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General introduction
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Fatigue

Definition and assessment

Fatigue is a nonspecific state of reduced vitality and a multidimensional concept in which 

psychological, biochemical and physiological mechanisms play a role.1 A variety of factors 

can trigger fatigue, such as somatic or psychiatric conditions (i.e. viral and bacterial infec

tions, chronic inflammation, major depression, anxiety disorder, somatoform disorder), sleep 

deprivation, physical activity, unhealthy life styles and excessive mental effort. When focus

ing on subjective selfreport, fatigue measurement requires a multidimensional approach, 

assessing its manifestations in behaviour, emotion, cognition, and motivation. On the other 

hand, literature suggests that unidimensional assessment (i.e. perception of fatigue sever

ity), which is less time consuming and benefits from its simplicity, is adequate as well.2,3 A 

range of fatigue scales and questionnaires are available. In The Netherlands, the Checklist 

Individual Strength (CIS) is one of the most commonly used questionnaires to measure fa

tigue in both healthy people and patient populations.4 The CIS contains four scales for the 

fatigue dimensions severity of the subjective feeling of fatigue, concentration, motivation and 

physical activity.

Fatigue in adolescents

Among adolescents, fatigue is a common complaint and is generally believed to be associ

ated with pubertal hormonal changes, psychological struggles and new educational and so

cial demands. However, such statements are primarily based on observations by parents and 

school teachers and systematic epidemiological research on factors associated with fatigue 

in adolescents is sparse. Some population and schoolbased studies on fatigue prevalence 

and associated symptoms in adolescents have been published.58 Ghandour et al. showed 

that 30.6% of girls reported morning fatigue at least once a week.5 In another study, frequent 

(weekly or more often) experience of fatigue was reported by 21% of the participants.8 Lower 

rates of participants with complaints of fatigue were observed in two other studies.6,7 Due 

to variability in definitions of fatigue, research techniques, and sample characteristics, it is 

risky to compare prevalence rates between studies. Importantly, in most studies a female 

predominance of fatigue was demonstrated.6, 8

Symptoms of fatigue hardly ever emerge without comorbidity of other physical or psy

chological symptoms. Fatigued adolescents often report a range of other complaints such 

as mood problems, headaches, stomachache, musculoskeletal pain, backache.810 Hickie et 

al. showed in a twin study that 24% of the variance of fatigue has a common genetic back

ground with a cluster of depression, anxiety and distress.11



Ch
ap

ter
 1

12

ChroniC Fatigue syndroMe in adolesCents

Definition of chronic fatigue syndrome

Short term experience of fatigue is usually functional and reflects the body and mind’s need 

to relax and recover. In contrast, severe and chronic fatigue without a clear relation to physi

cal or mental effort can reflect a compromised health status or even disease. In less than 10% 

of individuals in primary care a disease causing fatigue is found.12

Chronic fatigue syndrome (CFS) is a condition defined by the Centers for Disease Con

trol and Prevention (CDC) as unexplained persistent and debilitating fatigue for at least six 

months accompanied by four out of the following symptoms: headaches, myalgia, tender 

lymph nodes, soar throat, memory and concentration problems, unrefreshing sleep and, post 

exertion malaise.13 The interference of symptoms of CFS with daily life results in a substantial 

reduction in activity. Currently, no specific diagnostic criteria are described for children and 

adolescents. It has been suggested by the Royal College of Paediatrics and Child Health in 

London, that the complaint duration criterion of six months is too long for young patients, 

considering the impact of the impairment on social and educational development, and that 

in the definition of severe (housebound) and very severe (bedridden) CFS an illness duration 

of at least three months should be applied. The prevalence of CFS among Dutch children 

(10 – 18 years) is estimated at 10 – 20 / 100.000.14 Prevalence rates of adults vary between 

studies (37 – 740 / 100.000), with an estimation of 112 / 100.000 patients in The Netherlands, 

indicating that rates of CFS in adolescents are much lower.1517

In accordance to complaints in the normal population, a concordance of fatigue and 

physical and psychological symptoms is also described for patients suffering from CFS.1,18 In 

adolescent and adult CFS patients symptoms of depression and anxiety are often observed 

and psychiatric comorbidities are common.19,20 However, there is also evidence that both the 

manifestation and the pathophysiology of CFS point to CFS as a distinct entity.21,22

Etiology of CFS: predisposing, precipitating, and perpetuating factors

In spite of a substantial number of studies investigating the etiology of CFS, to date no single 

causal factor and CFSspecific factor has been identified and the assumption is that the etiology 

and pathogenesis of CFS is multifactorial. The biopsychological approach is currently the most 

comprehensive description in explaining the occurrence of CFS and offers a framework for treat

ment of the disease. In general, the basic idea of the model is that psychosocial environments ei

ther promote health or precipitate disease. It is believed that three types of factors are involved 

in the occurrence of CFS, namely, predisposing, precipitating and perpetuating factors.

In both prospective and retrospective studies among adolescent and adult CFS patients 

several predisposing, or vulnerability, factors for the development of CFS have been re

ported. A higher level of premorbid fatigue is indicated as an important predictor of CFS in 

several studies.17,2325 There is evidence for a genetic background of fatigue and CFS but so far 
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genetic abnormalities have not been demonstrated.26,27 In addition, psychological and physi

cal symptoms, such as emotional distress and instability, childhood trauma, stress, pain, and 

feeling of fever, are often reported already before the onset of CFS. Also behavioral predictors 

of CFS have been specified, such as frequent visits to the general practitioner, an overactive 

life style, high academic achievement, and extreme levels of exercise, or the contrary, low lev

els of physical activity.24,25,2833 CFS patients seem to score higher on certain personality traits, 

especially neuroticism.34 In children and adolescents diagnosed with CFS, high rates of school 

absenteeism prior to the diagnosis have been observed,35 suggesting serious interference of 

fatigue and related complaints with daily life activities already at earlier time points.

The second category of factors contributing to CFS are the precipitating factors, or trig

gers. Studies have shown that both somatic and psychological triggers, can elicit the onset 

of CFS. Although the mechanism is still unknown, viral infections (i.e. Lyme disease, Q fever, 

infectious mononucleosis) have been found to precipitate the syndrome.36 In addition, major 

somatic experiences, such as surgery, and traumatic events have been reported as provoking 

factors of CFS.24,29

Perpetuating factors of CFS contribute to the maintenance of CFS symptoms. Among these 

are preoccupation with CFSrelated symptoms, attribution of symptoms to external rather 

than internal health determining factors, an avoidant attitude towards physical activity and a 

lack of social support (see 37 for an overview).

PhysiologiCal MeChanisMs in CFs: abnorMalities in hyPothalaMus-
Pituitary-adrenal axis and iMMune systeM FunCtions

Although the pathophysiology of CFS remains obscure, CFS has been associated with various 

biological abnormalities, such as dysfunction of the central nervous system, immune system 

and alterations in genetic make up. Physiological functioning has been mainly studied in 

adult CFS patients. We will focus on two physiological systems: the hypothalamuspituitary

adrenal (HPA) axis and the immune system.

The hypothalamus-pituitary-adrenal axis

Beside its role in, for example, metabolic functions and energy regulation, the HPAaxis is, in 

addition to the central nervous system, traditionally viewed as the “stress regulatory system”. 

In reaction to an acute stressor the hypothalamus produces corticotropinreleasing hormone 

(CRH) which activates the anterior pituitary to release adrenocorticotropic hormone (ACTH). 

ACTH, on its turn, stimulates the secretion of cortisol by the adrenal gland. By a negative feed

back loop, cortisol inhibits the release of CRH and ACTH, and thereby the secretion of cortisol. 

When, in situations of chronic stress, the HPAaxis is often or persistently addressed, pro

longed production of cortisol can cause tissue damage in both the brain and the periphery, 
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with negative influences on physiological processes and on behavior.38 Also, alterations in 

negative feedback function have been associated with stress.39

Cortisol production in CFS has been examined using cortisol measurement in plasma, 24h 

urine production, and saliva. In humans, cortisol secretion has a diurnal rhythm, with highest 

levels in the morning, and lowest levels during the night. In addition to this circadian varia

tion, there is an acute increase of cortisol in the 30 minutes after awakening, called the Cor

tisol Awakening Response (CAR). The CAR is considered as a possible indicator of the adrenal 

capacity to secrete cortisol and deviations in CAR have been associated with perceived stress 

as well as several health problems (see 40 for an overview).

Paradoxically, as a result of chronic stress, both reduced production of cortisol, i.e. hypoco

rtisolism, as well as increased production, i.e. hypercortisolism, have been observed. In adult 

patient populations with CFS, deviations are subtle but seem to point to a mild hypocorti

solism.41 In adolescent CFS patients, only two studies on HPAaxis functioning are known: 

Corticotropinreleasing hormone (CRH)induced cortisol production in vivo was not affected 

in adolescent patients,42 while reduced production of cortisol was observed after an ACTH 

bolus injection.43 A possible concomitant or even causal factor of lower levels of circulat

ing cortisol in CFS may be an enhanced negative feedback of the HPAaxis. Indeed, in adult 

patients increased negative feedback after suppression by the synthetic glucocorticoid (GC) 

dexamethasone (DEX) was shown previously.44

Studies on the relation between cortisol production and symptoms of fatigue in par

ticipants without CFS are sparse and were unable to demonstrate links between HPAaxis 

function and fatigue.4548 The relation between HPAaxis functioning and fatigue in healthy 

adolescents has not been studied yet.

The immune system

The role of the immune system in CFS has been studied comprehensively, especially due to 

the presumed involvement of infections in the pathogenesis of the disease.36 However, in 

an extensive investigation in CFS patients on possible infectious agents, laboratory findings 

were negative.4951 When the immune system is challenged it releases cytokines, immune cell 

products which enable communication between components of the immune system and 

other organ systems, including the brain.52,53 Proinflammatory cytokines secreted either 

by monocytes or Tcells, including interleukin (IL)1, IL6, tumor necrosis factor (TNF)α and 

interferon (IFN)γ, play a role in cellular immunity and are predominant in autoimmunity, 

whereas antiinflammatory cytokines, such as IL4 and IL10, reflect a humoral immunity

oriented pattern and are involved in allergic processes. Fatigue is one of the nonspecific 

symptoms experienced during immune system activation, also know as “sickness behavior”. 

Besides fatigue this symptom constellation also includes symptoms, such as depressed 

mood, cognitive disturbances, reduced appetite, and weakness.54 Increased production of 

proinflammatory cytokines may account for sickness behaviorlike symptoms.
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Overall, results on immune functions of CFS patients are present but often contradictory.55

57 With regard to cytokine production in CFS patients, Gaab et al. observed positive relations 

between fatigue and in vitro production of proinflammatory cytokines in adult CFS patients 

and in healthy participants.58 However, other studies rather suggested an antiinflammatory 

polarity in CFS patients.59,60 In contrast to these immune observations in adults, except for 

increased mitogeninduced Tcell proliferation observed by Kavelaars et al., little is known 

about immune function in adolescent CFS patients.42

Altered interactions between HPA-axis and immune system in CFS patients

Normally, stress reactions are transient and new stress or challenge results in either com

parable reactions or even habituation of the physiological and behavioral stress response. 

Sensitization is the phenomenon of an exaggerated stress response to the same stressor or 

even to a new type of stress. Both severe or chronic psychological stress, e.g. trauma, and, 

chronic physical challenges, e.g. extreme physical activity or chronic inflammation, can alter 

the normal stress response of the central nervous system and the HPAaxis. Whatever the 

origin of the stress, CFS may be viewed as a stressrelated disease associated with HPAaxis 

and immune system alterations.

Probably neither disturbances in the central nervous system or the HPAaxis, nor immune 

dysfunction in isolation will be responsible for CFS symptomatology. It seems likely that CFS 

has a multifactorial origin and that disturbed interactions between these systems contribute 

to the pathophysiology in CFS. In response to immune activation, the HPAaxis is activated 

and cortisol inhibits further release of proinflammatory cytokines. The effectiveness of this 

process does not solely depend on absolute levels of circulating cortisol but also the receptor 

sensitivity of immune cells for GCs. It has been suggested that in reaction to either chronic or 

severe psychological stress or physical stress, sensitivity of glucocorticoid receptors (GR) on 

immune cells can be altered.38,61

In a few studies with CFS patients the GR sensitivity of immune cells to DEX has been de

scribed. In an adolescent patient group, Kavelaars et al. showed a decreased effect of DEX on 

the inhibition of mitogeninduced Tcell proliferation.42 In other words, the immune system 

was resistant to regulation by the HPAaxis. In contrast, in adult patients, Visser et al. observed 

enhanced inhibition of Tcell proliferation and a stronger inhibition of the production of the 

pro and antiinflammatory cytokines IFNγ and IL10 as induced by DEX.59,62 Alterations in 

GR sensitivity of the immune system are not limited to CFS patients but also observed in 

other stressrelated syndromes. In post traumatic stress disorder (PTSD), DEX inhibition of 

mitogeninduced Tcell proliferation was reduced, and DEXinduced increase in monocyte 

IL10 production was less pronounced than in controls.63 In vitally exhausted men, Wirtz et al. 

showed reduced GR sensitivity of monocytes in the production of IL6 in clinically diagnosed 

burnout patients, however, GC sensitivity of monocytes and Tcells was not deviant.64,65
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a hyPothesis For relations betWeen “norMal” Fatigue and CFs

The CDC CFS diagnosis is closely related to other fatigue definitions, such as “idiopathic fa

tigue”, “prolonged fatigue” and “chronic fatigue”, which were made to classify those cases with 

significant symptoms but without all CDC criteria of CFS. In a pilot study performed by re

searchers of the Utrecht University Medical Center, 8% of 276 high school students reported 

fatigue severity that equalled fatigue severity of adolescent CFS patients. In addition, these 

healthy but severely fatigued individuals showed comparable side symptoms (Knook et al., 

unpublished results). This suggests a continuous scale of fatigue between the normal popu

lation and CFS. The observation that fatigue and CFSrelated symptoms were significant pre

dictors of the development of chronic fatigue and CFS later in life supports the dimensional 

view of CFS.17,23,25 Moreover, the involvement of psychological and physical stress or load as 

preceding factors of CFS suggests a gradual built up of disease vulnerability. Therefore, we 

propose that symptoms in CFS patients, but also in severely fatigued individuals who are not 

diagnosed with CFS, reflect a certain degree of physiological dysfunctions. This hypothesis is 

based on a model previously constructed to describe the relation between stress and disease 

susceptibility by McEwen in which there is a central role for the concepts “allostasis” and “al

lostatic load”.66,67 Allostasis (literally “maintaining stability, or homeostasis, through change”) 

refers to the capacity of vital functions in the body to adapt to acute stress, for instance by the 

adjustment of blood pressure or the release of catecholamines and glucocorticoids. Logically, 

when (a) allostatic processes are chronically addressed or when (b) the allostatic response 

mechanisms function inadequately, depletion of physiological resources follows. This state is 

called “allostatic load”. When allostatic load is high, the main organ systems, e.g. the immune 

system, eventually get affected and susceptibility to disease changes.

According to our hypothesis that severely fatigued adolescents who do not fulfil the CFS 

criteria reflect a burden on physiological systems, we propose that severely fatigued cases of 

a healthy population have alterations in physiological functioning when compared to non

fatigued individuals. We hypothesize that severely fatigued individuals show qualitatively 

the same physiological disturbances as adolescent CFS patients, although the overload in 

physiological systems will probably be stronger in CFS. The question remains whether severe 

fatigue in adolescents may be a precursor of CFS. To evaluate this issue extensive prospective 

studies on the development of CFS are needed, but this was not the topic of this thesis.

aiM and outline oF the thesis

The aims of the research conducted for this thesis were:

1. to explore fatigue severity among adolescents and its relations to psychological, physi

cal and CFSrelated symptoms and life style characteristics.
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2. to investigate whether severe fatigue in healthy adolescents was related to disturbances 

in the HPAaxis, the immune system and in the interactions between these two systems.

Since we were also interested in the longitudinal course of fatigue and physiological mecha

nisms, participants were followed during one year with assessments in spring, autumn and 

the successive spring.

Chapter 2 describes the exploration of fatigue in a large cohort of Dutch adolescents. In 

this epidemiological study we determined the prevalence of severe fatigue in adolescent 

boys and girls and investigated the interrelations between fatigue on the one hand and de

pression, anxiety and CFSrelated symptoms on the other. Since the common assumption is 

that, beside physiological and psychological changes, an unhealthy life style (i.e. substance 

use, sleep deprivation, a too busy extracurricular life) is likely to be related to fatigue in ado

lescents, possible associations between fatigue and life style factors were also examined.

Chapter 3 focuses on the longitudinal assessments of fatigue, comorbidities and life style 

characteristics in adolescent girls. We investigated the stability of fatigue complaints and 

examined what factors underlie persistent fatigue and new onset of fatigue and whether 

changes in fatigue were related to changes in depression, anxiety, CFSrelated symptoms 

and life style.

For Chapter 4 and subsequent chapters groups of severely fatigued and nonfatigued girls 

were selected from the large cohort of the epidemiological study. Chapter 4 summarizes 

our findings concerning HPAaxis functioning in severely fatigued and nonfatigued female 

individuals. We investigated whether cortisol production after awakening as well as cortisol 

production after a lowdose dexamethasone suppression test was deviant in fatigued ado

lescent girls and studied longitudinal changes in fatigue in association with possible changes 

in HPAaxis functioning.

Chapter 5 reports the findings of immune system function of severely fatigued and non

fatigued girls, and of a group of CFS patients. The aim of this chapter was to identify devia

tions in mitogeninduced cytokine production and Tcell proliferation in severely fatigued 

girls as compared to nonfatigued controls and whether psychological and immunological 

characteristics of severely fatigued girls were comparable to those of female CFS patients. 

The second goal of this chapter was to investigate the stability of the immunological func

tions in a longitudinal setup.

Further investigation on HPAaxis and immune system interactions are presented in Chap-

ter 6. In this chapter a comparison was made between nonfatigued and severely fatigued 

girls with respect to plasma cortisol production and receptor sensitivity of monocytes and 

Tcells to glucocorticoids. We also investigated the long term stability of these immune func

tions and plasma cortisol levels in this chapter.

Chapter 7 is a general discussion which addresses our main findings and concluding 

remarks.
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abstraCt

Objective: To determine the prevalence of severe fatigue in adolescent boys and girls, to 

explore the role of life style factors in fatigue and to investigate whether severe fatigue in 

a healthy population is associated with depression, anxiety and comorbid factors also ob

served in chronic fatigue syndrome (CFS) patients. Methods: In a sample of 1718 boys and 

1749 girls fatigue severity and duration were measured using a multidimensional question

naire (Checklist Individual Strength, CIS). In addition, selfreports of depressive symptoms, 

anxiety, CFSrelated symptoms, and life style characteristics were assessed by means of 

questionnaires. Prevalence rates of severe fatigue and severe fatigue for at least one and 

three months, based on a clinical cutoff score of the CIS, were determined for boys and girls 

separately and gender specific predictors of fatigue were identified by multiple regression 

analysis. Results: The data showed high prevalence rates of severe fatigue in adolescents. 

Remarkable differences between boys and girls were observed: 20.5% of girls and 6.5% of 

the boys scored above the clinical cutoff score on the CIS. Of these subjects 80.0% of the girls 

and 61.5% of the boys reported severe fatigue for at least one month. Of the examined life 

style characteristics only sleep characteristics and the participation in sports played a role in 

predicting fatigue in both genders. Moreover, in girls fatigue was associated with higher age, 

an early menarche, medication use, and the absence of an additional job. Overall, girls scored 

higher on depression, anxiety and CFSrelated symptoms. However, the relation between 

fatigue and these comorbid symptoms did not differ between genders. In both girls and 

boys the duration of fatigue was positively related to fatigue severity, severity of depression 

and anxiety, and to the number of CFSrelated symptoms. Conclusions: Fatigue prevalence 

among adolescents is high, especially in girls. Adolescent girls seem to be more vulnerable 

for symptoms of fatigue and comorbidity than boys. Interestingly, despite a female predomi

nance in complaints, the relation between fatigue and depression, anxiety, and CFSrelated 

symptoms was not genderspecific and emerged as a cluster. In both genders, fatigue dura

tion was associated with the severity of fatigue and the level of psychological comorbidity 

and CFSrelated symptoms and we therefore hypothesize that enduring severe fatigue may 

form a risk factor for the development of CFS.
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introduCtion

Fatigue is a common complaint among adolescents and is often attributed to hormonal 

changes during puberty, psychological struggles and new educational and social demands. 

High rates of school absenteeism as a consequence of severe fatigue indicate that the impact 

of fatigue in youngsters should not be underestimated.1,2 Findings in adults suggest that se

vere unexplained fatigue might precede the development of fatiguerelated illnesses such 

as chronic fatigue syndrome (CFS),3,4 a disabling condition characterized by persistent severe 

fatigue accompanied by additional symptoms like headaches, myalgia, unrefreshing sleep, 

and cognitive disturbances, that cannot be explained by medical or psychiatric illness.5

Although prevalence studies on CFS in children and adolescents have been performed,6,7 

only recently population and schoolbased studies on severe or prolonged fatigue in adoles

cents have been published.810 From these studies it can be concluded that fatigue complaints 

are frequently reported, and that prevalence rates of disabling fatigue and fatigue illnesses 

are lower among adolescents than adults.

In the present study we determined the prevalence of severe fatigue in a healthy Dutch 

schoolbased population according to a clinical cutoff score of the CIS, as applied in research 

regarding CFS in adolescents.11 Moreover, comorbidity of depression, anxiety, and CFSrelated 

symptoms and the potential role of life style correlates of fatigue were investigated to exam

ine whether fatigue in a normal population is associated with comorbid factors also seen in 

CFS cases. We not only focused on gender differences in prevalence of severe fatigue but also 

examined whether the correlates of fatigue were different for girls and boys. Moreover, we 

investigated whether duration of severe fatigue was related to fatigue severity, depression 

and anxiety, and to the presence of CFSrelated symptoms to explore whether a continuum 

exists between severe fatigue in a healthy sample and CFS.

Methods

Participants

A total of 3467 adolescents (1718 boys and 1749 girls) participated in the study. Of this 

sample, eleven boys and two girls were excluded because of observed unreliable answering 

tendencies. Data were collected at six Dutch secondary schools in the proximity of Utrecht 

University Medical Center (radius 30 km). All students in first year of secondary school to stu

dents in the pregraduation grade were asked to participate. Students and their parents were 

informed in writing. Data were collected in three waves (March and April 2002, N
girls

 = 519 , 

N
boys

 = 538; March and April 2003, N
girls

 = 392, N
boys

 = 320; February, March and April 2004, N
girls

 

= 838, N
boys

 = 860). For both girls and boys mean fatigue scores did not differ between waves 

(respectively F=.53, p=.59; F=.21, p=.81). Participation rates in these waves were respectively 
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89%, 84%, 95%. Nonresponse due to enduring absenteeism occurred in less than 1% of the 

cases.

This study has been approved by the Medical Ethical Committee of the University Medical 

Center Utrecht.

Measures

Paperandpencil questionnaires were distributed to the students by instructed tutors who 

monitored completion of the questionnaires.

Fatigue

Selfreported fatigue was measured with the CIS questionnaire which consists of the follow

ing four subscales together composing a multidimensional total fatigue score: (1) severity 

of fatigue; (2) concentration; (3) motivation and (4) physical activity.12 The response to each 

of the 20 statements is scored on a sevenpoint Likert scale (1 = “Yes, that is true” to “7 = No, 

that is not true”). Participants are instructed to indicate how they felt during the last two 

weeks. In addition, when the level of fatigue as indicated on the questionnaire was present 

for a period longer than two weeks, they were asked to specify this period choosing from the 

following answering categories: “2 weeks – 1 month”, “1 – 2 months”, “2 – 3 months”, “3 – 4 

months”, “longer than 4 months”. The CIS was originally developed to measure fatigue in the 

adult population. Reliability analysis on the subscales of the questionnaire in the present 

adolescent sample showed Cronbach alpha’s of .93 (severity of fatigue), .86 (concentration), .65 

(motivation), .70 (activity). Exclusion of one item of the activity subscale resulted in an alpha of 

.80. This item was a metaphorical question, and therefore hard to understand for some ado

lescents. Analysis of the distribution of fatigue and the selection of severely fatigued cases 

was based on scores on the severity of fatigue subscale of the CIS. According to an adolescent 

CFS study by Stulemeijer et al.,11 the cutoff point for severe fatigue was set at a score of 40 on 

the severity of fatigue subscale. Prevalence rates of severe fatigue, severe fatigue for at least 

one month, and severe fatigue for at least three months were determined. The latter is in 

accordance with the UK Royal College Report (1996) on the symptoms duration criterion of 

CFS in children.

CFS-related symptoms

The presence of Centers for Disease Control and Prevention (CDC) CFSrelated symptoms was 

explored.13 The CFSrelated symptom list was adapted from the CDC side symptoms criteria 

and consisted of the symptoms unrefreshing sleep, muscle pain, joint pain, headaches, ten

der lymph nodes, concentration problems and memory problems but did not include items 

about “post exertion malaise” and “sore throat”. Memory and concentration problems were 

included as two separate items because they derive from distinct cognitive function distur



Severe fatigue in adolescents 27

bances. Presence of symptoms in the past two weeks was examined using a dichotomous 

(yes/no) scale.

Depression

The 21item Beck Depression Inventory (BDI) was used to measure depressive symptoms in 

the past week.14 The BDI has been reported to be a valid and reliable depression measure in 

adolescents and is widely used in this population. Scores on the questionnaire range from 0 

to 63. In the present study the item concerning lack of sexual desire was excluded for analysis 

because of a large number of missing values on this question. Although fatigue is a symptom 

of depression, to avoid overlap between our fatigue and depression measures, the BDIitem 

concerning fatigability was excluded for analysis.

Anxiety

The Dutch version of the State / Trait Anxiety Inventory for Children (STAIC) was used to mea

sure trait anxiety (trait scale).15 The scale contains 20 items. Responses are scored on a 3point 

scale (1 = “almost never”, 2 = “sometimes”, 3 = “often”).

Life style characteristics

To determine time spent on extracurricular activities, subjects were asked to report how 

many hours weekly they spent on homework, sports (at school and extracurricular), leisure 

time activities and hobbies, friends and nightlife (bars, cinemas and nightclubs) and whether 

they had an additional job. Questions about substance use (cigarettes, alcohol and drugs) 

on a regular basis were included. Sleep characteristics were measured by selfreports of bed

times, time it takes to fall asleep (sleep onset latency), and rise times during school days and 

weekends. Sleep latency was assessed as an indicator of enduring arousal at nighttime and 

total nocturnal sleep was calculated as an indicator of night time sleep.

Other measures

Body Mass Index (BMI) was calculated as selfreported body weight divided by the square 

of selfreported body height (kg/m2). Fatigue and illnessrelated absenteeism in the past 

month (“0 classes”, “1 – 5 classes”, “6 – 10 classes”, “11 – 20 classes”, “more than 20 classes”) was 

investigated. Subjects were asked to report medication use and for girls questions about the 

use of oral contraceptives, the experience of menarche and age at menarche were included.

Data Analysis

All analyses were performed with Statistical Package for the Social Sciences version 12.0 

(SPSS 12.0). Prior to analysis all variables were tested for normality and extreme values (> 

3SD) were excluded. Group differences in normally distributed datasets were assessed by 

Student’s ttest and MANOVA. Chisquare test or Fisher’s Exact were used for categorical and 
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dichotomous parameters. Logtransformed data were used on the CIS20, BDI and STAIC 

questionnaires while untransformed means and standard deviations (SDs) are presented in 

the tables. Multiple regression analysis was conducted to determine the contribution of pre

dictor variables to fatigue severity. All independent variables were entered at once, which is 

the most conservative method (less type 1 errors). The following dichotomous variables were 

included: medication use, use of oral contraceptives, complaints of unrefreshing sleep, muscle 

pain, joint pain, headaches, tender lymph nodes, concentration problems and memory prob

lems, substance use, and having an additional job. Continuous variables in the model were: 

BMI, age, age at menarche, anxiety, depression, sleep latency and total nocturnal sleep, and 

hours spent on homework, sports, leisure time activities, nightlife, and with friends. R2 was 

specified for variable clusters (comorbid complaints and life style characteristics) entered in 

the model to determine the relative contribution of the clustered variables. In the analyses N 

varied due to incidental missing values. Percentages were calculated based on the observed 

N. The significance level for all analyses was set at p < 0.05.

results

Subject characteristics

We included 3454 adolescents in this study. Subject characteristics of the 1707 boys and 1747 

girls in our study sample are presented in Table 1. Age, BMI and medication use did not differ 

between genders.

Fatigue

The total score of the CIS questionnaire shows that girls were much more fatigued than boys 

(Table 2). This gender difference was due to higher scores on the subscales severity of fatigue, 

motivation and concentration. There was no difference between boys and girls on the sub

scale measuring activity.

table 1: Subject characteristics. Means (SD) and percentages presented. a Student’s ttest nonsignificant.

Girls Boys

Number 1747 1707

Agea 14.7 (1.4) 14.6 (1.4)

Weight (kg)
Height (cm)
BMIa

53.21 (8.60)
167.0 (6.9)

19.04 (2.41)

56.8 (11.64)
172.0 (11.0)
19.05 (2.47)

Medication usea

Oral contraceptives
9.6%

13.0%
10.1%



Menarche (Y/N)
Age at menarche

79.7%
12.40 (1.07)
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Depression, anxiety and CFS-related symptoms

On both the depression (BDI) and the anxiety (STAIC) questionnaire girls scored higher than 

boys did (Table 2). Moreover, more girls than boys reported the following CFSrelated symp

toms: tender lymph nodes, muscle pain, headaches, unrefreshing sleep, and memory and 

concentration problems. The total number of CFSrelated symptoms was also significantly 

higher in girls (2.18 on average) than in boys (1.37).

Life style characteristics

Table 3 presents life style characteristics of girls and boys. Girls spent more time on home

work than boys, while boys participated more hours in sports and spent more time on other 

leisure time activities and with friends. Sleep latency during the week and total nocturnal 

sleep in weekends was longer for girls than for boys. An equal proportion of boys and girls 

had an additional job. The prevalence of adolescents who smoked cigarettes was not differ

ent between boys and girls. A higher proportion of boys used alcohol and drugs.

