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Abstract 

Background: Using a laboratory-based exercise task, this study investigated objective exercise 

performance as well as expectations, anxiety and perceived task performance ratings in adolescents 

with CFS compared to healthy controls and illness controls.  

Method: Trials of a sit-stand exercise task (SST) were undertaken (CFS: n= 61, asthma (AS): n= 31, 

healthy adolescents (HC): n= 78). Adolescents rated their expectations, pre- and post-task anxiety, 

and perceived task difficulty. Their parents independently rated their performance expectations of 

their child.  

Results: The CFS group took significantly longer to complete the SST than the AS group (MD 3.71, 

95% CI [2.41, 5.01] p <.001) and HC (MD 3.61, 95% CI [2.41, 4.81], p < .001). Adolescents with CFS 

had lower expectations for their performance on the exercise task than AS participants (MD -11.79, 

95% CI [-22.17, -1.42] p=.022) and HC (MD -15.08, 95% CI [-23.01, -7.14] p<.001). They rated their 

perceived exertion as significantly greater than AS (MD 3.04, 95% CI [1.86, 4.21] p < .001) and HC 

(MD 2.98, 95% CI [1.99, 3.98], p < .001). The CFS group reported greater anxiety pre-task than AS 

(MD 14.11, 95% CI [5.57, 22.65] p<.001) and HC (MD 11.20, 95% CI [2.64, 19.75], p.=007). Parental 

group differences showed similar patterns to the adolescents’. 

Conclusions: Lower expectations and greater anxiety regarding exercise may reflect learning from 

previous difficult experiences which could impact future exercise performance. Further examination 

of pre-exercise expectations and post-exercise appraisals could improve our understanding of the 

mechanisms by which fatigue is maintained.  

 

Keywords: exercise, expectations, adolescence, chronic fatigue syndrome, case control 
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Highlights 

• Adolescents with CFS, asthma and healthy controls undertook an exercise task.   

•  Those with CFS took longer to complete a laboratory-based exercise task than controls. 

• They (and their parents) expected to perform worse.  

• They were more anxious pre-task and rated their performance as worse afterwards.  

• Pre-exercise expectations and post-exercise appraisals may be important in CFS.    
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Chronic fatigue syndrome (CFS) affects approximately 1-2% of adolescents (1). It is diagnosed when 

an adolescent has experienced unexplained, unremitting and disabling fatigue for at least 3 months 

(2). CFS impacts considerably on functioning, particularly on school attendance (3-5). About a third 

of adolescents with CFS experience co-morbid mental health problems (6).  

 

Activity levels, including physical exercise, have been implicated in proposed maintenance cycles in 

CFS (7). Activity reduction, an understandable response to reduce fatigue, is thought to result in 

reduced exercise capacity (i.e. exercise intolerance) and functional impairment. Activity reduction 

and impairment may be further maintained by beliefs about the consequences of doing activity (e.g. 

‘If I do more, I’ll feel worse’, ‘Activity will be difficult’). These thoughts may result in anxiety about 

undertaking activity such as physical exercise, further driving the avoidance of activity. In addition to 

activity reduction and avoidance, another common behavioural pattern in CFS is “boom and bust” 

(that is, overexerting oneself and subsequently being able to do very little). This behavioural pattern 

makes it difficult to build up strength and stamina, which requires a more consistent approach to 

activity. Despite the potential importance of activity and exercise capacity, there has been relatively 

little investigation of either objective exercise capacity or psychological factors such as thoughts and 

feelings before and after exercise in adolescents with CFS.  

