep, greater restless sleep, and more nocturnal wake-ups 
than healthy controls.22 This is in accord with studies that 
have reviewed medical records of pediatric CFS/ME patients, 
where other than fatigue, sleep disturbance is one of the most 
commonly reported symptoms of the condition.26,27 Of inter-
est, the direct association between self-report of unrefresh-
ing sleep and objective measures of sleep quality remains to 
be investigated in the pediatric CFS/ME population. In adult 
patients with CFS/ME, objective measures of sleepiness (ie, 
the Multiple Sleep Latency Test) have been shown not to relate 
to subjective measures of sleepiness (ie, Stanford Sleepiness 
Scale), which suggests that the unrefreshed sleep experienced 
by this population when measured objectively may be distinct 
from their self-report of sleep quality.23 Furthermore, research 
from Le Bon and colleagues suggests that although primary 
sleep disorders are a relatively common comorbidity for adult 
patients with CFS/ME, CFS/ME symptomatology is distinct 
from primary sleep disorders and does not merely represent the 
somatic expression of sleepiness.28 Therefore, it is important to 
investigate both objective and subjective reports of sleep qual-
ity within the same population. Of note, none of the 6 pediat-
ric CFS/ME studies conducted to date have comprehensively 
investigated both an objective and validated subjective (self-
report) measure of sleep disturbance.12

In addition, it is also worth investigating other factors that 
may be associated with sleep quality such as demographic char-
acteristics (ie, age, sex) and illness characteristics (ie, illness 
duration, factors that trigger illness, comorbid psychopathol-
ogy) because these may aid in the identification of individuals 
with CFS/ME who are especially vulnerable to sleep distur-
bance. Snodgrass and colleagues reported that no previous 
study had investigated these characteristics in a pediatric CFS/
ME cohort, despite previous research suggesting that they may 
play a role in other chronic conditions.12,29,30 For instance, self-
reported variations in presleep rumination have been shown 
to predict an increase in actigraphy-measured sleep onset la-
tency31 suggesting that anxiety-related symptomatology may 
influence sleep quality in some individuals. Indeed, Knight 
and colleagues found that 17% of adolescents with CFS/ME 
had comorbid anxiety based on a retrospective review of medi-
cal records, although rates are estimated to be as high as 50% 
when based on diagnostic interviews and self-report question-
naires.27 It is therefore critical that psychological factors such 
as anxiety are measured in a standardized manner to assess 
their association with sleep quality.

Overall, previous studies provide some suggestion that 
adolescents with CFS/ME may experience disturbance in the 
quality of sleep compared with their healthy peers, which is 
apparent on both subjective and objective measures. However, 
research into pediatric CFS/ME sleep disturbance is currently 
limited by a paucity of studies, inconsistent findings, variable 
methodologies, a lack of standardized measures and reporting 
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of important illness characteristics, and a lack of investiga-
tion of other factors that may influence sleep quality (ie, ill-
ness duration, age, pain, comorbid mood disturbance),12 which 
restricts our ability to interpret these results within the wider 
clinical context.

The current study employed both objective and standardized 
subjective measures to examine sleep. The primary aim of the 
current study was to investigate overall sleep quality in adoles-
cents in whom CFS/ME is diagnosed, compared with healthy 
adolescent controls. It was hypothesized that adolescents with 
CFS/ME would have poorer sleep quality than healthy ado-
lescent controls on a range of objective measures (ie, actigra-
phy) and subjective measures (ie, the Pittsburgh Sleep Quality 
Index [PSQI]). The second aim was to investigate the asso-
ciation between anxiety and sleep quality in adolescents with 
CFS/ME and in healthy adolescent controls. Adolescents with 
CFS/ME were hypothesized to show greater levels of anxiety 
compared to controls, and level of anxiety was hypothesized 
to relate to sleep quality in both groups, such that poorer sleep 
quality would be associated with greater anxiety. Finally, the 
third aim was to examine the relationships between objective 
and subjective measures of sleep quality.