Prevalence of severe fatigue in adolescents

Distribution of fatigue

Figure 1 shows the distribution of the CIS severity of fatigue subscale for girls and boys. The 

data in this figure show that there was a substantially higher prevalence of high fatigue 

table 2: Fatigue, comorbid complaints and absenteeism. Means (SD) and percentages presented.

Girls Boys p

Checklist Individual Strength (CIS)
Severity of fatigue
Concentration
Motivation
Activity
Total score

27.54 (12.68)
15.72 (7.36)
10.48 (4.70)
5.32 (3.05)

59.06 (22.43)

21.26 (10.44)
14.64 (6.71)
9.69 (4.07)
5.38 (3.02)

50.98 (18.55)

<.001
<.001
<.001

n.s.
<.001

CFSrelated symptoms
(past 2 weeks)

Unrefreshing sleep
Muscle pain
Joint pain
Headaches
Tender lymph nodes
Concentration problems
Memory problems
Sum of complaints

64.3%
16.4%
10.3%
66.4%
10.8%
32.1%
17.5%

2.18 (1.47)

43.2%
10.2%
8.5%

39.3%
4.5%

20.6%
10.7%

1.37 (1.29)

<.001
<.001

n.s.
<.001
<.001
<.001
<.001
<.001

Depression (BDI) 6.02 (5.85) 3.96 (4.79) <.001

Anxiety (STAIC) 30.98 (7.01) 26.94 (5.79) <.001

Fatigue and illnessrelated 
absenteeism (past month)

0 classes
15 classes
610 classes
1120 lasses
> 20 classes

52.3%
23.3%
10.1%
7.4%
6.9%

64.0%
18.0%
7.9%
4.7%
5.4%

<.001
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scores in girls than in boys. For boys the distribution was skewed to the right, meaning that 

the majority of boys reported no or little fatigue.

Severe fatigue prevalence rates

Severe fatigue was defined as a score of 40 or higher on the CIS severity of fatigue subscale. 

This cutoff score was based on an adolescent CFS study by Stulemeijer et al.11 As can be 

expected from the distributions, there was a major gender difference in the prevalence of 

severe fatigue. 20.5% of the girls (n=359) and 6.5% of the boys (n=112) scored 40 or higher. 

Severe fatigue lasting for at least one month was reported by 80.0% of the severely fatigued 

girls and by 61.5% of the severely fatigued boys (χ2=17.80, p<.001) (prevalence rates in the 

total sample: 16.4% of all girls and 4.0% of all boys). Even 46.9% of the severely fatigue girls 

and 35.2% of the severely fatigued boys were fatigued for at least three months (χ2=4.56, 

p<.05) (prevalence rates in the total sample: 9.6% and 2.3% respectively).

table 3: Life style characteristics. Means (SD) and percentages presented.

Girls Boys p

Hours spend on
(weekly)

Homework
Sports
Leisure time activities
Friends
Nightlife

6.82 (4.17)
6.80 (3.91)
4.08 (3.36)
6.15 (5.31)
2.25 (2.60)

5.6 (3.73)
7.76 (4.48)
6.54 (6.38)
7.17 (6.22)
2.27 (2.93)

<.001
<.001
<.001
<.001

n.s.

Additional job (Y / N) 40.5% 40.8% n.s.

Substance use Cigarettes
Alcohol on schooldays
Alcohol in weekend
Drugs

6.5%
9.1%

41.1%
2.1%

7.3%
17.4%
46.7%
5.8%

n.s.
<.001
<.05

<.001

Sleep school days Sleep onset latency
Total nocturnal sleep

40 min (32 min)
8h25min (54 min)

34 min (28 min)
8h28min (55 min)

<.001
n.s.

Sleep weekends Sleep onset latency
Total nocturnal sleep

29 min (26 min)
9h50min (84 min)

28 min (27 min)
9h41min (84 min)

n.s.
<.001

Figuren proefschrift Maike ter Wolbeek 
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Figure 1: Distribution of selfreported fatigue in girls (A) and boys (B).
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Compared to boys, a higher proportion of girls reported fatigue and illnessrelated ab

senteeism. In both genders higher proportions of severely fatigued subjects reported school 

absenteeism compared to their nonfatigued counterparts (girls: χ2=74.17, p<.001; boys: 

χ2=26.71, p<.001). No differences were observed between the severely fatigued boys and 

girls (χ2=2.90, p=.575).

We next investigated whether in the severely fatigued subjects fatigue duration was relat

ed to fatigue severity. We classified subjects as “severely fatigued < one month” and “severely 

fatigued > one month”. Fatigue severity was significantly higher in the “severely fatigued > 

one month” groups of both genders (F=10.33, p<.001). Interestingly, higher depression scores 

(F=16.61, p<.001) as well as higher anxiety scores (F=5.70, p<.05) were found in these groups. 

In addition, more CFSrelated symptoms were reported (F=7.15, p<.05) compared to subjects 

with severe fatigue for less than one month. Interactions between gender and fatigue dura

tion were not found, indicating that the differences between severely fatigue subjects suffer

ing from fatigue for more than one month and subjects with severe fatigue shorter than one 

month were not genderspecific.

Predictors of fatigue in boys and girls

In order to identify putative gender specific predictors of the level of fatigue in the whole 

sample multiple regression analysis was conducted (Table 4). Interestingly, in girls medica

tion use, higher age and lower age at menarche were associated with higher levels of fatigue. 

Both in girls and in boys higher depression and anxiety scores were related to higher fatigue 

scores. In boys fatigue was associated with the CFSrelated symptoms unrefreshing sleep, 

muscle pain, and memory and concentration problems. In girls fatigue severity was also re

lated to unrefreshing sleep, muscle pain, and concentration problems. In addition, headaches 

and tender lymph nodes were significantly related to fatigue scores in girls only.

With regard to life style characteristics, decreased participation in sports was related to 

fatigue in both girls and boys. None of the other extracurricular activities emerged as signifi

cant correlates of fatigue apart from having an additional job in the female group, which was 

associated with lower fatigue scores. Substance use was not associated with fatigue in our 

sample. Finally, shorter nocturnal sleep during school days predicted fatigue in girls, whereas 

shorter nocturnal sleep in weekends was related to fatigue in boys.

Total explained variance of fatigue in the regression model for girls was high, being 50.5% 

and in the model for boys 37.2%. In both models the major part of the variance was explained 

by depression and anxiety (33.5% for girls and 24.2% for boys) and the CFSrelated symptoms 

(8.3% for girls and 8.4% for boys).
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disCussion

In the present study we determined the prevalence of severe fatigue in an adolescent school

based population and identified comorbid complaints. We specifically focused on gender 

differences in prevalence and the gender specificity of the correlates of fatigue. In addition, 

we investigated whether the duration of fatigue was related to fatigue severity and to the 

severity of comorbid complaints. Finally, we examined the potential role of life style factors 

as predictors of fatigue severity.

Severe fatigue, defined according to the clinical cutoff score of the CIS, was reported by a 

large proportion of adolescents, and especially by girls. 20.5% of girls and 6.5% of boys in the 

sample were severely fatigued. Severe fatigue lasting for at least one month was observed in 

16.4% of the total sample of girls and in 4.0% of the boys. Even 9.6% of the girls and 2.3% of 

table 4: Predictors of fatigue in girls and boys.

Girls Boys

Predictor variables β t p ∆ R2 β t p ∆ R2

Age 0.10 3.22 <.05 0.078 0.03 0.90 n.s. 0.028

Age at menarche 0.05 2.06 <.05   

BMI 0.02 0.88 n.s. 0.01 0.27 n.s.

Medication use
Oral contraceptives

0.05
0.02

2.51
0.95

<.05
n.s.

0.03


1.58


n.s.


Depression (BDI) 0.23 7.47 <.001 0.335 0.17 5.94 <.001 0.242

Anxiety (STAIC) 0.17 5.65 <.001 0.19 6.72 <.001

CFSrelated symptoms
(past 2 weeks)

Unrefreshing sleep
Muscle pain
Joint pain
Headaches
Tender lymph nodes
Concentration problems
Memory problems

0.27
0.05
0.00
0.05
0.05
0.10
0.03

11.66
2.12
0 .21
2.25
2.26
4.29
1.23

<.001
<.05
n.s.

<.05
<.05

<.001
n.s.

0.083 0.25
0.06
0.04
0.02
0.04
0.07
0.07

10.65
2.58
1.76
1.01
1.87
2.91
2.94

<.001
<.05
n.s.
n.s.
n.s.

<.05
<.05

0.084

Hours spend on
(weekly)

Homework
Sports
Leisure time activities
Friends
Nightlife

0.02
0.07
0.03
0.02
0.00

0.93
3.33
1.61
0.83
0.08

n.s.
<.05
n.s.
n.s.
n.s.

0.009 0.00
0.13
0.02
0.00
0.02

0.16
5.86
0.95
0.10
0.84

n.s.
<.001

n.s.
n.s.
n.s.

0.018

Additional job (Y / N) 0.05 2.11 <.05 0.00 0.15 n.s.

Substance use Cigarettes
Alcohol on schooldays
Alcohol in weekend
Drugs

0.03
0.01
0.02
0.00

1.22
0.33
0.88
0.02

n.s.
n.s.
n.s.
n.s.

0.03
0.01
0.04
0.04

1.38
0.53
1.49
0.18

n.s.
n.s.
n.s.
n.s.

Sleep
school days

Sleep onset latency
Total nocturnal sleep

0.03
0.04

1.02
1.45

n.s.
n.s.

0.04
0.06

1.41
2.20

n.s.
<.05

Sleep
weekends

Sleep onset latency
Total nocturnal sleep

0.03
0.06

1.09
2.84

n.s.
<.05

0.00
0.00

0.23
0.48

n.s.
n.s.
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the boys were severely fatigued for at least three months. It is very intriguing that we found 

such a high percentage of adolescents who scored above the clinical cutoff score in a so

called “healthy” population. Our data warrant a followup study to investigate whether severe 

fatigue during adolescence, which is considered to be a crucial period of life, is a predictor for 

the development of fatiguedrelated illnesses or other diseases in later life.

A previously performed schoolbased study also reported a high occurrence of fatigue. 

Ghandour et al.8 showed that 30.6% of girls reported morning fatigue at least once a week 

(see also16). We used a stricter definition of fatigue and investigated overall severity of fa

tigue experienced over at least the past two weeks. Moreover, we used a clinically defined 

cutoff score to identify subjects with severe fatigue but we still observed a high prevalence 

of complaints. Only a small number of studies concentrated on severe and enduring fatigue 

in adolescents. Overall, prevalence rates in these studies were lower compared to the rates 

found in our sample.9,10,17,18 Other prevalence studies in adolescents focused specifically on 

the determination of rates of fatiguerelated illnesses such as CFS and CFSlike conditions.6,7 

Unfortunately, due to variability in definitions of fatigue, research techniques, timeframes 

used to determine prevalence rates (i.e. pointprevalence, lifetimeprevalence), and sample 

characteristics, it is hardly possible to make comparisons between studies. Although the 

questionnaire was not only consisting of fatigue topics the prevalence rates of severe fa

tigue might be influenced by the fact that subjects knew that the study was focussed on 

fatigue. Therefore absolute prevalence rates of severe fatigue must be interpreted with some 

caution.

According to lay man’s view, life style factors such as extracurricular activities, substance 

use and sleep would be the obvious explanation for higher levels of fatigue in adolescents. 

However, the data obtained in our sample show that substance use, time spent on home

work, leisure activities, nightlife and time spent with friends were not related to the level 

of fatigue. Some gender specific contributors to fatigue were observed. In girls, medication 

use was positively related to fatigue. Moreover, higher fatigue scores were observed in girls 

without an additional job. This is in contrast to what reasonably might be expected though 

the direction of cause and effect is unclear. In boys shorter nocturnal sleep during school 

weeks was related to higher fatigue scores. Longer nocturnal sleep in weekends was associ

ated with fatigue in girls. Overall however, the contribution of sleep characteristics to fatigue 

was smaller than we expected.

In both genders less participation in sports was associated with higher levels of fatigue. A 

recently published report by The Netherlands Institute for Health Care Research (NIVEL) also 

revealed physical activity to be negatively related to fatigue in adults.19 Whether decreased 

physical activity is either a cause or a consequence of fatigue remains to be investigated. 

It is conceivable though, that lower levels of physical activity may cause higher perceived 

fatigue since in a prospective study focusing on predictors of CFS, Viner and Hotopf found 

that higher levels of exercise in childhood lowered the risk for the development of CFS later 
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in life.20 Moreover, physical exercise has been associated with a dampening of depression and 

anxiety21, and thus maybe of influence on fatigue as a correlate.

In line with earlier studies in adolescents and adults (adolescents9,10,17,22, overview adults23) 

girls reported higher levels of fatigue than boys. Moreover, we observed a female:male ratio 

of 3:1 for severely fatigued cases, which is higher than in most other studies.

Previous research on the development of psychopathology in youngsters might clarify the 

gender difference in the prevalence of fatigue observed in the present study. There is ample 

evidence that, apart from higher levels of fatigue, females report more psychological and so

matic complaints,9,17,24,25 and mental disorders, like depression and anxiety, in which fatigue is 

a key symptom.2630 Longitudinal studies concerning gender differences in the development 

of psychological disturbances show that during adolescence an increase in psychological 

symptomatology occurs, especially in girls. This female predominance appears to emerge 

around the age of thirteen.3133 In our sample age was positively related to fatigue in girls 

but not in boys. A role of age in fatigue in youngsters was also found by Mears et al. and has 

been earlier reported by Marshall.6,18 The agedependency of fatigue in girls in the current 

study might be due to a differential developmental course in bodily processes in the girls, 

in analogy to the speculations of the role of hormonal factors in the development of mental 

disorders around this age. In favor of this explanation are the previous observations that 

earlier pubertal timing is associated with depression in adolescents and is also an important 

predictor of other internalizing symptoms, such as panic attacks and eating disorders, dur

ing adolescence.34,35 In line with this finding is our observation that lower age at menarche 

was associated with higher levels of fatigue. It is tempting to speculate that the gender dif

ferences in fatigue are caused by developmental changes in neuroendocrine functioning 

emerging during puberty.

A second possibility would be that gender differences in fatigue prevalence and psycho

logical symptoms are due to a lower threshold of girls to report complaints like fatigue and 

distress. However, from a metaanalysis by Davis et al.36 it can be concluded that females 

not only perceive events as more stressful but are also exposed to more stressful situations. 

This gender difference was especially seen in adolescents. Moreover, while in the current 

study more depression, anxiety and CFSrelated symptoms were observed in girls, regression 

analysis showed no gender specificity in the associations between fatigue on the one hand 

and depression, anxiety and CFSrelated symptoms on the other. Thus, despite the female 

predominance in fatigue, depression, anxiety and CFSrelated symptoms, these symptoms 

seem to emerge as a cluster in both boys and girls. In line with this observation, Hickie et al.37 

showed in a twin study that 24% of the variance of fatigue has a common genetic background 

with a cluster of depression, anxiety and distress. Therefore, we hypothesize that factors that 

determine fatigue, depression, anxiety and CFSrelated symptoms are similar in boys and 

girls, but that in girls a higher sensitivity in stimulus processing develops during adolescence. 



Severe fatigue in adolescents 35

Indeed, it has been shown that genders also reliably differ in objective measures of stimulus 

processing such as pain threshold and serotonin receptor sensitivity.38,39

We observed that subjects with severe fatigue for at least one month reported higher fa

tigue severity than subjects who felt severely fatigued for less than one month. The latter was 

true for both genders. Moreover, duration of fatigue also was related to the extent of comor

bid complaints. Higher depression and anxiety scores and higher numbers of CFSrelated 

symptoms were reported by subjects with severe fatigue longer than one month compared 

to subjects with shorter durations of severe fatigue. In view of the relation between the num

ber of CFSrelated symptoms and fatigue severity and duration, we propose that this relation 

may imply that severe fatigue and the duration of fatigue are risk factors to develop CFS. 

However, this hypothesis was not tested in this study. We did not examine impairment and 

the relation between fatigue and exertion or rest, and no diagnosis was made by a physician 

to exclude medical illness related to fatigue. Moreover, longitudinal research is needed to find 

out whether “healthy” adolescents with enduring severe fatigue, accompanied by complaints 

of depression, anxiety and CFSrelated symptoms are a high risk group for the development 

of CFS. Since clinical diagnosis to detect CFS was not an aim of the study we can not rule out 

that some subjects fulfilled the CDC criteria. However, based on the Dutch prevalence rate of 

CFS in adolescents, 10 – 20 / 100.000,40,41 we expect that this rate is too low to account for the 

high prevalence of severe fatigue in our sample.

In conclusion, the present study showed high prevalence rates of severe fatigue in adoles

cents. A striking difference was found between girls and boys. That is, 20.5% of girls and 6.5% 

of boys reported severe fatigue. In addition, highly significant gender differences were found 

in comorbid depression and anxiety and in reported CFSrelated symptoms. With respect 

to gender specific predictors of fatigue, life style characteristics played only a minor role in 

the explanation of the level of fatigue. Despite a female predominance in complaints, the 

relation between fatigue and comorbidity was not gender specific and emerged as a cluster 

of which causal factors remain to be established. Adolescent girls, however, seem to be more 

vulnerable for symptoms of fatigue and comorbidity than boys. In girls some data favor a role 

for hormonal changes during puberty: the relation to lower age at menarche and the age 

gradient. Fatigue duration was associated with the severity of fatigue, the level of psycho

logical comorbidity and CFSrelated symptoms. On the basis of our data we hypothesize that 

enduring severe fatigue may form a risk factor for the development of CFS.
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abstraCt

Objective: The purpose of the study was to investigate the stability of fatigue in adolescents 

and to explore whether psychological, somatic and life style factors are involved in the onset 

and persistence of fatigue during adolescence. Participants and Methods: In this longitudinal 

study a total of 653 adolescent girls (age 14.40±1.45) who previously participated in an epi

demiological study, filled out questionnaires 6 (T2) and 12 (T3) months after the initial assess

ment (T1). Fatigue severity, depression, anxiety, and chronic fatigue syndrome (CFS)–related 

symptoms were assessed. In addition, life style characteristics potentially involved in fatigue 

onset or persistence were examined. We determined the prevalence of severely fatigued 

cases at T2 and T3 and evaluated whether persistently fatigued participants initially differed 

from nonfatigued participants and participants with transient fatigue. We examined what 

factors predicted the development of new onset fatigue and investigated whether changes 

in fatigue covaried with changes in other complaints and changes in life style. Results: Of all 

participants who were severely fatigued at T1, 25.7% were persistently fatigued throughout 

the study. Compared to nonfatigued and transiently fatigued participants, the persistently 

fatigued participants had higher levels of depression and anxiety at the beginning of the 

study, were less physically active, and slept shorter. New onset fatigue was predicted by de

pression, less physical activity, and more night life activities. Interestingly, new onset was not 

predicted by initial levels of fatigue and persistently fatigued participants did not differ in 

initial fatigue severity from short term fatigued participants. A decrease in fatigue severity 

was associated with a decrease in depression, anxiety and CFSrelated symptoms and, to 

a lesser extent, with an increase in physical activity and sleep duration. Conclusions: The 

stability of severe fatigue among adolescents is substantial. New onset fatigue was unrelated 

to previous fatigue severity, and persistently and short term fatigued girls did not differ in 

initial fatigue severity. The involvement of emotional problems in the onset and persistence 

of fatigue suggests that both preventive and therapeutic strategies with respect to fatigue 

treatment in adolescents should concentrate on emotional well being. Moreover, adolescents 

at risk should be stimulated to spend more time on physical activities and to sleep longer.
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introduCtion

Fatigue is a common complaint among adolescents and is often attributed to hormonal 

changes during puberty, psychological struggles and new educational and social demands. 

In a recent epidemiological study in 3454 adolescents, we showed that over 20% of adoles

cent girls and 6% of the boys reported high levels of fatigue. In both genders, fatigue was 

associated with symptoms of depression and anxiety, and with chronic fatigue syndrome 

(CFS)related symptoms such as headaches, myalgia, unrefreshing sleep, and cognitive dis

turbances.1 Duration of fatigue was positively related to severity of fatigue and its comor

bidities. That is, participants with fatigue duration of 1 to 3 months were more depressed 

and anxious and reported increased fatigue severity and more CFSrelated symptoms than 

participants who were fatigued only transiently.1 We also found that fatigue was associated 

with increased sleep duration and reduced physical activity in combination with high rates of 

school absenteeism. However, in our epidemiological study we only assessed the participants 

crosssectionally, which limited the identification of potential causal factors and, thereby, 

possible threats for cognitive and social development. In the present longitudinal part of our 

study we examined whether adolescents with enduring fatigue initially differed in life style, 

in complaints of depression and anxiety and/or in CFSrelated symptoms from adolescents 

who reported transient fatigue, and whether life style, premorbid emotional status, and/or 

CFSrelated symptoms may be predictive of new onset fatigue.

Fatigue is a symptom with high longterm stability. In adult populations, fatigue severity 

was shown to be a significant predictor of future fatigue and CFS development later on.25 In 

an adult primary care sample, Hickie et al. showed that in 58% of patients diagnosed with 

prolonged fatigue with or without psychological distress, still reported fatigue 12 months 

later.6 In adolescents fatigue is a stable complaint as well,7 and symptoms often cooccur with 

other mental or physical complaints.8,9 Instead of focusing on fatigue as a single symptom, 

most longterm studies on complaints in adolescents examined a constellation of medically 

unexplained symptoms, such as performed in somatization and somatoform disorders, in 

which fatigue is one aspect of a symptom complex.10,11 Overall, high stability of medically un

explained physical symptoms and psychological problems was observed and the experience 

of psychological difficulties (i.e. depression) was found to be a risk factor for poor outcome 

and worsening of symptoms.12,13

In our longitudinal study in female adolescents, with assessments in spring (T1), autumn 

(T2) and the successive spring (T3) we examined: A) whether participants with persistent 

fatigue (fatigued at T1, T2 and T3) initially differed from participants with transient fatigue 

complaints, and B) whether premorbid life style characteristics and emotional status or CFS

related complaints were related to new onset fatigue (not fatigued at T1 and T2 but fatigued 

at T3). We also investigated to what extent changes in fatigue severity covaried with changes 

in life style and changes in depression, anxiety, and CFSrelated symptoms.
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PartiCiPants and Methods

Participants

Of the 1747 female participants in an epidemiological study on fatigue among adolescents, 

934 also participated after 0.59 ± 0.08 years at T2 and 931 participants took part after 1.11 

± 0.06 years at T3. A total of 653 participants participated at all three time points and were 

included in the present study. Data were collected at six Dutch secondary schools in the 

proximity of Utrecht University Medical Center (radius 30 km). All students in the first year of 

high school to students in the pregraduation year were asked to participate. Students and 

their parents were informed in writing. Data were collected in three waves (March and April 

2002 to March and April 2003, N=166; March and April 2003 to March and April 2004, N=171; 

February, March and April 2004 to February, March and April 2005, N=316) and all partici

pants were assessed at three time points: in spring (T1), autumn (T2) and in the successive 

spring (T3). This study was approved by the Medical Ethical Committee (IRB) of the University 

Medical Center Utrecht.

Measures

Paperandpencil questionnaires were distributed to the students by instructed tutors who 

monitored completion of the questionnaires. Selfreported fatigue was measured with the 

Checklist Individual Strength (CIS) questionnaire which consists of the following four sub

scales together composing a multidimensional total fatigue score: (1) severity of fatigue; (2) 

concentration; (3) motivation and (4) physical activity.14 The response to each of the 20 state

ments is scored on a sevenpoint Likert scale (1 = “Yes, that is true” to “7 = No, that is not true”). 

Participants were instructed to indicate how they felt during the last two weeks. The CIS was 

originally developed to measure fatigue in the adult population. Based on our prevalence 

study, one item was excluded from the subscale activity to adjust the questionnaire to the 

adolescent population. (1) Prevalence of severe fatigue was determined using a cutoff point 

of 40 on the severity of fatigue subscale, according to an adolescent CFS study by Stulemeijer 

et al.15

Depressive symptoms were measured using the Beck Depression Inventory (BDI), which 

is often used for adolescents.16 The BDI item concerning fatigability was excluded to avoid 

overlap between the CIS and BDI. Trait anxiety was assessed with the Dutch version of the 

State / Trait Anxiety Inventory for Children (STAIC).17,18 The scale contains 20 items. Responses 

are scored on a 3point scale (1 = “almost never”, 2 = “sometimes”, 3 = “often”). Selfreports 

of the CFSrelated symptoms unrefreshing sleep, muscle pain, joint pain, headaches, tender 

lymph nodes, memory and concentration problems in the past two weeks were recorded 

using a dichotomous scale (yes/no).19 To determine time spent on extracurricular activities, 

participants were asked to report how many hours weekly they spent on homework, sports 

(at school and extracurricular), leisure time activities and hobbies, friends and nightlife (bars, 



Predictors of persistent and new onset fatigue 43

cinemas, party’s) and whether they had an additional job. Sleep characteristics were mea

sured by selfreports of bedtimes, time it takes to fall asleep (sleep onset latency), and rise 

times during school days and weekends. Body Mass Index (BMI) was calculated as selfre

ported body weight divided by the square of selfreported body height (kg/m2). Fatigue and 

illnessrelated absenteeism in the past month (“0 classes”, “1 – 5 classes”, “6 – 10 classes”, “11 

– 20 classes”, “more than 20 classes”) was recorded as well. Participants were asked to report 

medication use and use of oral contraceptives, and the experience of menarche.

Statistics

All analyses were performed with Statistical Package for the Social Sciences version 12.0 

(SPSS 12.0). Prior to analysis all variables were tested for normality, logtransformation was 

applied when necessary, and extreme values (> 3SD) were excluded. Untransformed data 

are displayed in the figures and tables. Group differences in normally distributed datasets 

between responders and nonresponders, and nonfatigued, temporarily fatigued and per

sistently fatigued participants were assessed by Student’s ttest or ANOVA (with Bonferroni 

posthoc test), and Chisquare test or Fisher’s Exact test was used for noncontinuous vari

ables. Logistic regression analysis was performed to identify what past symptoms and life 

style characteristics (sleep, extracurricular activities) at T1 and T2 were related to new onset 

fatigue. No fatigue at any of the time points and new onset of high levels of fatigue at T3 

served as the dependent variable. Multiple regression analysis was conducted to determine 

the contribution of predictor variables to fatigue severity. All delta scores (T1T2 or T1T3) of 

independent variables were entered at once, which is the most conservative method (less 

type 1 errors). The significance level for all analyses was set at p < 0.05.

results

Participant characteristics and selection

Figure 1A presents the CIS total fatigue scores of all available participants at T1 (N=1747), T2 

(N=934) and T3 (N=931) and Figure 1B depicts CIS total fatigue scores for participants who 

took part in all three time points (N=653). Group comparisons between participants who filled 

out the questionnaire at all three time points (responders) and participants who participated 

only at T1 or at T1 and one subsequent time point and T2 or T3 (partialresponders, further 

referred to as nonresponders) showed that nonresponders (NR) and responders (R) did not 

differ at T1 in fatigue severity, depression, anxiety, CFSrelated symptoms, and did not differ in 

BMI, medication use, and use of oral contraceptives. Also no differences were observed with 

respect to sleep onset latency and time spent on physical activities and home work. Equal 

proportions of responders and nonresponders had an additional job (NR: 41.1%, R: 39.5%, 

χ2=6.10, p=.19). However, some selection bias was observed with respect to demographics 
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and life style characteristics. The nonresponders were slightly older than the responders (NR: 

14.79±1.35, R: 14.42±1.45, t=5.26, p<.001). In line with this, a somewhat larger proportion of 

nonresponders had experienced their menarche before T1 (NR: 83.0%, R: 75.9%, χ2=13.07, 

p<.001). Nonresponders reported shorter total nocturnal sleep during the week and in 

weekends, spent more hours on night life activities, hobbies and activities with friends. A 

larger proportion of nonresponders smoked (NR: 7.4%, R: 4.9%, χ2=13.07, p<.001) or used 

alcohol (NR: 44.4%, R: 35.7%, χ2=12.68, p<.001) compared to responders, while groups did 

not differ in drug use (NR: 2.5%, R: 1.5%, χ2=1.75, p=.12). After correction for age, differences 

between groups disappeared except that nonresponders spent more hours with friends. 

Table 1 presents the participants’ characteristics of the responders and nonresponders.

Persistent fatigue

Prevalence of severe fatigue at T2 and T3

“Severe fatigue” was defined as a score of 40 or higher on the severity of fatigue subscale of 

the CIS.1,15 Of all participants, 20.5% were severely fatigued at T1,1 and 17.0% and 15.1% of 

the girls were severely fatigued at T2 and T3 respectively. Of all severely fatigued participants, 

at T1, 42.1% was still severely fatigued at T2 and 38.8% at T3. 25.7% of the severely fatigued 

participants were severely fatigued at T2 and T3.

Characteristics of participants with persistent fatigue

To investigate whether persistent fatigue depended on characteristics at T1, we compared 

four groups of participants classified on fatigue severity and duration. To increase the reli

ability of our findings we enlarged the group of participants with persistently high levels of 

fatigue by using a minimal fatigue severity score of 35 instead of 40. Using this criterion, we 

Chapter 3: 2 figuren 
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Figure 1: CIS total fatigue scores of all available participants at T1, T2, and T3 (A) and CIS total fatigue scores of 
participants who responded at al three measurements.
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were able to increase the various groups of fatigued individuals. Using the cutoff of 35, we 

defined four groups: Nonfatigued (NF): participants with levels of fatigue <35 at all three 

time points (N=348); Fatigued at T1 (T1F): participants with a high level of fatigue ( ≥ 35) only 

at T1 (N=57); Shortterm fatigued (SF): participants who reported fatigue ≥35 at T1 and T2 or 

at T1 and T3 (N=72); and Persistently fatigued (PF): participants with high levels of fatigue at 

all three time points (N=83).

Symptoms and life style characteristics of the groups at T1 are presented in Table 2. The 

NF group was younger than the other groups (F
(3,559)

=10.06, p<.001) and had a lower BMI 

table 1: Participants’ characteristics at T1. Means (SD) and percentages presented.

