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Short History of Chronic Fatigue Syndrome
Chronic Fatigue Syndrome (CFS) as a concept is first mentioned in the medical
literature in 1985 in the Annals of Internal Medicine. In this article, chronic fatigue is
attributed to a persisting Epstein-Barr virus infection.1 Some decades earlier, in
1956, similar symptoms were described as myalgic encephalomyelitis (ME) in The
Lancet, in response to several outbreaks of fatigue and neuromuscular weakness.
The most prominent outbreak was an epidemic of fatigue, myalgia and unusual
motor and sensory symptoms among the nursing and medical staff of the Royal Free
Hospital in London.2 In the 19th century a similar symptom complex was described
as neurasthenia, first by the neurologist Beard.3 An excellent overview of the history
of neurasthenia is published in the book Chronic Fatigue and its Syndromes.4
Parallels between CFS, ME and neurasthenia are striking. There are similar etiological
accounts, similar treatments, and both CFS and ME are seen as a reaction to the
burden of societal changes. Neurasthenia was originally viewed as a disease of the
nervous system resulting from nervous exhaustion due to overwork. A few decades
later however, neurasthenia was considered a psychiatric illness associated with
anxiety and depression.
Not until a few decades later the first report on CFS in children appeared in the form
of a case-report with a warning for the diagnosis myalgic encephalomyelitis by
proxy.5, 6 This report described parents putting forward the diagnosis ME in their
children and reporting symptoms corresponding to the criteria for ME, while the
separately interviewed child reported no symptoms at all.
ME and CFS are two terms for the same set of symptoms. We prefer to use the term
CFS which is neutral in respect of its causes.

CFS Definitions
The first operational definition for CFS was established in 1988 7 and the official
criteria from the Centers for Disease Control and Prevention (CDC) followed in 1994. 8
These CDC-criteria are usually applied in clinical studies. In 1991 the Oxford criteria
were published.9 Both sets of criteria require debilitating fatigue as a symptom,
persistent for at least 6 months and associated with a marked reduction in activity.
Known medical or chronic psychiatric illness should have been excluded. Explicit
criteria for children are hardly available, except for recently published guidelines
of the Royal College of Paediatrics and Child Health in the UK. 10 These clinical
guidelines prescribe that the diagnosis CFS should be based on the impact of the condition on the patient, rather than on a specific time period. In those guidelines, only in
the case of severe or very severe CFS is a time period of at least 3 months required.
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In the Netherlands 1% of children visit the general practitioner yearly because of
fatigue. Most children recover within 4 weeks (85%).11 Prevalence or incidence
estimates of CFS in adolescents are not well known. The best estimate is that of
de Jong,12 based on a prevalence study in the Netherlands among general
practitioners.13 She reports a prevalence rate of 0.02% among adolescents from
10-19 years of age,12 based on fatigue of a minimum of 1 year duration. Prevalence
rates in the UK vary from 0.06%14 (physician’s report) to 0.2%15 (self-report).
Prevalence rates depend much on inclusion criteria and methods. Self-reported CFS
yields a higher prevalence rate than physician-reported CFS, which is the basis for the
estimated prevalence rate in the Netherlands.12 A recent study showed that two thirds
of the children with CFS finally recover with a resumption of social activities and
school attendance and a marked decrease in number and severity of symptoms. 16
Although most adolescents recover, disability during illness is high and affects all
aspects of life.17-21