METHODS

Participants
To be included in the study, patients had to: (1) be aged 13 to 
18 years, (2) present to the Royal Children’s Hospital (RCH) 
CFS/ME Clinic for the first time between December 2013 
and March 2015, and (3) receive a diagnosis of CFS/ME at the 
RCH CFS/ME Clinic by their treating pediatrician, according 
to the pediatric case definition32 (ie, persistent or recurring fa-
tigue for at least 3 months and concurrent occurrence of (a) 
postexertional malaise, (b) unrefreshing or disturbed sleep, (c) 
myofascial and/or joint pain, or abdominal and/or head pain, 
(d) two or more neurocognitive manifestations, (e) at least one 
symptom from two of the following categories: autonomic, 
neuro-endocrine, immune, and (f) the exclusion of any active 
medical or psychiatric condition that may explain the presence 
of chronic fatigue). Primary complaint of sleep disturbance 
at the time of study enrollment was not a required inclusion 
criterion for the current study. Patients were excluded if their 
English language skills were insufficient to complete the ques-
tionnaires or if the diagnosis of CFS/ME was unclear.

The control sample was recruited from Australian second-
ary colleges via flyers in community centers and e-newsletters 
through participating schools, as part of a larger adolescent 
sleep study at the Melbourne School of Psychological Sci-
ences at the University of Melbourne, and has been described 
previously.33 Two movie vouchers were provided as an incen-
tive. Control participants were aged 13 to 18 years, all were 
attending school (100%), and a small proportion were included 
who had psychiatric (6.16%) and sleep conditions (11.64%). 
One participant was excluded because of the presence of mul-
tiple sleep disorders, one due to lost actigraphy, and one due 
to physical illness in the first week. Other than these excep-
tions, no control participants reported suffering from mental 

or physical conditions, or using sleep aids or medication such 
as melatonin.

Invitations to participate, information statements, and con-
sent forms were sent by mail. Informed consent was obtained 
from all teenage participants and their parents. CFS/ME par-
ticipants were not offered any compensation or incentives to 
participate in the research. This study was approved by The 
RCH Human Research Ethics Committee and the Human Re-
search Ethics Committee of the University of Melbourne.

Measures
Actigraphy Watches
Actigraphy watches (Actiwatch 2, Philips Respironics, Syd-
ney, Australia, Koninklijke Philips N.V., 2008) were used to 
obtain objective measures of sleep quality. The watches re-
corded motion and light exposure continuously in 1-minute 
intervals on individual actograms. Actiware software (version 
6, Philips Respironics, Koninklijke Philips N.V.) was used to 
analyze the data based on the software’s “medium” sleep/wake 
threshold, after which further visual screening of individual 
actograms was performed. Visual screening has been shown to 
have a greater correlation than machine-automated algorithms 
in the assessment of actograms.34 Variables generated by the 
Actiware software were sleep onset latency (SOL) in minutes, 
sleep efficiency (SE) as a percentage (ie, total sleep time as 
a percentage of time in bed), percentage of wake after sleep 
onset (%WASO), time in bed (TIB) in minutes, total sleep time 
(TST) in minutes, rise time (RT), in minutes past midnight and 
bed time (BT) in minutes past 6:00 am. For the purpose of this 
study, only nocturnal sleep patterns on school nights (Mon-
day to Thursday during school term) were analyzed. Average 
values were obtained over the 2-week period for both groups. 
School nights were chosen for analysis to maximize consis-
tency when comparing the CFS/ME group and control group, 
and to limit confounding factors such as changed routines on 
Friday nights and weekends. It is well recognized that Friday 
nights and weekends have distorting effects on sleep patterns 
in adolescents (ie, adolescents typically stay up later in the eve-
ning and wake up later in the morning35–37), and as such, these 
days were valued as “transitional” days and not included in 
the recordings.

Wake and Sleep Diary
For the CFS/ME group only, a researcher-designed wake and 
sleep diary (a short 5-minute questionnaire) adapted for ado-
lescents38,39 was also used regarding sleep (completed by par-
ticipants each morning upon waking) and daytime activity 
(completed each night prior to their bed time), including ques-
tions about their total TIB, SOL, TST, BT, and RT. Although 
not used directly for analysis, these data were used for visual 
assessment of individual actigraphy watch data. Within the di-
ary, participants also recorded the times when the watch was 
removed (ie, for bathing or swimming) so these could be ex-
cluded from the individual actigraphy watch data. Diary data 
used for analysis included time spent using an electronic device 
(ie, computer, phone, tablet), and whether sleeping aids were 
taken (ie, lavender, melatonin, prescription sleeping tablet). Of 
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note, in the RCH CFS/ME clinic, patients were provided with 
general sleep hygiene advice and were prescribed melatonin as 
appropriate (melatonin is a prescription medication in Austra-
lia), yet doses and time periods of use for these treatments (or 
any other medications) were not recorded in the current study. 
Although sleep hygiene advice represents a standard of care for 
patients with CFS/ME in Australia (see RACP Clinical Practice 
Guidelines40), melatonin is not clearly recommended in these 
guidelines and the frequency of melatonin use in adolescents 
with CFS/ME has not been documented. To match the actigra-
phy data, only data from Monday to Thursday during the school 
term were analyzed, and averaged over the 2-week period.