Nonresponders
(N=1094)

Responders
(N=653)

Age 14.79 (1.35) 14.40 (1.45)

Weight (kg)
Height (cm)
BMI

53.58 (8.46)
167.29 (6.7)
19.11 (2.39)

52.62 (8.81)
166.4 (7.2)

18.92 (2.39)

Medication use
Oral contraceptives

9.7%
13.9%

9.6%
11.7%

Menarche (Y/N) 83.0% 75.9 %

Complaints

Fatigue (CIS total) 59.12 (21.39) 58.97 (24.09)

Depression (BDI) 5.90 (5.64) 5.98 (5.83)

Anxiety (STAIC) 30.82 (6.95) 31.07 (7.03)

CFS symptoms Unrefreshing sleep
Muscle pain
Joint pain
Headaches
Tender lymph nodes
Concentration problems
Memory problems
Total numbera

65.4%
16.7%
10.3%
66.7%
11.1%
32.7%
17.6%

2.20 (1.47)

62.1%
15.1%
10.3%
65.5%
9.8%

30.1%
16.6%

2.09 (1.43)

Life style characteristics

Hours spend on Homework
Sports
Leisure time activities
Friends
Nightlife

6.76 (4.22)
6.71 (3.83)
4.23 (3.50)
6.43 (5.50)
2.42 (2.66)

6.94 (4.06)
6.99 (4.06)
3.84 (3.11)
5.64 (4.91)
1.95 (2.41)

Sleep
school days

Sleep onset latency
Total nocturnal sleep (h.min)

39 (32) min
8.22 (55)

41 (32) min
8.31 (52)

Sleep
weekends

Sleep onset latency
Total nocturnal sleep (h.min)

29 (26) min
9.45 (1.26)

26 (26) min
9.59 (1.20)

Additional job (Y / N) 40.9% 39.6%

Substance use Cigarettes
Alcohol on schooldays
Alcohol in weekend
Drugs

7.4%
9.8%

44.2%
2.4%

4.8%
8.0%

35.6%
1.5%
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(F
(3,539)

=6.13, p<.001) at T1 than participants in the SF and PF groups. BMI did not differ be

tween NF and T1F. In line with this, a smaller proportion of NF participants had experienced 

their menarche (χ2=27.12, p<.001) and used oral contraceptives (χ2=18.04, p<.001) at T1. Daily 

life activities at T1 did not differ between groups except for the time spent on physical activi

ties and sleep duration. The NF group was significantly more active (F
(3,551)

=8.94, p<.001) and 

table 2: Symptoms and life style characteristics at T1 of nonfatigued participants (NF), participants with high 
levels of fatigue at T1 (T1F), participants with high levels of fatigue at T1 and at T2 or T3 (SF), and participants with 
high levels of fatigue at T1, T2, and T3 (PF). Means (SD) and percentages presented.

NF T1F SF PF

Number 348 57 72 83

Age 14.20 (1.44) 14.67 (1.40) 14.78 (1.35) 15.02 (1.31)

BMI 18.61 (2.26) 18.91 (2.71) 19.71 (2.50) 19.53 (2.64)

Complaints

Fatigue (CIS total) 43.14 (13.68) 85.12 (13.32) 85.39 (15.08) 89.06 (11.50)

Depression (BDI) 3.14 (3.57) 8.33 (5.68) 8.67 (6.17) 13.23 (7.07)

Anxiety (STAIC) 27.74 (4.99) 35.65 (7.04) 35.10 (6.56) 39.40 (6.37)

CFS symptoms Unrefreshing sleep
Muscle pain
Joint pain
Headaches
Tender lymph nodes
Concentration problems
Memory problems
Total number

43.6%
10.8%
6.7%

57.6%
4.7%

13.7%
7.0%

1.44 (1.14)

86.0%
29.8%
15.8%
78.6%
22.8%
54.4%
26.3%

3.12 (1.31)

90.3%
16.9%
11.3%
72.2%
19.4%
56.9%
37.5%

3.04 (1.24)

92.8%
32.1%
20.5%
80.7%
14.5%
61.4%
38.6%

3.40 (1.34)

Life style characteristics

Hours spend on Homework
Sports
Leisure time act.
Friends
Nightlife

6.97 (3.85)
7.64 (4.29)
3.82 (2.99)
5.37 (4.24)
1.78 (2.25)

7.50 (4.40)
6.90 (3.89)
3.82 (2.95)
5.50 (4.92)
1.75 (2.53)

6.88 (4.36)
5.95 (3.41)
3.58 (3.00)
6.54 (6.78)
2.32 (2.56)

6.67 (4.40)
5.39 (3.30)
4.21 (3.77)
5.53 (5.53)
2.35 (2.77)

Sleep
school days

Sleep onset latency
Total nocturnal sleep 
(h.min)

37 (28) min
8.43 (45)

45 (35) min
8.30 (61)

47 (29) min
8.16 (59)

50 (31) min
8.33 (52)

Sleep
weekends

Sleep onset latency
Total nocturnal sleep 
(h.min)

26 (23) min
10.00 (1.13)

35 (29) min
10.04 (1.17)

32 (30) min
9.56 (1.32)

35 (29) min
9.33 (1.39)

Additional job (Y / N) 39.0% 45.6% 38.9% 41.5%

Substance use Cigarettes
Alcohol on schooldays
Alcohol in weekend
Drugs

1.4%
6.6%

31.0%
0.6%

8.8%
7.0%

35.1%
5.3%

5.6%
9.9%

43.7%
2.8%

15.7%
8.4%

42.2%
2.4%

School 
absenteeism 
(past month)

0 classes
15 classes
610 classes
1120 classes
> 20 classes

65.1%
20.2%
7.2%
4.6%
2.9%

50.0%
14.2%
17.9%
8.9%
8.9%

42.3%
29.6%
2.8%

11.2%
14.1%

35.4%
25.6%
12.1%
11.0%
15.9%
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also had longer total nocturnal sleep (F
(3,542)

=13.16, p<.001) than participants in the SF and PF 

group. Sleep onset latency during both week days and weekends at T1 was lower in the NF 

group compared to the PF participants (respectively F
(3,539)

=5.68, p<.001; F
(3,532)

=4.47, p<.01). 

Obviously, the T1F, SF and PF group had higher scores of fatigue at T1 than the NF group. 

Also, higher levels of depression and anxiety and more CFSrelated symptoms were reported 

by the T1F, SF and PF groups compared to the NF group. After excluding the NF group, the 

PF group had significantly higher levels of depression and anxiety at T1 than participants in 

the T1F and SF group (respectively F
(2,211)

=9.57, p<.001; F
(2,211)

=13.64, p<.001) (Figure 2). Initial 

fatigue severity and reported CFSrelated symptoms at T1 did not differ between these three 

groups. At all time points measured, PF cases consistently reported highest school absentee

ism rates compared to the other groups. The proportion of participants using medication did 
3.2 
 

 
 

Figure 2: Fatigue, CFSrelated symptoms, depression and anxiety at T1 of participants with high levels of fatigue 
at T1 (T1F), participants with high levels of fatigue at T1 and at T2 or T3 (SF), and participants with high levels of 
fatigue at T1, T2, and T3 (PF). Means and SEMs presented. ** p < .01, *** p < .001
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not differ between groups. Correcting for age in all the analyses did not alter the results. To 

conclude, persistent fatigue was not related to increased fatigue severity or a higher number 

of CFSrelated complaints at T1 as compared to the two temporarily fatigued subgroups. 

Persistent fatigue was, however, associated with higher levels of depression and anxiety and 

different sleep and physical activity patterns, and was related to reduced school attendance 

throughout the study.

Characteristics of new onset fatigue

Of the cases without fatigue at T1 and T2 (fatigue severity <35), 28 cases (9.3%) developed 

high levels of fatigue (fatigue severity ≥35) at T3. Logistic regression analysis of comorbidi

ties and lifestyle characteristics at T1 and T2 was performed to investigate whether previous 

emotional and CFSrelated symptoms and life style features predicted whether participants 

would develop high levels of fatigue or not. Depressive symptoms at T1 and T2 significantly 

predicted the development of high levels of fatigue at T3 in participants who were not fa

tigued at T1 and T2 (Wald=6.17, p<.05 and Wald=6.16, p<.05 respectively). Less physical activ

ity and more night life activities at T1 also predicted new onset fatigue (Wald=4.02, p<.05 and 

Wald=4.04, p<.05 respectively). In addition, shorter sleep duration at T1 tended to be related 

to fatigue development (Wald=3.19, p=.07). Fatigue score at T1 or T2 did not predict new on

set fatigue at T3 (Wald=0.001, p=.97 and Wald=3.51, p=.06 respectively), and neither did age 

(Wald=0.03, p=.86). Medication use did not predict the onset of fatigue. School absenteeism 

rates did not differ at any of the time points between nonfatigued participants and partici

pants with new onset fatigue. In conclusion, new onset fatigue was preceded by depressive 

symptoms and some life style features of the past played a role in the onset of fatigue.

Do changes in fatigue severity covary with changes in other complaints and in daily life activities?

Multiple regression analysis was performed to examine whether changes in emotional co

morbidity and life style characteristics between T1 and T2 (N=631) or between T1 and T3 

(N=645) predicted changes in fatigue in the whole group (Table 3). A decrease in fatigue 

severity between T1 and T2 was associated with a decrease in depression, anxiety and CFS

related symptoms and these changes explained 21.7% of the variance. The same was ob

served for changes in these variables between T1 and T3. Moreover, an increase in time spent 

on physical activities as well as an increase in sleep duration was associated significantly with 

a decrease in fatigue severity between T1 and T3. Explained variance in the T1T3 model was 

27.2%. The contribution of life style predictors for the changes in fatigue severity was minor 

as can be observed in Table 3. In conclusion, the main predictors of changes in fatigue were 

changes in depression, anxiety and CFSrelated symptoms. In addition, and changes in life 

style characteristics played a modest role.
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disCussion

In the present study we aimed at gaining more insight into factors that are involved in the 

persistence and onset of fatigue and in factors that are associated with changes in fatigue 

severity in adolescent girls. We showed that compared to nonfatigued girls, transiently and 

persistently fatigued girls were less physically active, had longer sleep onset latency, and 

reduced sleep duration at the beginning of the study. Interestingly, persistently fatigued 

participants reported much higher initial levels of depression and anxiety than transiently 

fatigued and nonfatigued participants and were consistently more absent from school 

throughout the study. New onset fatigue was associated with higher levels of depression, 

less physical activity and more night life activities before fatigue onset. Sleep characteristics 

played a minor role in new onset fatigue. In contrast to the literature on adults, new onset fa

tigue was not preceded by increased fatigue severity and fatigue severity at T1 in persistently 

fatigued participants was not higher than in short term fatigued individuals. Longitudinally, 

a decrease in fatigue severity was related to a decrease in depressive symptoms, anxiety and 

CFSrelated symptoms and also, but to a lesser extent, related to an increase in physical activ

ity and sleep duration.

We are the first to investigate fatigue in a healthy adolescent population in a longitudi

nal design for a longer period and with two followup assessments. Previously, we showed 

that 20.5% of all girls included in our initial study were severely fatigued.1 Our longitudinal 

stability rate was 25.7% after one year, which was lower than the rate Rimes et al. reported 

(53% after 46 months).7 Longer term recovery may explain why in our study a lower number 

table 3: Relations between changes in fatigue and changes in other complaints and life style characteristics (T1 – 
T2 and T1 – T3).

T1 – T2 T1 – T3

Predictor variables β t p ∆ R2 β t p ∆ R2

Complaints

∆ Depression (BDI) 0.23 4.79 <.001 0.220 0.23 5.17 <.001 0.258

∆ Anxiety (STAIC) 0.19 3.99 <.001 0.18 4.16 <.001

∆ CFSrelated symptoms 0.23 5.58 <.001 0.26 6.57 <.001

Life style characteristics

∆ Hours spend on Homework
Sports
Leisure time activities
Friends
Nightlife

0.02
0.01
0.05
0.05
0.02

0.43
0.26
1.25
1.26
0.45

n.s.
n.s.
n.s.
n.s.
n.s.

0.003 0.03
0.11
0.01
0.05
0.03

0.72
2.87
0.34
1.17
0.76

n.s.
<.01
n.s.
n.s.
n.s.

0.014

Sleep
school days

∆ Sleep onset latency
∆ Total nocturnal sleep

0.04
0.02

0.85
0.52

n.s.
n.s.

0.02
0.09

0.44
2.13

n.s.
<.05

Sleep
Weekends

∆ Sleep onset latency
∆ Total nocturnal sleep

0.03
0.06

0.69
1.54

n.s.
n.s.

0.06
0.01

1.64
0.30

n.s.
n.s.
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of adolescents remained fatigued. Indeed, in our study stability of fatigue after 6 months 

was 42.1%, which is more comparable to the rate observed by Rimes et al. Our stability rate 

was also lower than in a study regarding adolescent fatiguerelated disorders, which was 

reevaluated with a 42 month interval between measurements.13 Possibly, fatigue in healthy 

individuals has a more fluctuating character and depends more often on situationspecific 

features than fatigue in diseased persons.

In our previous epidemiological study, we concluded that fatigue in adolescents is highly 

related to symptoms of depression and anxiety.1 The present longitudinal study adds to these 

conclusions since our new results give more insight in the direction of these relations. Partici

pants who were persistently fatigue throughout the whole year of the study had higher initial 

levels of depressive symptoms and anxiety than nonfatigued participants and participants 

with transient fatigue. In addition, participants with new onset fatigue had higher levels of 

premorbid depression and anxiety than participants who did not develop fatigue. Our results 

are in contrast to findings in adults by Hickie et al. who reported that the risk of develop

ing prolonged fatigue was not related to initial levels of psychological distress, a construct 

highly related to depression and anxiety.6 Our results suggest that depression and anxiety 

are risk factors for adolescent fatigue in a healthy population as was recently reported by 

Rimes et al.7 Since most epidemiological studies on fatigue in adolescents only investigated 

symptoms crosssectionally, causal relations between fatigue and other symptoms remained 

obscured.9,2022 It is known, however, that mental health is one of the most important risk 

factors for the development of unexplained somatic symptoms in adolescents23 and, the 

other way around, that the presence of unexplained somatic symptoms during childhood 

or adolescence increases the risk of emotional disorders in adulthood.24,25 The strong asso

ciation between fatigue and anxiety and depressive and CFSrelated symptoms reported in 

our previous paper, and also reported in other studies,1,20,2628 suggests that these symptoms 

should be approached as a cluster. Severe fatigue rarely comes alone. However, our results 

suggest that development of symptoms seems to occur in a certain order, i.e. high levels of 

depressive symptoms preceded the onset of fatigue, which implies that therapeutic strate

gies should initially be focused on emotional problems in adolescents.

A body of evidence obtained from studies in adult populations showed that the level of 

fatigue is a significant predictor for the development of severe fatigue and CFS later on.25 

However, data presented here, show that in our group of adolescent girls, premorbid fatigue 

scores were neither associated with persistence of fatigue nor with new onset fatigue within 

one year after the initial assessment. We were also surprised by the finding that the number 

of CFSrelated symptoms was not one of the factors predicting fatigue persistence or onset 

since changes in CFSrelated symptoms covaried with changes in fatigue severity. Our data 

warrant a followup study to investigate whether (persistence of ) fatigue and CFSrelated 

symptoms during adolescence, which is considered to be a crucial period of life, are predic

tors for the development of fatiguerelated illnesses in later life. Anyhow, these results show 
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that, although fatigue forms a cluster with depression, anxiety and CFSrelated symptoms, 

mood disturbances seem to be more important than fatigue per se.

The role of life style factors in fatigue in adolescents has not been studied before in an 

adolescent population using a longitudinal design. Though influences of life style in fatigue 

development were relatively small, both persistent fatigue and new onset fatigue were re

lated to low levels of physical activity. In an adult population, it has also been described 

that physical activity was negatively related to fatigue, but this study did not address the 

question whether reduced physical activity was a cause or a consequence of fatigue.29 Our 

current results support the idea that lower levels of physical activity may cause higher levels 

of fatigue. This notion is supported by the finding that higher levels of exercise in childhood 

lowered the risk for the development of CFS later in life.30 Moreover, higher levels of physical 

exercise have been associated with a reduction of depression and anxiety,31 and thus maybe 

of influence on fatigue as a correlate. In most cases, the easiest way to increase exercise is to 

promote “life style activity”, such as walking and cycling to school. However, we can not rule 

out the possibility that some adolescents refrain from physical activity because of fear to get 

even more tired or feel more pain. In these cases, graded exercise therapy, as in treatment of 

CFS,32 may be an advisable approach.

As we stated in the introduction, in our previous crosssectional study we observed that 

participants who were more fatigued, slept longer than participants who were less fatigued.1 

In addition, withinsubject analysis of our current longitudinal data, showed that shorter 

sleep preceded persistent fatigue and tended to precede new onset fatigue. These results are 

not contradictory to the ones described in our previous study but reveal the effects of sleep 

duration when studied in a comparison between subjects or as a process within subjects. 

The direction of the longitudinal relation between fatigue and sleep was as logically could 

be expected: initial shorter nocturnal sleep was related to persistent and new onset fatigue. 

In addition, persistent fatigue was related to longer sleep onset latency, which possibly is 

associated with the higher levels of emotional symptoms.33 In line with previous reports that 

depressed adolescents had longer sleep onset latency,33 we observed positive correlations 

between sleep onset latency and depressive symptoms (weekdays between r=0.18 at T1 and 

r=0.30 at T2; weekends: r=0.19 at T3 and r=0.20 at T1 and T2, all p<.001). Both long term 

changes in physical activity and changes in sleep duration covaried with changes in fatigue. 

These observations suggest not only that symptom worsening is associated with activity and 

sleep but also that reduction of fatigue severity may be obtained by increasing physical activ

ity and night rest. With respect to promotion of night rest, it is important to make parents, 

teachers and pediatricians aware of the consequences of reduced nocturnal sleep duration.33 

Recent research has shown that watching television, computer gaming and use of the In

ternet during the evening is significantly related to shorter sleep and daytime tiredness,34 

suggesting that these stimulating events in the late evening should be avoided.
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Of all measured extracurricular activities, the only relation observed was between new on

set fatigue and a larger amount of time spent on nightlife activities at preceding time points. 

Although this seems to be a plausible relation, it was rather unexpected since we did not 

observe a relation between fatigue and extracurricular activities, other than physical activity 

and not having an additional job, in our previous crosssectional analysis.

A limitation of the study was the selection bias which may be a disadvantage for the gen

eralizability of the results. However, the bias was limited to differences between responders 

and nonresponders in life style features and agedependent characteristics. Responders 

reported comparable symptom severity as nonresponders did. Another limitation was that 

we only investigated girls in the present study. We choose to focus on girls because fatigue 

and fatiguerelated syndromes are especially present in females.1,20,35,36 Nevertheless, it would 

be interesting to investigate whether the same factors are involved in fatigue development 

and persistence in boys. Finally, we used selfreports to investigate the severity of depression 

and anxiety and CFSrelated symptoms. Clinical diagnosis to detect CFS or anxiety disorder or 

major depressive disorder was not an aim of the study and therefore we can not rule out that 

some participants fulfilled the Center for Disease Control and Prevention criteria for CFS37 or 

DSMIV criteria for major depression or anxiety disorder, nor can we completely exclude the 

possibility that fatigue was a results of an infectious disease. However, since we are dealing 

with a normal school population and not with a patient group, we feel that the relative con

tribution of diseased participants will be small. In addition, based on the Dutch prevalence 

rate of CFS in adolescents, 10 – 20 / 100.000,38 we expect that this rate is too low to influence 

the results.

In conclusion, severe fatigue in adolescent girls is fairly stable over time: in more than 25% 

of severely fatigued adolescent girls fatigue persisted for at least one year. Symptoms of de

pression and anxiety are involved in the persistence of fatigue and depressive symptoms are 

related to new onset fatigue in adolescents. Although to a minor extent, other risk factors for 

adolescent fatigue were reduced physical activity and unhealthy sleep patterns, i.e. shorter 

nocturnal sleep and longer sleep onset latency. Depression, anxiety, CFSrelated symptoms, 

physical activity and sleep characteristics covaried with fatigue over time. Our results suggest 

that the therapeutic strategies with respect to treatment of fatigue in adolescents should 

focus on psychological functioning. Also, since depressive symptomatology was the most 

important predictor of new onset fatigue, prevention of fatigue also should concentrate on 

emotional wellbeing. Moreover, adolescents should be motivated to get more physically 

active and to change their sleep characteristics.
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abstraCt

Fatigue is a common complaint among adolescents, especially in girls, and is associated with 

high rates of school absenteeism. Severe fatigue is often accompanied by psychological and 

physical symptoms. In the chronic fatigue syndrome (CFS), functioning of the hypothalamic

pituitaryadrenal (HPA) axis has previously been found to be altered. The aim of the present 

study was to investigate whether cortisol production is deviant in fatigued adolescent girls 

from a high school population and to study longitudinal changes in fatigue in association 

with possible changes in HPAaxis functioning. In the crosssectional part of the study the 

cortisol response to awakening (CAR) and to a lowdose oral dexamethasone were examined 

in a group of fatigued adolescent girls (N=87) in comparison to a nonfatigued control group 

(N=77). Questionnaires regarding fatigue, depression, anxiety, sleep quality, somatic symp

toms and CFSrelated symptoms were filled out. Follow up measurements were performed 

after 6 and 12 months. While the fatigued and nonfatigued group differed remarkably on all 

symptom selfreports, no differences between groups in CAR and response to dexametha

sone were observed. Girls in the fatigued group remained fatigued over time and reported 

high levels of other psychological and physical symptoms during the whole year of the study. 

The CAR varied between time points but correlated nonsystematically with situational char

acteristics or symptom reports. We conclude that traitlike fatigue, as measured in a sample of 

adolescent girls from a high school population, is not reflected in a dysregulation as assessed 

on the level of salivary cortisol after awakening.
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introduCtion

Fatigue has become a widespread complaint among adolescents in today’s society. In an 

epidemiological study on fatigue in high school students, we observed a high prevalence 

of severe fatigue, especially among girls.1 Surprisingly, although fatiguerelated school ab

senteeism was high, fatigue was only marginally related to the adolescents’ daily activities, 

sleep and substance use. In both girls and boys, fatigue was highly associated with symptoms 

of depression, anxiety and with unrefreshing sleep, headaches, muscle pain and cognitive 

disturbances. Unrefreshing sleep, cognitive problems, headaches and myalgia are part of the 

diagnostic criteria of the chronic fatigue syndrome (CFS) and are common in other fatigue 

and stressrelated disorders as well.24 Symptoms of depression and anxiety are also often 

observed in patients with CFS.5 Severe fatigue among adolescents might reflect an increased 

burden on physiological systems, i.e. a disturbance of central stressregulatory systems.

In patient populations with CFS the hypothalamicpituitaryadrenal (HPA) axis has been 

studied widely, though mainly in adults. Group differences are subtle but seem to point in 

the same direction, mild hypocortisolism.6 In adolescents, Kavelaars et al. did not observe 

differences in corticotropinreleasing hormone (CRH)induced cortisol production,7 while 

Segal et al. (2005) found reduced production after adrenocorticotropic hormone (ACTH).8 

A possible concomitant or even causal factor of lower levels of circulating cortisol in CFS 

may be an enhanced negative feedback of the HPAaxis. Increased negative feedback after 

suppression by synthetic glucocorticoids, such as dexamethasone, was shown previously in 

adult CFS patients.9

Cortisol production in CFS has been examined using cortisol measurement in plasma, 24h 

urine production, and saliva. In humans, cortisol secretion has a diurnal rhythm, with highest 

levels in the morning, and lowest levels during the night. In addition to this circadian varia

tion, there is an extra acute increase of cortisol in the 30 minutes after awakening, called the 

Cortisol Awakening Response (CAR). The CAR is considered as a possible indicator of the ad

renal capacity to secrete cortisol and deviations in CAR have been associated with perceived 

stress as well as several health problems (see 10 for an overview).

The overlap in symptoms of severely fatigued adolescents with CFS suggests a potential 

role of the HPAaxis in severe fatigue as well. To the best of our knowledge, this is the first 

study on the relation between fatigue and the CAR in adolescents. To test whether severe 

fatigue is related to altered cortisol secretion, we selected a sample of severely fatigued girls 

from a high school population, and compared them with nonfatigued girls on salivary corti

sol output after awakening and with respect to a lowdose dexamethasone suppression test 

(DST). In order to get more insight in a possible causal association between fatigue and cor

tisol, we studied their covariation longitudinally. In addition, we explored the role of several 

fatiguerelated symptoms that have been shown to be related to cortisol deviation, such as 

experienced stressful life events, depression, anxiety, sleep quality, somatic symptoms, and 
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CFSrelated symptoms. Data were collected at three time points after inclusion: T1 (spring), 

T2 after 6 months (autumn) and T3 after 12 months (spring). We hypothesized that if fatigue 

and cortisol production are causally related, the two parameters should covary over time.

Methods

Participants

In an epidemiological study on fatigue, executed at six Dutch high schools, selfreported 

fatigue severity has been examined in a total population of 1747 girls and 1717 boys (age 

12 to 18).1 As the prevalence of fatigue was higher in females, and since fatigue and stress

related syndromes are also more prevalent in females, we choose to focus on girls in the cur

rent followup study. All girls and their parents (or guardians) received written information 

about the study. Of 799 girls who were interested in participation (45.7% of the total sample 

in the epidemiological study), 92 girls (age 15.11±1.27) with the highest total fatigue scores 

on the Checklist Individual Strength (CIS) were chosen to represent the fatigued group.11 A 

nonfatigued control group (N=77, age 14.65±1.57) was selected from the lower range of 

the fatigue scores (Figure 1, Table 1). Subjects were included when the level of fatigue was 

present for at least one month. In addition, subjects reporting a somatic illness or psychi

atric disorder were excluded. To verify the information given by the youngster, parents (or 

guardians) were interviewed by telephone about their child’s past and current somatic or 

psychiatric diagnoses.

Eligible participants and caregivers were given additional information by telephone and 

written informed consent was obtained from both the adolescents and their caregiver(s). 

Average time between inclusion and data collection (T1) was one month. This study has been 

approved by the Medical Ethical Committee (IRB) of the University Medical Center Utrecht.

Procedure

On receipt of written informed consent, either by mail or in person, questionnaires and a 

saliva sampling kit were sent home by mail and collected by the researchers at school within 

two weeks. This procedure was repeated after approximately 6 and 12 months. All subjects 

were tested in spring (T1), autumn (T2) and the successive spring (T3). Subjects were re

quested to fill out the questionnaires without assistance.

Questionnaires

Fatigue was measured by selfreport on the CIS questionnaire,11 consisting of the subscales 

severity of fatigue, concentration, motivation and physical activity. Based on the prevalence 

study, one item was excluded from the subscale activity to adjust the questionnaire to the 

adolescent population.1 Depressive symptoms were measured using the Beck Depression 
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Inventory (BDI), which has been often used in adolescents previously,12 with exclusion of the 

item regarding sexual desire because of missing values and the item concerning fatigability 

to avoid overlap with the CIS. Trait anxiety was assessed with the Dutch version of the State/

Trait Anxiety Inventory for Children (STAIC, trait version).13,14 To assess sleep quality in general 

(past two weeks) and of the past night, the Dutch State and Trait Sleep Assessment Scale 

was used (GSKS).15 With the Modified Somatic Perception Questionnaire (MSPQ) somatic 

and autonomic symptoms were measured using the revised 33item version.16 Selfreports 

of the CFSrelated symptoms unrefreshing sleep, muscle pain, joint pain, headaches, tender 

lymph nodes, memory and concentration problems in the past two weeks were rated using 

a yes/no scale.2 Life events were investigated using the Questionnaire of Life Events (QLE) for 

children and adolescents which was adapted from the Dutch version of the Social Readjust

ment Rating Questionnaire.17,18 The QLE includes 37 standardized potentially stressful events. 

Of these events, 34 have an a priori stressful connotation (for example birth of a brother or 

sister, death of a grandparent, or hospitalization), and 3 an a priori positive connotation (for 

example an important achievement). All events have both negative and positive aspects. 

When an event was experienced, subjects scored the event as either relatively positive or 

relatively negative. Number of negative events in the total time preceding the study, number 

of negative events in the year preceding the study and number of negative events between 

T1 and T3 were analyzed.

Potential confounders of cortisol production were recorded based on selfreports, such 

as smoking (yes/no on a regular basis), experience of menarche, age at menarche, month 

and weekday/weekend of cortisol sampling and use of oral contraceptives (other hormonal 

contraceptives were not used) and medication.1924 Medication was categorized into the fol

lowing categories: antihistamines, betablockers, nonsystemic corticosteroids (nasal spray 

or crème) and a category “other”, including migraine medication and painkillers. Stage of 

pubertal development was assessed using schematic drawings of secondary sex characteris

tics associated with the Tanner stages of pubertal development, which is a widely accepted 

standard for assessment of physical development and has demonstrated good reliability and 

validity.25 Body Mass Index (BMI) was calculated by dividing selfreported body weight by 

the square of selfreported body height (kg/m2). Subjects also reported fatigue and illness

related school absenteeism and allergic and asthmatic complaints. School absenteeism was 

assessed by selfreports of number of classes the subject did not attend in the past month 

due to complaints of fatigue and related symptoms.

Cortisol procedures

The Salivette® sampling device (Sarstedt, EttenLeur, The Netherlands) was used for saliva 

collection. Subjects were instructed to chew gently on sterile neutral cotton wool swabs im

mediately upon awakening and 15 and 30 minutes thereafter (still lying in bed).26,27 They were 

not allowed to brush their teeth nor to eat or drink, except for water, during the 30 minutes 
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of sampling. Furthermore, if possible, they were requested not to take any medication dur

ing the week before testing and were asked not to collect saliva when they were ill or had a 

cold. Participants reported bedtimes and time of saliva collection. At T1, 87 fatigued and 77 

nonfatigued subjects collected saliva, at T2 respectively 78 and 75 subjects and at T3 79 and 

76 subjects. In 45 cases the CAR was assessed at two consecutive days to measure individual 

stability.

Part of the subjects (a representative subsample of 45 fatigued girls and 42 nonfatigued 

girls) also performed a DST. At T3, they collected saliva for one day more after taking dex

amethasone orally (0.5 mg) during their regular routine in the bathroom in the evening. On 

the consecutive morning saliva samples were collected upon awakening and after 15 and 30 

minutes to determine the dexamethasonesuppressed cortisol levels.