 

There are several reasons why people with fatigue may avoid exercise. Fatigue is often precipitated 

by viral illnesses or stressful events (8). Exercising during an acute illness or stressor is likely to lead 

to fatigue, and individuals may understandably, begin to avoid exercise based on their expectations 

of it. Reduced physical activity typically results in physical deconditioning; there is evidence of 

cardiopulmonary deconditioning in adolescents with CFS (9). This may make exercise harder 

physically, perpetuating avoidance of it. Through experience, physical activity may become 

associated with increased fatigue by classical conditioning (10-12). Furthermore, in theory, 

expectations may influence the experience of fatigue, creating a vicious cycle whereby the 



Response to exercise in adolescents with CFS 
 

5 
 

expectation of fatigue being induced by exercise makes it more likely that an individual attends to 

signs of fatigue in response to exercise. These expectations may also induce anxiety in anticipation 

of exercise, although this has not previously been investigated in adolescents with CFS. Higher 

physiological arousal, which typically co-occurs with anxiety, has been shown to be associated with 

increased levels of fatigue in adults with CFS (13).  

 

There is some limited evidence pertaining to potential maintenance factors, mostly based on self-

report. Adolescents with CFS report that they favour rest over exercise (14) although not all 

adolescents with CFS fall into a pattern of inactivity; more tend towards relatively active boom and 

bust patterns (1, 15). Our previous work found that adolescents with CFS more strongly endorse 

avoidance/rest and all-or-nothing (i.e. boom and bust) behavioural patterns than adolescents with 

asthma (16). Furthermore, unhelpful beliefs about activity are endorsed more strongly by 

adolescents with CFS than adolescents with asthma (16). Both adolescents with CFS and their 

parents have inaccurate expectations and unrealistic perceptions of fatigue (17). Furthermore, both 

adolescents with CFS and their parents significantly underestimate the adolescents’ current activity 

levels (18). Parental expectations may influence their child’s activity levels, for example, by 

understandably advocating rest, inadvertently contributing to reduced physical fitness. These 

individual and systemic factors merit further exploration.   

 

The few existing investigations which have used objective measures of exercise tolerance and 

capacity have shown conflicting results. Less than one third of a small sample of 20 children and 

adolescents with CFS were found to have reduced maximal exercise capacity (i.e. less than 2 

standard deviations below normal on measures of cardiopulmonary exercise tests) on a stationary 

bicycle, although a significant association was found between their exercise capacity and self-

reported physical activity (19). In another small study of 21 adolescents who developed CFS post 

infectious mononucleosis, those with CFS had reduced physical fitness compared to recovered 
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controls on an exercise task, but did not have reduced exercise tolerance (20). In a larger sample of 

138 children and adolescents with CFS seen in specialist services, whilst not all were inactive, on 

average they were found to do less than half the government recommended levels of physical 

activity for their age (21). In this study they also showed substantially less moderate-to-vigorous 

physical activity than a nationally representative sample of 7 to 8-year olds, based on accelerometer 

data.  

     

Although there is some evidence consistent with the possibility that physical exercise capacity and 

psychological responses to exercise may contribute to the perpetuation of fatigue in adolescents 

with CFS, more research is needed, especially using experimental designs with control groups. 

Additionally, there has been little attention given to the responses of parents/caregivers (henceforth 

referred to as ‘parents’ to anticipated exercise in this population. The current study investigated 

responses to a physical exercise test in adolescents with CFS compared to an illness control group 

and healthy controls. Expectations of exercise performance (adolescent and parent-rated), objective 

ratings of performance (time taken), and post-task ratings of perceived performance and exertion 

were all compared. We used a sit-to-stand task as an objective exercise test to assess exercise 

capacity. On the basis of the hypothesised maintenance model, we predicted that, compared to 

adolescents with asthma and healthy adolescents, adolescents with CFS would 1) perform worse and 

report greater perceived exertion on an exercise task; 2) report lower pre-task expectations of their 

performance (similarly for their parents) and more pre-task anxiety; 3) report poorer evaluation of 

their actual performance post-task.  

 

Method 

Design 

This experimental study compared adolescents with CFS to adolescents with asthma and healthy 

adolescents. All groups completed an exercise task in a laboratory and completed self-report 
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measures of expectations, anxiety and fatigue before and after the task. Parents, who were in a 

different room and had the task described to them, also completed measures of their expectations.  