Pittsburgh Sleep Quality Index
The self-rated PSQI was used to obtain a subjective measure 
of sleep quality. The PSQI measures 7 main domains of sleep 
(each of which has a range of 0–3 points, where 0 indicates no 
difficulty sleeping, and a score of 3 indicates severe difficulty 
sleeping) with 19 individual questions, based on an individual’s 
sleep patterns during the previous month.41 The 7 component 
scores are added to generate the global PSQI score (ranging 
from 0 to 21 points), with a higher score indicating severe sleep 
difficulties in multiple domains. A global score above 5 is in-
dicative of a “poor sleeper.” The PSQI has been shown to have 
good psychometric properties as well as internal validity and 
consistency in adult populations (ie, Cronbach alpha of .8)42,43 
and adolescent populations (ie, Cronbach alpha of .72).44 The 
PSQI was completed by participants prior to commencing the 
actigraphy watch data collection, with the global score used to 
measure subjective self-reported sleep quality.

Spence Children’s Anxiety Scale
The Spence Children’s Anxiety Scale (SCAS),45 a child and 
adolescent self-report mood measure, was used to assess 
symptoms of anxiety (ie, separation anxiety, social phobia, 
obsessive-compulsive disorder, panic-agoraphobia, general-
ized anxiety, and fears of physical injury). Participants were 
asked to rate on a 4-point scale from 0 to 3 points: “never,” 
“sometimes,” “often,” or “always.” The SCAS global z score 
for “total anxiety” score was used for the current study, which 
yielded a maximum possible score of 114. The SCAS is a well-
validated measure with high reliability and internal consis-
tency (ie, Cronbach alpha between .6 and .8), with normative 
data in Australian adolescents.46

Parent Questionnaire
Parents of the CFS/ME group also completed a brief question-
naire to obtain illness characteristics including illness dura-
tion, factors that trigger illness, and school attendance (ie, the 
proportion of full-time schooling attended).

Procedure
Each participant received an Actiwatch either in person or 
by mail, along with clear verbal and written instructions on 
how to use the watch. An email link to the questionnaires 
(ie, PSQI, SCAS, parent questionnaire) was emailed to the 
participant’s nominated email, which was filled out prior to 
starting the Actiwatch data collection, and completed through 

REDCap Software (version 5.10.2, 2014, Vanderbilt Univer-
sity, Nashville, Tennessee, United States), a secure, web-based 
application. Hyperlinks to individual wake and sleep diaries 
were also emailed every morning (5:30 am, sleep diary) and 
night (7:00 pm, wake diary) during the 2-week period. Partici-
pants were instructed to wear the watch continuously over a 
2-week period of school days during the school term (Mon-
day to Thursday) on the nondominant wrist, but were allowed 
to remove the watch for bathing and swimming. The partici-
pants were asked to press the event marker button on the side 
of the watch when going to sleep and upon waking from sleep 
(BT and RT, respectively). After participants completed a full 
2-week period of wearing the Actiwatch, they were required to 
mail the watch back to the RCH in a reply paid envelope.

Statistical Analyses
The statistical analysis program Stata 13.0 (StataCorp, 2013. 
Stata Statistical Software: Release 13. College Station, Texas, 
United States: StatCorp LP) was used for data analysis. Some 
participants in the CFS/ME group had incomplete/missing 
data for school attendance (n = 2), SCAS (n = 3), and the PSQI 
(n = 5), and Actiwatch activity (n = 1, technical fault). In the 
control group, a small number of participants had incomplete/
missing data on the SCAS and PSQI (n = 6), and Actiwatch 
activity (n = 5, technical faults and noncompliance; see Bei et 
al.33). No actigraphy data were lost due to user error.

Preliminary analyses included chi-square, Mann-Whitney 
U, and independent samples t tests for group differences, and 
univariate regression analyses were conducted on the associa-
tions between individual characteristics such as illness dura-
tion, school attendance, and time spent using an electronic 
device, and objective and subjective sleep measures.