Participants stored the saliva samples in their freezers at home and after returning the 

sampling kits at school they were stored at 20°C and analyzed using a time resolved im

munoassay with fluorescence detection (DELFIA) with all longitudinal samples of the sub

ject in the same batch.2830 The intra and interassay variability are 2.9–7.7% and 6.2 – 11.5% 

respectively.

Statistical analysis

Analyses were performed using the Statistical Package for the Social Sciences version 12.0 

(SPSS 12.0). All variables were tested for normality and logtransformed when necessary. 

Extreme values (i.e. > 3 SD) were excluded per sample point. Recent evidence points to a 

relation between negative cortisol slope in the CAR and noncompliance.27 In cases with a 

negative slope there probably was a delay between awakening and cortisol sampling and so 

sampling took place during the declining part (second half ) of the CAR. Because of suspected 

noncompliance of subjects with negative slopes we choose to analyze our data without the 

cases with a negative slope in cortisol concentration.

Logtransformed data were used for cortisol analysis while figures present untransformed 

data. Group differences were assessed by oneway ANOVA, Student’s ttest, and Chisquare 

or Fisher’s Exact test. Repeated measures analysis was performed to analyze the CAR using 

time after awakening as within factor and group as between factor (fatigued/nonfatigued). 

When sphericity was violated GreenhouseGeisser correction was applied. BMI, smoking, use 

of oral contraceptives, medication use, experience of menarche, age at menarche, month 

and weekday/weekend of cortisol sampling, stage of pubertal development, and allergic and 

asthmatic complaints were included in the analyses as covariates. The significance level for all 

group comparisons was set at p<.05.

The CAR was recalculated into the “area under the curve with respect to ground” (AUCg
), re

flecting the overall amount of cortisol production and the “area under the curve with respect 

to increase” (AUC
i
), indicating the increase / slope of cortisol production.31 AUCs were log

transformed. Correlations between selfreported complaints on questionnaires and cortisol 
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were determined by Pearson’s correlations. The more conservative significance level of p < 

.01 was used for these correlational analyses because of multiple comparisons.

To determine effect sizes, eta squared was calculated which represents the proportion of 

the total variance that is attributed to an effect and calculated as the ratio of the effect vari

ance (SS
effect

) to the total variance (SS
total

), η2 = SS
effect

 / SS
total

.

results

Demographic characteristics

In the epidemiological part of our study on fatigue in adolescents, 1747 girls participated 

of which 799 subjects were willing to participate in the present study. In the present study 

92 severely fatigued girls with the highest total fatigue scores on the fatigue questionnaire, 

CIS, were included (Figure 1). On the severity of fatigue subscale all fatigued subjects scored 

higher than 35 and 92.4% scored above the clinical cutoff score of 40, previously used as a 

clinical cutoff score in adolescent CFS research.32 In addition, 77 nonfatigued control subjects 

were selected from the extreme end of the lower range of the fatigue scores. Average time 

between inclusion and data collection (T1) was one month. At T1, all nonfatigued subjects 

still scored lower than 35 on the fatigue severity scale. The overall decrease in fatigued scores 

in the fatigued group was small, although at T1 four of the fatigued adolescents showed 

overlapping scores with subjects in the nonfatigued group. However, at T2 these subjects 

reported higher levels of fatigue and related symptoms again and therefore we included 

these four subjects in the fatigued group. After exclusion of cases based on extreme value 

analysis and suspected noncompliance during saliva sampling, at T1 71 fatigued and 62 non

fatigued subjects were included in the analyses, and at T2 and T3 respectively 69 fatigued 

 
Chapter 4: 4 figuren 
 
4.1 
 

Figure 1: Fatigue scores of the fatigued and nonfatigued group at inclusion. Fatigue scores on Checklist Individual 
Strength (CIS) at inclusion of the fatigued (grey bars) and nonfatigued (white bars) group.
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and 62 nonfatigued subjects, and 72 fatigued and 70 nonfatigued adolescents. At T1, in 

16.3% of the fatigued and 18.9% of the nonfatigued group a negative slope was observed. 

At T2, respectively 11.5% and 18.7% were excluded and at T3 10.1% and 7.9%. Negative slope 

after DST were observed in 4.4% of the fatigued and 7.9% of the nonfatigued subjects. These 

cases were excluded as well.

In view of the demographic characteristics, both the fatigued and nonfatigued group were 

representative samples of the female fatigued and nonfatigued population of the epidemio

logical study. In Table 1 the demographic characteristics are presented. Despite equal distri

bution in school grades (data not shown), fatigued girls were nearly half a year older than 

nonfatigued girls (t=2.07, p<.05). In line with this finding, a higher percentage of fatigued 

girls reported more advanced stages of pubertal development (Tanner puberty stage, pubic 

hair; χ2=9.46, p<.05), and the proportion of girls who experienced the menarche was also 

higher in this group (χ2=7.40, p<.05). BMI was higher in fatigued girls (t=2.10, p<.05). While 

none of the nonfatigued girls smoked, 16.3% of the fatigued group smoked cigarettes on 

a regular basis (χ2=13.78, p<.05). Age at menarche was lower in the fatigued group (t =2.11, 

p<.05). No differences were found regarding medication and oral contraceptive use. An equal 

proportion of the groups reported allergic and asthmatic symptoms. Fatigued girls reported 

more fatigue and illnessrelated school absenteeism (χ2=26.06, p<.05).

Fatigue, life events and fatigue-related complaints at T1

Table 2 shows the fatigue and fatiguedrelated complaints of the studied sample. Fatigue 

at the start of the study (T1) was lower in the fatigued group and somewhat higher in the 

table 1: Demographic characteristics of the fatigued and nonfatigued group. Means (SD) and percentages 
presented.

Fatigued NonFatigued

Age 15.11 (1.27) 14.65 (1.57)

Weight
Height
BMI

54.71 (9.18)
1.67 (0.07)

19.60 (2.75)

52.93 (8.43)
1.67 (0.06)

18.76 (2.29)

Menarche (yes/no)
Age at menarche

92.4%
12.04 (1.10)

77.6%
12.41 (1.00)

Medication use oral contraceptives
antihistamines
betablockers
corticosteroid (nasal or crème)
other

19.6%
2.2%
1.9%
6.5%
8.7%

14.3%
0.0%
0.0%
3.8%
3.8%

Selfreported allergic symptoms
Selfreported asthmatic symptoms

33.0%
8.7%

23.4%
2.6%

Smoking
(cigarettes a day)

1–5
6–10
10–20
>20

7.6%
1.1%
7.6%
0.0%

0.0%
0.0%
0.0%
0.0%
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nonfatigued group compared to the levels at the moment of inclusion. Groups, however, 

still differed substantially in fatigue (time effect: F
(1,167)

=39, p<.001, η2=0.19; group effect: 

F
(1,167)

=1299, p <.001, η2=0.89; interaction effect: F
(1,167)

=72, p<.001, η2=0.30).

The fatigued group experienced more negative events in the total period preceding the 

study (t=3.86, p<.001) and in the year preceding the study (t=4.83, p<.001). Fatigued girls felt 

more depressed and anxious and reported more somatic symptoms than their nonfatigued 

counterparts. Both sleep quality during the night before saliva sampling and sleep quality 

in general were worse in the fatigued group compared to the nonfatigued group. Beside 

unrefreshing sleep, which was reported by 93.5% of the fatigued subjects, the CFSrelated 

symptoms muscle pain, joint pain, headaches, tender lymph nodes, concentration problems 

and memory problems were reported in significantly higher proportions of the fatigued 

group. On average fatigued subjects reported much more of these CFSrelated symptoms 

than nonfatigued girls (respectively 3.60 and 1.06, F=219.29, p<.001).

table 2: Selfreported complaints at T1. Means (SD) and percentages presented. * p < .05, ** p < .01, *** p < .001

Fatigued NonFatigued Test value

Fatigue (CIS) at inclusion
Severity of fatigue
Concentration
Motivation
Activity
Total score

46.74 (5.22)
24.46 (5.41)
17.41 (4.80)
7.42 (3.57)

96.03 (8.37)

13.51 (4.54)
8.86 (3.71)
6.90 (2.35)
3.69 (1.62)

32.95 (7.46)

t =43.73***
t =22.15***
t =18.55***
t =9.00***

t =51.24***

Fatigue (CIS) at T1
Severity of fatigue
Concentration
Motivation
Activity
Total score

39.67 (7.43)
22.89 (5.88)
15.39 (4.65)
8.02 (3.19)

85.98 (14.41)

14.56 (6.62)
9.49 (4.32)
7.34 (2.78)
4.32 (1.96)

35.71 (11.59)

t =23.00***
t =17.03***
t =13.90***
t =9.23***

t =24.66***

Negative life events (QLE)
Total number of events preceding study
Number of events in year preceding study
Number of events between T1 and T3

3.88 (2.34)
1.44 (1.27)
1.61 (1.68)

2.58 (1.95)
0.75 (0.96)
0.67 (1.02)

t =3.86***
t =3.99***
t =4.83***

Sleep quality in general (GSKS)
Sleep quality at cortisol sampling
Sleep quality after dexamethasone suppression test

7.79 (2.67)
5.35 (3.01)
4.74 (3.62)

1.82 (2.13)
1.20 (2.09)
2.16 (2.51)

t =16.20***
t =8.55***
t =3.73***

CFSrelated symptoms Unrefreshing sleep
Muscle pain
Joint pain
Headaches
Tender lymph nodes
Concentration problems
Memory problems
Sum of complaints

93.5%
33.7%
17.4%
83.7%
21.7%
71.7%
38.0%

3.60 (1.23)

27.3%
3.9%
5.2%

55.8%
3.9%
6.5%
3.9%

1.06 (0.94)

χ2=79.10**
χ2=23.16**

χ2=5.98*
χ2=15.79**
χ2=11.35**
χ2=73.25**
χ2=28.04**
t =15.17***

Depression (BDI) 13.00 (7.60) 2.43 (2.51) t =12.60***

Anxiety (STAIC) 38.46 (6.57) 26.20 (3.81) t =15.12***

Somatic and autonomic symptoms (MSPQ) 22.89 (11.75) 8.42 (6.26) t =10.21***
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Fatigue, life events and fatigue-related complaints after 6 and 12 months

Figure 2 shows the course of fatigue, depression, anxiety, sleep quality, somatic perception 

and CFSrelated complaints. Whereas fatigue severity, depression, anxiety, and sleeping 

problems decreased over time in the fatigued group, the nonfatigued group showed some

what more complaints, which is highly likely due to regression to the mean. Nevertheless, the 
4.2 
 

 Figure 2: Longitudinal patterns (T1, T2, T3) of fatigue, depression, anxiety, sleep quality, somatic and autonomic 
symptoms and CFSrelated symptoms.  represents the fatigued group and  represents the nonfatigued 
group. Means and SEMs presented.
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fatigued group still reported substantially more complaints at all time points. Somatic and 

autonomic complaints remained higher in the fatigued group (group effect: F
(1,160)

=97, p<.001, 

η2=0.38) and in both groups decreased only marginally over time (time effect: F
(2,307)

=3.09, 

p=.049, η2=0.02; interaction effect: F
(2,307)

=1.73, p=.181, η2<0.01). With regard to CFSrelated 

symptoms, the number of reported symptoms in the nonfatigued group increased slightly, 

whereas the fatigued group showed no change in symptoms over time. The groups remained 

different at all time points (group effect: F
(1,160)

=224, p<.001, η2=0.58; time effect: F
(1.9,304)

=0.98, 

p= .375, η2=0.01; interaction effect: F
(1.9,304)

=4.19, p<.05, η2=0.03). During the year of the study 

(between T1 and T3) fatigued girls experienced more negative events than their nonfatigued 

counterparts (t=3.99, p<.001).

Cortisol awakening response at T1

The individual stability of the CAR on two consecutive days varied per time point. Total 

amount of cortisol (AUC
g
) at T1 between day 1 and day 2 correlated .18 (p=.32) and .50 (p<.01) 

and .51 (p<.01) at T2 and T3 respectively. Figure 3A shows the cortisol response after awak

ing at T1. Both the fatigued and the nonfatigued group showed a significant rise in cortisol 

during 30 minutes after awakening (time effect: F
(2,201)

=200, p<.001, η2=0.61). No difference 

between groups emerged (group effect: F
(1,131)

=0.49, p=.486, η2<.01). In the fatigued group a 

lower proportion of subjects collected saliva during weekend days or during vacation (Table 

3). In the whole sample, significantly higher levels of cortisol during weekdays were observed. 

However, fatigued and nonfatigued subjects who collected saliva during weekdays did not 

differ in cortisol concentrations at T1. Using collection day as a covariate, correction for sam

pling during weekdays versus weekends/vacation did not alter the results of the fatigued 
4.3 
 

 
 

Figure 3: Cortisol awakening response (CAR) at T1 (A) and after lowdose dexamethasone suppression test (DST) 
(B).  represents the fatigued group and  represents the nonfatigued group. Untransformed means and 
SEMs presented.
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and nonfatigued group comparison. In addition, correction for other potential confounders 

(age, BMI, pubertal stage, menarche, age at menarche, smoking, rise time, and total nocturnal 

sleep) did not affect the results either. Fatigued and nonfatigued subjects did not differ with 

respect to medication use. Moreover, no differences in CAR were observed between subjects 

who used medication and subjects who did not.

Cortisol secretion after 6 and 12 months

Longitudinal correlations of the CAR were inconsistent and rather low between time points 

(Table 4). Especially relations between T1 and T3 were absent. At T2, the fatigued and 

nonfatigued groups did not differ in the cortisol response after awakening (group effect: 

F
(1,129)

=2.01, p=.159, η2=0.02; time effect: F
(1.4,181)

=208, p<.001, η2=0.62) (Figure 4A). The total 

amount of cortisol (AUC
g
) was lower in girls who smoked more than 20 cigarettes a day com

pared to nonsmokers (F
(3,127)

=4.65, p<.05). The cortisol slope (AUC
i
) was less steep in girls who 

smoked one to five cigarettes a day compared to nonsmokers (F
(3,127)

=4.29, p<.05). Within 

the fatigued group, smokers and nonsmokers did not differ in CAR. Of all subjects who 

table 3: Salivary cortisol sampling characteristics of CAR at T1 and dexamethasone suppression test. Means (SD) 
and percentages presented. a logtransformed (mean, SEM) * p < .05, ** p < .01

Fatigued NonFatigued Test value

Sampling at T1

Awakening (nmol/l)a

15 minutes
30 minutes

1.09 (0.21)
1.20 (0.17)
1.26 (0.19)

1.06 (0.18)
1.20 (0.20)
1.25 (0.20)

Weekday sampling
Weekend/vacation sampling

41.8%
58.2%

26.8%
73.2%

χ2=3.72*

Sampling day Bed time
Rise time
Total nocturnal sleep

10.48 pm (1h08)
8.01am (1h26)

9h08min (1h20)

10.46 pm (1h12)
8.28 am (1h11)

9h40min (1h27)

t =0.19
t =2.05*
t =2.02*

Month of sampling March
April
May
June

18.5%
32.6%
30.4%
4.3%

22.1%
35.1%
31.2%
3.9%

χ2=1.87

Sampling after dexamethasone suppression test

Awakening (nmol/l)a

15 minutes
30 minutes

0.001 (0.49)
0.036 (.051)
0.005 (0.45)

0.184 (1.08)
0.112 (0.81)
0.011 (0.56)

Weekday sampling
Weekend/vacation sampling

57.5%
42.5%

44.7%
55.3%

χ2=1.27

Sampling day Bed time
Rise time
Total nocturnal sleep

11.04pm (1h02)
7.56am (1h43)

8h47min (1h25)

10.37pm (1h19)
7.36am (1h19)

8h58min (1h05)

t =0.19
t =2.05
t =2.02

Month of sampling March
April
May
June

31.6%
43.4%
15.8%
9.2%

23.2%
56.5%
14.5%
5.8%

χ2=2.77
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collected saliva during weekends, nonfatigued subjects showed a stronger rise of the CAR 

than fatigued subjects. Correction for possible confounding variables (age, Tanner puberty 

stage, experience of menarche, smoking and week versus weekend sampling) did not influ

ence the results. Groups did not differ in medication use and medication did not affect CAR 

measurement. At T2 significantly more fatigued subjects used oral contraceptives. However, 

no differences in cortisol production were observed between oral contraceptives users and 

nonusers.

Figure 4B shows the CAR at T3. Like at T1 and T2, a significant rise in cortisol after awak

ening was present in both groups (time effect: F
(1.7,233)

=205, p<.001, η2=0.59). Cortisol at 

awakening (sample 1) was significantly higher in the nonfatigued group (F
(1,140)

=6.12, p<.05). 

This group difference, however, was not reflected in a significant interaction term (group 

x sampling point) in the twoway ANOVA (interaction effect: F
(1.7,233)

=2.49, p=.095, η2=0.02). 

At T3, nonfatigued subjects who collected during weekends had higher levels of cortisol 

than fatigued subjects. Analysis of confounders showed that age, Tanner puberty stage, the 

experience of menarche, allergic symptomatology and bed time before cortisol sampling 

table 4: Longitudinal correlations between awakening samples (first sample), total amounts of cortisol (AUC
g
s) and 

rises in cortisol (AUC
i
s). * p < .05, ** p < .01

T1 T2

1st sample AUC
g

AUC
i

1st sample AUC
g

AUC
i

T2 1st sample .23*

AUC
g

.13

T3 AUC
i

.19*

1st sample .03 .31**

AUC
g

.07 .30**

AUC
i

.13 .06
4.4 
 

 
 
 

Figure 4: Cortisol awakening response (CAR) at T2 (A) and T3 (B) and the total amount of cortisol production at T1, 
T2 and T3 (C).  represents the fatigued group and  represents the nonfatigued group. Untransformed 
means and SEMs presented.
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also influenced the data. Correction for the confounders further diminished the difference 

between the fatigued and nonfatigued group. There was no effect of medication use on the 

CAR. At T3 participants who used contraceptives had a lower CAR compared to nonusers. 

The ANCOVA analysis with contraceptives as a controlling variable showed that this covariate 

did not change the conclusions concerning the absence of differences in CAR between the 

fatigued and nonfatigued subjects.

As shown in Figure 4C no longitudinal changes, i.e. seasonal changes, in the total amount 

of cortisol (AUC
g
) was observed in the fatigued and nonfatigued group.

Cortisol awakening response after the dexamethasone suppression test

The negative feedback sensitivity of the HPAaxis was studied by measuring the CAR after 

oral intake of 0.5 mg dexamethasone the night before. As displayed in Figure 3B, dexametha

sone suppressed the cortisol levels and awakening response (F
(1.7,132)

=0.60, p=.519, η2<0.01). 

No difference, however, was observed between the fatigued and the nonfatigued group 

(group effect: F
(1,80)

=0.03, p=.859, η2<0.01). Correction for potential confounding factors did 

not alter the results.

Relation between fatigue-related complaints and CAR

In the fatigued group, no significant correlations between cortisol production at awaken

ing (sample 1), total amount of cortisol (AUC
g
) and slope (AUC

i
) on the one hand, and self

reported negative life events and complaints of fatigue, depression, anxiety, sleep quality, 

somatic and autonomic symptoms and CFSrelated symptoms on the other were seen on any 

of the time points. In the nonfatigued group, at T1 better sleep quality in general was related 

to higher total cortisol amount and steeper slope (respectively r=.28, p<.05; r=.45, p<.001). 

None of the other selfreported complaints were related to the cortisol parameters. At T2, 

higher depression scores were related to a higher total amount of cortisol (r = .28, p < .05) in 

the nonfatigued group and at T3, depression was associated with a flatter cortisol curve (r 

= .29, p < .05).

Within the fatigued group correlations between the change scores of fatigue, depression, 

anxiety, sleep quality, somatic and autonomic symptoms, and CFSrelated symptoms and 

changes in cortisol level and slope between T1 (spring) and T2 (autumn) and between T2 

(autumn) and T3 (spring) were determined to answer the question whether changes in self

reported complaints were associated with changes in cortisol production. Analyses showed 

that change scores for cortisol measurements between T1 and T2 and between T2 and T3 

were unrelated to changes in fatigue and other selfreported symptoms.
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disCussion

The present study showed that severely fatigued and nonfatigued girls did not differ in 

cortisol production after awakening, even when correcting for all potential confounding fac

tors. Moreover, we showed that the negative feedback response to oral dexamethasone was 

similar in both groups. During the whole year of the study fatigued subjects scored higher 

than their nonfatigued counterparts on negative life events, depression, anxiety, somatic 

and autonomic symptoms, CFSrelated symptoms, and reported a lower sleep quality. They 

also were more frequently absent from school, indicating that fatigue and related symptoms 

impaired daily functioning. We obtained no evidence for relations between the course of 

fatigue and comorbid complaints on the one hand and changes in cortisol on the other. The 

persistence of fatigue and its comorbid complaints shows that severe fatigue is not a tran

sient state, and therefore a quite alarming observation with respect to physical and mental 

health of these adolescents.

Several explanations may account for our result that fatigue was not reflected in deviant 

HPAaxis functioning. Although literature suggests that CFS may be associated with hypoco

rtisolism and an enhanced negative feedback function (see 6 for a review), deviant cortisol 

production related to fatigue in the general population has been reported less frequently.33 

In fibromyalgia patients McLean et al. showed relations between pain and diurnal cortisol 

secretion, whereas associations between fatigue and cortisol were not observed.34 Hyyppä 

et al. demonstrated that selfreported fatigue in a community sample was not predicted by 

cortisol production after DST,35 although a relatively high dose of dexamethasone (1 mil

ligram) was used, which may have masked subtle individual differences in feedback function. 

Also in samples with increased risk to develop chronic fatigue, such as patients suffering 

from infectious mononucleosis or postsurgery patients, showed normal salivary cortisol 

concentrations.36,37 These findings suggest that changes in HPAaxis functioning may not be 

involved early in the development of chronic fatigue or CFS and, if observed, might even 

be a consequence of the illness.6,38 It thus seems that dysregulation of cortisol production is 

absent in the case of selfreported chronic fatigue, even though fatigue is accompanied by 

high levels of CFSrelated symptoms. One should, however, keep in mind that in the current 

study only the cortisol response to awakening was measured and no conclusions can be 

drawn concerning the relation between fatigue and the cortisol diurnal rhythm.

In the present study we analyzed the CAR data after exclusion of cases with a negative 

awakening response. Using electrocardiograms and movement registration, Kupper et al. 

showed that the majority of subjects with negative cortisol slopes had an earlier awakening 

time than they reported and so probably collected their saliva during the declining part of 

the awakening curve.27 In our study the fatigued and nonfatigued group did not differ in 

the number of cases with a negative slope. Analysis of the CAR data with inclusion of indi

viduals with negative slopes showed no differences in CAR and CAR after dexamethasone 
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suppression between fatigued and nonfatigued subjects (data not shown). There were no 

differences in fatigue or other parameters between subjects with negative slopes and those 

with positive slopes. The only variable on which these two groups differed was collection 

time of the first saliva sample (data not shown). The fact that subjects with a negative slope 

collected their saliva significantly later than the other subjects may be further evidence that 

the negative slopes were related to noncompliance in our study.

Partly due to genetic influence, it is often stated that the CAR is quite stable over time.27,39 

This was demonstrated in a subgroup of our sample which collected saliva samples on two 

consecutive days and also in previous studies.19,21 Mommersteeg et al. however, showed that 

the highest proportion of variance of cortisol production after awakening was explained by 

differences within persons.40 They stated that, for this reason, effects of cortisol production 

in group comparisons are hard to find since differences between persons in psychological 

characteristics do not account for a large proportion of variability in cortisol. In contrast to 

reports on the high stability of the CAR on consecutive days or weeks, we observed a rather 

low stability across intervals of 6 months, and large interindividual variability. This variation in 

time was, however, not related to either the within-subjects or between-subjects variability of 

fatigue. While there were no relations between fatigue and the cortisol parameters, it cannot 

be excluded that dysregulations in HPAaxis functioning would have been observed when 

using challenge tests like CRH or ACTH infusions or a combined CRH/DST test.

We expected at least part of our fatigued sample to recover from their fatigue at some 

time point during the year of the study, to enable us to assess how cortisol and fatigue would 

covary over time. Although fatigue in our study does fluctuate over time, a considerable gap 

between the fatigued and nonfatigued group remained. This restricted our statistical power. 

Since the distribution remained bimodal, we only could check the correlations between cor

tisol and complaints within the subgroups. Because of a restricted range in scores within 

groups, correlations may have turned out rather low. Therefore it would be interesting to 

study longitudinal fatigue development in a complete distribution of scores instead of in 

extreme groups.

From CFS research it is known that patients’ fatigue complaints show substantial diurnal 

fluctuations,41 seasonal variation,42 and fluctuations with respect to activity level.43 Fatigue as 

measured in our “normal” sample might reflect “traitlike” fatigue level, or predisposition. This 

is in line with the challenging findings of a genetic basis of fatigue by Hickie et al.44 It may 

be that fatigue as measured in our group is qualitatively different from fatigue as manifested 

in fatigue and stressrelated illness. On the other hand, it has been shown that a history of 

unexplained fatigue preceded the development of CFS which implies a continuum between 

fatigue in the healthy population and fatiguerelated illnesses such as CFS.45,46 Whereas cor

tisol production did not differ between groups, we found some evidence for nonsystematic 

and “state”dependent sensitivity of the CAR. While traitlike fatigue was not associated 

with disturbance of the CAR, it was affected by state factors such as smoking and weekday/



Cortisol and severe fatigue 73

weekend sampling. This may mean that the CAR is hardly related to “trait” characteristics, 

like the general and stable fatigue level we measured but relatively more to “state” changes. 

Ottenweller et al. showed that in CFS patients, plasma cortisol was lower than in controls 

only in response to exercise and not to the stable level of fatigue.47 In a study by Polk et 

al. it was shown that associations between cortisol and state or trait affect measurement 

showed different results: state affect had a unique contribution to the proportion of variance 

in cortisol.48 This may point to different processes by which the CAR is regulated for stable 

characteristics and situational characteristics.

Some attention should be paid to the characteristics of our sample. Firstly, we used 

selfreports to identify subjects with psychiatric or medical illnesses and to get insight in 

medication use. Therefore, we cannot completely exclude the possibility that we accidentally 

included diseased subjects. However, since we are dealing with a normal school population 

and not with a patient group, we feel that the relative contribution of diseased subjects will 

be small. Although groups did not differ in erythrocyte sedimentation rate, an indicator of 

latent infections (data not shown), we are unable to rule out that viral infections contributed 

to the reported fatigue. Secondly, we studied cortisol production in girls in the middle of 

their sexual maturation. In animal research, gonadal hormones are known to interact with 

the HPAaxis. Oestrogens seem to stimulate HPAaxis activity.49 This relation is less clear in hu

mans. Netherton et al. showed an increase in cortisol production in postpubertal girls.23 Al

though we previously observed an association between pubertal development and fatigue,1 

in accordance with Rosmalen et al. we did not find a clear and consistent role for age and 

pubertal stage in cortisol production.50 Moreover, whereas the menstrual cycle is involved in 

cortisol production in response to stress,20 it does not influence the CAR.51

In conclusion, in the present study we were unable to demonstrate that severe fatigue 

in adolescent girls from a high school population was related to cortisol production after 

awakening and after a lowdose dexamethasone intake, despite the severity and duration of 

symptoms. Cortisol concentrations showed high inter and intraindividual variability. Almost 

no associations between cortisol production and psychological measures were found. The 

results are in contrast to previously observed HPAaxis deviations in CFS, although we only 

studied the CAR in the present study and cannot conclude anything concerning the relation 

between fatigue and the cortisol diurnal rhythm. Also, whether fatigue in our sample from the 

general population is part of a continuum between “normal” fatigue and fatigue syndromes 

or whether it is qualitatively different, remains to be established. Possibly deviations in corti

sol production in these syndromes evolve later in the development of the syndromes instead 

of being involved in their pathogenesis. The measurement of the CAR may be of doubtful 

value to learn more about the mechanism of fatigue and its related symptoms, since severe 

fatigue is not reflected in deviant salivary cortisol production in response to awakening.
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abstraCt

In the adolescent population, fatigue is associated with somatic complaints, unrefreshing 

sleep, cognitive disturbances and symptoms of depression and anxiety. This pattern of symp

toms resembles the one described in chronic fatigue syndrome (CFS). Since immunological 

alterations have been reported in CFS patients, we wondered whether also severely fatigued 

girls from a healthy population would show comparable alterations in psychological and 

immunological parameters. We tested this hypothesis in a longitudinal design, allowing a 

reliable assessment of the participants’ characteristic immune status. Groups of severely fa

tigued (N=67) and nonfatigued (N=61) participants were selected. Severely fatigued girls 

reported more depressive symptoms, anxiety, reduced sleep quality, and somatic and CFSre

lated symptoms than nonfatigued participants across three measurements during one year 

(T1: spring, T2: autumn, T3: spring). In contrast, no group differences in mitogeninduced cy

tokine production or Tcell proliferation in vitro or in leukocyte subset counts were observed. 

Although absolute cytokine production and cell counts were affected by seasonal variation, 

the withinsubject values, relatively to the rest of the participants, were fairly stable. Data 

from a small group of CFS patients (N=11) showed similarities in selfreported complaints 

between CFS patients and fatigued participants. Interestingly, CFS patients showed a distinct 

immune profile when compared to the severely fatigued or nonfatigued participants, i.e. in

creased levels of antiinflammatory cytokines (IL10, decreased IFNγ/IL10 ratio) and reduced 

levels of proinflammatory cytokines (IL6, TNFα) over all three time points analyzed. These 

results show that, although overlap in symptomatology between the general population and 

patients with CFS was observed, only CFS patients show a skewing of the cytokine balance 

towards an antiinflammatory profile.



Cytokine production in severely fatigued adolescents 81

introduCtion

Fatigue is a widespread phenomenon among adolescents and is often attributed to puber

tal hormonal, psychological, educational, and social changes. Epidemiological data from an 

adolescent population recently demonstrated that fatigue was strongly related to pain, un

refreshing sleep and cognitive problems.1 In addition, fatigued participants reported higher 

levels of depressive symptoms and anxiety. Girls were more affected with fatigue than boys 

(3:1 gender ratio). About 16% of the female population suffered from severe fatigue for one 

month and 10% reported fatigue duration of more than three months, resulting in high rates 

of school absenteeism.1 Findings in adults suggest that unexplained severe fatigue is a pre

dictor for later development of chronic fatigue syndrome (CFS).2,3 Therefore, follow up studies 

concerning symptoms and underlying mechanisms of fatigue in adolescents are of utmost 

importance in the scope of prevention of the development of CFS later in life.