 

Participants 

Participants were aged 11-18 years. Adolescents who met the Oxford criteria for CFS (22) were 

recruited from two specialist CFS units (n = 62). Adolescents with asthma severe enough to be 

prescribed inhalers were recruited through GP surgeries (n = 31). Healthy adolescents were recruited 

from schools (n = 78). Those with a history of CFS or asthma were excluded from the healthy 

adolescent group. Those with a history of psychiatric disorder were excluded from the asthma and 

healthy adolescent groups. The groups did not differ on age, gender or ethnicity (Table 1). A parent 

attended with the adolescent in most instances (CFS: n =59, 95%, asthma: n = 24, 77%, healthy: n = 

60, 77%). One CFS participant left the laboratory session without attempting the exercise task.  

 

Procedure 

Written consent was sought from adolescents and parents. Adolescents with CFS were seen at King’s 

Health Partners chronic fatigue unit for the laboratory session. Controls were seen at the chronic 

fatigue unit or a GP surgery (asthma group) or school (healthy controls). The laboratory tasks were 

uninterrupted, undertaken in private, quiet rooms. The exercise task took place following a series of 

other tasks, including self-report measure completion. Most testing sessions were conducted in the 

afternoon. Parental ratings were completed on the same day in a separate room. The task was 

explained to the parent before they were asked to make their ratings. 

 

Self-report measures: 

Demographic information was collected. Additionally, the following were administered: 
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Fatigue – The Chalder Fatigue Questionnaire (CFQ) (23) comprises 11 items. Higher scores indicate 

more severe fatigue, with a total possible score of 0-33. The CFQ has good validity and reliability 

(24). In this study, the Cronbach’s alpha was .89 (CFS), .82 (healthy controls) and .64 (asthma).  

 

Physical Functioning - The SF36 physical functioning subscale (25) measures physical impairment in 

activities of daily living. This 10-item scale has a maximum score of 100. Higher scores indicate less 

impairment. This measure has been previously used in adolescents with CFS (26) and there is 

evidence of acceptable psychometric properties in this population (27). Cronbach’s alpha in this 

study was .90 (CFS), .90 (healthy controls) and .68 (asthma).  

 

Depression symptoms- The Children’s Depression Inventory (CDI) (28) has 27 items pertaining to 

mood during the past fortnight. Higher scores indicate more depressive symptoms, with a maximum 

possible score of 54. It has favourable psychometric properties (29). Cronbach’s alpha in this study 

was .87 (CFS), .84 (healthy controls) and .83 (asthma).   

 

Anxiety – The State-Trait Anxiety Inventory (STAI) (30) consists of 20 state items (current anxiety 

intensity) and 20 trait items (general anxiety). It has acceptable validity and reliability (30). In this 

study, the Cronbach’s alpha was > .93 (STAI-S) and > 0.94 (STAI-T).  

 

Experimental Task: 

Sit-to-Stand test (SST) – This is a test of physical functioning which encompasses functional strength, 

endurance and exercise capacity. The participant begins the manoeuvre seated in a chair, and is 

asked to complete 5 consecutive sit-to-stand manoeuvres as quickly as possible (31). The speed of 

completion is used as an indication of strength. This test has good reliability and validity (32). SSTs 

have previously been used as an outcome measure in adolescents with CFS (33). In the current 
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study, two trials of the 5 repetition SST were completed by participants, with time between trials to 

recover (approximately 30 seconds).  

 

Expectations, anxiety and task performance ratings: 

Pre-SST, participants completed pen-and paper 0-100 visual analogue scales (VAS) with labels 

provided at 0 and 100. Participants were asked to complete them for how they were feeling at that 

moment on the following scales:  “How are you feeling?” (0 Not at all anxious-100 Extremely 

anxious), “How well do you think you’re going to do on this task? 50% represents average 

performance” (0 Not at all well-100 Extremely well) and “How difficult do you think you’re going to 

find this task? (0 Not at all difficult-100 Extremely difficult). Post-task, participants completed two 

VASs again, rating how well they did and how difficult they found the task. They also completed the 

Borg Rating of Perceived Exertion (RPE) Scale (34) to assess their perceived physical exertion on the 

exercise task. This is a scale from 6 (no exertion at all) to 20 (maximal exertion), with several anchors 

along the 15 points of the scale.  Parents completed VASs, rating how well they thought their child 

would do on the task and how difficult they thought their child would find it. 