Given the small sample of CFS/ME patients, the study was 
underpowered to perform age- and sex-matched comparisons 
between the patient and control groups. Therefore, for the first 
aim, separate linear regression analyses were conducted to 
evaluate group differences in objective sleep quality, where 
each individual sleep quality variable was the outcome (ie, 
SOL, SE, PSQI global scores, etc.) and “group” was the predic-
tor, adjusting for either sex or age where necessary (ie, if group 
differences were found in sex or age). Mean differences (ie, 
unstandardized regression coefficient [b]) with P values were 
reported. Given the multiple comparisons made in this study, 
standardized regression coefficients (β) were also evaluated, 
without relying solely on the P values. The β coefficients were 
used as measures of the magnitude of effect (cutoff points: .1 
indicative of weak prediction, .3 indicative of moderate pre-
diction, .5 indicative of strong prediction). For the second and 
third aims, separate linear regression analyses were conducted 
for each group to investigate: (1) the association between anxi-
ety and objective and subjective sleep quality; and (2) the re-
lationship between objective and subjective measures of sleep 
quality, respectively. For the second aim in each model, each 
individual sleep quality variable was the outcome, whereas 
the SCAS z score was the predictor. For the third aim in each 
model, each individual objective sleep quality variable was 
the outcome, whereas the PSQI global score was the predic-
tor. The b values, significance level (P < .05), and coefficient 
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of determination (R2 as a percentage) of each model were 
reported.

RESULTS

For the CFS/ME group, a total of 50 families were initially ap-
proached to participate in the study. Of these, 29 families either 
declined to be involved or were not able to be contacted to be 
involved in the project. Therefore, our study had a CFS/ME re-
cruitment rate of 42% (21 participated/50 approached). Sample 
characteristics of the CFS/ME group are shown in Table 1. 
The proportion of males and females did not differ between 
groups (χ2(1) = 0.66, P = .42). However, given that age signifi-
cantly differed between groups (t(164) = −2.54, P = .01), age 
was used as a covariate in the remaining regression analyses. 
There were also marked differences in sleep aids taken (ie, 81% 
of the CFS/ME sample were on melatonin, compared with 0% 
in the control sample), and school attendance. When compar-
ing the groups of participants who completed the SCAS (n = 18 
CFS/ME and n = 139 controls), 50% of CFS/ME participants 
(n = 9) were classified as being in the clinical range for total 

anxiety, compared with 23% in the healthy control participants 
(n = 32). Of participants who completed the PSQI (n = 16 CFS/
ME and n = 139 controls), 100% CFS/ME participants clas-
sified as “poor sleepers” (n = 16), compared with 58% of the 
healthy control participants (n = 80).

The first aim was to investigate overall sleep quality in 
adolescents with CFS/ME compared with healthy adolescent 
controls. Mean and standard deviation (SD) for objective and 
subjective sleep data are shown in Table 2, along with the 
mean difference between groups. For the objective measures, 
as hypothesized, the CFS/ME adolescent group demonstrated 
significantly longer SOL, TIB, TST, and later RT, compared 
with controls (all P < .005). Upon inspection of β values, the 
greatest magnitude of difference was found for TIB and TST 
(β = .5). Nevertheless, the groups displayed similar levels of 
SE, BT, and WASO (all P > .05, β < .2). For the subjective mea-
sures, as expected, the CFS/ME adolescent group reported sig-
nificantly poorer sleep quality than controls (P < .001, β = .5), 
with magnitude of the global PSQI scores in the patient group 
almost double that of the healthy adolescents (see Table 2).

In terms of anxiety, adolescents with CFS/ME displayed sig-
nificantly higher levels of anxiety on average than the control 

Table 1—Sample characteristics of adolescent patients with chronic fatigue syndrome/myalgic encephalomyelitis.

Individual Characteristics CFS/ME Group (n = 21) Control Group (n = 145) Group Difference (P )
Age, years, mean (SD) 15.57 (1.40) 16.20 (1.00) .01
Sex, female, % (n) 61.90 (13) 52.41 (76) .42
Illness duration at time of consultation, % (n) (19)

3–6 mo 21 (4)
7–12 mo 26 (5)
13–24 mo 37 (7)
> 24 mo 16 (3)

Identifiable trigger for illness, % (n)* (19)
Infectious Illness 58 (11)
Accident 5 (1)
Trip or vacation 11 (2)
Immunization 16 (3)
Severe stress 32 (6)
Other (allergies/sinus, demanding sports training schedule) 16 (3)

Use of sleep aid (at least once) over the 2-week period, % (n)
No 14 (3) 100 (145)
Yes 86 (18) 0 (0)

Lavender 0 (0) 0 (0)
Melatonin 81 (17) 0 (0)
Prescription sleep tablet 5 (1) 0 (0)

Percent of full-time school attended, mean (SD) [range] 46.31 (31.31) [0–90] (n = 19) 100 (0) [100–100]
Hours electronic device used, mean (SD) [range] 3.37 (1.62) [0–7] (n = 17)

* = does not equal 100% due to participants reporting more than one trigger. SD = standard deviation.
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group, although this relationship was weak (P = .04, β < .2), 
with the CFS/ME group showing a higher mean z score on 
normative standards (z = 1.24) than the healthy control group 
(z = 0.58). All findings for the first aim held when re-run with 
sex as an additional covariate.