According to the Centers for Disease Control and Prevention (CDC) definition, CFS is 

characterized by persistent and debilitating fatigue for at least six months, accompanied 

by complaints such as headaches, myalgia, joint pain, unrefreshing sleep, and memory 

and concentration disturbances, which are not explained by somatic or psychiatric illness.4 

Symptoms of depression and anxiety are also often observed in patients with CFS.57 This 

cluster of symptoms resembles the nonspecific symptom constellation that occurs during an 

immune response to pathogens or cytokine administration, also called “sickness behavior”.8 

Although fatigue duration in our previous study was monitored shorter than six months, the 

participants showed many similarities in symptomatology with sickness behavior and with 

CFS patients.1

The suggested involvement of viral infections (i.e. Lyme disease, Q fever, infectious mono

nucleosis) in the development or precipitation of chronic fatigue, and the similarities be

tween CFS and sickness behavior symptomatology resulted in numerous studies focusing 

on immune functions in CFS patients. Increased production of proinflammatory cytokines 

secreted either by monocytes or Tcells, including interleukin (IL)1, IL6, tumor necrosis fac

tor (TNF)α and interferon (IFN)γ, may account for sickness behaviorlike symptoms, in which 

fatigue has a central role.8 Gaab et al. observed positive relations between fatigue and in vitro 

production of proinflammatory monocyte TNFα in adult CFS patients and between fatigue 

and IL6 in both adult CFS patients and healthy participants.9 However, other studies suggest

ed an antiinflammatory polarity with relatively high levels of IL4 and IL10 in CFS patients.10 

Visser et al. reported higher levels of monocyte IL10 and a reduction in IFNγ production by 

purified CD4+ Tcells in adult CFS patients.11,12 In contrast to these reports in adults, little is 

known about immune function in adolescents. One study reported higher mitogeninduced 

Tcell proliferation, but no differences in monocyte production of TNFα and IL10 between 

CFS patients and controls.13 Overall, results on immune functions of CFS patients are present 

but often contradictory.1416 In a review by Natelson et al. about the question whether CFS 
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is associated with a stable immune dysfunction, the authors had to conclude that it is still 

absolutely unclear whether immunological dysfunctions play a role in the symptom com

plex of CFS.17 Whatever the immunological outcome of previous studies in CFS patients, the 

resemblance of symptoms of severely fatigued adolescents from our epidemiological study 

and CFS patients raised the question whether and to what extent alterations in immune func

tion would be present in severely fatigued adolescents.

The majority of studies analyzing immune functions in CFS have the limitation that these 

studies rely on single point measurements without considering the influence of factors 

such as seasonal variation in immune reactivity, diurnal variation and exposure to common 

infections.18,19 This may partly explain the inconsistency between the results of these studies. 

When studying subtle differences between groups, betweensubject variability due to these 

confounders should be minimized. Segerstrom et al. argued, based on a simian study, that 

even up to ten assessments of the same animal are required to determine an average im

mune status or “immune trait”.20

Thus, the aim of the present study was to identify immune deviations in severely fatigued 

adolescents as compared to nonfatigued individuals. To reliably assess immunological 

parameters and to explore the withinsubject stability of immune measures in humans, we 

chose a longitudinal design. In a sample of nonfatigued and severely fatigued adolescents we 

examined Tcell proliferation and pro and antiinflammatory cytokine production in vitro on 

three different time points: T1 (spring), T2 after six months (autumn) and T3 after 12 months 

(spring). In addition, identical immunological parameters were analyzed in a small group 

of adolescent CFS patients in order to identify possible proportional alterations in immune 

function. Since the prevalence of severe fatigue in our epidemiological study was higher in 

girls and female predominance was also found in some other studies about fatigue and CFS 

during adolescence,1,21,22 only female adolescents were included in the present study.

Methods

Participants

Nonfatigued and severely fatigued participants were selected from a broader epidemiologi

cal study on fatigue among adolescents at five Dutch high schools.1 All female participants and 

their parents (or guardians) received written information about the current study. Required 

sample size was determined by power analysis. Using at least 55 children in each group and 

with a standard deviation of 205 on one of the most important immune parameters,13 TNFα, 

we would, under the assumption of α (2sided) = 0.05 and of power of (1β) = 0.80 be able 

to detect a mean group difference of 20%. Of 591 girls who were interested in participation 

(46.2% of the total sample of the epidemiological study), a severely fatigued group of 67 

girls (age 15.18 ± 1.37 years) with the highest total fatigue scores on the Checklist Individual 
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Strength (CIS),23 and a nonfatigued control group (N=61, age 14.74 ± 1.60 years) with the 

lowest fatigue scores were selected. Participants were included only when the level of fatigue 

at inclusion was present for at least one month. Based on selfreports by the participants 

and telephone interviews with their parents (or guardians), participants with past or current 

somatic or psychiatric diagnoses were not selected. At selection, 46% of the fatigued par

ticipants suffered from 4 or more CFSrelated symptoms in the past two weeks. Participants 

did not meet the CDC criteria for CFS since the criterion of substantial reduction in previous 

activity level was not met in any of the participants in the fatigued group. Fatigued and non

fatigued participants did not differ in time spent on homework, leisure time activities, night

life and time spend with friends (t=0.49, p=.63; t=1.55, p=.12; t=0.12, p=.90; t=1.12, p=.27) 

and an equal proportion of participants of both groups had a job aside from their school 

work (fatigued 46.3% and nonfatigued 44.3%, χ2=8.81, p<.05). Only time spent on physical 

activities was significantly reduced in the fatigued group (t=4.52, p<.001). The distribution of 

fatigue duration in the fatigued group was: 22.4% 12 months, 17.9% 23 months, 10.4% 34 

months and 49.3% longer than 4 months. Additional information was given by telephone 

and written informed consent of both parents and participants was obtained. In addition, a 

total of 11 female CFS patients (age 15.91 ± 1.34) were recruited at the specialized CFS clinic 

of the University Medical Center Utrecht after the diagnosis was made. All patients fulfilled 

the CDC criteria for CFS. Time since the diagnosis was 7.45 months (± 3.86). Before inclusion 

in the study, all patients underwent medical examination by a pediatrician and a psycho

logical interview by a child psychologist to exclude somatic and psychological comorbidity. 

Complaint duration in the CFS group was on average 27.8 months (± 17.12).

All nonfatigued and fatigued participants and CFS patients were tested for subclinical 

infections by determination of erythrocyte sedimentation rate. At none of the time points 

groups differed in the proportion of participants with elevated rates according to a clinical 

cutoff.

This study was approved by the Medical Ethical Committee (IRB) of the University Medical 

Center Utrecht.

General procedure

On receipt of written informed consent, participants were requested to fill out the ques

tionnaires at home without assistance. Within two weeks after questionnaire completion, 

individual appointments were planned at school (nonfatigued and severely fatigued girls), 

at the University Medical Center Utrecht (CFS patients), or, in case of severe impairment, at 

home (CFS patients). During the appointment, questionnaires were collected and partici

pants were asked about their current medication use and flulike or common cold symptoms 

at that moment and during the past week. Of all participants, 10 ml of heparinized blood was 

taken between 8.30am and 11.00am using a Vacutainer® collection system. Nonfatigued and 

severely fatigued participants were included in two waves, in spring 2002 and spring 2004 
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and were tested on three occasions: in spring (T1), autumn (T2) and the successive spring 

(T3). CFS patients were recruited throughout the inclusion period of the nonpatient groups 

(between spring 2002 and spring 2004).

Questionnaires

Fatigue was assessed using the CIS questionnaire,23 which consists of four subscales; severity 

of fatigue, concentration, motivation and physical activity and was originally developed for 

adults. Based on the prevalence study, one item was excluded from the subscale activity to 

adjust the questionnaire to the adolescent population.1 Depressive symptoms were mea

sured using the Beck Depression Inventory (BDI), which is often used for adolescents.24 The 

BDI item concerning fatigability was excluded to avoid overlap between the CIS and BDI. Trait 

anxiety was assessed with the Dutch version of the State / Trait Anxiety Inventory for Children 

(STAIC).25,26 To assess general sleep quality, the Dutch State and Trait Sleep Assessment Scale 

was used (GSKS).27 With the Modified Somatic Perception Questionnaire (MSPQ) somatic and 

autonomic symptoms were measured, using the revised 33item version (Main, 1983).28 Self

reports of the CFSrelated symptoms unrefreshing sleep, muscle pain, joint pain, headaches, 

tender lymph nodes, memory and concentration problems in the past two weeks were rated 

using a dichotomous scale (yes/no).29 Single questions were asked about smoking, use of oral 

contraceptives (other hormonal contraceptives were not used) and medication, experience 

of menarche and age at menarche. Occasional use of the following medication was reported 

by nonfatigued (NF) and fatigued (F) participants and CFS patients (CFS): antihistamines (F: 

N=1), betablockers (F: N=1), nonsystemic corticosteroids (nasal spray or crème) (NF: N=3; F: 

N=6), melatonin (CFS: N=1), carnitine (CFS: N=1) and a migraine medication or painkillers (NF: 

N=2; F: N=5; CFS: N=2). Pubertal development was determined according the Tanner stages 

of pubertal development,30 Body Mass Index (BMI) was calculated by dividing selfreported 

body weight by the square of selfreported body height (kg/m2). Selfreported allergic and 

asthmatic complaints were registered. Fatigue and illnessrelated school absenteeism was 

assessed in the nonfatigued and severely fatigued group by selfreports of the number of 

notattended classes in the past month because of fatigue and related complaints. In the 

CFS group school attendance was calculated by dividing the hours that the patient attended 

lessons in the previous week by the hours that the patient should have attended.

Immune parameters

T-cell proliferation

Whole blood diluted 1:10 with RPMI1641 (Gibco, Grand Island, NY), 100 U/ml penicillin, 100 

μg/ml streptomycin and 2 mM Lglutamine was stimulated with the Tcell mitogen phyto

heamagglutinin (PHA) (Remel Europe Ltd., final concentration 25 μg/ml) at 37°C /5% CO
2
 in 

96 wells roundbottom plates. Cultures were pulsed after 72 hrs with 1μCi/well [3H]thymidine 
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(Amersham, Buckinghamshire, UK), and 16 – 18 hrs later, [3H]thymidine incorporation was 

measured using a liquid scintillation betacounter. Tcell proliferation assays were performed 

in quadruplicate. We did not determine background in this assay and thus, all cpm values 

represent absolute total counts.

Cytokine production

The capacity of monocytes to secrete IL10 and TNFα were determined in whole blood 1:10 

diluted with RPMI1641, supplemented with antibiotics and stimulated with lipopolysacca

ride (LPS, Escherichia coli 0127: B8, Sigma, final concentration 2 ng/ml) at 37°C /5% CO
2
 in 96 

wells flat bottom plates for 24 hrs. Lymphocytederived T cell mitogeninduced secretion of 

IL4, IL10 and IFNγ were measured in supernatants of whole blood cultures, diluted 1:10 with 

RPMI1641 (Gibco, Grand Island, NY), 100 U/ml penicillin, 100 μg/ml streptomycin and 2 mM 

Lglutamine after stimulation with antiCD2/CD28 monoclonal antibodies (Sanquin, Amster

dam, The Netherlands, final concentration antiCD2.1/antiCD2.2 0.33 μg/ml and antiCD28 

1.33 μg/ml) for 48 hrs ) at 37°C /5% CO
2
 in 96 wells roundbottom plates. All supernatants 

were stored at 80°C. Cytokine production was measured using standard ELISA kits (Sanquin, 

Amsterdam, the Netherlands).

Leukocyte subset cell counts

Circulating numbers of monocytes, granulocytes, Tcell subsets, Bcells and NKcells were as

sessed in whole blood using dual color fluorescence analysis (monoclonal antibody labeled 

with either fluorescein or phycoerythrin) with a Becton and Dickinson FACSCalibur flow cy

tometer: CD14+ (monocytes), CD3+ (total Tcells), CD4+ (Thelperinducer), CD8+ (suppressor

cytotoxicT), CD19+ (Bcells), CD1656+ (natural killer (NK)cells). Absolute numbers of cells 

were calculated based on a total leukocyte blood count.

Statistics

Analyses were performed using the Statistical Package for the Social Sciences version 12.0 

(SPSS 12.0). All variables were tested for normality and logtransformation was applied when 

necessary. Untransformed data are displayed in the figures and tables. Group differences in 

participant characteristics between nonfatigued and fatigued participants and CFS patients 

in normally distributed datasets were assessed by Student’s ttest, and ANOVA, and non

continuous variables by Chisquare or Fisher’s Exact test. Repeated measures analysis was 

performed to analyze the longitudinal patterns of selfreported complaints of nonfatigued 

and fatigued participants using time as a withinsubjects factor and group as the between

subjects factor. When sphericity was violated GreenhouseGeisser correction was applied. 

Median split on the BDI and STAIC was performed within groups to determine the contribu

tion of psychological complaints to the immunological results. An overall (T1, T2, T3) mean 

score of the BDI and STAIC was calculated. Since T1 and T3 were in the same season, the 
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mean score was adjusted, with equal contribution of spring and autumn: ((T1 + T3 / 2) + T2) 

/ 2. The mean score was used as a betweengroup variable in the repeated measurement 

analyses of all cytokine measures. Repeated measures analysis was also used to analyze the 

immunological data of the fatigued and nonfatigued participants. In addition, in order to 

determine the withinsubject stability of the immunological characteristics, Spearman’s rank 

correlations were calculated between time points. Relations between changes in symptoms 

and changes in cytokine production were estimated by Pearson’s correlations. Selfreports 

and immunological data of CFS patients were not put in these longitudinal analyses since not 

all patients were included parallel to nonpatients, although they also had the same course of 

testing with six months interval between time points and, subsequently, one measurement 

one year after the first measurement. Of each parameter a mean score was calculated using 

T1 and T3 as one sampling point (same season), ((T1 + T3 / 2) + T2) / 2. Oneway ANOVA with 

Bonferroni post hoc test was used to test group differences in selfreported symptoms and 

immune function. The CFS patients group was much smaller than the nonpatient groups 

which increased the probability of a Type I error. Therefore we applied a regression method 

(method 1 of 31) to adjust for unequal sample size within cells.32 To determine effect sizes, eta 

squared was calculated which represents the proportion of the total variance that is attrib

uted to an effect and calculated as the ratio of the effect variance (SS
effect

) to the total variance 

(SS
total

), η2 = SS
effect

 / SS
total

.

results

Demographics and self-reported symptoms

Demographics

A total of 67 severely fatigued girls and 61 nonfatigued girls as well as 11 CFS patients 

were included in the study. In Table 1 the demographic characteristics of the participants 

are summarized. Between fatigued and nonfatigued girls, no differences were observed in 

age, BMI, medication use, use of oral contraceptives and selfreported allergies. Fatigued girls 

were in more advanced stages of pubertal development (Tanner, pubic hair) (χ2=7.88, p<.05) 

and a higher proportion of this group had experienced their menarche than nonfatigued 

individuals (χ2=4.93, p<.05). The average age at menarche was lower in the fatigued group 

(t=2.19, p<.05). Of the fatigued group at T1 13.5% smoked on a regular basis while none 

of the nonfatigued girls smoked (χ2=8.81, p<.05). Although at T2 2.6% and at T3 6.5% of 

the nonfatigued group smoked, overall still more fatigued girls smoked. The fatigued group 

reported more fatigue and illnessrelated school absenteeism in the past month than the 

nonfatigued group (χ2=16.16, p<.01).
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Compared to the fatigued and nonfatigued participants, CFS patients were slightly older 

(F
(2,140)

=3.71, p<.05) and had a higher BMI (F
(2,133)

=3.66, p<.05) (Table 1). Asthmatic symptoms 

were reported by two patients which did not differ significantly from nonfatigued and fa

tigued participants (χ2=4.17, p=.124), nor did the proportion of participants reporting allergic 

symptoms differ (χ2=4.80, p=.09). No differences were observed in pubertal development, 

age at menarche, and use of oral contraceptives. In the CFS group, school attendance in the 

week before testing was not affected in two participants (school attendance 100%), two 

participants were present approximately 55% of the classes, two participants were present 

about 30% of the time, two participants less than 15%, and because of severe impairment, 

four participants did not go to school at all at the moment of testing.

Self-reported fatigue and comorbidity

The longitudinal course of symptoms was assessed by selfreports at T1 and after six (T2) 

and twelve (T3) months (Figure 1). Fatigued participants report more complaints on all the 

questionnaires as compared to nonfatigued participants and group averages remained 

table 1: Demographics of fatigued and nonfatigued group and CFS patients at T1. Means (SD) and percentages 
presented.

NonFatigued Fatigued CFS patients

Age 14.74 (1.60) 15.18 (1.37) 15.91 (1.34)

Weight
Height
BMI

52.94 (8.92)
1.67 (0.07)

18.80 (2.38)

54.71 (9.71)
1.67 (0.07)

19.50 (2.80)

59.20 (11.77)
1.67 (0.07)

21.21 (3.98)

Tanner puberty stage
Breasts

Tanner puberty stage
Pubic hair

Menarche (Yes)
Age at menarche
Oral contraceptives

Stage 1
Stage 2
Stage 3
Stage 4
Stage 5
Stage 1
Stage 2
Stage 3
Stage 4

0.0%
16.9%
30.5%
39.0%
13.6%
6.8%

28.8%
47.5%
16.9%
76.7%

12.52 (1.00)
16.4%

0.0%
6.0%

23.9%
46.3%
23.9%
1.5%

13.4%
58.2%
26.9%
91.0%

12.07 (1.01)
19.4%

0.0%
0.0%

25.0%
33.3%
41.7%
8.3%

16.7%
41.7%
33.3%
91.7%

12.36 (1.36)
16.7%

Selfreported allergic symptoms
Selfreported asthmatic symptoms

29.3%
0.0%

31.3%
6.0%

58.4%
8.3%

Smoking
(cigarettes a day)

1 – 5
6 – 10
10 – 20
> 20

0.0%
0.0%
0.0%
0.0%

6.0%
0.0%
7.5%
0.0%

0.0%
0.0%
0.0%
0.0%

Fatigue and illnessrelated 
absenteeism (past month)

0 classes
15 classes
610 classes
1120 lasses
> 20 classes

70.5%
14.8%
4.9%
8.2%
1.6%

39.4%
22.7%
9.1%

10.6%
18.2%

In text
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substantially different from nonfatigued subjects at all time points (all p<.001). In the fatigued 

group, the severity of fatigue (CIS
total

) decreased somewhat after T1, whereas in the nonfa

tigued group no obvious differences were observed (time effect: F
(2,228)

=3.32, p<.05, η2=0.03; 

interaction effect: F
(2,228)

=5.02, p<.01, η2=0.04), this was highly likely due to regression to the 

mean. Group averages still differed substantially (F
(1,114)

=333.62, p<.001, η2=0.75). The same 

longitudinal pattern was seen for depression, anxiety, somatic and autonomic symptoms and 

Chapter 5: 5 figuren 
 
5.1 
 

 Figure 1: Longitudinal patterns of selfreported fatigue, depression, anxiety, sleep quality, somatic and autonomic 
symptoms and CFSrelated symptoms of nonfatigued () and fatigued () participants. Means and SEMs 
presented. All variables differed between groups (all p<.001).
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sleep quality: A modest decrease in complaints in the fatigued group, especially between T1 

and T2, and a stable pattern in the nonfatigued participants. The number of selfreported 

CFSrelated symptoms did not change over time in the fatigued girls, while their nonfatigued 

counterparts reported a little more symptoms at T3 (time effect: F
(2,225)

=0.27, p=.77, η2=0.002; 

interaction effect: F
(2,225)

=3.43, p<.05, η2=0.03, group effect: F
(1,120)

=147.42, p<.001, η2=0.51).

The CFS patient group filled out the same questionnaires as nonpatients did, on three 

occasions, with six month intervals. Adjusted mean scores based on the three assessments 

were calculated for each individual as described in the method section. As can be seen in Fig

ure 2, CFS patients reported increased fatigue, depression, anxiety, and somatic symptoms 

and reduced sleep quality as compared to nonfatigued participants but symptom severity 

did not differ between CFS patients and healthy but severely fatigued participants (fatigue: 

F=172.82, p<.001; depression: F=29.63, p<.001; anxiety: F=43.19, p<.001; somatic symp

toms: F=36.04, p<.001; sleep quality: F=73.15, p<.001). All groups differed in the number of 

CFSrelated symptoms with most symptoms reported by CFS patients (F=123.66, p<.001). 

Repeated measures analyses showed that of all measured complaints only fatigue severity 

changed during the year of the study. Compared to the assessment at T1, CFS patients were 

less fatigued at T2 and T3 (time effect: F(2,16)
=6.18, p<.05, η2=0.36).

5.2 
 

 
 

Figure 2: Selfreported fatigue, depression, anxiety, sleep quality, somatic and autonomic symptoms and CFS
related symptoms in nonfatigued (NF) and fatigued (F) participants and CFS patients (CFS). Mean scores (and 
SEMs) of three measurements presented. * p < .05, ** p < .01
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Mitogen-induced T-cell proliferation and cytokine production by monocytes and T-cells

Longitudinal comparison between non-fatigued and severely fatigued participants

Immunological data were analyzed of 65 fatigued and 60 nonfatigued participants at T1, 

of respectively 58 and 59 participants at T2 and respectively 60 and 59 participants at T3. 

Production of LPSinduced TNFα, IL6 and IL10 by monocytes and production of IL4, IL10 

and IFNγ after mitogenic stimulation of Tcells did not differ between the two groups at any 

of the time points tested (Figure 3). However, there was a significant effect of time. Almost all 

cytokines showed the same fluctuating course: lower production at T2 compared to T1 and 

T3, indicating lower production in autumn compared to spring (IL6: group effect: F
(1,111)

=0.22, 

p=.64, η2=0.002; time effect: F
(2,215)

=37.45, p<.001, η2=0.25; TNFα: group effect: F
(1,111)

=0.05, 

p=.82, η2=0.000; time effect: F
(2,212)

=9.82, p<.001, η2=0.08; LPSinduced IL10: group effect: 

F
(1,111)

=0.02, p=.89, η2=0.000; time effect: F
(2,192)

=24.27, p<.001, η2=0.18; IFNγ: group effect: 

F
(1,101)

=1.49, p=.23, η2=0.02; time effect: F
(2,186)

=6.84, p<.01, η2=0.06; IL4: group effect: F
(1,108)

=0.08, 

p=.78, η2=0.001; time effect: F
(2,191)

=27.92, p<.001, η2=0.21; CD2CD28induced IL10: group ef

fect: F
(1,100)

=0.95, p=.33, η2=0.009; time effect: F
(2,145)

=88.92, p<.001, η2=0.47). Correcting the 

analyses for potential confounders (pubertal development, experience of menarche, age at 

menarche, and smoking) did not alter the results.
5.3 
 

 Figure 3: Longitudinal patterns of LPSinduced IL6, TNFα, and IL10 and CD2CD28induced IFNγ, IL4 and IL10. 
 represents the fatigued group and  represents the nonfatigued group. Means and SEMs presented. 
No significant group differences in cytokine production, significant time effects: IL6, p<.001; TNFα, p<.001; IL10, 
p<.001; IFNγ, p<.01; IL4, p<.001 and IL10, p<.001.



Cytokine production in severely fatigued adolescents 91

Within the fatigued group, changes in fatigue between T1 and T3 (∆ CIS total score) were 

significantly related to long term changes in IL6 and TNFα (∆ IL6 and TNFα between T1 and 

T3). Participants reporting higher levels of fatigue symptoms at T3 compared to T1 showed a 

decrease in levels of IL6 and TNFα (respectively, r=.31, p<.05, r=.30, p<.05). Also, an increase 

over time in fatigue symptoms was associated with an increase in the number of reported 

CFSrelated symptoms (r=.45, p<.001). Changes in CFSrelated symptoms were, however, 

unrelated to changes in cytokine production in the fatigued group. Within the nonfatigued 

group, changes in cytokine production were unrelated to the small changes in fatigue sever

ity that occurred in this group.

In order to evaluated whether our nonsignificant findings in the fatigue – nonfatigue 

comparison were related to a counteracting effect of psychological comorbidity, we per

formed two withingroup median splits on the BDI and STAIC scores and compared cytokine 

production between the subgroups with severe fatigue and high depression or anxiety 

scores and the subgroups with low depression or anxiety scores. In the fatigued group, 

participants with high scores of depression had significantly elevated Tcell IL10 produc

tion compared to fatigued participants with low depression (group effect: F(1,50)
=10.34, p<.01, 

η2=0.17; time effect: F
(2,99)

=0.87, p=.42, η2=0.02). The IFNγ/IL10 ratio was decreased in the 

depressed fatigued subgroup as well (group effect: F
(1,49)

=8.39, p<.01, η2=0.15; time effect: 

F
(2,89)

=7.09, p<.01, η2=0.13). In the anxious fatigued participants a decreased IFNγ/IL4 ratio 

and IFNγ/IL10 ratio was observed (respectively group effect: F
(1,51)

=5.90, p<.05, η2=0.10; time 
5.4 
 

Figure 4: Longitudinal patterns of PHAinduced Tcell proliferation and CD4+ Tcell, CD8+ Tcell, monocyte, Bcell, 
and NKcell counts.  represents the fatigued group and  represents the nonfatigued group. Means and 
SEMs presented. Higher CD8+ Tcell count in fatigued group (p<.01), significant time effects: Tcell proliferation, 
p<.01; CD4+ Tcells, p<.01; CD8+ Tcells, p<.001; monocytes, p<.001; Bcells, p<.01 and NKcells, p<.001.
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effect: F
(2,94)

=0.6.56, p<.01, η2=0.11 and group effect: F
(1,51)

=9.24, p<.01, η2=0.15; time effect: 

F
(2,92)

=6.43, p<.01, η2=0.11). Within the nonfatigued group there was no effect of depression 

or anxiety on the immune functions.

Mitogeninduced Tcell proliferation did not differ between fatigued and nonfatigued par

ticipants and was lower at T2 compared to T1 and T3 (group effect: F
(1,104)

=0.00, p=.99, η2=0.00; 

time effect, F
(2,208)

=7.04, p<.01, η2=0.06) (Figure 4). We also examined the composition of the 

leukocyte population. Overall, fatigued participants had higher counts of CD8+ cells than 

nonfatigued controls (group effect: F
(1,110)

=9.62, p<.01, η2=0.08). Consequently, the Thelper

inducer / T suppressorcytotoxic cell ratio (CD4+/CD8+) was lower in fatigued participants 

(group effect: F
(1,110)

=6.57, p<.01, η2=0.06). In both groups the number of monocytes, Bcells, 

NK cells and Tcells (CD4+/Thelper/inducer cells and CD8+/T suppressor/cytotoxic cells) was 

higher at T2 compared to T1 and T3, indicating higher cell numbers in autumn compared to 

spring (monocytes: time effect: F
(2,213)

=41.72, p<.001, η2=0.28; Bcells: time effect: F
(2,211)

=5.18, 

p<.01, η2=0.05; NKcell: time effect: F
(2,214)

=8.21, p<.001, η2=0.07; CD4+ Tcells: time effect: 

F
(2,214)

=5.94, p<.01, η2=0.05; CD8+ Tcells: time effect: F
(2,218)

=12.60, p<.001, η2=0.10).

Within-subject stability

Although absolute values of immune responses were influenced by seasonal variation, we 

analyzed in the next step whether participants’ relative positions within the group would 

table 2: Rank correlations (r) between time points (T1, T2, T3) of all participants together (fatigued and non
fatigued) of monocyte and Tcell cytokines: IL6; TNFα; LPSinduced IL10; IFNγ; IL4; CD2CD28induced IL10. ** p 
< .01, *** p < .001

T1T2 T1T3 T2T3

LPSinduced IL6 .47*** .27** .47***

TNFα .55*** .46*** .50***

IL10 .38*** .12 .51***

CD2CD28induced IFNγ .60*** .56*** .50***

IL4 .58*** .61*** .62***

IL10 .75*** .75*** .77***

table 3: Rank correlations (r) between time points (T1, T2, T3) of all participants together (fatigued and non
fatigued) of PHAinduced Tcell proliferation and monocytes and lymphocyte subsets: Bcells, NKcells, Thelper/
inducer cells (CD4+) and T suppressor/cytotoxic cells (CD8+).** p < .01, *** p < .001

T1T2 T1T3 T2T3

Tcell proliferation .44*** .38*** .32**

Monocytes .33*** .47*** .16

Bcells .50*** .41*** .57***

NKcells .46*** .46*** .48***

CD4+ Tcells .27** .25** .40***

CD8+ Tcells .45*** .32** .47***
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show stability across time points. Rank correlation analysis was performed to examine the 

longitudinal withinsubject stability of immunological parameters. Even with intervals of 6 

months, correlations between cytokine levels at different time points were highly significant 

(Table 2). In addition, PHAinduced Tcell proliferation correlated significantly between time 

points as well as number of monocytes and lymphocyte subsets (Table 3).