 

Data analysis plan 

Power calculations were performed a priori based on data from Coddington and Chalder (35). With a 

power of 80% and alpha of 0.05, the sample size estimate was 29 participants in each group. This 

requirement was exceeded in all groups.  

 

Sex, ethnicity and main carer characteristics were compared between groups using Pearson’s chi 

squared tests. All other group comparisons were undertaken using one-way ANOVAs, followed by 

Tukey post-hoc comparisons to assess the direction of significant effects. Where there was 

heterogeneity of variances, according to Levene's test, a Welch test and Games-Howell post-hoc test 

are reported. Significant outliers according to studentized residuals are reported and addressed for 
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each comparison. Where data was found to be not-normal according to Q-Q plots, we report any 

transformations carried out; See Table 2.  

 

[Table 1] 

 

Results 

Group characteristics 

The groups did not differ significantly on age, gender, ethnicity or family composition (Table 1). 

Compared to both control groups, the CFS group were significantly more fatigued, more physically 

impaired, and endorsed more depressive symptoms and state and trait anxiety symptoms (Table 1).  

 

SST performance and perceived exertion 

Time taken to complete the SST on trial 1 was strongly associated with time taken on trial 2 in all 

participant groups (CFS: r = 0.92, p < .001, asthma: r = 0.92, p < .001, healthy: r = 0.90, p = .001). SST 

performance on both trials was averaged for each patient to be used in analysis from this point on. 

CFS participants took significantly longer to complete the SST than the participants in the control 

groups (Table 2). Their perceived exertion on the Borg Scale was significantly higher than the other 

two groups. 

 

Pre-task expectations and anxiety  

Before the task, adolescents with CFS and their parents had significantly lower expectations of the 

adolescent’s performance on the exercise task and expected that they would find it more difficult 

compared to the other control groups (Table 2).  Adolescents with CFS also rated themselves as 

feeling significantly more anxious pre-task than adolescents in the other two groups (Table 2).  

 

[Table 2] 
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Post-task performance ratings  

Adolescents with CFS rated their performance post-task significantly more poorly than the healthy 

control group. There was no significant difference between CFS and the asthma group (Table 2). 

Adolescents in the CFS group also reported they found the exercise task significantly more difficult 

than health controls and asthmatic participants.  

 

Discussion 

As predicted, adolescents with CFS took longer to complete the exercise task, rated their 

performance more poorly post-task and reported more perceived effort than the healthy 

adolescents or adolescents with asthma. Pre-exercise task, adolescents with CFS and their parents 

had lower performance expectations and anticipated greater task difficulty than the control groups. 

Adolescents with CFS also had higher pre-task self-rated anxiety than adolescents in the control 

groups.  

 

Our finding that exercise task performance was impaired in adolescents with CFS compared to both 

adolescents with asthma and healthy controls may be due to physical deconditioning in CFS. 

Adolescents with CFS reported greater perceived exertion than the controls, even when we 

controlled for the time taken on the task; thus, the same task appeared to require more effort for an 

adolescent with CFS. This is consistent with previous research on cardiopulmonary deconditioning 

(9). It may be that this deconditioning is the result of reduced daily activity in CFS (21). Our finding is 

also consistent with the considerable functional limitations reported by adolescents with  CFS (3-5). 