Etiology of CFS
Despite more than two decades research into the causes of CFS, the etiology
remains unclear. Earlier studies have focused on a viral cause, with the Epstein Barr
Virus as the main representative next to human herpesvirus 6, group B coxsackie
virus, human T-cell lymphotrophic virus II, hepatitis C, enteroviruses and retroviruses.22
The conclusion from all these studies focusing on an infectious cause is that it is
improbable that a single infectious agent causes CFS but a heterogeneous group of
infections might trigger or perpetuate the illness. Simultaneously, studies regarding
the immune system were carried out. There is evidence of some abnormalities of
immune function, like excessive secretion of inflammatory cytokines such as TNF-α
and IL-6 and deficient function of natural killer cells, but the changes are inconsistent and non-specific.4 Neuroendocrine studies, however, have consistently found
mild hypocortisolism with enhanced negative feedback with increased sensitivity of
the glucocorticoid receptor and impaired response of the HPA axis to activation. 23
This change to the HPA axis, though, is not specific or uniform for CFS and prospective
studies have suggested that the changes are the consequence of, rather than the cause,
of CFS.24 Many factors such as sleep disturbance, physical inactivity and physical
deconditioning, are known to disturb the HPA axis. Other neuroendocrine studies
have proposed an increased brain serotonin function based on an increased prolactin
response to D-fenfluramine in men with the CFS, probably also a secondary rather
than a primary cause of CFS.25 All these studies concentrated on a primary somatic
etiology of CFS. In addition many psychological and psychiatric hypotheses have
been explored. Psychiatric disorders such as anxiety and depression are present in
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almost half the adolescents with CFS – twice the rate of healthy matched controls 26
- but are viewed as a consequence rather than as a cause of CFS. 27 Psychological
mechanisms associated with CFS are explored extensively, also in adolescents.
Unhelpful illness coping mechanisms seem to be relevant in addition to other illness
maintaining factors such as illness beliefs and fears.28
Despite all scientific efforts, however, a plausible cause for CFS has not yet been
established. Up till now there is insufficient support for either a purely somatic or
psychic chain of causation. It is more likely that we need a multifactorial model to
explain the occurrence of CFS.

The Biopsychosocial Approach
The current and leading scientific approach of medicine is biomedical. This approach
goes at least back to the 17th century idea of the body as a machine, of disease as
the consequence of breakdown of the machine, and of the doctor’s task to repair the
machine. This idea is usually associated with Descartes, who considered the body
and the mind as two different substances, res extensa, and res cogitans.29 Each had
to be understood within its own reality. The human body had to be explained in a
mechanistic way, as matter in motion, like all natural processes. The mind is a
substance that thinks. This mind-body dualism became known as the Cartesian view.
A century later La Mettrie went a step further. He assumed that not only the body, but
also the mind had to be explained in mechanistic terms. In his essay ‘Man a Machine’
(Leiden, 1748), he came to the following conclusion: “Let us then conclude boldly that
man is a machine, and that in the whole universe there is but a single substance
differently modified.” La Mettrie’s reductionist view, the first systematic account of
this type, implied that every phenomenon ultimately had to be explained in biological
or natural terms. Nowadays some neuroscientists adhere to this reductionistic view
by stating that mental functions can be fully explained by brain science. Many
clinical practitioners, however, adhere to a modern version of the dualistic view,
according to which body and mind are separate and bodily phenomena can and
should be solely explained in biomedical terms in order to be categorized as a
disease.
The body is subsequently seen as an object, as something that we have, as opposed
to the body that we are, the body-subject, to use Merleau Ponty’s terminology. The
latter defines our body as a unique perspective on the world which is inextricably
interwoven with our mental experiences.
As a consequence of the biomedical view, anything that cannot be explained in
biomedical terms must be excluded from the category of disease in medicine. From
this view, CFS cannot be classified as a disease. This is not unique for CFS,
but applies to a number of other illnesses. The pathophysiology of CFS is unknown
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measurable biological variables. The absence of biomedical findings has led to a
debate whether CFS can be viewed as a disease or rather as a primary psychological
disorder characterized by somatic preoccupations. Such a debate again illustrates the
dominance of the dualistic and biomedical paradigm.
CFS is a great burden for the patient and their environment. It is therefore hard to
maintain that, given Hippocrates’ oath, this burden falls outside the domain and
professional responsibility of medical doctors. The need of the patient is to be relieved
of their burden rightly or wrongly attributed to “illness” however conceptualized.30
Viewing CFS as within the domain of the physician means a requirement to go
beyond the prevailing biomedical model. The biopsychosocial model, first proposed
by George Engel and published in Science in 1977, offers such an alternative: “We
are faced with the necessity and the challenge to broaden the approach to disease
to include the psychosocial without sacrificing the enormous advantages of the
biomedical approach”.31 Within the biopsychosocial framework, biological, psychological and social phenomena associated with the illness are distinguished but not
separated from each other. They are supposed to interact. The biopsychosocial
model provides a conceptual framework that enables the physician to act rationally
in areas now excluded from medicine. Moreover, it provides researchers the
possibility of raising questions beyond the strictly biomedical scientific view.
The biopsychosocial approach offers the possibility for medicine to be a discipline
that focuses on human beings as opposed to the discipline that focuses on bodies.
A human being is both a biological organism and a person who lives in the context
of family and community. In this respect the biopsychosocial model provides an
integrative focus and relational context for understanding a range of problems
associated with health, illness, and disease (see figure 1).32