CFS and mitogen-induced T-cell proliferation and cytokine production by monocytes and T-cells

From the analyses in fatigued and nonfatigued participants it can be concluded that mul

tiple measurement of immunological parameters strengthens the reliability of the assess

ments provided that seasonal variability is taken into account. In the CFS patients, mitogen

induced Tcell proliferation, cytokine production and leukocyte subsets were measured on 5.5 
 

 Figure 5: Cytokine production in nonfatigued (NF) and fatigued (F) participants and CFS patients (CFS). Mean 
scores (and SEMs) of three measurements presented. * p < .05
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three occasions, with six month intervals. Parallel to the selfreport data, adjusted mean 

scores based on the three assessments were calculated for every patient (see method sec

tion). Group differences in cytokine production are presented in Figure 5. LPSinduced IL6 

and TNFα was significantly reduced in CFS patients compared to nonfatigued and fatigued 

participants (respectively F
(2,128)

=3.71, p<.05 and F
(2,128)

=4.77, p<.05). Tcell mitogeninduced 

IL10 production was elevated in patients (F
(2,121)

 = 3.15 p<.05) compared to fatigued partici

pants and nonfatigued participants (post hoc respectively p=.048 and p=.061) resulting in 

lower IFNγ / IL10 ratio in patients than in fatigued participants (F
(2,117)

 = 6.71, p<.01). In ad

dition, T cell mitogeninduced release of IL4 tended to be higher in CFS patients compared 

to the other groups (F
(2,121)

=2.85, p=.06). In contrast, groups neither differed in production of 

IL10 by monocytes and IFNγ production by Tcells, nor in PHAinduced Tcell proliferation 

(F
(2,125)

=2.05, p=.13). Also, no differences were observed with respect to the composition of 

peripheral blood cell subsets. Inclusion of six more CFS patients with only a T1 measurement 

did not change the results.

disCussion

In the present paper we examined whether severely fatigued female adolescents, who have 

symptom similarities with CFS patients and with the symptom constellation of sickness be

havior, would show immunological changes on the level of mitogeninduced Tcell prolif

eration and Tcell mitogen or LPSinduced pro and antiinflammatory cytokine production 

compared to nonfatigued participants. During all three time points across the year of the 

study severely fatigued participants reported higher levels of fatigue, depression, anxiety, 

somatic and CFSrelated symptoms, and reduced sleep quality. Moreover, they were more 

frequently absent from school, indicating that fatigue and related symptoms impaired daily 

functioning. In addition, we observed seasonal variation in cytokine and leukocyte subset 

distribution. However, withinsubject measurement of cytokine secretion and cell subsets 

showed fairly high stability of rank scores across time points. In contrast to what we expected, 

no immunological differences were found between fatigued and nonfatigued adolescents. 

On the other hand, CFS patients showed a distinct mitogeninduced cytokine response with 

an antiinflammatory bias as compared to the nonpatient groups.

In line with the reports on the stability of immune parameters by Segerstrom et al.,20 we 

tested our participants multiple times to ascertain the stability of immunological profiles 

in the participants. We showed that absolute measurements in autumn differed from mea

surements in spring, that is, lower levels of most cytokines in autumn and higher counts 

of the leukocyte cell subsets. In previous studies, immunological findings in CFS are often 

inconsistent.1417 This may be related to the fact that seasonal variation was not accounted 

for in most of the studies. The observed longterm consistency of the participants’ relative 
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position compared to the rest of the group is an important finding, since in most previous 

testretest studies time between immunological measurements was no longer than a few 

weeks. The stability of measurements across seasons we showed is comparable in size to 

the stability across weeks in other studies.33,34 We suggest that in future research multiple 

measurements of immune parameters are necessary to increase the reliability. However, the 

consistency of our longitudinal results suggests that up to ten measurements, as proposed 

by Segerstrom et al. for monkeys,20 might be redundant for human samples. Taking into ac

count time of year of the assessment seems at least as important.

We hypothesized that whatever immunological alterations in CFS patients would be 

present, when symptoms of fatigue and its comorbidities are related to immune factors, 

as was shown in research on sickness behavior, immunological function should be altered 

in “healthy” severely fatigued participants too. Although a high resemblance between fa

tigued participants and CFS patients was observed in symptomatology, only the latter group 

showed a distinct, i.e. antiinflammatory, cytokine production profile. This raises the question 

how it is possible that fatigued participants from the healthy population and CFS patients 

show overlap in symptoms of fatigue, depression and anxiety, and in sleep quality while 

only CFS patients had altered immune system functions. Although CFSrelated symptoms 

were reported by fatigued participants, we showed that the number of CFSrelated symp

toms was consistently higher in CFS patients throughout the study. Almost all CFSrelated 

symptoms were reported by a higher proportion of CFS patients than fatigued participants 

(data not shown). This perhaps reflects increased load on physiological systems in patients 

which may also have consequences for the immune system. Nevertheless, there might be a 

rather sharp qualitative difference between CFS patients’ profound malaise feelings in the 

context of sickness behavior, and severe fatigue in otherwise healthy persons. Alternatively, it 

is possible that both fatigued participants and CFS patients are vulnerable to develop fatigue 

and related symptoms due to genetic make up or predisposing factors such as physical or 

psychological challenges, but that an immune system trigger might be necessary to alter the 

immune system and to change physiological homeostasis. Hickie et al. recently described 

that various infections lead to postinfectious fatigue syndrome elucidating a potential 

pathophysiological pathway of CFS.35 Our results show that fatigue and sickness behavior

like symptoms do not have to correlate with peripheral immunological abnormalities per se. 

Sensitization of central neurotransmitters and/or central cytokine production may, however, 

have occurred in severe fatigue and in CFS patients. Another explanation may be that immu

nological alterations in CFS are a consequence of the disease, for example due to inactivity, 

rather than associated with early stages of the disease. It is known that exercise stimulates the 

production of proinflammatory cytokines.36 Perhaps changes towards an antiinflammatory 

immune profile developed due to an inactive life style. Although CFS patients were included 

shortly after the diagnosis, based on our data we can not completely exclude the possibility 

that immunological functions were altered due to inactivity. Adaptation to a new level of 
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activity and impairment may have resulted in a new immunological balance. However, we did 

not observe a relation between cytokine production and the CIS subscale activity (data not 

shown). In addition, our observation that in the healthy fatigued group an increase in fatigue 

score over time was related to an increase in reported CFSsymptoms and a decrease in IL6 

and TNFα suggests, that associations between fatigue and altered cytokine production are 

not limited to the CFS population.

During the year of the study, fatigue severity and comorbidity decreased somewhat in 

the fatigued group and among CFS patients. The decrease in the fatigued group is highly 

likely due to regression to the mean since fatigued participants were included as an extreme 

group. Although no standardized therapy was offered to the CFS patients almost all patients 

followed treatment to reduce their complaints. Therefore, it is not unlikely that the reduction 

in fatigue severity in CFS patients was not coincidental but induced by the therapy. This, 

however, remains hypothetical and, nevertheless, still severe symptoms were reported at all 

three time points. Correlation analyses in the CFS patient group did not show associations 

between changes in complaint severity and changes in immunological read outs (data not 

shown). Although the patient group is too small to draw firm conclusions, perhaps the level 

of recovery was too low to expect covarying immunological changes at all.

The symptom constellation of sickness behavior represents activation of immune cells 

after a pathogen encounter and is induced by proinflammatory cytokines that act in the 

brain. Our CFS patients reported sickness behavior–like symptoms but showed an anti-

inflammatory cytokine bias. This suggests that CFS is not simply a reflection of immune 

activationinduced sickness behavior. We are not the first to observe an antiinflammatory 

response in CFS patients.1012,37 The enhanced Th2 response type may point to a role of aller

gies or to the presence of chronic infections.38,39 Though we did not measure allergenspecific 

immunoglobulins and did not test the presence of viral infections, it is unlikely that these 

factors account for group differences in cytokine levels, since the number of participants 

reporting allergic symptoms and showing an increased erythrocyte sedimentation rate did 

not differ between groups. Yet, involvement of latent infections cannot be excluded. An

other mechanism that is often suggested behind the antiinflammatory status may be the 

hypothalamicpituitaryadrenal (HPA)axis. Glucocorticoids (GCs) inhibit the release of pro

inflammatory cytokines. However, the role of cortisol is not very probable since CFS is char

acterized by mild hypocortisolism.40 Moreover, previous research from our group showed 

reduced sensitivity of Tcells to proliferate in the presence of GCs in adolescent CFS patients, 

rather than enhanced suppression by GCs.13 Our data therefore may imply that the peripheral 

antiinflammatory immune profile has either no relation with central cytokine production, 

or that a peripheral antiinflammatory profile develops as an additive response to the more 

pronounced proinflammatory central cytokine production. Unfortunately most previous 

immunological research was performed in adult CFS patient populations which limited the 

possibility to compare our study with other studies in the adolescent population. A previous 
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study suggests differences in clinical presentation between adult and adolescent CFS pa

tients.41 Possibly, also pathophysiological aspects of the disease are different in adolescents 

as compared to adults.

Some limitations of the present study should be noted. Firstly, in the nonpatient group 

we used selfreports to identify participants with psychiatric or somatic illnesses and to get 

insight in medication use. Therefore, we cannot completely exclude the possibility that we 

accidentally included diseased participants. However, since we are dealing with a normal 

school population and not with a patient group, we feel that the relative contribution of 

diseased participants will be small. Nevertheless, we showed that fatigued adolescents with 

comorbid high scores of depression and anxiety had altered cytokine profiles compared to fa

tigued participants with low levels of depression and anxiety. We hypothesize that especially 

this subgroup is at risk for the development of fatiguerelated illness and that therapeutic 

strategies should be directed especially to fatigued adolescents with comorbid psychologi

cal symptoms. Secondly, we do not have information on unstimulated cytokine production. 

In patients with chronic inflammatory diseases, e.g. in arthritis sometimes a slight spontane

ous production of especially monocyte cytokines can be detected. Since we are not dealing 

with patients with an overt chronic inflammatory disease, we have not included these mea

surements. Thirdly, we were unable to adequately register the exact phase of the menstrual 

cycle at the time of blood collection because a large part of the participants had an irregular 

cycle. It is known that sex hormones can modulate cytokine production. Although correct

ing our data for pubertal development, experience of menarche, and age at menarche did 

not alter the results, a role of gonadal function can not be completely ruled out. Fourthly, a 

disadvantage of patient inclusion after the diagnosis instead of simultaneously with the non

patient groups was that blood of CFS patients could not always be collected according to the 

springautumnspring schedule, as was done in nonpatients. Cytokine production appeared 

to follow a seasonal pattern and therefore we used a mean score of the three time points to 

overcome the seasonal variability. A final limitation we would like to address is the fact that 

our conclusions with respect to the CFS patient group are based on a small sample size. In 

six additional patients who were only analyzed at one time point, we also observed an anti

inflammatory profile which suggests that the immunological differences between patients 

and nonpatients in our study are real. Kavelaars et al. previously showed immunological 

differences in a group of 15 CFS patients as compared to healthy individuals.13 Nevertheless, 

prudence is called for regarding a possible type 1 error and generalizability of the results in 

our CFS patient group. The latter, however, does not influence the validity of our conclusions 

on immune function in the healthy severely fatigued and nonfatigued participants.

In conclusion, whereas nonfatigued and severely fatigued adolescent girls show obvi

ous and stable differences in psychological and somatic symptoms, differences in mitogen

induced Tcell proliferation and proinflammatory and antiinflammatory cytokines were 

absent. The high stability of immune responses strengthens the conclusion that immune 
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function in severely fatigued healthy adolescents is not altered, as was previously demon

strated for longitudinal measurement of cortisol production.42 Whereas overlap in symptoms 

was observed between fatigued participants and CFS patients, only CFS patients showed 

altered immune functioning. Prospective studies have to reveal whether these immune al

terations are cause or consequence of the disease.
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abstraCt

Objective: Fatigue during adolescence is associated with somatic and psychological com

plaints that resemble the pattern of symptoms described for chronic fatigue syndrome (CFS). 

Studies in CFS and other stressrelated syndromes suggested a dysfunction of the interac

tions between the hypothalamicpituitaryadrenal axis (HPAaxis) and the immune system to 

exist. Here we investigated whether severely fatigued girls from a healthy population have 

altered immune cell sensitivity for the synthetic glucocorticoid (GC), dexamethasone (DEX). 

Methods: In a longitudinal design we examined ex vivo DEX sensitivity of monocytes and 

Tlymphocytes of severely fatigued (N=65) and nonfatigued girls (N=60). Results: Fatigued 

girls reported more severe comorbid complaints than nonfatigued participants across three 

measurements during one year (T1: spring, T2: autumn, T3: spring) and had higher plasma 

cortisol levels throughout the study. Tlymphocyte DEX sensitivity showed seasonal variation 

with increased sensitivity in autumn compared to spring. No systematic variation of mono

cyte glucocorticoid receptor (GR) sensitivity was observed. A significant rank correlation for 

the measure of maximum inhibition of Tlymphocytes to DEX across the three assessments 

during the year suggests this measure to reflect a more stable trait of immune function. 

Groups did not differ in DEX sensitivity on any of the read outs. However, in a persistently 

fatigued subgroup, on the level of interferon (IFN)γ production, Tlymphocyte sensitivity 

to DEX was significantly reduced. Conclusions: These results show that although fatigued 

participants had severe (comorbid) complaints, only in the case when symptoms persisted, 

altered GC sensitivity of immune cells was observed.
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introduCtion

Among adolescents, fatigue is a common complaint. In an extensive epidemiological study 

in adolescent boys and girls, we previously showed strong associations between fatigue on 

the one hand and depressive symptoms, anxiety, pain, unrefreshing sleep and cognitive dif

ficulties on the other. Whereas this cluster of symptoms emerged in both genders, the preva

lence rate of prolonged severe fatigue and its comorbidities was much higher in girls with, 

consequently, higher rates of school absenteeism in girls. Based on their symptomatology, 

severely fatigued participants in the epidemiological study resembled patients diagnosed 

with chronic fatigue syndrome (CFS).1 According to the Centers for Disease Control and 

Prevention (CDC), CFS is characterized by persistent and disabling fatigue accompanied by 

symptoms of myalgia, headaches, joint pain, unrefreshing sleep, and memory and concen

tration disturbances.2 Symptoms of depression and anxiety are often observed in patients 

as well.3,4 Premorbid stress and emotional instability were found to be important predictors 

of CFS.5,6 Furthermore, in adults unexplained fatigue was found to predict the development 

of CFS later in life.7,8 Severe fatigue among adolescents may reflect an increased burden on 

stressphysiological systems. In view of early prevention, it is important to identify potential 

physiological deviations that are associated with fatigue in adolescents while they are still 

healthy.

The hypothalamicpituitaryadrenal axis (HPAaxis) is one of the physiological regulatory 

systems suggested to be involved in the pathogenesis of CFS. Though mainly studied in 

adults, results, if anything, seem to point to mild hypocortisolism.9 Moreover, viral infections 

(for example, Lyme disease, Q fever, infectious mononucleosis) and alterations in the immune 

system function also have been held (at least in part) responsible for the development of CFS. 

Therefore, a wide range of immune functions in CFS patients has been investigated.1012 When 

the immune system is challenged it releases cytokines, immune cell products which provide 

communication between components of the immune system and between the immune sys

tem and other organ systems, such as the brain.13,14 Subsequently, the HPAaxis is activated 

which enables cortisol to contribute to the inhibition of further release of proinflammatory 

cytokines. It is important to note that the effectiveness of this process does not solely depend 

on absolute levels of circulating cortisol but also on the sensitivity of immune cells for the 

regulatory effects of glucocorticoids (GCs). It has been suggested that in reaction to either 

chronic or severe psychological stress such as trauma, or physical stress, such as chronic in

flammation, sensitivity of glucocorticoid receptors (GR) on immune cells can be altered.1519

In a few studies with CFS patients the sensitivity of immune cells to a synthetic GC, dex

amethasone (DEX), has been investigated. In adults, enhanced sensitivity for inhibition by 

DEX was observed.20 In the only study in adolescent CFS patients Kavelaars et al. found a 

resistance of the immune system to the regulation by DEX.15 Alterations in GR sensitivity of 
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the immune system are not limited to CFS patients but also observed in other stressrelated 

syndromes, such as post traumatic stress disorder (PTSD), and vital exhaustion.17,18,21

The majority of studies analyzing immune functions in CFS have the limitation that they rely 

on single point measurements without considering the influence of factors such as seasonal 

variation in immune reactivity, diurnal variation and exposure to common infections.2224 This 

may partly explain the contradictions between the results of these studies. When studying 

subtle differences between groups, betweensubject variability due to these confounders 

should be minimized. Segerstrom et al. argued, based on a simian study, that even up to 

ten assessments of the same animal are required to determine an average immune status or 

“immune trait”.25 We observed high withinsubject stability in rank scores of cytokine produc

tion but clear influences of season in both fatigued and nonfatigued adolescents.24 To our 

knowledge it has not been explored yet whether the communication between the HPAaxis 

and the immune system is a stable function or “immune trait”.

In our previous studies the cortisol awakening response (CAR) as well as the inhibition of 

HPAaxis activity by DEX was not altered in severely fatigued adolescents from a healthy pop

ulation.26 We also described that cytokine production and Tlymphocyte proliferation were 

not different between severely fatigued and nonfatigued adolescents.24 However, whether 

interactions between the HPAaxis and the immune system may be deviant in severely fa

tigued adolescents remained to be elucidated. In view of the overlap in symptoms with CFS 

patients we hypothesized that there could be a potential role for an altered communication 

between the two systems.

Thus, the aim of the present study was to identify possible deviations in GR sensitivity 

of immune cells in severely fatigued adolescents as compared to nonfatigued controls. To 

reliably assess GR sensitivity and to explore the withinsubject stability of this parameter in 

humans, we chose a longitudinal design. In a sample of nonfatigued and severely fatigued 

adolescents we examined the sensitivity of monocytes to DEX in the production of tumor 

necrosis factor (TNF)α and interleukin (IL)10. Moreover, we investigated the sensitivity of 

Tlymphocytes to regulation by DEX on the level of proliferation and production of the pro

inflammatory cytokine interferon (IFN)γ and antiinflammatory cytokine IL10. In addition, 

we examined GR sensitivity in a selected persistently fatigued subgroup. We performed the 

measurements on three different time points: T1 (spring), T2 after six months (autumn) and 

T3 after 12 months (spring). Since the prevalence of severe fatigue in our epidemiological 

study was higher in girls and female predominance was also found in some other studies 

about fatigue and CFS during adolescence,1,27,28 only female adolescents were included in the 

present study.
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Methods

Participants

Nonfatigued and severely fatigued participants were selected from a broader epidemiologi

cal study on fatigue among adolescents which was conducted at five Dutch high schools. All 

female participants and their parents (or guardians) received written information about the 

current study. Required sample size was determined by power analysis for the group com

parison in cytokine production. At least 55 children in each group showed to be sufficient for 

the present study, based on the magnitude of group differences in a previous study of our 

group.24 A severely fatigued group of 67 girls (age 15.18 ± 1.37 years) with the highest total 

fatigue scores on the Checklist Individual Strength (CIS) was selected out of 591 girls who 

were interested in participation.29 In addition, a nonfatigued control group (N=61, age 14.74 

± 1.60 years) was selected with the lowest fatigue scores. Participants were included only 

when the level of fatigue at inclusion was present for at least one month. Fatigue duration in 

the fatigued group was: 22.4% 12 months, 17.9% 23 months, 10.4% 34 months and 49.3% 

longer than 4 months. Fatigued and nonfatigued participants did not differ in time spent 

on homework, leisure time activities, nightlife and time spend with friends. Also, an equal 

proportion of participants of both groups had a job aside from their school work (fatigued 

46.3% and nonfatigued 44.3%, χ2=8.81, p<.05). However, time spent on physical activities 

was significantly reduced in the fatigued group (t=4.52, p<.001). Based on selfreports by 

the participants and telephone interviews with their parents (or guardians), participants 

with past or current somatic or psychiatric diagnoses were not selected. All nonfatigued 

and fatigued participants were tested for subclinical infections by determination of erythro

cyte sedimentation rate. The two groups did not differ in the proportion of participants with 

elevated sedimentation rates according to a clinical cutoff. Additional information was given 

by telephone and written informed consent of both parents and adolescents was obtained. 

This study was approved by the Medical Ethical Committee (IRB) of the University Medical 

Center Utrecht.

General procedure

After returning written informed consent, participants were requested to fill out the ques

tionnaires at home without assistance. Within two weeks after questionnaire completion, 

individual appointments were planned at school. During the appointment, questionnaires 

were collected and participants were asked about their current medication use and flulike or 

common cold symptoms at that moment and during the past week. Of all participants, 10 ml 

of heparinized blood was taken between 8.30am and 11.00am using a Vacutainer® collection 

system. Participants were included in two enrollment periods, in spring 2002 and spring 2004 

and tested on three occasions: in spring (T1), autumn (T2) and the successive spring (T3).
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Questionnaires

Fatigue was assessed using the CIS questionnaire,29 which consists of four subscales, namely, 

severity of fatigue, concentration, motivation and physical activity and was originally devel

oped for adults. Based on the prevalence study, one item was excluded from the subscale 

activity to adjust the questionnaire to the adolescent population.1 Depressive symptoms 

were measured using the Beck Depression Inventory (BDI).30 Trait anxiety was assessed with 

the Dutch version of the State / Trait Anxiety Inventory for Children (STAIC).31,32 To assess gen

eral sleep quality, the Dutch State and Trait Sleep Assessment Scale was used (GSKS).33 With 

the Modified Somatic Perception Questionnaire (MSPQ) somatic and autonomic perception 

was measured using the revised 33item version.34 Selfreports of the CFSrelated symptoms 

unrefreshing sleep, muscle pain, joint pain, headaches, tender lymph nodes, memory and 

concentration problems in the past two weeks were rated using a dichotomous scale (yes/

no).35

Single questions were asked about fatigue and illnessrelated school absenteeism, smok

ing, use of oral contraceptives and medication, experience of menarche and age at me

narche. Pubertal development was determined according to the Tanner stages of pubertal 

development.36 Occasional use of the following medication was reported by nonfatigued 

(NF) and fatigued (F) participants: antihistamines (F: N=1), betablockers (F: N=1), nonsys

temic corticosteroids (nasal spray or crème) (NF: N=3; F: N=6), and migraine medication or 

painkillers (NF: N=2; F: N=5). Body Mass Index (BMI) was calculated by dividing body weight 

by the square of body height (kg/m2). Selfreported allergic and asthmatic complaints were 

registered.

Determination of plasma cortisol

For total cortisol analysis, blood collected in EDTA was kept on ice until centrifugation, and 

plasma was frozen at 80ºC awaiting analysis. A commercially available immunoassay (Cen

taur, Bayer, Fernwald, Germany) was performed in two runs with samples of nonfatigued and 

fatigued participants mixed (intra and interassay variability less than 6%).

Ex vivo cell response to dexamethasone

Sensitivity of monocyte cytokine production was measured in whole blood 1:10 diluted 

with RPMI1641, supplemented with antibiotics and stimulated with lipopolysaccaride (LPS, 

Escherichia coli 0127: B8, Sigma, final concentration 2 ng/ml) in the presence of 0 – 300 nM 

DEX at 37°C /5% CO
2
 in 96 wells flat bottom plates for 24 hrs. Supernatants were stored at 

80°C and TNFα and IL10 production was determined using standard ELISA kits (Sanquin, 

Amsterdam, the Netherlands). Sensitivity of mitogeninduced Tlymphocyte proliferation 

and production of IL10 and IFNγ to DEX was determined in whole blood cultures stimulated 

with the Tlymphocyte mitogen phytoheamagglutinin (PHA). Whole blood diluted 1:10 with 

RPMI1641 (Gibco, Grand Island, NY), 100 U/ml penicillin, 100 μg/ml streptomycin and 2 mM 
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Lglutamine was stimulated with PHA (Remel Europe Ltd., final concentration 25 μg/ml) at 

37°C /5% CO
2
 in 96 wells roundbottom plates in the presence of 0 – 300 nM DEX. After col

lection of supernatants for cytokine analysis, cultures were pulsed after 72 hrs with 1μCi/

well [3H]thymidine (Amersham, Buckinghamshire, UK), and 16 – 18 hrs later, [3H]thymidine 

incorporation was measured using a liquid scintillation betacounter.

Statistics

Analyses were performed using the Statistical Package for the Social Sciences version 12.0 

(SPSS 12.0). All variables were tested for normality. Group differences in the normally dis

tributed datasets were assessed by oneway ANOVA, Student’s ttest, and noncontinuous 

variables by Chisquare or Fisher’s Exact test. Repeated measures analysis was performed to 

analyze the longitudinal patterns of selfreported complaints of nonfatigued and fatigued 

participants using time as a withinsubjects factor and group as the betweensubjects factor. 

Threeway ANOVA was conducted to explore group, dose and time point differences in DEX 

sensitivity. DEX dose and time point were used as withinsubject variables and group as a 

betweensubject variable. As a measure of total DEX inhibition area under the curve (AUC) 

of Tlymphocyte proliferation and cytokine production was calculated at all time points. In 

addition, for each time point the concentration of DEX was determined where 50% of its 

effect was observed (EC50
) as well as the percentage cytokine production or Tlymphocyte 

proliferation in the presence of the highest concentration DEX (300 nM) as a measure of maxi

mal inhibition. AUC, EC
50

 and maximal inhibition were used in a repeated measures analysis 

as dependent variables. Time was used as a withinsubjects factor. When sphericity was vio

lated in the repeated measures analyses GreenhouseGeisser correction was applied in all 

repeated measures analyses. In addition, in order to determine the withinsubject stability 

of the immunological characteristics, Spearman’s rank correlations were calculated between 

time points. To determine effect sizes, eta squared was calculated which represents the pro

portion of the total variance that is attributed to an effect and calculated as the ratio of the 

effect variance (SS
effect

) to the total variance (SS
total

), η2 = SS
effect

 / SS
total

.

results

Demographics

Demographic characteristics and selfreported symptoms of the fatigued and nonfatigued 

group are presented in Table 1. Fatigued girls were slightly older (fatigued: 15.18±1.37 years 

and nonfatigued: 14.74±1.60, t=2.35, p<.05). A higher percentage of the fatigued partici

pants had experienced menarche (χ2=4.81, p<.05) and the average age at menarche was 

lower in the fatigued group (t=2.23, p<.05). In the fatigued group 13.9% smoked on a regu

lar basis while none of the nonfatigued girls smoked (χ2=8.95, p<.05). The fatigued group 
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reported more fatigue and illnessrelated school absenteeism in the past month than the 

nonfatigued group (χ2=16.11, p<.01). No differences were observed in BMI, medication use, 

use of oral contraceptives and selfreported allergies.

Longitudinal course of self-reported symptoms

The longitudinal course of symptoms was assessed by selfreports at T1 and after six (T2) 

and twelve (T3) months and has been previously reported by our group.24 In Table 1 ques

tionnaire scores at T1 are presented. In the fatigued group, the level of fatigue (CIS
total

) de

creased somewhat after T1. In the nonfatigued group no obvious changes were observed 

table 1: Demographics and complaints of fatigued and nonfatigued group at T1. Means (SD) and percentages 
presented.

NonFatigued Fatigued

Age 14.74 (1.60) 15.18 (1.37)

Weight
Height
BMI

52.94 (8.92)
1.67 (0.07)

18.80 (2.38)

54.71 (9.71)
1.67 (0.07)

19.50 (2.80)

Tanner puberty stage
Breasts

Tanner puberty stage
Pubic hair

Menarche (Yes)
Age at menarche
Oral contraceptives

Stage 1
Stage 2
Stage 3
Stage 4
Stage 5
Stage 1
Stage 2
Stage 3
Stage 4

0.0%
16.9%
30.5%
39.0%
13.6%
6.8%

28.8%
47.5%
16.9%
76.7%

12.52 (1.00)
16.4%

0.0%
6.0%

23.9%
46.3%
23.9%
1.5%

13.4%
58.2%
26.9%
91.0%

12.07 (1.01)
19.4%

Selfreported allergic symptoms
Selfreported asthmatic symptoms

29.3%
0.0%

31.3%
6.0%

Smoking 1 – 5
6 – 10
10 – 20
> 20

0.0%
0.0%
0.0%
0.0%

6.0%
0.0%
7.5%
0.0%

Fatigue and illnessrelated absenteeism 
(past month)

0 classes
15 classes
610 classes
1120 lasses
> 20 classes

70.5%
14.8%
4.9%
8.2%
1.6%

39.4%
22.7%
9.1%

10.6%
18.2%

Fatigue total score (CIS) 36.31 (12.34) 84.63 (15.01)

Depression (BDI) 2.48 (2.65) 12.70 (7.48)

Anxiety (STAIC) 26.64 (4.00) 38.30 (6.66)

Somatic symptoms (MSPQ) 8.72 (6.58) 8.72 (10.76)

Sleep quality in general (GSKS) 2.02 (2.20) 7.64 (2.53)

Number of CFSrelated symptoms 1.11 (1.00) 3.58 (1.30)
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(time effect: F
(2,228)

=3.32, p<.05, η2=0.03; interaction effect: F
(2,228)

=5.02, p<.01, η2=0.04). Group 

averages remained substantially different overall (F
(1,114)

=333.62, p<.001, η2=0.75). The same 

longitudinal pattern was seen for depression, anxiety, somatic and autonomic symptoms and 

sleep quality with a small decrease in complaints in the fatigued group, especially between 

T1 and T2, and a stable pattern in the nonfatigued participants. No longitudinal changes 

were observed with respect to the number of selfreported CFSrelated symptoms in the 

fatigued girls, while their nonfatigued counterparts reported a little more symptoms at T3 

(time effect: F
(2,225)

=0.27, p=.77, η2=0.002; interaction effect: F
(2,225)

=3.43, p<.05, η2=0.03; group 

effect: F
(1,120)

=147.42, p<.001, η2=0.51).

Longitudinal analysis of cortisol and glucocorticoid receptor sensitivity

Cortisol in plasma

Cortisol and immunological data were analyzed of 65 fatigued and 60 nonfatigued partici

pants at T1, of 58 and 59 participants at T2 and 60 and 59 participants at T3, respectively. As 

shown in Figure 1, higher levels of plasma cortisol were present at all time points in fatigued 

participants compared to nonfatigued participants (group effect: F
(1,115)

=4.42, p<.05, η2=0.04; 

time effect: F
(2,228)

=0.03, p=.97, η2=0.00). Since hypersecretion of cortisol is usually observed 

in depressed patients and hyposecretion in CFS patients,9,37 we corrected the results for 

BDI depression scores. This resulted in an even more significant difference of cortisol in fa

tigued participants compared to nonfatigued participants (group effect: F
(1,114)

=10.35, p<.01, 

η2=0.08: time effect: F
(2,226)

=1.08, p=.34, η2=0.01).