It may be that functional limitations are the result of being less able to undertake physically 

demanding tasks and needing to exert more effort for the same task. Adolescents with CFS report 

that even basic tasks of daily living can become hard to do (36). Alternatively, our finding may be due 

to avoidance of maximal exercise in adolescents with CFS. Takken, Henneken (19) did not find a 
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reduction in maximal exercise capacity in adolescents with CFS compared to normative data. The 

difference in findings may be due to the sample size limitations of the latter, and due to the nature 

of the exercise task, as our exercise task focused on stamina and strength (i.e. exercise tolerance) 

rather than maximal capacity. Thus, whilst adolescents with CFS might be able to push themselves 

on a maximal exercise task to a comparable degree to controls, our findings and those of qualitative 

research (37) suggest that they may be more limited on strength and stamina and may have to work 

harder (i.e. exert more effort) to do physical tasks.  

 

In adults, evidence regarding exercise capacity is mixed.  Some studies suggest that people with CFS 

are less fit and have reduced exercise capacity (38, 39), while others found normal aerobic capacity 

(40)and muscle functioning compared to sedentary controls (18). In the laboratory, many adults with 

CFS do not achieve age-predicted maximal heart rate and also find exercise more effortful and 

fatiguing than healthy controls(41).  In combination, the findings from these studies are more 

suggestive of sub-maximal exertion than physical deconditioning. It is possible that misattribution of 

bodily symptoms may be a contributory factor, e.g. that people with CFS attribute symptoms 

associated with exertion as an indication of their CFS symptoms worsening and hence are 

understandably reluctant to exert more effort. In adolescents, more studies are needed before 

conclusions about the precise roles of exercise capacity and tolerance can be drawn.  However, our 

results suggest than perceptions may well play a role. We found that adolescents with CFS were 

more anxious pre-task and expected to do worse and to find the task more difficult than the controls 

did. It is possible that subsequent exercise performance is influenced by expectancies based on 

previous experiences with physical activity (42). There is evidence for associative learning in chronic 

pain conditions (43, 44) although this literature is primarily based on evidence from studies 

conducted in adult populations. It may be that the adolescents with CFS are more likely than those in 

the control groups to learn, through experience, that physical activity is difficult and aversive due to 

their fatigue and therefore have more negative expectations and greater anxiety about subsequent 
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exercise. But of course, it is also possible that the participants are reasonably good at predicting 

their performance.  

 

Adolescents with CFS had poorer ratings of their performance than the control groups. These 

perceptions may further reduce their expectancies for future exercise, creating a vicious cycle 

whereby they further reduce their activity levels, become more deconditioned and anticipate further 

poor performance.   

 

We found significant group differences in self-rated pre-task anxiety. Elevated levels of depression 

and anxiety are common in adolescents with CFS (6). According to cognitive behavioural models, 

individuals who are depressed have more negative thoughts about past events, whilst individuals 

who are anxious have more negative thoughts about the future (45). It may be that these negative 

thinking patterns that are typical of anxiety and depression affect task expectancies, and that by 

addressing mood problems and challenging negative thinking in those with elevated distress, 

reduced activity patterns might be easier to overcome. It is also possible that anxiety and negative 

thinking about exercise experienced by adolescents with CFS contributes to their more general 

anxiety and depression symptoms. 

 

In addition, we found that parent’s expectations of anticipated task difficulty and performance were 

considerably lower in adolescents with CFS than in either of the control groups. This is a novel 

finding in relation to exercise or physical activity in CFS, and importantly, may contribute to parental 

responses to anticipated physical activities, for example, by making it more likely that a parent may 

discourage an adolescent with CFS from undertaking a task and more likely that a parent may 

encourage rest, although we were not able to explicitly test this in the current study. However, 

future studies could benefit from including more extensive measures of the expectations of 

significant others and the responses of significant others to activities such as exercise.   
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Strengths and Limitations 

These findings add to the existing literature by our use of an objective measure of exercise 

performance, in a much larger sample than previous laboratory-based studies, and included two 

control groups, enabling direct comparison between adolescents with CFS and peers without CFS. In 

addition to the laboratory-based measure, we included measures of self-rated expectations pre-task, 

pre-task anxiety and post-task difficulty and effort, allowing for a far more extensive consideration of 

the psychological factors than in previous studies. We also included parent as well as self-report, 

enabling consideration of systemic factors, although not all parents completed the measures. 