Figure 1 Factors which together and in interaction explain the occurrence of CFS
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and the syndrome is not uniquely characterized by deviations from the norm of
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Outline of the thesis
The research for this thesis has been conducted in three consecutive studies: Fatigue
in Teenagers-I (FIT-I) in 2002, FIT-II in 2004 and FIT-III in 2006. In each FIT-study
different research questions were formulated on the basis of the biopsychosocial
model. The three FIT-studies resulted in the chapters of this thesis. These chapters
appear in the chronological order of the FIT-studies. FIT-I and FIT-II both have a crosssectional study design in which adolescents with CFS are compared with healthy
adolescents. FIT-III is a follow-up of the patients who participated in FIT-I and FIT-II.
Chapter 2 focuses on a constitutional biological factor, which may partly explain the
symptoms of fatigue and pain in the CFS. The main question is whether constitutional laxity of the connective tissues is more frequently present in adolescents with
CFS than in healthy controls.
Chapter 3 investigates health beliefs, one of the psychological factors that determine
health behaviour both in the adolescents and in their parents. Although health
behaviour is often the focus of treatment, very little is known about the beliefs in
families with an adolescent with CFS, neither as a predisposing nor as a maintaining
factor.
Chapter 4 reports the findings of research in the relation between fatigue and other
somatic symptoms, both in adolescents with CFS and healthy adolescents.
Chapter 5 is the first article of the FIT-II study. In this chapter the association of symptoms in children and in their parents is explored within the biopsychosocial model,
with possible genetic contributions on the one hand, and possible psychosocial
contributions on the other hand. The second goal of the study was to establish the
relation between fatigue and psychological distress in the adolescents with CFS.
Chapter 6 explores a set of symptoms in the CFS adolescents, namely neurocognitive
symptoms, which are frequently present without a clear substrate. We applied a neurocognitive measurement tool for interference control. The tool measures the ability to
protect a response from interruption by competing responses or events. The goal of the
study was to investigate whether adolescents with CFS show a lesser degree of
interference control than healthy adolescents. The second goal was to explore the
importance of familial factors by examining the interference control in the parents of
both groups.
Chapter 7 is another reflection on a possible neurobiological basis for CFS. Sensory
gating is the ability to be protected from the load of sensory information by filtering
sensory stimuli, and is a critical function of all sensory systems. We hypothesized
that adolescents with CFS and possibly one of their parents would show deficient
sensory gating. A deficient sensory gating might be one of the biological factors
predisposing or maintaining CFS-like symptoms.
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possibly have an etiologic relationship to CFS. It may be one of the psychological
factors involved. Alexithymia, defined as an inability to recognize and describe
emotions, has its origin in an insecure and disorganized development of attachment
in childhood. It is hypothesized that adolescents with CFS exhibit more alexithymia
than healthy adolescents. The second hypothesis is that alexithymia unfavourably
affects the outcome of CFS. To answer this last question we used the data of the
FIT-III study.
Chapter 9, finally, is the general discussion in which the findings from the three
FIT-studies are discussed within the biopsychosocial model. A Dutch summary of
the studies follows.
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Abstract
Objectives To investigate whether constitutional laxity of the connective tissues is
more frequently present in adolescents with chronic fatigue syndrome (CFS) than in
healthy controls. Increased joint hypermobility in patients with CFS has been described
previously, as has lower blood pressure in fatigued individuals. This raises the question
whether constitutional laxity is a possible biological predisposing factor for CFS.
Design Cross-sectional study
Participants Included were 32 adolescents with CFS (according to the criteria of
the Centers for Disease Control and Prevention) referred to a tertiary hospital and
167 healthy controls.
Methods The 32 adolescents with CFS were extensively examined regarding
collagen-related parameters: joint mobility, blood pressure, arterial stiffness and
arterial wall thickness, skin extensibility, and degradation products of collagen metabolism. Possible confounding factors - age, gender, height, weight, physical activity,
muscle strength, diet, alcohol consumption, and cigarette smoking - were also
measured. The results were compared with findings in 167 healthy adolescents who
underwent the same examinations.
Results Joint mobility, Beighton score, and collagen biochemistry, all indicators of
connective tissue abnormality, were equal for both groups. Systolic blood pressure,
however, was remarkably lower in CFS patients (117.3 mmHg vs. 129.7 mmHg,
adjusted difference -13.5 mmHg, 95% CI: -19.1; -7.0). Skin extensibility was higher
in CFS adolescents (mean z-score 0.5 sd versus 0.1 sd; adjusted difference 0.3 sd;
95% CI 0.1; 0.5). Arterial stiffness, expressed as common carotid distension, was
lower in CFS adolescents, indicating stiffer arteries (670 µm versus 820 µm, adjusted
difference -110 µm, 95% CI: -220; -10). All analyses were adjusted for age, gender,
body mass index, and physical activity. Arterial stiffness was additionally adjusted for
lumen diameter and pulse pressure.
Conclusions These findings do not consistently point in the same direction of an
abnormality in connective tissue. CFS patients did have lower blood pressure and
more extensible skin, but lacked the most important parameter indicating constitutional
laxity, i.e. joint hypermobility. Moreover, the collagen metabolism measured by crosslinks and hydroxyproline in urine, mainly reflecting bone resorption, was not different. The
unexpected finding of stiffer arteries in CFS patients warrants further investigation.