Glucocorticoid receptor sensitivity of monocytes

The sensitivity of monocytes to glucocorticoid regulation was tested in whole blood cultures 

by adding DEX and examining the regulation of LPSinduced TNFα release as a monocyte 

Chapter 6: 5 figuren 
 
6.1 
 

 Figure 1: Longitudinal patterns of cortisol production measured in plasma.  represents samples from the 
fatigued group and  represents those from the nonfatigued group. Means and SEMs presented.
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function. Threeway ANOVA with time point and DEX dose as withinsubject variables 

showed that increasing amounts of DEX in the culture resulted in dosedependent inhibition 

of TNFα and biphasic modulation of IL10 (TNFα and IL10 p<.001). Modulation of TNFα and 

IL10 production by DEX differed between time points but did not differ between fatigued 

and nonfatigued participants (TNFα group effect: F
(1,106)

=0.09, p=.77, η2=0.00; time point ef

fect: F
(2,198)

=12.15, p<.001, η2=0.10; IL10 group effect: F
(1,107)

=0.66, p=.42, η2=0.01; time point 

effect: F
(2,189)

=2.63, p=.08, η2=0.02). For TNFα inhibition by DEX the AUC, EC
50

, and maximal 

inhibition were calculated. Figure 2 presents the longitudinal patterns of these parameters. 

Fatigued and nonfatigued participants did not differ in GR sensitivity of monocytes for DEX 

(group effect AUC: F
(1,106)

=0.09, p=.77, η2=0.00; group effect EC
50

: F
(1,100)

=0.28, p=.60, η2=0.00; 

group effect maximal inhibition: F
(1,106)

=0.46, p=.50, η2=0.00). No significant interaction effects 

were observed. Inhibition of TNFα production by DEX was most pronounced at T1 and least 

at T3 (time effect AUC: F
(2,198)

=12.15, p<.001, η2=0.10; time effect EC
50

: F
(2,178)

=11.22, p<.001, 

η2=0.10; time effect maximal inhibition: F
(2,196)

=1.98, p=.14, η2=0.02).

The DEX effect on monocyte IL10 production is biphasic.18 Low dose DEX has a stimulating 

effect on IL10 secretion, whereas the higher doses inhibited the release. This characteristic 

of the IL10 curve does not allow calculation of AUC or EC
50

. ANOVAs per time point showed 

that at T1 and T3 the IL10 curves did not differ between fatigued and nonfatigued partici

pants (group effect T1: F
(1,122)

=0.76, p=.38, η2=0.01; group effect T3: F
(1,110)

=0.23, p=.64, η2=0.00) 

6.2 
 

Figure 2: Longitudinal patterns of inhibition of monocyte TNFα: A) AUC; B) EC
50

; C) maximal inhibition.  
represents samples from the fatigued group and  represents samples from the nonfatigued group. Means 
and SEMs presented.6.3 

 Figure 3: Modulation of IL10 by DEX in monocytes from fatigued () and nonfatigued () participants at 
T1, T2 and T3. Means and SEMs presented.
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(Figure 3). At T2, the stimulating effect of DEX was less pronounced in the fatigued group 

(group effect T2: F
(1,116)

=5.30, p<.05, η2=0.04).

To test whether levels of endogenous cortisol influenced GR sensitivity, the TNFα and IL10 

doseresponse curves were analyzed per time point with cortisol as covariate. This did not 

change the results, suggesting that endogenous GC did not mask possible group differences 

in DEX modulation of cytokine production by monocytes.

Glucocorticoid receptor sensitivity of T-lymphocytes

Increasing amounts of DEX in the culture resulted in dosedependent inhibition of Tlympho

cyte proliferation and of IL10 and IFNγ production by Tlymphocytes (all p<.001). Inhibition 

of Tlymphocyte proliferation, and IL10 and IFNγ secretion differed between time points 
6.4 
 

 Figure 4: Longitudinal patterns of inhibition of Tlymphocyte proliferation (upper panel), IL10 (middle panel), and 
IFNγ (lower panel) production: AUC; EC

50
; maximal inhibition.  represents samples from the fatigued group 

and  represents those from the nonfatigued group. Means and SEMs presented.
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but not between fatigued and nonfatigued participants (Tlymphocyte proliferation group 

effect: F
(1,102)

=0.69, p=.41, η2=0.01; time point effect: F
(2,197)

=28.05, p,.001, η2=0.22; IL10 group 

effect: F
(1,94)

=0.32, p=.32, η2=0.01; time point effect: F
(2,169)

=17.93, p<.001, η2=0.16; IFNγ group 

effect: F
(1,98)

=1.30, p=.26, η2=0.01; time point effect: F
(2,190)

=15.43, p<.001, η2=0.14).

Figure 4 shows the longitudinal patterns of the AUC, EC
50

, and maximal inhibition of DEX 

dosedependent cytokine production and Tlymphocyte proliferation. Fatigued and non

fatigued participants differed on none of the Tlymphocyte read outs. Inhibition of INFγ and 

IL10 production and Tlymphocyte proliferation showed comparable fluctuating patterns 

with enhanced inhibition at T2 compared to T1 and T3, indicating enhanced GR sensitivity 

in autumn compared to spring. No significant interaction effects were observed. Moreover, 

also with respect to DEX regulation of Tlymphocyte function, correcting the data for cortisol 

levels did not alter the results.

Within-subject stability of GR sensitivity

Percentages of monocyte and Tlymphocyte inhibition by DEX showed seasonal variation 

in GR sensitivity to DEX (Figures 2 and 4). With rank correlation analysis we tested whether, 

despite this, participants’ relative position within the group would show stability across time 

points. With intervals of 6 months, stability of inhibition of LPSinduced TNFα by DEX showed 

a mixed picture with low correlations between time points of AUC and EC
50

 and significant 

correlations between maximal inhibition at T1, T2 and T3 (Table 2). All Tlymphocyte param

eters (proliferation, IL10 and IFNγ) were fairly stable across time points.

table 2: Rank correlations (r) between time points (T1, T2, T3) of all participants together (fatigued and non
fatigued) of the AUC, EC

50
 and maximal inhibition of DEX modulated TNFα production by LPSstimulated 

monocytes and Tlymphocyte proliferation and IL10 and IFNγ production by Tlymphocytes. * p<.05, ** p<.01, *** 
p<.001

T1T2 T1T3 T2T3

TNFα
(monocytes)

AUC
EC

50

maximal inhibition

.19* .12 .10

.18 .22 .07

.33*** .20* .33***

Tlymphocyte 
proliferation

AUC
EC

50

maximal inhibition

.61*** .66*** .51***

.52*** .54*** .40***

.46*** .48*** .20*

IL10
(Tlymphocytes)

AUC
EC

50

maximal inhibition

.44*** .40*** .40***

.32*** .40*** .24*

.40*** .37*** .56***

IFNγ
(Tlymphocytes)

AUC
EC

50

maximal inhibition

.30** .46*** .34***

.30** .40*** .23*

.42*** .34*** .18
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DEX sensitivity and persistent fatigue

A persistently fatigued subgroup (N=26) subsample of the severely fatigued group, who re

ported high levels of fatigue (CIS
fatigue severity

≥35) across all time points was compared to the 

nonfatigued group (N=59). Cortisol levels did not differ between persistently fatigued and 

nonfatigued participants (F
(1,77)

=1.83, p=.18, η2=0.02). Sensitivity of monocytes to DEX also 

did not differ between the two groups at any time point (all p>.05). No differences between 

the subgroup with persisting fatigue were observed in comparison with the rest of the fa

tigued group (CIS
fatigue severity

<35 at one or more time points).

With respect to the Tlymphocyte compartment, DEX inhibition of IFNγ production was re

duced in the persistently fatigued group (group effect AUC: F
(1,59)

=4.08, p<.05, η2=0.07). Also, 

inhibition of Tlymphocyte proliferation by DEX tended to be less pronounced in persistently 

fatigued participants as compared to nonfatigued individuals (group effect AUC: F
(1,65)

=3.94, 

p=.05, η2=0.06) (Figure 5). However, the persistently fatigued group and the temporarily fa

tigued group did not differ in Tlymphocyte read outs for DEX sensitivity.
6.5 
 

 Figure 5: Longitudinal patterns of inhibition of AUC Tlymphocyte proliferation (left) and IFNγ (right) production. 
 represents samples from the persistently fatigued group and  represents those from the nonfatigued 
group. Means and SEMs presented.

disCussion

In the present study we investigated whether severely fatigued adolescent girls, with high 

resemblance of symptomatology to patients with CFS, would show alterations in plasma cor

tisol level and GR sensitivity of monocytes and Tlymphocytes as compared to nonfatigued 

adolescents. Higher levels of cortisol were present in the fatigued group. GR sensitivity of 

Tlymphocytes was fairly stable across time points though in autumn Tlymphocytes of both 

groups were more sensitive to DEX as compared to spring. Fatigued and nonfatigued par

ticipants did not differ in sensitivity to DEX. However, in a subgroup of persistently fatigued 

girls we observed reduced GR sensitivity of Tlymphocytes with respect to IFNγ production 

and proliferation.



Ch
ap

ter
 6

114

The longitudinal design of our study enabled us to examine the stability of immunological 

profiles in the participants as recommended by Segerstrom et al.25 In line with our previous 

report on the stability of cytokine production and leukocyte cell subsets,24 we showed long

term consistency of the participants’ relative position compared to the rest of the group with 

respect to GR sensitivity of Tlymphocytes. As was reported previously, stability of cytokine 

production and composition of cell populations was tested before,38,39 to our knowledge 

we are the first to demonstrate that GR function, at least in Tlymphocytes, is also relatively 

stable over a long period of time. However, the magnitude of stability of GR sensitivity was 

smaller than of cytokine production and cell subsets.24 We showed increased DEX sensitiv

ity in samples drawn in autumn compared to spring, that is, increased sensitivity in autumn 

compared to spring. We suggest that in future research in humans, multiple measurements 

of (neuro)immune parameters are necessary to increase reliability. In any case, taking into 

account the time of year of the assessment is important. In contrast to our finding of stability 

of GR sensitivity of Tlymphocytes, DEX inhibition of TNFα production by monocytes was 

variable across time points. In line with this observation, group differences in DEX modula

tion of monocyte IL10 production differed between time points. DeRijk et al. already showed 

that monocyte sensitivity to DEX is dynamic and is rapidly affected by physical activity.40 

We reckon that the latter measure therefore is not suitable for establishing immune traits, 

but rather reflects the actual situation. These data are in line with the fact that the innate 

immune response does not reflect an immune trait, but is more reactive to the daytoday 

threats of the environment, whereas the adaptive Tlymphocyte response is a more stable 

phenomenon.41

The observation of higher cortisol levels in the severely fatigued group contrasted with 

our expectations. Previously we showed that the CAR, as determined in saliva samples, did 

not differ between fatigued and nonfatigued participants.26 If anything, we expected to find 

indications for hypocortisolism in line with the majority of previous findings in adult CFS 

patients.9 Hypercortisolism has been consistently found in depressive disorders and is related 

to a reduced negative feedback sensitivity of the HPAaxis.37 However, also in a CFS patient 

group in which participants with comorbid depression were excluded, high levels of saliva 

cortisol levels were observed.42 To get insight in the influence of depressive comorbidity in 

the analyses of cortisol production, we corrected our analyses for BDI scores and observed an 

even stronger difference in cortisol levels between fatigued and nonfatigued participants, 

suggesting that the cortisol elevation in our fatigued participants cannot be attributed to 

higher levels of depressive symptoms. We previously reported that severely fatigued girls 

experienced more negative life events.26 Possibly exposure to these stressful events has con

tributed to the observed alteration in HPAaxis output. It should be noted, however, that 

measurement of cortisol at one specific time point in the diurnal cycle does not adequately 

reflect HPAaxis activity. The fact that we observed a consistent difference over a period of 

one year despite using a single measurement at each time point nevertheless suggests that 
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these differences are real. It should also be mentioned that in saliva free cortisol is measured 

whereas in plasma cortisol levels reflect total cortisol, which includes the much larger frac

tion bound to cortisol binding globulin, which could be the basis of the differences in our 

findings.

Interestingly, our data indicated that persistently fatigued individuals have alterations in 

GR sensitivity on the level of Tlymphocyte proliferation and cytokine production. In line with 

findings in an adolescent CFS patient group and in PTSD patients,15,18 participants with per

sistent fatigue had reduced DEX sensitivity of Tlymphocytes as compared to nonfatigued 

participants. The fact that the persistently fatigued group did not differ from the transiently 

fatigued group may be related to the small group sizes and may therefore be a matter of 

reduced power. GC resistance in persistently fatigued girls does not seem to be associated 

with the duration of the complaints, since altered sensitivity was already present at T1. In 

addition, we demonstrated in a large sample of female high school students (N=653) that 

persistent fatigue was predicted by initially high levels of depression and anxiety, sleep prob

lems and reduced physical activity (ter Wolbeek et al., unpublished data). Our results suggest 

that the persistently fatigued participants may form a subgroup which is at higher risk for 

development of physiological dysfunction and perhaps more severe symptoms of fatigue 

and comorbidities. In our future studies we will try follow this group to observe whether 

these girls are more prone to develop CFS.

Since reduced GC sensitivity of target tissue has previously been shown in depressive 

patients,16,37 this may imply that our persistently fatigued group is more similar to depressive 

patients than to CFS patients. On the other hand, Kavelaars et al. excluded CFS patients with 

high depression scores from their study and also observed reduced DEX sensitivity.15 Fur

thermore, De Kloet et al. did not observe DEX sensitivity differences between PTSD patients 

with or without comorbid depression.18 Moreover, in our persistently fatigued participants no 

elevation in cortisol levels was observed, which is generally considered to be a characteristic 

of depression.43 Although we used selfreports to identify participants with psychiatric or so

matic illnesses and therefore cannot completely rule out the possibility that we accidentally 

included diseased participants, we are dealing with a normal school population and not with 

a patient group, and therefore we feel that the relative contribution of diseased participants 

will be small.

What may be the origin of reduced DEX sensitivity as observed in the persistently fatigued 

subgroup? Immune system activation is controlled by GCs that bind to GRs in immune cells 

and via intracellular processes that inhibit production of cytokines. Insufficient GC signal

ling can be a consequence of low levels of GCs or decreased receptormediated signal 

transduction.16,44 The latter may either result from downregulation of the number of recep

tors, altered receptor affinity, or reduced intracellular effects of agonistoccupied receptors. 

Physical or psychological stress can contribute to GC resistance of immune cells since exces

sive or enduring HPAaxis activation can desensitize receptors and / or downregulate the 
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number of receptors.16,17,44 If this process was involved, one would expect to find associations 

between current cortisol levels and GC sensitivity of cells. However, correcting the sensitivity 

measures for plasma cortisol levels did not affect our results. Although in our sample cortisol 

levels did not differ between persistently fatigued participants and controls, and therefore 

could not explain altered GR sensitivity, one can speculate that HPAaxis overactivation may 

possibly have occurred in the history of these girls, which may have resulted in the observed 

reduction in DEX sensitivity of monocytes.

In conclusion, severely fatigued participants reported significantly more CFSrelated symp

toms, depression, anxiety, somatic symptoms and reduced sleep quality than nonfatigued 

participants and their complaints resembled those of CFS patients. Fatigued participants had 

higher cortisol levels but the expected GR resistance could not be demonstrated. The longitu

dinal stability of Tlymphocyte GR sensitivity (but not monocyte sensitivity) strengthens the 

conclusion that this function in severely fatigued healthy adolescents is not altered. Only in a 

subgroup of persistently fatigued participants GR sensitivity of Tlymphocytes was reduced, 

which paralleled the results found previously by our group in adolescent CFS patients and 

PTSD patients. The significance of immune dysregulation associated with persistent fatigue 

during adolescence as a possible risk factor for development of CFS in later life should be 

further elucidated in a larger sample and in a followup study of the present sample.
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Fatigue in adolesCents: a PubliC health ProbleM?

Parents and school teachers often state that fatigue is a common symptom among adoles

cents. This was indeed shown in our epidemiological study. We demonstrated that in a large 

sample of adolescents, 20.5% of girls and 6.5% of boys reported severe fatigue. Fatigue was 

highly correlated to other somatic and mental complaints, including pain, depression and 

anxiety. However, the prejudice of parents and teachers that fatigue in adolescents is caused 

by extracurricular events and life style, such as nightlife, hobby’s, sleep and substance use 

was only partly confirmed since only sleep duration and physical activity played a small role 

in explaining fatigue.

The female preponderance in fatigue we observed has been shown in other studies on 

fatigue as well,1,2 and has also been reported for a range of other psychological and somatic 

complaints, including depression and pain.35 One of the easiest explanations for this gender 

difference would be a lower threshold in females to report complaints. However, scientific 

data on fatiguerelated issues such as perception of stress and pain sensitivity refute this 

idea and point to a biological sex difference in physiological regulatory systems. For instance, 

serotonin receptor (5HT
3
 and 5HT

4
) antagonists are an effective therapy for irritable bowel 

syndrome (IBS) in females but not in males, suggesting that receptor regulation in pain per

ception is differently regulated.68 In addition, in a metaanalysis on gender differences in the 

experience of life events, Davis et al. showed that females not only perceive events as more 

stressful but are also exposed to more stressful situations.9 Since in our study more girls than 

boys reported severe fatigue and since CFS is more often diagnosed in females, the focus of 

our subsequent studies was on girls.1,10

We showed that a fair proportion of severely fatigued girls (25.7%) remained fatigued dur

ing the whole year of the study (Chapter 3). The persistence of fatigue was particularly related 

to high levels of depressive symptoms and anxiety at the beginning of the study (T1), but also 

to reduced physical activity and nocturnal sleep. Surprisingly, initial fatigue severity did not 

predict the chronicity of fatigue.

While a lot of adolescents report fatigue, as far as we have investigated, the impact of the 

symptoms on daily life activities was less pronounced than in CFS patients. We observed high 

rates of school absenteeism among severely and persistently fatigued adolescents but fatigue 

hardly interfered with extracurricular and social activities. Though fatigued participants were 

less physically active than nonfatigued participants, it seemed that reduced physical activity 

contributes to fatigue severity instead of the reverse. However, additional research in part of 

the sample using the RAND Short Form (SF36) (physical functioning subscale),11 indicated 

that functional impairment was reported by some of the persistently fatigued participants.

Thus, we can conclude that fatigue is a common and fairly stable phenomenon among, 

mainly female, adolescents, and is hardly related to life style. Only in part of the fatigued 

participants, symptoms are so disabling that they require special attention. In general, to 
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avoid medicalization, fatigue in adolescents should be approached as a normal symptom 

that should be accepted to come along with pubertal development. However, adolescents 

with severe fatigue should be attentive in case of chronicity and comorbidity with depres

sion and anxiety. Treatment of fatigue in adolescents should mainly focus on emotional 

wellbeing and to a lesser extent on increasing physical activity and nocturnal sleep dura

tion. In addition, to prevent adolescents from developing severe fatigue, attention should 

be paid to those adolescents with mood problems even when complaints of fatigue are not 

yet present.

is Fatigue in healthy adolesCents related to PhysiologiCal 
dysFunCtion?

Besides genetic make up, chronic and acute stressors influence physiological regulatory sys

tems and increase the risk for pathology and disease. Therefore we proposed in the introduc

tion that CFS may develop according to the model on the relation between stress and disease 

susceptibility as outlined by McEwen.12 The model implies that, in response to physical or 

psychological challenges, the body constantly adapts. This process is called allostasis.13 Al

lostasis (literally “maintaining stability, or homeostasis, through change”) refers to the capac

ity of vital functions in the body to adjust to a new steady state in response to physical or 

psychological challenges, for instance by the adjustment of blood pressure or the release of 

catecholamines and glucocorticoids. Logically, when (a) allostatic processes are chronically 

addressed or when (b) the allostatic response mechanisms function inadequately, depletion 

of physiological resources follows. This state is called “high allostatic load”. When allostatic 

load is high the main organ systems influenced by allostatic processes, among which the im

mune system, eventually get affected and susceptibility to disease, such as CFS, may increase. 

We expected that not only complaints of CFS patients but also of severely fatigued individu

als from a healthy population reflect high allostatic load and thus a burden on physiological 

systems. In literature, the operalization of allostatic load is variable and several indices of 

allostatic load have been proposed during the last decade. We refered to allostatic load as a 

conceptional framework, of which the level is determined by the amount of emotional and/

or physical burden on regulatory systems that may be involved in fatigued and CFS such as 

the hypothalamuspituitaryadrenal (HPA) axis and the immune system.

The hypothalamus-pituitary-adrenal axis

In Chapter 4 we investigated several functions of the HPAaxis in the fatigued and nonfatigued 

participants because dysregulation of the HPAaxis have been observed as a consequence of 

chronic stress and in some studies on CFS patients. However, we observed no deviations in 

Cortisol Awakening Response (CAR), the acute early morning rise in saliva cortisol, in fatigued 
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participants. On the other hand, plasma cortisol, determined between 8.30am and 11.00 am, 

was significantly elevated in the fatigued group throughout the study. The CAR is unrelated 

to cortisol levels measured during the rest of the day,14 which suggests distinct regulation of 

the CAR and the circadian rhythm. Therefore, our observation that the CAR was not different 

between fatigued and nonfatigued participants and plasma cortisol levels, measured after 

the CAR, were elevated in the fatigued group, do not represent a contradiction.

Possibly the cortisol levels measured in plasma reflect a difference in the response to stress 

between the fatigued and nonfatigued group. Blood collection is for the majority of people 

a more stress provoking event than noninvasive saliva sampling. Therefore, it would be inter

esting in a followup study to investigate whether HPAaxis responsiveness of fatigued ado

lescents to a standardized stressor is indeed elevated compared to nonfatigued adolescents. 

It would also be important to investigate the level of cortisol binding globulin (CBG). Most 

of serum total cortisol is bound to CBG. Previously it has been observed that that the CBG

binding capacity in CFS patients was elevated.15 If this is also the case in fatigued participants, 

the increase in cortisol can be bound directly by the increased availability of CBG. The latter 

would explain the absence of increased cortisol in saliva, which only contains free cortisol. 

These findings suggest that measurement of CBG, bound and free cortisol would give the 

most complete picture.16

A higher cortisol output could decrease the negative feedback of cortisol production via 

increased binding to the GR in the hippocampus. We tested the negative feedback function 

in the fatigued participants after the intake of a low dose of the synthetic glucocorticoid, 

dexamethasone, but did not find a difference with nonfatigued participants. However, we 

cannot conclude that higher plasma cortisol does not give rise to reduced negative feedback 

in the fatigued participants, since the response to dexamethasone was measured in saliva.

As an extension to basal and stressinduced HPAaxis activity, pharmacological challenge 

tests should be used to investigate the functional capacity of the various components of 

the axis, since the increased plasma cortisol levels might also be due to an enhanced output 

of other mediators involved in the HPAaxis, such as adrenocorticotropic hormone (ACTH). 

Administration of corticotropinreleasing hormone (CRH) or ACTH, or combined CRH/ACTH, 

could give more insight in the capacity of the pituitary and adrenals to produce respectively 

ACTH and cortisol. Segal et al. administered ACTH in adolescent CFS patients and observed a 

reduction in cortisol secretion, implying less signalling by ACTH receptors to the adrenals.17 

So far, the results on measurements of cortisol responses after pharmacological challenge 

tests in adult CFS patients seem promising and could provide more specific information on 

HPAaxis functioning in relation to fatigue in adolescents.18

We collected saliva for cortisol analysis at three time points in a small group of CFS patients 

(N=11) (data not shown in this thesis) and were unable detect alterations in the CAR and 

in the negative feedback of cortisol in saliva. Plasma cortisol levels of CFS patients, on the 

other hand, tended to be higher than levels of nonfatigued participants (F
(2,128)

=3.66, post 
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hoc: p=.08, statistical method see Chapter 5) (Figure 1), as was observed in the fatigued par

ticipants. Therefore, more intensive studies on several components of HPAaxis functioning 

should be performed.

Since the majority of studies in adult patients point to hypocortisolism in CFS,18 our results 

are surprising since we found a mild hypercortisolism. Hypercortisolism is rather a character

istic of depression which may imply that the high cortisol levels we observed reflected the 

emotional comorbidity of the fatigued group. The selected subgroup of fatigued participants 

with high levels of comorbid depression, however, did not show an extra elevation in plasma 

total cortisol (data not shown).

In future studies it is to be established whether the elevation in plasma cortisol in fatigued 

adolescents and CFS patients can be replicated, whether there is an altered diurnal rhythm 

and whether CBGbinding plays a role.

The immune system

During a pathogen encounter, immune cells are activated and proinflammatory cytokines 

that act in the brain induce the symptom constellation of “sickness behavior”, which includes, 

among others, symptoms such as fatigue, pain, sleep, malaise.19 The sickness behaviorlike 

symptoms in CFS suggest that infections or immune dysfunctions may be involved in the 

pathogenesis of CFS. Therefore, the immune system of CFS patients has been widely inves

tigated. The similarities in symptoms between CFS patients and fatigued individuals from a 

healthy population made us curious whether also in the latter group alterations in immune 

system functioning could play a role.

In Chapter 5 we showed that only a subgroup of fatigued girls who also reported more se

vere complaints of depression and anxiety, had altered cytokine production. In this subgroup 

a skewing in cytokine production profile towards an antiinflammatory milieu was observed, 

just as was observed in the adolescent CFS patients. Since glucocorticoids inhibit the release 

of proinflammatory cytokines and may skew the response towards a more antiinflammatory 

Chapter 7: 1 figuur 
 
7.1 
 

 Figure 1: Cortisol production in nonfatigued (NF) and fatigued (F) participants and CFS patients (CFS). Mean 
scores (and SEMs) of three measurements together presented.
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profile,2022 the increase in cortisol in fatigued participants and CFS patients described in 

Chapter 6 may be responsible for the antiinflammatory bias. However, only the fatigued indi

viduals with emotional comorbidity had this specific cytokine profile while increased cortisol 

secretion was observed in the whole fatigued group. Possibly, the fatigued subgroup with 

high depression or anxiety had been facing increased levels of stress either at the time of 

the study or before, which might have resulted in a more sustained increases in cortisol than 

in the fatigued group with lower emotional comorbidity.23 Although fatigued participants 

with high depression or high anxiety levels indeed reported more negative life events during 

the year of the study than their fatigued counterparts without high emotional comorbidity 

(fatigued±depression: t=2.55, p<.05; fatigued±anxiety: t=2.21, p<.05), we did not observe 

group differences in reported adverse events prior to the study (fatigued±depression: t=1.15, 

p=.26; fatigued±anxiety: t=2.21, p<.05). This is, however, only a rough indication of stress 

experienced by the participants.

Recent papers on potential treatments for CFS proposed anticytokine therapy to be a pu

tative candidate to reduce the sickness behaviorlike symptoms in CFS patients (Lamprecht, 

2001 in24,25). An obvious prediction based on our findings in adolescent patients would be that 

inhibition of proinflammatory cytokine production would even enhance the skewing of the 

cytokine balance towards an antiinflammatory balance, which might be a contraindication 

for the proposed treatment. We suggest, however, that the peripheral antiinflammatory pro

file of CFS patients and fatigued adolescents with emotional comorbidity reflects an attempt 

to “dampen” the central proinflammatory cytokine response responsible for sickness behav

ior and therefore treatment with, for instance IL1 receptor antagonist (IL1ra) may indeed be 

effective in relieving the sickness behavior.

Glucocorticoid receptor sensitivity of immune cells

When the immune system is triggered and cytokines are released, subsequently, the HPAaxis 

is activated which enables cortisol to contribute to the inhibition of further release of pro

inflammatory cytokines.20,21 The capacity to protect the immune response from overshooting 

does not solely depend on absolute levels of circulating cortisol but also on the sensitivity of 

immune cells for the regulatory effects of glucocorticoids (GCs). It has been shown that in re

action to either chronic or severe psychological stress such as trauma, or physical stress such 

as chronic inflammation, sensitivity of glucocorticoid receptors (GR) on immune cells can be 

altered.26 Decreased sensitivity of Tlymphocytes has been described for adolescent CFS and 

PTSD patients and for depressed individuals.2729 On the other hand also enhanced GR sensi

tivity of immune cells has also been observed in PTSD patients and adult CFS patients.3032

Overall, we were unable to find differences between fatigued and nonfatigued partici

pants in the sensitivity of GRs on monocytes and Tcells (Chapter 6). However, GR sensitiv

ity of Tcells of a subgroup of persistently fatigued participants was significantly reduced as 

was previously observed by our group in adolescent CFS patients.28 Unexpectedly, however, 
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we were unable to replicate this result in the 11 CFS patients who participated in our study 

described in Chapter 5 (data not shown). The difference in results may be related to the selec

tion criteria used to compose the groups in the two studies. In the study by Kavelaars et al., 

CFS patients with comorbid high levels of depression, assessed by means of questionnaire,28 

were not included while in our present study patients with elevated depression scores on a 

questionnaire were not excluded from participation. However, since reduced GR sensitivity is 

a characteristic of depression,33 we then would have expected to find decreased sensitivity in 

our current sample instead of in the sample used by Kavelaars et al. Nonetheless, depression 

did not differ between our fatigued group and CFS patients suggesting no explanatory role 

of depression to reconcile the contrasting findings. No other obvious differences between 

the two CFS patient samples could be pinpointed. Since both studies were performed in 

small samples, we propose that this study should be replicated in larger samples.

In search for a biopsychological explanation for CFS the concept of central sensitization 

has been proposed.34 Central sensitization is referred to as increased responsiveness of neu

rons after repeated stimulation. Research in fibromyalgia (FM), a condition characterized by 

widespread pain and with high overlap in symptoms with CFS, already provides evidence 

for a role of central sensitization in increased pain sensitivity. Whether there are indications 

for comparable processes in CFS, and perhaps in “healthy” but fatigued adolescents, and 

whether increased fatigue sensitivity also exists has not been investigated yet.

Fatigue as a CoMPonent oF a syMPtoM Cluster

In the studies presented in this thesis it was demonstrated that fatigue rarely comes alone. 

There were strong associations between fatigue on the one hand and depression, anxiety, 

and CFSrelated symptoms on the other. Although prevalence of fatigue was higher in girls, 

in both genders this cluster of symptoms emerged. Previous studies in adolescents also re

vealed that fatigue often cooccurred with other psychological and somatic symptoms.2,35,36 

What may underlie this cooccurrence of complaints?