Although the reliability and validity of the sit-to-stand task is yet to be established in adolescents 

with CFS, there has been extensive investigation of the reliability and validity of this task in other 

illness populations, and it is widely accepted as a measure of exercise capacity. The VAS were 

specifically developed for this study, and no data is available on their reliability and validity. It is 

possible that participants interpreted the questions asking them to rate their anticipated task 

difficulty and task performance may have been particularly open to different interpretations by the 

participants.  

 

As the CFS participants were recruited from specialist services, the generalisability of the findings is 

limited to those attending similar services. The asthma group was also smaller than the other 2 

groups, which means that we had the power to detect large effects only. We did not have the power 

to investigate sex differences, which would be important to examine in future studies as exercise 

may have different connotations for males and females (46). Furthermore, we did not collect data 

on body composition (e.g. body mass index) or on usual physical activity levels (or sedentary 

behaviour) which may contribute to perceived difficulty, anxiety about performance, actual 

performance and ratings of perceived effort. 

 

Research Implications 
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The role of physical deconditioning, exercise intolerance, anxiety and expectations for exercise and 

physical activity avoidance all require further research to help clarify their possible roles in the 

maintenance of CFS in adolescents. Exercise tolerance may be further subdivided, for example, into 

maximal exercise capacity, endurance, muscular strength, and it seems likely that these various 

aspects of exercise are differentially compromised in CFS. Therefore, to further the understanding of 

the nature of exercise tolerance in CFS, a range of objective measures, as well as physiological 

recording devices that enable continuous measurement of physiological variables such as heart rate 

through the exercise task should be used.   

 

Clinical implications 

It is promising that small-scale treatment studies have found that gradually increasing activity levels 

through exercise may be beneficial for adolescents with CFS (33, 47). However, we found that 

adolescents with CFS reported that they were more anxious prior to an exercise task, expected to 

perform more poorly, took longer to complete the task, and rated their performance as worse than 

controls did. These pre-exercise expectancies and post-exercise appraisals may impede progress 

towards increasing activity levels and may therefore be important to examine and address in 

treatment. Cognitive behaviour therapy (CBT) typically involves planned activity and rest, and a 

graded increase in activity, whilst also addressing unhelpful beliefs. Parents of participants with CFS 

also had poorer exercise expectations; CBT for CFS in children and adolescents recognises the 

importance of involving the family in treatment (26, 48, 49). Our findings indicate that addressing 

adolescent pre-task anxiety and both adolescents’ and parents’ expectations of exercise, as well as 

broader patterns of negative thinking associated with depression and/or anxiety where necessary, 

may be important to enable individuals to increase their activity levels.   

 

Conclusion   
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Adolescents with CFS took longer to complete an exercise task than healthy adolescents and 

adolescents with asthma, which is consistent with daily physical functioning limitations reported by 

adolescents with CFS. Post-task, adolescents with CFS rated their performance as worse than the 

other groups. Beforehand, adolescents with CFS were also more anxious about the task, and both 

they and their parents had lower performance expectations, which may impact on adolescents’ 

motivation or time taken to complete an exercise task. Addressing pre-exercise anxiety and 

performance expectations, and the possible behavioural implications of these, may be important in 

the understanding and treatment of CFS in adolescence.    
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Table 1. Participant demographic and clinical characteristics by group (mean, SD unless otherwise specified) 

 CFS participants 
(n=62) 

Asthma 
participants 
(n=31) 

Healthy 
participants 
(n=78) 

Group comparison 

Age (mean, SD)c 15.06 (1.70) 15.00 (2.18) 14.58 (1.40) F[2, 71.93] = 1.83, p = .168 

Sex (number, % female) 40 (64.5) 15 (48.4) 48 (61.5) 2 (2) = 2.35, p = .309 

Ethnicity (number, % White British) 56 (90.3) 24 (77.4) 67 (85.9) 2 (2) = 2.85, p = .240 