The second aim was to investigate the relationship between 
anxiety and objective and subjective sleep quality within each 
group. Mean and SD for the relevant variables are shown in 
Table 3, along with the regression results. For all variables, 
Fisher exact tests revealed that sex was not significantly dif-
ferent within each group (all P > .05), and was therefore not 
used as a covariate in the analysis. Age was also not used as 
a covariate given that the SCAS z scores were age-adjusted. 
Anxiety levels were not significantly associated with any of 
the objective sleep quality variables in either group, although 
anxiety levels were found to explain a substantial amount of 
variance in TST (R2 = 21%, β = −.5, P > .05) in the CFS/ME 
group. In contrast, a significant association was found with 
subjective sleep quality in both groups, where a higher level 
of anxiety was related to greater severity of self-reported sleep 
disturbance on the PSQI (CFS/ME group: b = 0.78; 95% confi-
dence interval [CI]: 0.07, 1.48; P < .05; Control group: b = 0.79; 
95% CI: 0.46, 1.13; P < .001). This relationship was stronger in 

the CFS/ME group (β = .6) compared with the control group 
(β = .4), with anxiety levels individually explaining approxi-
mately 32% of the variance in sleep disturbance in the CFS/
ME group, and 14% of the variance in the control group. All 
findings for the second aim held when re-run with sex, age, 
and a group × SCAS interaction term as additional covariates.

The third aim was to investigate the relationship between 
objective and subjective sleep measures. Self-reported sleep 
disturbance on the PSQI was not found to relate to any of the 
objective sleep measures, with the exception of SOL in the 
control group, where longer SOL was weakly related to greater 
severity of sleep disturbance in controls (b = 1.04; β = .2; 95% 
CI: 0.30, 1.80; P = .006).

Finally, other characteristics such as illness duration, school 
attendance, and time spent using electronic devices were not 
significant predictors of sleep quality (objective or subjective) 
(all P > .05), and as such, regression results were not shown.

DISCUSSION

This study was able to offer a unique and valuable perspec-
tive by providing objective and subjective evidence of sleep 

Table 2—Mean differences between patients with chronic fatigue syndrome/myalgic encephalomyelitis and controls on sleep 
quality and anxiety.

CFS/ME (n = 21) Controls (n = 145) Mean 
Difference*

95% CI
P β

n Mean (SD) Range n Mean (SD) Range Lower Upper

Objective Sleep Quality (actigraphy)

Sleep onset latency (%) 20 26.22 
(23.1) 

0 to 
105.86 140 15.88 

(11.81)
1.25 to 

62 −9.74 −16.35 −3.13 .004 −.23

Sleep efficiency (%) 20 81.37 
(5.48)

67.36 to 
89.61 140 81.89 

(5.15)
68.69 to 

93.17 0.59 −1.92 3.12 .643 .04

Bed time (min past midnight) 20 −28.24 
(234.19)

−392.63 
to 500.25 140 −45.81 

(62.05)
−195.5 

to 120.75 −18.22 −66.63 30.19 .458 −.06

Rise time (min past 6:00 am) 20 129.27 
(69.70)

33.71 to 
340.75 140 80.15 

(42.74)
−33 to 
233.5 −53.50 −75.95 −31.06 < .001 −.36

Time in bed (min) 20 590.41 
(47.34)

505.63 to 
666.5 140 486.29 

(50.76)
335.5 to 

581 −99.72 −123.89 −75.54 < .001 −.54

Total sleep time (min) 20 480.91 
(44.52)

356 to 
550.75 140 398.03 

(46.24)
277 to 
493.75 −78.78 −100.88 −56.69 < .001 −.49

Wake after sleep onset (%) 20 12.38 
(3.54)

7.32 to 
20.43 140 12.56 

(4.30)
4.8 to 
28.79 0.04 −2.00 2.07 .973 .00

Subjective Sleep Quality (PSQI)