20

Chronic fatigue syndrome (CFS) is a frequently disabling illness of unknown etiology
and variable prognosis. Scientific interest in the pathogenesis of this illness parallels the
apparent increase in incidence.1,2 However, despite all scientific efforts, a plausible
cause for CFS has not yet been established. Up till now there is insufficient support for
either a purely somatic or psychic chain of causation. CFS is viewed as a multifactorial
illness, and a distinction is made between constitutional, initiating, and perpetuating
factors on both a biological and psychosocial level.3
The prognosis for adolescents with CFS seems to be better than for adults, although
as many as 44% of adolescents remain ill with significant symptoms, as observed in
an 8-year follow-up study.4
This study focuses on a constitutional biological factor, which may partly explain the
symptoms of fatigue and pain. The main question is whether constitutional laxity of
the connective tissues is more frequently present in adolescents with CFS than in healthy
controls. One of the reasons to perform this study is the previous finding of increased
joint hypermobility in adolescents with CFS.5 Moreover, a former study in adolescents
established the co-existence of CFS and Ehlers-Danlos syndrome (EDS) in a substantial
part of the study population.6 Fatigue is not a diagnostic criterion in EDS and not often
emphasized in the medical literature, likely because of the highly unspecific nature of the
symptom fatigue.7 Also, in the more frequently diagnosed benign joint hypermobility
syndrome (BJHS) in childhood, fatigue is one of the clinical symptoms.8,9,10
Further motivation for the hypothesis that constitutional laxity may play a role in CFS
comes from the finding that just like in EDS, the clinical symptoms in BJHS are not
restricted to the musculoskeletal system. Other organs are possibly involved such as
blood vessels, with lower systolic and diastolic blood pressure, skin, with higher skin
extensibility, and bone, with a lower quantitative ultrasound measurement.11 In addition,
the patients with symptomatic generalized joint hypermobility have significantly lower
excretion of urinary hydroxylysylpyridinoline cross-links, as well as lysylpyridinoline crosslinks.11
A relation between stiffness of joints and skin and blood pressure is not restricted to
patients with a known collagen abnormality. Also, in healthy children we recently
described a relation between stiffness of joints and laxity of skin and blood pressure.12
Stiffness of joints seems to reflect other systemic changes in connective tissue, and
this putative multiple-organ involvement, together with the clinical finding of fatigue in
collagen disorders, led to the main research question: Is constitutional laxity of the
connective tissues a possible biological factor in CFS?