Main carer (number, % both parents) 38 (61.3) 25 (80.6) 57 (73.1) 2 (4) = 6.28, p = .179 

Fatigue – CFQ c, d 22.95 (6.01)a,b 12.00 (2.54)a 10.46 (3.76)b F[2, 94.17]= 101.36, p <.001, η2= .624 

Physical functioning – SF36PFS e, c 53.28 (23.36)a,b 88.39 (12.14)a 91.30 (15.05)b F[2, 88.47]= 63.35, p <.001, η2= .499 

Depressive symptoms – CDI c, f 14.55 (7.40) a,b 7.24 (5.30)a 5.64 (5.18)b F[2, 88.40]= 32.02, p <.001, η2= .315 

Trait anxiety – STAI-T  47.00 (10.23) a,b 40.48 (11.19)a 37.49 (11.19)b F[2, 165] = 13.01, p <.001, η2= .136 

State anxiety – STAI-S  44.73 (11.95) a,b 35.90 (10.61)a 34.62 (11.44)b F[2, 164] = 13.87, p <.001, η2= .145 
CDI = Children’s Depression Inventory; CFQ = Chalder Fatigue Scale; SF36PFS = Short Form 36 Physical Functioning Scale; STAI = State-Trait Anxiety 
Inventory 
a, b Subscript letters are used to indicate significant difference between groups (p<.05).  
c Homogeneity of variances assumption was violated. Welch’s test and Games-Howell reported. 
d There were significant outliers according to studentized residuals (-3.32, -3,32, -3.10) which were not removed. 
e There was a significant outlier according to studentized residuals (-3.76). This was removed analysis was run again. Data was found to be non-normal by 
Q-Q plot, so a transformed ANOVA was run. There was no difference in significant differences between the so the non-transformed results are presented. 
f Data was found to be non-normal by Q-Q plot, so a transformed ANOVA was run. There was no difference in significant differences between the so the 
non-transformed results are presented. 
g There was a significant outlier according to studentized residuals (-3.01) this was not removed. 
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Table 2. Expectations, anxiety and performance on exercise task; means, standard deviations and result of group comparison 
 

  
 
 

Numbers in each 
group (differences 
are due to missing 
data) 

CFS 
 
 
 
 
Mean (SD) 

Asthma  
 
 
 
 
Mean (SD) 

Healthy 
controls  
 
 
 
Mean (SD) 

Group 
comparisonb 

Group 
differences 
(post-hoc with 
Bonferroni 
correction) 

Mean difference and confidence 
intervals of the difference 

CFS Asthma HC 

Child Ratings – Pre-exercise task 

“How well do you think you are going to do 
on this task” (0-100) 

55 28 75 M=52.56, 
SD= 18.47 

M=64.36, 
SD= 17.37 

M=67.64, 
SD= 19.71 

F[2,155] = 
10.414, p < 
.001, η2= .118 

CFS < asthma  -11.79, 95% CI [-22.17, -1.42] p=.022 

CFS < HC -15.08, 95% CI [-23.01, -7.14] p<.001 

Asthma = HC p=.713 

“How difficult do you think you’re going to 
find this task”a (0-100) 

55 28 75 M= 43.24, 
SD= 25.31 

M= 17.39, 
SD= 15.43 

M= 18.33, 
SD= 17.08 

F(2, 75.26) = 
22.02, p = 
.001, η2= .266 

CFS < asthma  25.84, 95% CI [15.12, 36.57] p<.001 

CFS < HC 24.90, 95% CI [15.51, 34.30] p<.001 

Asthma = HC -0.94 95% CI [-9.43, 7.55] p=.961 

“How anxious are you feeling at this 
moment in time?”a, d (0-100) 

55 27 75 M=28.07, 
SD= 22.71 

M=13.96, 
SD= 9.59 

M=16.88, 
SD= 16.26 

F(2, 87.856) = 
7.789, p = 
.001, η2= .096 

CFS < asthma  14.11, 95% CI [5.57, 22.65] p<.001 

CFS < HC 11.20, 95% CI [2.64, 19.75], p.=007 

Asthma = HC p= .512 

Parent ratings - Pre-exercise task 

“How well do you think your child is going to 
do on this task?”a (0-100) 