Global PSQI score 16 10.63 
(2.36)

7 to 
16 139 5.93 

(2.63)
0 to 
14 −4.83 −6.22 −3.44 < .001 −.50

Anxiety

z score (SCAS) 18 1.24
(1.62)

−0.8 to 
4.9 139 0.58 

(1.24)
−1.51 to 

5.17 −0.67 −1.30 −0.02 .043 .03

* = all variables are adjusted for age, with the exception of anxiety (Spence Children’s Anxiety Scale [SCAS]). CFS/ME = chronic fatigue syndrome/myalgic 
encephalomyelitis, CI = confidence interval, PSQI = Pittsburgh Sleep Quality Index, SD = standard deviation.
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disturbance in adolescents with CFS/ME compared with 
healthy adolescent controls.

The first main finding was that, on average over a 2-week 
period, adolescents with CFS/ME were found to have signifi-
cantly poorer sleep quality than healthy adolescent controls on 
a range of objective and subjective measures. On an objective 
basis, adolescents with CFS/ME demonstrated longer SOL, 
TIB, TST, and later RT, when their sleep was recorded via ac-
tigraphy watches. This may suggest that these patients have 
difficulty initiating sleep, and that they have a longer sleep 
time that proceeds later into the morning. Longer sleep latency 
in patients with CFS/ME compared with healthy controls has 
been demonstrated previously in adults,47,48 and in children and 
adolescents tested with actigraphy,18 and may be the result of 
variability in parasympathetic function at sleep onset (ie, noc-
turnal vagal modulation of heart rate).49 In contrast, the CFS/
ME patient group showed similar levels of objective SE to con-
trols (ie, the CFS/ME group were spending the same propor-
tion of TST relative to TIB as the control group), suggesting 
that they did not experience more frequent waking or spend 
a greater amount of time awake while they were in bed com-
pared to controls. This is consistent with previous studies in 
adults showing similar SE between CFS/ME participants and 
healthy controls,50 and suggests that the disturbances may not 
occur in every aspect of sleep. Nevertheless, other studies have 
shown contrasting results (ie, similar TST and SOLs across 
CFS/ME and control groups,20,22 poorer SE in the CFS/ME pa-
tient group versus controls20). Importantly, these latter studies 
were not conducted using actigraphy, and only analyzed data 
over 1 night. It is possible that in comparison with techniques 
such as polysomnography, actigraphy is able to identify infor-
mation that is more reliable and reflective of true sleep pat-
terns because it is performed in a natural home environment 
and usually over a longer time period. The current study may 
therefore provide a more accurate representation and charac-
terization of sleep quality in a pediatric CFS/ME population. 

Of course, it is recognized that not all information relevant to 
sleep quality may be captured via actigraphy (ie, measurement 
of sleep stages, arousal, and abnormal movements), and the in-
ference of the onset and maintenance of sleep from the absence 
of movement recorded by the actigraphy watch may underesti-
mate night wakings (and therefore SE) in participants that are 
lying still but are otherwise awake.

The use of different measures (ie, actigraphy, polysomnog-
raphy) may partly account for the variability in results from 
previous studies investigating objective sleep quality in pa-
tients with CFS/ME, yet some other important factors must 
also be considered. For instance, the variability may also 
represent the heterogeneity of sleep phenotypes in CFS/ME. 
As suggested previously, CFS/ME may be characterized by 
a range of variable sleep features, rather than a unitary sleep 
profile.18 Attention must also be given to the specific CFS/ME 
sample used in the current study. Most of the CFS/ME sample 
used sleep aids to promote sleep quality, and although school 
attendance was shown not to play a significant role in influenc-
ing any of the objective sleep measures, the CFS/ME sample 
may have had less restrictions on their sleep routine to meet 
the early morning demands of school (ie, the CFS/ME group 
attended less than half of regular school days, compared with 
100% school attendance in the control group). It is possible that 
the findings from the current study such as increased SOL, de-
layed RT, and increased TIB may reflect an altered wake/sleep/
work routine as a result of the illness, as well as heterogeneity 
in the CFS/ME population.

The second main finding was that, as hypothesized, the CFS/
ME adolescent group self-reported significantly poorer subjec-
tive sleep quality than their healthy peers on the PSQI. Consis-
tent with previous reports of the adolescent CFS/ME population, 
unrefreshing sleep is a consistent feature of the condition,22,26–27 
and was expected to be associated with the objective finding 
that patients with CFS/ME take longer to fall asleep. Indeed, 
differences or similarities between objective and subjective 

Table 3—Association of anxiety (Spence Children’s Anxiety Scale, z-score) with sleep quality within each group.