21
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Methods
Population
A group of 32 patients with CFS ranging in age from 12 to18 years were included.
These patients were referred to a specific CFS clinic of the University Medical Center
Utrecht between January 2001 and May 2002. All patients were Caucasian and fulfilled
the Centers for Disease Control and Prevention (CDC) criteria13 for CFS at the time of
inclusion. Supplementary to the CDC exclusion criteria, patients with an established
diagnosis of a connective tissue disease were excluded (n=2), as were patients with a
known bone, skin or joint disease (n=0). Examination of the 32 patients took place in
May 2002 during two special sessions at the hospital.
As a reference group, 363 adolescents aged 12-18 years from a secondary school
were invited to participate. 167 adolescents (46%) agreed to participate and were
examined during sessions at school over a total period of 3 weeks in April 2002.
Adolescents with known diseases or disorders involving skin, joints, bone density, or
vessels were not included.
A team of 4 examiners (physiotherapists) and the principal investigator (EP) carried out
all measurements. The 4 physiotherapists were unaware of the study hypothesis. The
same examiner carried out each specific measurement for all participants. No examiner
was informed of the results of measurements taken by other examiners. All measurement procedures described below were similarly and in the same sequence applied to
both patients and healthy controls (Table 1 summarizes the measurements in the
applied sequence). Every 20 minutes the next participant started.
Body height and weight were measured without shoes and heavy clothing, to the
nearest cm and 100 g, respectively. Body mass index (BMI) was calculated as body
weight in kilograms divided by the square of body height in meters.14 Systolic and diastolic
blood pressure and pulse rate were measured in an upright sitting position at the right
brachial artery with an automated device (Dynamap 1846 SX, Kritikon Incl, Tampa, Florida)
at the start and at the end of the examinations, each after a rest period of 5 minutes.
As an indicator of arterial stiffness, the distal part of the right common carotid artery
was assessed using B-mode carotid ultrasonography with a 7.5 MHz linear array
transducer (Sono Site 180 Plus). The difference between systolic and diastolic lumen
diameter was determined from an M-mode image and averaged over three cardiac
cycles to provide an estimate of distension (i.e., change in lumen diameter during the
cardiac cycle: stroke change in diameter) (figure 1). Other parameters of arterial stiffness were calculated, as recently described by our group.15 The arterial wall thickness
was assessed on a longitudinal 2-dimensional ultrasound image of the carotid artery by
measuring common carotid intima-media thickness (CIMT) over a 10 mm segment of
the distal common carotid artery. The average of the intima-media thickness of four
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Table 1 Order of Measurements

Examiner

0

Rest

1

5

Blood pressure

1

7

Body height and body weight

2

8

Bone density

2

10

Skin extensibility (2 locations bilaterally)

2

13

Pain (2 locations bilaterally)

2

15

Joint mobility (34 joint motions in nine joints bilaterally)

3

30

Myometry (4 locations bilaterally)

4

40

Ultrasonography carotid artery

5

60

Blood pressure

1

62

Questionnaires

1

80

Measurements completed

Figure 1 M-mode from the common carotid artery from which arterial stiffness was assessed. The upper white line
reflects the near (closest to the skin) wall of the common carotid artery which shows movement during the cardiac cycle.
The black area reflects the lumen diameter and the next white line reflects the far wall of the common carotid artery.
The electrocardiogram tracing, indicating the phase of the cardiac cycle is at the bottom of the image.
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Table 2
Clinical Characteristics of CFS Patients

Gender (% females)

% of CFS cases (n=32)

88

Mean symptoms duration in months (range)

33 (6-192)

Start of symptoms
• Acute

6

• Insidious

50

• After a minor illness

44
13

Side symptoms (CDC criteria)
• Sleep disturbance

94

• Prolonged generalised fatigue after levels of exercise

88

• Generalised headache

84

• Migratory arthralgia without joint swelling or redness

81

• Forgetfulness, inability to concentrate

78

• Myalgia

72

• Sore throat

66

• Painful lymph nodes (cervical or axillary)

56

School absence
• Minimal (less than 5%)

12

• Considerable (5-50%)

60

• Almost complete non school attendance (50-100%)

28

Overall use of diet

50

• Sugar free diet

38

• Other diet

28

Overall use of medication

75

• (Multi)vitamins supplements

66

• Homeopathic medication

22

• Ferro supplements

19

• Melatonin

6

• Antidepressive treatment

6

• Pain medication

6

Use of health care services since start symptoms
• General practitioner

% Visited (% active treatment)
90.6 (6.3)

• General pediatrician

100 (37.5)

• Physiotherapist

93.8 (18.7)

• Psychotherapist

65.6 (31)

• Rehabilitation center

37 (25)

• Alternative treatment

68.8 (40.6)