One might suggest that instead of a cooccurrence, the clustering of symptoms rather 

points to an overlap in constructs and subsequently in measurement scales. Probably the 

most obvious overlap between constructs measured in our studies exists between fatigue 

and depression. Fatigue or loss of energy, is a core symptom of depression. Since somatic and 

energyrelated items of the BDI often overlap with medical illnesses, it is suggested to exclude 

these items and to focus on the cognitive and affective items when investigating an ill popu

lation. For this reason the depression scale BDI for Primary Care was developed (BDIPC).37 We 

chose to keep the construct of depression intact and only excluded the item on fatigue from 

the BDI.38 Despite this, relations in our epidemiological sample of adolescent girls between 

the fatigue questionnaire (CIS total) on the one hand and the BDI
without fatigue item

 and the seven 
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items of the BDI that form the BDIPC on the other were both significant (BDI
without fatigue item

: 

r=.58, p<.001; BDIPC: r=.49, p<.001), suggesting that fatigue and depression are intrinsically 

related and not cooccur because of measurement overlap.

In line with this interpretation is the observation that 24% of the variance of fatigue had 

a common genetic background with depression, anxiety and distress.39 Perhaps this also ex

plains the observation that fatigue was fairly stable across time points: fatigue as measured in 

our studies represented a trait factor of energy level, and not only a variable state.

However, fatigue, depression, and anxiety also have their own unique genetic determi

nants.39 More evidence for distinct dimensions of fatigue and emotional symptoms stems 

from a study by Capuron et al. in which it was observed that after interferon (IFN)–γ treat

ment in melanoma patients, neurovegetative symptoms such as fatigue, sleeping problems, 

and pain developed shortly after starting the treatment (within two weeks) while cognitive 

symptoms and depressed mood and anxiety emerged later on.40 The selective serotonin 

reuptake inhibitor (SSRI) paroxetine was effective in correcting the moodrelated complaints, 

pain, and cognitive disturbances but had hardly an effect on fatigue and sleep. The latter is 

an indication that the vegetative symptoms of fatigue and sleep are regulated in a different 

way than the mood and cognitive disturbances. In our study, crosssectional measurement 

of fatigue and mood showed strong correlations between the two (Chapter 2). The longitu

dinal assessment adds to this result because depression and anxiety, but not severe fatigue, 

predicted the development of persistent fatigue and new onset fatigue, rather than previous 

level of fatigue (Chapter 3). Therefore, mood may be considered as an underlying concept of 

fatigue.

In retrospect, the clustering of fatigue and comorbid symptoms may have had implications 

for the selection of subjects for the studies described in Chapter 4, 5 and 6. At selection we 

especially focussed on fatigue severity. We now know that immune system alterations are 

especially present in a subgroup of fatigued adolescents with emotional comorbidity and a 

subgroup with persistent fatigue. We propose that in future research selection of participants 

should not only be focussed on the severity of fatigue alone, but also on the persistency and 

comorbidity of mood problems. Possibly, altered cytokine profiles and GR sensitivity repre

sent high allostatic load and are a result of a prior depressive period that preceded severe 

fatigue. Since depressive symptoms preceded the onset of fatigue it would also be interest

ing to carry out a prospective study in a sample of adolescents selected on the criterion of 

high (but not clinical) levels of depression, and to follow their changes in fatigue severity and 

physiological alterations.
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hoW siMilar are Fatigue and CFs?

In a pilot carried out prior to the studies presented in this thesis, it was observed that 8% of a 

sample of high school students was as fatigued as CFS patients and also reported similar side 

symptoms (Knook et al., unpublished results). Based on this observation, and the finding by 

several research groups that fatigue was a predictor for the development of CFS,4144 we ex

amined symptoms in fatigued adolescents and tested whether fatigue in fatigued individu

als who do not fulfill the CDC criteria for CFS would have alterations in stress physiological 

systems.45

In our epidemiological study we observed clear associations between fatigue and CFS

related symptoms in a normal adolescent population (Chapter 2 and 3). As described in 

Chapter 5, severity of fatigue, somatic symptoms, reduced sleep quality, anxiety and depres

sion in fatigued participants and CFS patients was similar, although the number of reported 

CFSrelated symptoms was higher in the patient group. Based on selfreported complaints 

of healthy adolescents and CFS patients, Van de Putte et al. proposed a continuous scale 

from fatigue to CFS.46 Our immunological results, however, rather point to a discrepancy 

between fatigue and CFS than to continuity. Most of the physiological measures were nor

mal in fatigued participants when compared to nonfatigued participants. In contrast, CFS 

patients had a skewed cytokine production profile. These findings suggest CFS to be a dis

tinct category and not the end of a gradual continuum of fatigue. The sudden onset of CFS 

described by part of the patients may imply that perhaps a final trigger, i.e. virus or trauma, is 

required for the full development of CFS. On the other hand, the antiinflammatory cytokine 

profile observed in the fatigued participants with emotional comorbidity and the reduction 

in GR sensitivity of the persistently fatigued adolescents also have been observed in adoles

cent CFS patients. This suggests heterogeneity of the fatigued group and the possibility of 

subgroups at risk within the fatigued group. We do not yet know whether these subgroups 

eventually will develop CFS or that they are in some way genetically protected so that severe 

complaints or increased allostatic load do not result in impaired daily functioning as reported 

by CFS patients.

surPlus value oF longitudinal MeasureMent

The series of studies we performed clearly showed the surplus value of longitudinal measure

ment. The longitudinal design enabled us: A) to determine the stability of fatigue among 

adolescents; B) to find out which predictors were involved in new onset fatigue and deter

mine the vulnerability factors of fatigue persistence instead of only describing associated 

factors of fatigue; C) to examine the covariation of changes in fatigue and changes in associ

ated symptoms and physiological characteristics; D) to establish more reliable measurement 
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of cortisol secretion, cytokine production and Tcell proliferation, and GR sensitivity based on 

three measures, of which two were in the same season one year apart, and; E) to investigate 

the effects of season in the measurement of the HPAaxis and immune system.

Based on the following examples, one may conclude that single assessment of adapting 

systems would have been risky. In Chapter 5 we reported no overall significant differences in 

mitogeninduced cytokine production between the fatigued and nonfatigued group. When 

we only would have tested our groups at T1, we would have concluded to a proinflammatory 

cytokine profile as a characteristic of fatigue (e.g. increased IFNγ / IL4 and IFNγ / IL10 ra

tios, respectively t=1.99, p<.05 and t=1.88, p=.06). We think that our multiple measurements 

provided us a more reliable measure of cytokine production. The same applies to GR sensitiv

ity. As described in Chapter 6, DEX inhibition of monocyte IL10 production did not differ 

between groups at T1 and T3. At T2, however, the stimulating effect of DEX was significantly 

smaller in fatigued participants compared to nonfatigued participants.

Especially the reliability of measurements was an important argument to test participants 

on multiple occasions. At the start of the study we planned to examine the covariation be

tween changes in fatigue and changes in physiological characteristics which would provide 

additional evidence that fatigue is associated with dysregulations in HPAaxis and immune 

system functioning. Since fatigue, and also the majority of physiological read outs, appeared 

to be a fairly stable trait in most participants the latter examination was hampered. On the 

other hand the data we currently obtained is certainly as valuable since the high stability of 

measurements gives us insight in fatigue as a trait characteristic and in the status of HPAaxis 

and immune functioning.

ConClusions, CliniCal PersPeCtives and Future researCh

The epidemiological studies described in this thesis showed that fatigue is a common com

plaint among adolescents and particularly among girls. The onset and persistence of fatigue 

are associated with emotional complaints but not to previous levels of fatigue. Life style in

fluenced fatigue severity only marginally. Therefore, both in prevention and treatment, emo

tional well being should be one of the main focuses and sleep quality and physical activity 

to a lesser extent. Cognitive behavioural therapy has proven to be effective in both adult and 

adolescent CFS patients.47,48 However, in the majority of “healthy” adolescents with fatigue, 

symptoms did not interfere substantially with daily life activities. To avoid medicalization, 

therapy should be limited to those with long term complaints, comorbid emotional problems 

and severe functional impairment.

Our hypothesis that healthy but fatigued adolescents reflect a burden on physiological sys

tem was partly rejected. Most of the measured functions were normal in most of the studied 

participants. Therefore putative biomarkers for fatigue are probably not easily revealed. We 
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reckon that the absence of peripheral physiological disturbances in healthy but fatigued ado

lescents is a sign of a successful attempt of the body to adapt peripheral physiological func

tions to the environment. At the same time central systems may be dysregulated, provoking 

sickness behaviourlike symptoms. In CFS patients, however, allostatic load is increased and 

it seems as if peripheral (immunological) functions are dysregulated as well. However, we 

do have indications for altered cortisol production in the healthy but fatigued group, and 

a sub sample of fatigued individuals with high levels of emotional problems showed devia

tions in cytokine production. In addition, persistently fatigued participants had reduced GR 

sensitivity of Tcells. These findings were all in the direction of disturbances found in CFS 

patients in our presented work and in previous studies. Therefore a subgroup of adolescents 

who (still) function relatively normal is possibly at risk for the development of fatiguerelated 

illness. Nevertheless, the significant differences in cytokine production and in the number 

of reported CFSrelated symptoms we observed between fatigued adolescents and CFS pa

tients indicate that a continuous scale between fatigue and CFS is not as clear cut as has 

been hypothesized before. Our data do not support the currently popular theory that fatigue 

is part of a gradual continuum finally resulting in CFS. Nevertheless, additional research is 

obligatory to confirm this conclusion in larger groups.
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aanleiding van het onderzoek

Afgaand op beschrijvingen van ouders en docenten lijkt vermoeidheid een veel voorkomende 

klacht onder middelbare scholieren, die vaak wordt geweten aan hormonale veranderingen, 

een veranderd schoolprogramma, psychische problemen en veranderingen in sociale rela

ties. Kortdurende vermoeidheid is meestal functioneel en is een signaal van het lichaam om 

na inspanning uit te rusten en te herstellen. Echter, vermoeidheid die ernstig en langdurig 

van karakter is, niet samenhangt met fysieke of mentale inspanning en niet verdwijnt na rust, 

duidt op een verslechterde gezondheid en mogelijk op ziekte.

Het chronisch vermoeidheidsyndroom (CVS) is een aandoening die zich laat kenmerken 

door aanhoudende vermoeidheid (langer dan 6 maanden) die niet veroorzaakt wordt door 

voortdurende inspanning, niet vermindert na rust en leidt tot een aanzienlijke afname van 

het dagelijks functioneren. De vermoeidheid gaat vaak gepaard met een aantal andere symp

tomen, zoals keelpijn, hoofdpijn, spier en gewrichtspijnen, gevoelige klieren, niet uitgerust 

wakker worden, gevoel van malaise (na inspanning) en geheugen en concentratieproble

men. De Amerikaanse Centers for Disease Control and Prevention (CDC) heeft criteria opge

steld voor de diagnose CVS. Belangrijk is dat er voor de vermoeidheid en nevenklachten geen 

lichamelijke of psychische oorzaak te vinden moet zijn. De diagnose CVS wordt daarom pas 

gebruikt wanneer alle mogelijke oorzaken van de klachten zijn uitgesloten. Wel hebben ver

schillende studies biologische en psychologische bijzonderheden aangetoond bij (meestal 

volwassen) CVS patiënten. In Nederland lijden 10 – 20 per 100.000 jongeren aan CVS.

Uit een voorstudie van het Wilhelmina Kinderziekenhuis in Utrecht (door Drs. L. Knook) is 

gebleken dat van de 276 middelbare scholieren 8% dezelfde ernst van vermoeidheid rap

porteerde als adolescente CVS patiënten. Ook noemden deze vermoeide jongeren dezelfde 

nevensymptomen als CVS patiënten. Op basis van deze bevinding, en naar aanleiding van de 

conclusie van diverse onderzoeken bij volwassen CVS patiënten dat patiënten vaak al vóór 

ze CVS kregen meer vermoeid waren, zijn wij een onderzoek gestart bij jongeren die wel 

vermoeid zijn maar geen CVS hebben. Wij hebben allereerst de ernst, omvang, comorbiditeit 

en voorspellers van vermoeidheid onder gezonde jongeren onderzocht. Daarnaast was onze 

hypothese dat vermoeidheid, ook bij (nog) gezonde individuen, een uiting is van afwijkingen 

in fysiologische regelsystemen. Wij hebben daarom verschillende hormonale en immuno

logische functies bestudeerd waarop eerder afwijkingen gevonden zijn bij CVS patiënten. 

Ons achterliggend idee was dat er wellicht kwalitatief gelijke afwijkingen zijn bij gezonde 

vermoeide jongeren en CVS patiënten.



Ch
ap

ter
 8

140

Prevalentie en voorsPellers van verMoeidheid bij jongeren

In hoofdstuk 2 van dit proefschrift staan de resultaten beschreven van een grootschalig 

vragenlijstonderzoek naar de prevalentie van ernstige vermoeidheid onder adolescenten in 

Nederland en naar de samenhang tussen vermoeidheid en alledaagse activiteiten, levens

stijl kenmerken als slaap en middelengebruik, emotionele problemen, en CVSgerelateerde 

klachten, zoals niet uitgerust wakker worden, hoofdpijn, spierpijn en geheugen en concen

tratieproblemen. In totaal hebben 1747 meisjes en 1707 jongens van zes middelbare scholen 

meegedaan aan deze studie. Maar liefst 20.5% van de meisjes en 6.5% van de jongens gaven 

aan ernstig vermoeid te zijn, en van deze ernstig vermoeide jongeren bleek 46.9% van deze 

meisjes en 35.2% van de jongens al meer dan drie maanden last te hebben van deze klacht. 

Bij zowel meisjes als jongens hing de vermoeidheid samen met klachten van depressie en 

angst en met CVSgerelateerde klachten. Verrassend genoeg was vermoeidheid nauwe

lijks gerelateerd aan alledaagse activiteiten, zoals huiswerk maken, hobby’s, uitgaan of aan 

middelengebruik. Wel bleken vermoeide jongeren (meisjes en jongens) minder lichamelijk 

actief te zijn en ’s nachts korter te slapen. Daarnaast gebruikten meer vermoeide meisjes 

medicatie en hadden zij minder vaak een bijbaantje dan nietvermoeide meisjes. Dat ver

moeide deelneemsters meestal wat ouder waren en vaak op een jongere leeftijd voor het 

eerst menstrueerden, was een indicatie dat ook de puberteitsontwikkeling een rol speelt bij 

vermoeidheid bij meisjes. Aangezien uit ons onderzoek bleek dat vermoeidheid met name 

speelde bij meisjes, en er over het algemeen meer meisjes de diagnose CVS krijgen, hebben 

wij ervoor gekozen om onze verdere studies te richten op deze sekse.

De resultaten die beschreven staan in hoofdstuk 2 zijn gebaseerd op een eenmalige af

name van de vragenlijst (T1, in de lente). Daardoor konden wij wel uitspraken doen over de 

onderlinge samenhang tussen vermoeidheid en andere klachten en alledaagse activiteiten, 

maar geen oorzaak – gevolg verbanden aanduiden. Daarom hebben wij in onze longitudinale 

studie, die beschreven staat in hoofdstuk 3, de meisjes gevraagd om na zes (T2, in de herfst) 

en twaalf (T3, in de lente) maanden de vragenlijst opnieuw in te vullen. In totaal hebben 653 

meisjes op alle drie de meetmomenten de vragen beantwoord. Uit de verzamelde gegevens 

kwam naar voren dat 25.7% van de meisjes die bij de eerste meting (hoofdstuk 2) aangaven 

ernstig vermoeid te zijn, ernstig vermoeid bleven tijdens de rest van de studie. Wij hebben 

onderzocht of deze langdurig vermoeide meisjes (LV) bij aanvang van de studie (T1) al an

ders waren dan meisjes die niet of kortdurend moe waren. De LV groep rapporteerde op T1 

significant meer somberheid en angst dan de andere groepen. Daarnaast was de LV groep 

op T1 minder lichamelijk actief, de nachtrust in deze groep was korter, en LV deelneemsters 

deden er langer over om in slaap te komen. Deze laatste factoren waren echter zwakkere 

voorspellers van vermoeidheid dan de emotionele problemen. Terwijl wij er op basis van 

eerder onderzoek vanuit gingen dat vermoeidheid latere klachten van vermoeidheid zou 

voorspellen, was de LV groep niet ernstiger vermoeid op T1 dan de kortdurend vermoeide 
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groep. Gedurende het hele jaar van de studie was de LV groep vaker afwezig van school 

wegens vermoeidheid(gerelateerde klachten).

In de studie die beschreven staat in hoofdstuk 3 onderzochten wij ook de voorspellers van 

nieuw ontstane vermoeidheid. Meisjes die op T3 voor het eerst klachten van vermoeidheid 

rapporteerden, bleken vóór het ontstaan van de vermoeidheid meer depressieve klachten 

te hebben, minder lichamelijk actief te zijn, korter te slapen en een actiever nachtleven te 

hebben. Vergelijkbaar aan langdurige vermoeidheid bleek nieuw ontstane vermoeidheid 

ook niet te voorspellen op basis van de ernst van vermoeidheid aan het begin van de stu

die. Wij vonden dat een afname in vermoeidheid samenging met een afname in psychische 

en CVSgerelateerde klachten en met een toename in lichamelijke activiteit en duur van de 

nachtrust.

FysiologisChe aFWijkingen bij verMoeide adolesCente Meisjes

Cortisol productie

Om na te gaan of vermoeidheid bij adolescente meisjes een uiting is van fysiologische af

wijkingen, hebben we in hoofdstuk 4 gekeken naar de rol van de hypothalamushypofyse

bijnier as (Engels: hypothalamuspituitaryadrenal axis), ofwel HPAas. De HPAas is, naast 

het centrale zenuwstelsel, het belangrijkste stressregulerende systeem. De HPAas is onder 

andere ook betrokken bij de glucose huishouding en zorgt ervoor dat reacties van het im

muunsysteem onderdrukt worden. Ten tijde van stress wordt in de hypothalamus “cortico

tropin releasing hormone” (CRH) aangemaakt. In reactie hierop wordt de hypofyse aangezet 

tot de productie van corticotropine of “adrenocorticotropic hormone” (ACTH), waarna het 

eindproduct van de HPAas, cortisol, wordt afgescheiden door de bijnier. Middels negatieve 

feedback is cortisol in staat zijn eigen productie in toom te houden door de activiteit van de 

hypothalamus en de hypofyse te remmen. Cortisol aanmaak kent een circadiaan verloop, met 

hoge spiegels in de ochtend, een afname gedurende de dag en de laagste spiegels tijdens 

het eerste deel van de nacht. Daarnaast bestaat er een piek van cortisol productie kort na 

het ontwaken: de Cortisol Awakening Response (CAR). Hoewel de betekenis van de CAR op 

dit moment nog niet helemaal bekend is, lijkt de CAR een reactie op het ontwaken te zijn en 

geeft de CAR waarschijnlijk ook de cortisol productiecapaciteit van de bijnieren aan. Er is in 

verschillende onderzoeken een relatie tussen de CAR en gezondheidsproblemen gevonden. 

De rol van de HPAas bij stress, de afwijkingen in cortisol productie bij CVS patiënten en de 

verschillende bewijzen voor een relatie tussen de hoogte van de CAR en (on)gezondheid 

gaven de aanleiding om te bestuderen of de CAR en de negatieve feedback functie van de 

HPAas verschilden tussen vermoeide en nietvermoeide meisjes.

Uit de deelnemers van het epidemiologische onderzoek (zie hoofdstuk 2) is een groep zeer 

vermoeide en een groep nietvermoeide meisjes geselecteerd. Deze groepen hebben tijdens 
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drie onderzoeksronden (T1, in de lente, T2 na zes maanden in de herfst en T3 na 12 maanden 

in de lente) direct na het ontwaken speeksel verzameld om daarin de CAR te meten. Ook 

is er bloed afgenomen voor de bepaling van plasma cortisol (hoofdstuk 6). De vermoeide 

deelneemsters rapporteerden meer lichamelijk en depressieve klachten, meer angst, meer 

CVSgerelateerde klachten en zij sliepen slechter. De ernst van vermoeidheid in de groepen 

was gedurende het onderzoeksjaar zeer constant. De CAR was echter niet verschillend tus

sen de groepen. De hoogte van de CAR fluctueerde tussen de metingen en hing met name 

samen met situatiespecifieke factoren zoals meten tijdens een week of weekenddag. We 

hebben ook de negatieve feedback functie van de HPAas onderzocht door de cortisol res

pons te meten na toediening van een synthetisch glucocorticoid, dexamethason (DEX). Ook 

hierin verschilden de vermoeide en nietvermoeide groep niet. Wel vonden wij later op de 

dag (bij een bloed afname tussen 8.30 en 11.00 uur) verhoogde plasma cortisol waarden bij 

vermoeide deelneemsters ten opzichte van niet vermoeide deelneemsters (hoofdstuk 6).

Het immuunsysteem

Er is veel onderzoek gedaan naar de rol van het immuunsysteem bij CVS. Hoewel er geen 

specifieke oorzaak van CVS bekend is, lijken de klachten van een groot aantal van de patiën

ten te ontstaan na een virale infectie, zoals Pfeiffer. Daarnaast komen de klachten van CVS 

patiënten overeen met griepachtige klachten, wat zou kunnen duiden op activatie of een 

ontregeling van het immuunsysteem.

Functies van het immuunsysteem zijn te testen in bloed. In ons onderzoek hebben wij de 

natuurlijke afweerreactie van het immuunsysteem nagebootst om zo een indruk te krijgen 

van de respons van het immuunsysteem wanneer er daadwerkelijk sprake is van een infectie. 

Wanneer immuuncellen geactiveerd worden produceren zij cytokinen, boodschapperstoffen 

die zorgen voor de communicatie tussen immuuncellen en tussen het immuunsysteem en de 

organen, zoals ook de hersenen. Cytokinen zijn in te delen in twee hoofdcategorieën: de pro

inflammatoire cytokinen, die ontstekingsbevorderend zijn, en de antiinflammatoire cytoki

nen, die ontstekingsremmend zijn. Uit onderzoek is gebleken dat klachten als vermoeidheid, 

spierpijn, malaise, neerslachtigheid veroorzaakt kunnen worden door proinflammatoire 

cytokinen. Dit cluster van klachten wordt “ziektegedrag”, of “sickness behavior” genoemd. 

Hoewel cytokinen door veel celsoorten gemaakt worden hebben wij ons hier gericht op de 

cytokine aanmaak door monocyten en Tcellen. Daarnaast hebben wij ook de celdeling, of 

proliferatie, van de Tcellen in reactie op een infectie bestudeerd.

Aangezien vermoeide meisjes gelijkenissen hadden in klachten met CVS patiënten, en hun 

klachtenpatroon veel lijkt op ziektegedrag, vroegen wij ons af of reacties van immuuncellen 

van vermoeide meisjes verschilden van die van nietvermoeide meisjes. Omdat er nog weinig 

bekend is over de werking van het immuunsysteem van adolescente CVS patiënten hebben 

wij bovendien de immuunreactie van een kleine patiëntengroep onderzocht. De resultaten 

van deze studie staan beschreven in hoofdstuk 5.
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Cytokine productie en Tcel proliferatie waren in de vermoeide en nietvermoeide groep 

verhoogd tijdens de lente ten opzichte van de herfst. Toch bleek dat deelneemsters met een 

hoge productie en proliferatie tijdens de lente ten opzichte van de andere deelnemers ook 

een hoge productie en proliferatie hadden tijdens de herfst. Ondanks de fluctuaties tussen 

de seizoenen, was de cytokine productie en Tcel proliferatie binnen individuen dus behoor

lijk stabiel. De vermoeide en nietvermoeide groep verschilden op geen van de onderzochte 

immunologische parameters. Hoewel de groep vermoeide deelneemsters en CVS patiënten 

gelijke ernst van vermoeidheid, depressie, angst, lichamelijke symptomen rapporteerden en 

beiden een verlaagde slaap kwaliteit, zagen wij alleen bij de CVS patiënten een verschuiving 

in de balans tussen pro en antiinflammatoire cytokinen met een verhoging van de anti

inflammatoire cytokine IL10 en een verlaging van de proinflammatoire cytokinen tumor 

necrose factor (TNF)α, IL6 en de verhouding IFNγ/IL10. Opvallend genoeg had een sub

groep van vermoeide deelneemsters die bovendien hoge scores hadden op de depressie of 

angst vragenlijst, ook een relatief verhoogde productie van de antiinflammatoire cytokinen, 

interleukine (IL)4 en IL10 ten opzichte van de productie van het proinflammatoire interfe

ron (IFN) –γ.

Interacties tussen HPA-as en immuun systeem

Wanneer er sprake is van een infectie, zetten proinflammatoire cytokinen de HPAas aan om 

cortisol aan te maken. Cortisol zorgt er vervolgens voor dat de productie van die cytokinen 

beperkt blijft en werkt dus ontstekingsremmend. Of deze interactie tussen de HPAas en het 

immuunsysteem effectief is, hangt niet alleen af van de hoeveelheid geproduceerde cortisol 

maar ook van de gevoeligheid van de receptoren op immuuncellen voor cortisol. Uit eerder 

onderzoek is gebleken dat Tcellen van adolescente CVS patiënten minder gevoelig waren 

voor glucocorticoïden. Met een laboratoriumtest onderzochten wij of de inhiberende wer

king van het synthetische glucocorticoïd DEX op de cytokine productie en Tcel proliferatie 

verschilde tussen vermoeide en nietvermoeide deelneemsters.

In hoofdstuk 6 laten wij zien dat, net als cytokine productie en Tcel proliferatie, ook de 

receptorgevoeligheid voor DEX seizoensgebonden is. Monocyten en Tcellen van vermoeide 

en nietvermoeide deelneemsters waren gedurende de herfst gevoeliger voor de onderdruk

kende eigenschap van DEX dan tijdens de lente. Ondanks deze seizoensinvloeden bleef de 

Tcel receptorgevoeligheid van iedere deelneemster ten opzichte van de andere deelneem

sters redelijk stabiel over de drie metingen. Dat wil zeggen, deelneemsters met verminderd 

gevoelige Tcellen in de lente, hadden ook verminderd gevoelige Tcellen in de herfst. De re

ceptorgevoeligheid voor DEX van monocyten was binnen personen zeer variabel. Wij vonden 

geen verschillen in DEX gevoeligheid tussen de vermoeide en nietvermoeide groep. Echter, 

Tcellen van een subgroep langdurig vermoeide meisjes bleken verminderd gevoeligheid 

voor DEX: de productie van INFγ en de Tcel proliferatie werden minder goed onderdrukt in 

deze groep dan in de nietvermoeide groep.
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ConClusies en toekoMstPersPeCtieven

Samengevat bleek dat vermoeidheid een veel voorkomende klacht is onder de Nederlandse 

middelbare scholieren, en vooral onder meisjes. Het ontstaan en aanhouden van vermoeid

heid werd vooral voorspeld door de aanwezigheid van depressieve klachten en angst en niet 

door eerdere klachten van moeheid. Vermoeidheid bleek niet sterk afhankelijk van de levens

stijl van jongeren hoewel weinig lichaamsbeweging en weinig nachtrust wel een rol speelde 

in het voortduren van vermoeidheid en in de toename van de ernst van vermoeidheid. 

Preventie en behandeling van vermoeidheid bij jongeren zou zich daarom vooral moeten 

richten op de emotionele problematiek en ook op het motiveren van jongeren om meer aan 

lichaamsbeweging te doen en ’s nachts meer te slapen. Omdat het merendeel van de jonge

ren echter geen negatieve gevolgen ervaart van vermoeidheid in het dagelijks functioneren 

is terughoudendheid geboden bij het aanpakken van de klachten. Daar waar vermoeidheid 

geen hinder veroorzaakt zou het voorstellen van behandeling medicaliserend kunnen wer

ken. Therapie zou aangeboden moeten worden aan die jongeren die met langdurige ver

moeidheidsklachten kampen, die naast vermoeidheid ook emotionele problematiek ervaren, 

en die duidelijk gehinderd worden door hun klachten bij hun dagelijkse activiteiten.

Wij hadden verwacht dat vermoeidheid een uiting zou zijn van een overbelasting van fysi

ologische regelsystemen. Omdat de meeste fysiologische functies die wij onderzochten niet 

afwijkend waren, moeten wij deze hypothese gedeeltelijk verwerpen. Mogelijk is er op cen

traal niveau (in de hersenen) wel een ontregeling gaande bij vermoeide jongeren maar zijn 

perifere fysiologische processen (de cortisol productie, processen van het immuunsysteem) 

in staat zich aan te passen aan de verhoogde belasting. Echter, de centrale belasting bij CVS 

patiënten zou zo groot kunnen zijn dat ook perifere functies bezwijken en de lichamelijke en 

mentale problematiek gaan interfereren met het dagelijks functioneren.

Toch waren er wel enkele fysiologische verschillen tussen de vermoeide en nietvermoeide 

groep. Wij vonden, gemeten in plasma, een afwijkende cortisol productie bij vermoeide deel

neemsters. Een subgroep van langdurig vermoeide meisjes vertoonde afwijkingen in de DEX 

gevoeligheid van Tcellen en een subgroep van vermoeide meisjes met comorbide emotio

nele problematiek had een veranderd cytokinen patroon. Deze bevindingen zijn ook gedaan 

bij adolescente CVS patiënten. Hoewel wij op basis van de fysiologische bevindingen geen 

aanwijzingen hebben dat er een continuüm bestaat tussen vermoeidheid in een gezonde 

populatie en CVS, zou het interessant zijn om deze subgroepen in de toekomst te volgen 

om te onderzoeken of zij een verhoogd risico lopen op het ontwikkelen van aandoeningen 

waarbij vermoeidheid een centrale rol speelt, zoals CVS.



List of abbreviations

ACTH adrenocorticotropic hormone

AUC area under the curve

BDI Beck Depression Inventory

BMI body mass index

CAR cortisol awakening response

CDC Centers for Disease Control and Prevention

CFS chronic fatigue syndrome

CIS Checklist Individual Strength

CRH corticotropinreleasing hormone

DEX dexamethasone

DST dexamethasone suppression test

GC glucocorticoid

GR glucocorticoid receptor

GSKS State and Trait Sleep Assessment Scale

HPAaxis hypothalamicpituitaryadrenal axis

IFN interferon

IL interleukin

LPS lipopolysaccaride

MSPQ Modified Somatic Perception Questionnaire

PHA phytoheamagglutinin

PTSD post traumatic stress disorder

QLE Questionnaire of Life Events

STAIC State / Trait Anxiety Inventory for Children

TNF tumor necrosis factor
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