CFS/ME Controls

n b β R2 Lower 
95% CI

Upper 
95% CI P n b β R2 Lower 

95% CI
Upper 
95% CI P

Objective Sleep Quality (actigraphy)
Sleep onset latency (%) 17 3.64 .24 .06 −4.37 11.66 .348 136 0.87 .09 .01 −0.83 2.57 .313
Sleep efficiency (%) 17 −0.79 −.24 .06 −2.54 0.95 .348 136 −0.18 −.04 .00 −0.92 0.55 .624
Bed time (min past midnight) 17 17.78 .12 .01 −62.01 97.57 .642 136 −1.19 −.02 .00 −10.06 7.68 .791
Rise time (min past 6:00 am) 17 9.26 .22 .05 −13.57 32.10 .401 136 −1.97 −.05 .00 −8.20 4.26 .533
Time in bed (min) 17 −6.11 −.22 .05 −21.04 8.81 .396 136 −0.62 −.01 .00 −7.83 6.59 .866
Total sleep time (min) 17 −13.27 −.46 .21 −27.28 0.74 .062 136 −1.34 −.04 .00 −7.87 5.19 .685
Wake after sleep onset (%) 17 −0.08 −.04 .00 −1.16 0.99 .870 136 −0.04 −.01 .00 −0.66 0.58 .903

Subjective Sleep Quality (PSQI)
Global PSQI score 14 0.78 .57 .32 0.07 1.48 .034 139 0.79 .37 .14 0.46 1.13 < .001

CFS/ME = chronic fatigue syndrome/myalgic encephalomyelitis, CI = confidence interval, PSQI = Pittsburgh Sleep Quality Index.
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findings have seldom been assessed in the pediatric CFS/ME 
literature previously, and have the potential to be of clinical and 
diagnostic use. For instance, if self-report of unrefreshing sleep 
was correlated with objective signs of sleep disturbance, then 
simply asking patients about their subjective sleep in clinical in-
terview may provide a quicker, more economically viable, and 
more feasible method of discovering sleep disturbance, instead 
of a thorough but expensive objective clinical sleep investiga-
tion. Alternatively, if objective and subjective sleep findings are 
found to be unrelated, different approaches to management of 
sleep disturbance may be required.

In the current study, our third main finding was that we did 
not observe a significant relationship between objective and 
subjective sleep quality. This is consistent with a previous 
study in adult CFS/ME where the PSQI was found not to cor-
relate with objective measures such as sleep efficiency.50 While 
on the surface, this discrepancy between objective and subjec-
tive measures may appear to represent a “sleep quality misper-
ception,” the possible reasons for this finding are complex and 
require further investigation. The one exception in the current 
study was that a significant correlation between objective and 
subjective measures was found in the control group where 
greater severity of subjective sleep disturbance was related to 
longer objective SOL. This suggested that healthy individuals 
taking longer to fall asleep had the perception that they had 
worse sleep quality overall, although it was unclear why this 
was the case only in the control group. It is possible that those 
with the self-perception of poorer sleep became more anxious 
about their sleep, and therefore took longer to fall asleep, but 
that our small CFS/ME sample was underpowered to detect 
this association in the patient group. Another potential reason 
for the lack of correlation between objective and subjective 
measures may be that objective sleep disturbance was under-
estimated via the actigraphy method (ie, night wakings may 
have been underrated in motionless but awake subjects), or 
that some of the neurophysiological disturbances associated 
with unrefreshing sleep in adolescent CFS/ME cannot be de-
tected or captured by such measures as SE and SOL.23,50 Al-
ternatively, it is possible that subjective findings of poor sleep 
quality may have been overestimated. Neu and colleagues50 
suggest that anxiety may be an influencing factor in a response 
bias toward reporting subjective sleep disturbance in the CFS/
ME population, and this has previously been found in a pe-
diatric CFS/ME sample.12 Subjective measures are inherently 
influenced by the observer’s personal judgment, are prone to 
a large degree of variability and uncertainty,16 and may be in-
fluenced by other factors such as mood.50 Indeed, factors such 
as mood are supported in our CFS/ME sample, which dem-
onstrated higher levels of anxiety than controls, whereas both 
groups showed a direct correlation between higher anxiety and 
greater subjective sleep disturbance. Nevertheless, the benefit 
of subjective measures is that they are a less expensive and 
often more feasible method of measuring sleep quality,25 and 
can reveal important information about the patient’s sleep ex-
perience. Even in the absence of objective findings of sleep dis-
turbance, subjective findings of poorer sleep quality have the 
potential to affect daily functional abilities, and therefore serve 
as a vital area of management for the clinician. Using objective 

and subjective sleep measures in conjunction, the current study 
was able to differentiate the patient’s subjective experience of 
sleep from objective sleep findings and show that these may be 
distinct. This provides a potential avenue for treating anxiety 
in these adolescent populations, which may help their percep-
tion of sleep quality.