24

the common carotid artery.16 The actual measurements were performed off-line.
Both sonographer and reader were unaware of other participant measurement data.
As a measure of stiffness of capsules and ligaments, the range of joint motion of nine
joints was assessed bilaterally to the nearest 5 degrees with a standard two-legged
360-degree goniometer, using the “anatomical landmark” method.17 Respectively,
shoulder (anteflexion), elbow (flexion and extension), wrist (palmar and dorsal flexion),
metacarpophalangeal, proximal interphalangeal and distal interphalangeal joints of the
second ray (flexion, extension), hip (flexion and extension), knee (flexion and extension),
ankle (plantar and dorsal extension), were examined. Children were asked to actively
stretch or bend the joint maximally without interference by the investigator and without
help of the ipsilateral muscles by use of contralateral limbs. Range of joint motion of all
the participants was measured by the same physical therapist. The intra-rater reliability,
assessed in 25 joints of eight subjects, was high (intra-class correlation 0.97; p<0.001).
The mean difference between two measurements was 2.4 degrees (sd: 4.6). Based on
9 measurements (table 3), the Beighton score was calculated as an indicator of the
possible presence of generalized joint hypermobility (normal if < 4, range: 0-9).18
As an index of skin extensibility, a vacuum suction device was placed bilaterally at the
ventral part of the forearm and at the medial part of the upper leg. Skin displacement
as a result of a negative pressure of 10 kPa on the skin was indicated in millimeters.
The reliability of this instrument was previously shown to be high.19
Muscle strength was measured as a possible confounder because it might partly
explain maximal joint motion. The strength of the proximal and distal muscles in
lower and upper extremities was measured with a hand-held myometer in Newton
(N). Measurements were sequentially performed three times and the highest value
was used for analysis. The following four muscles were measured bilaterally: shoulder
abductors, grip strength, hip flexors and dorsal extensors of the foot.
Quantitative ultrasound (QUS) measurement of bone was performed in the right os
calcis with a Sahara ultrasound device (Hologic QDR 4500, Hologic Inc, Waltham,
MA) measuring broadband ultrasound attenuation (BUA, dB/MHz) and speed of
sound (SOS, m/s) as indicators of bone quantity and bone stiffness respectively.20,21
Acoustic phantoms provided by the manufacturer were daily scanned without deviation
over the period of the study.
Degradation products of collagen (hydroxyproline, cross-links) were measured in overnight urine specimens. Hydroxylysylpyridinoline (HP) is the major collagen cross-link
in articular cartilage and another cross-link is lysylpyridinoline (LP), which is a bonespecific degradation marker, as is hydroxyproline. Hydroxyproline (Hyp) and cross-link
analysis was carried out as described previously.22 Especially the amount of cross-links
products correlates with joint mobility, with a lower amount of cross-links in joint hypermobility and a higher amount of cross-links in joint hypomobility.11,23
25
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predefined angles was used for each subject as a measure for current wall thickness of
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172.8 (9.8)
60.7 (11.8)
20.2 (2.9)
8.0 (3.9)

86%
100%
169.0 (8.8)
63.8 (21.7)
22.0 (6.1)
2.3 (3.3)

Caucasian race

Body height (cm)

Body weight (kg)

Body Mass Index (kg/m2)

1

Self-reported cigarette smoking (number/day)

2.3
2.5

3.3
4.8

•Mean score subscale motivation (4 items)

•Mean score subscale physical activity (3 items)

2.9

-4.9 (-6.4; -3.5)
-2.0 (-4.2; 0.2)

-5.7 (-7.1; -4.3)
-2.2 (-4.4; -0.1)

1.8 (1.4; 2.2)
2.5 (2.0; 2.9)
1.1 (0.5; 1.6)
1.1 (0.7; 1.5)
2.3 (1.8; 2.8)

2.0 (1.6; 2.4)
2.8 (2.3; 3.2)
1.3 (0.7; 1.8)
1.1 (0.7; 1.5)
2.4 (1.9; 2.9)

0

1.3 (-0.9; 2.6)

0

2.4 (-2.3; 7.1)

3.1 (-2.2; 8.3)

-2.7 (-5.7; 0.3)

(adjusted for age/sex)

Adjusted mean difference

1.8 (0.4; 3.2)

-3.7 (-7; -0)

28 (9; 45)

0.5 (-0.1; 1.2)

(95% confidence intervals)

Mean difference

Statistically significant associations are indicated in bold face (95% CI does not include the null value, corresponding with p<0.05)