54 22 57 M=55.91, 
SD= 26.44 

M=90.77, 
SD= 9.46 

M=87.35, 
SD= 13.37 

F(2, 71.59) = 
37.32, p<.001, 
η2= .409 

CFS < asthma 34.87, 95% CI [25.00, 44.73], p<.001 

CFS < HC 31.44, 95% CI [21.86, 40.03] p<.001 

Asthma = HC P=.762 

“How difficult do you think your child is 
going to find this task?”a,e (0-100) 

53 22 57 M=46, SD= 
29.00 

M= 9.64, 
SD= 13.03 

M= 8.82, 
SD=12.56 

F(2, 59.20) = 
37.70, p<.001, 
η2=.435 

CFS > asthma 36.36, 95% CI [24.74, 47.98] p<001 

CFS > HC 37.18 95% CI [26.83, 47.53] p<.001 

Asthma = HC p=.987 

Performance 

Average time taken sit-stand (seconds) a,c 53 31 75 M= 10.83, 
SD= 3.23 

M= 7.11, 
SD= 1.77 

M= 7.21, 
SD= 2.06 

F(2,81.607) = 
28.420, p < 
.001, η2=.331 

CFS > asthma  3.71, 95% CI [2.41, 5.01] p <.001 

CFS > HC 3.61, 95% CI [2.41, 4.81], p < .001 

Asthma = HC p=.965 

Child ratings post-exercise task 

“How well do you think you did on this 
task?” a(0-100) 

55 28 75 M= 54.73, 
SD= 15.75  

M= 63.25, 
SD= 19.65 

M= 68.67, 
SD= 20.56 

F(2, 72.10) = 
9.66, p < .001, 
η2=.101 

CFS = asthma  p=.126 

CFS < HC -13.94 95% CI [-21.49, -6.39] p<.001 

Asthma = HC p=.442 

“How difficult did you find this task?” a,f (0-
100) 

55 28 75 M= 38.80, 
SD= 24.72 

M=8.39, 
SD= 9.50 

M= 10.12, 
SD= 12.17 

F(2, 79.15) = 
34.89, p < 
.001, η2=.397 

CFS > asthma  30.41 95% CI [21.36, 39.45] p<.001 

CFS > HC 28.68 95% CI [20.03, 37.33] p<.001 

Asthma = HC p=.730 
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Borg Rating of Perceived Exertiona 52 31 75 M= 11.42, 
SD= 2.59 

M= 8.44, 
SD= 1.83 

M= 8.39, 
SD= 1.87 

F(2,76.288) = 
27.628, p < 
.001, η2=.311 

CFS > asthma 3.04, 95% CI [1.86, 4.21] p < .001 

CFS > HC 2.98, 95% CI [1.99, 3.98], p < .001 

Asthma = HC p=.990 
a  The assumption of homogeneity of variances was violated, as assessed by Levene's test for equality of variances (p = .001). Welch test and Games-Howell are reported. 
b Data was considered normal or approximately normal enough for ANOVA according to Q-Q plots given its robustness unless stated otherwise. 
c  There were three outliers in the CFS group when assessing studentized residuals (3.76, 3.35, and 3.14). However, these were not removed because it is not possible to say for certain 
whether these were errors or extreme scores 
d One significant outlier in the asthma group according studentized residuals (4.32) removed. Re-running analyses there were two datapoints consider outliers according to studentized 
residuals in the CFS group (3.20, 3.31). 
e One significant outlier according to studentized residuals and removed from HC(-3.20). Data was found to be non-normal by Q-Q plot, so a Lg10 transformed ANOVA was run. There was 
no difference in significant differences between the so the non-transformed results are presented. 
f Data was found to be non-normal by Q-Q plot, so a transformed ANOVA was run. There was no difference in significant differences between the so the non-transformed results are 
presented. 
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