Finally, our study highlighted that a better understanding 
of the types of factors contributing to sleep disturbance is re-
quired. We found that illness-related variables such as illness 
duration, school attendance, and other factors such as time 
spent using an electronic device did not predict sleep quality 
in the CFS/ME group. However, it is possible that the size of 
our CFS/ME sample was underpowered to detect this influ-
ence. Further, it is acknowledged that our results may not be 
representative of all patients with CFS/ME because we had a 
study recruitment rate of 42% from our RCH CFS/ME Clinic, 
although recruitment rates of this nature are not uncommon in 
CFS/ME studies because of the nature of this illness (ie, par-
ticipants may be unable to attend study appointments if bedrid-
den). It is possible that patients with more severe difficulties 
were less likely to elect to participate in our study, potentially 
obscuring a relationship between sleep quality and factors such 
as illness duration and school attendance. Other factors may 
also contribute to sleep disturbance including pain, cognitive 
functioning, neuroendocrine responses, or dosage of prescrip-
tion sleeping medications (ie, melatonin). It is also not yet clear 
to what extent sleep disturbance is contributing to other CFS/
ME symptoms such as pain and fatigue, which is commonly 
experienced by the CFS adolescent population.28 Although our 
study only investigated a limited number of factors, further 
research will need to expand on these other influencing vari-
ables, which may aid in more targeted interventions for this 
population. Our study was also limited in that a cross-sectional 
design was used, but further studies may determine whether 
sleep quality fluctuates across the course of the CFS/ME ill-
ness, and if so, how these disturbances may be treated.

To the authors’ knowledge, this is the first study conducted 
on a pediatric CFS/ME sample to utilize both objective and 
validated subjective measures of sleep quality. Although it is 
possible that adolescents with CFS/ME who were not taking 
sleeping medication (ie, 81% of the CFS/ME sample were on 
melatonin) may show more significant or severe sleep distur-
bances, this study demonstrates that despite treatment with 
melatonin, adolescents with CFS/ME may continue to experi-
ence sleep disturbances and therefore other treatment avenues 
should be considered in future research. A strength of our 
study was that we were able to measure sleep quality over a 
2-week period, which was more reflective of natural and typi-
cal sleep for these participants. In comparison, in polysomnog-
raphy studies that only investigate 1 night’s sleep, it is possible 
that first-night effects may influence the results in patients who 
do not have a primary sleep disorder.51 This may manifest as 
less TST and lower SE, due to the initial apprehension of being 
“under observation” or feeling uncomfortable with the mul-
tiple electrodes and cables used. In addition, sleep and wake 
times were not enforced in the current actigraphy study, fur-
ther supporting the ecological validity of the data as typical of 
a normal night’s sleep for adolescents.
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Overall, these results suggest that adolescents with CFS/ME 
have significant sleep disturbances on a range of domains using 
an ecologically valid measure, and perceive their own sleep to 
be significantly disturbed compared with healthy adolescents. 
Furthermore, although psychological factors such as anxiety 
may not significantly contribute to objective sleep disturbance, 
it may play a significant role in influencing adolescents’ per-
ception of their quality of sleep. This research has provided 
us with a more comprehensive understanding of the complex 
relationship between CFS/ME and sleep, and suggests both 
objective and subjective factors may be important for clini-
cians to consider when treating adolescent patients with sleep 
disturbance.

ABBRE VI ATIONS

BT, bed time 
CFS, chronic fatigue syndrome
CI, confidence interval
ME, myalgic encephalomyelitis 
PSQI, Pittsburgh Sleep Quality Index
RCH, Royal Children’s Hospital
REM, rapid eye movement
RT, rise time 
SCAS, Spence Children’s Anxiety Scale
SD, standard deviation
SE, sleep efficiency 
SOL, sleep onset latency 
TIB, time in bed 
TST, total sleep time 
WASO, wake after sleep onset 
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