3.0

5.6
4.3

•Mean score subscale concentration (5 items)

2.7

1

2.7

96%

•Mean score subscale subjective fatigue (8 items)

4.7

•Total mean score (20 items)

(20 items, 7-points Likert Scale)

Fatigue assessment: Checklist Individual Strength

0.4

Self-reported alcohol consumption (glasses/wk)

Hours physical activity per week

60%

88%*

Gender (% girls)

Postmenarche (% girls)

88%

15.5 (1.6)

n=167

n=32

16.0 (1.7)

Age (y)

Controls (SD)

CFS cases (SD)

Table 3 Characteristics of CFS Adolescents and Healthy Controls
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* adjusted for age, gender and body mass index

2.8 (3.8)

Left knee extension

2.4 (3.9)

2.5 (4.0)

113.5 (6.7)

111.9 (8.1)
2.8 (3.8)

Left hip flexion

Right knee extension

112.4 (6.9)

4.2 (5.9)

3.5 (5.6)

26.2 (12.0)

23.5 (10.4)

76.0 (8.3)

75.2 (8.3)

111.3 (8.1)

4.4 (4.4)

Right hip flexion

Left elbow extension

Left 2nd finger metacarpal extension
3.4 (5.1)

26.6 (12.0)

Right 2nd finger metacarpal extension

Right elbow extension

77.9 (7.3)
22.8 (11.5)

Left wrist palmar flexion

76.9 (7.6)

(n=167)

(n=32)

Right wrist palmar flexion

Joint mobility

Controls (SD)

CFS patients (SD)

-0.2 (-1.7; 1.3)

-0.3 (-1.8; 1.3)

-1.0 (-3.4; 1.4)

-0.4 (-2.8; 2.1)

-0.5 (-2.7; 1.7)

-0.7 (-2.8; 1.4)

-1.3 (-5.9; 3.3)

-2.2 (-6.4; 1.8)

1.2 (-1.9; 4.4)

0.8 (-2.4; 3.9)

(95% CI)

Adjusted difference *
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0.4 (-1.0; 1.9)

0.3 (-1.2; 1.8)

-1.6 (-4.2; 1.1)

-1.1 (-3.8; 1.6)

0.2 (-2.0; 2.3)

0 (-2.2; 2.0)

0.4 (-4.2; 4.9)

-0.7 (-4.7; 3.3)

1.9 (-1.2; 5.0)

1.7 (-1.4; 4.8)

(95% CI)

Difference

Table 4 Results and Mean Differences in Joint Mobility Between Patients With CFS and Healthy Controls
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65.7 (7.2)
67.7 (6.6)
51.6 (10.3)
52.5 (10.7)
83.5 (14.8)
80.6 (12.2)

Systolic blood pressure end (mmHg)

Diastolic blood pressure start (mmHg)

Diastolic blood pressure end (mmHg)

Pulse pressure start (mmHg)

Pulse pressure end (mmHg)

Heart rate start (beats/min)

Heart rate end (beats/min)

0.67 (.22)
0.84 (.30)
37.8 (13.9)
0.06 (0.04)
0.37 (0.25)

Cross-sectional compliance, mm2/kPa (CC)

Distensibility coefficient, kPa-1 x 10-3 (DC)

Peterson’s modulus, kPa x 10-3

Young’s elastic modulus, kPa x 10-3

Broadband ultrasound attenutation (dB/MHz)

60.4 (40.4)
31.5 (21.3)
7.5

Lysylpyridinoline/creat (µmol/mmol)

Mean pain threshold (score)

9.8

36.5 (27.1)

68.1 (43.4)

138.1 (89.2)

3.9 (0.7)

1559.6 (29.6)

68.9 (15.0)

-0.1 (0.77)

-0.01 (0.45)

0.48 (0.007)

0.31 (0.14)

0.05 (0.03)

43.6 (16.8)

1.03 (.42)

0.82 (.26)

5.48 (.5)

75.7 (13.1)

83.0 (17.6)

54.0 (12.1)

59.5 (12.1)

67.6 (7.6)

70.5 (9.1)

121.6 (13.5)

129.7 (14.2)

Controls (SD)
(n=167)

Difference
(95% CI)

-7.8 –24.4; 8.8)
-2.3 (-2.9; -1.7)

-5.0 (-15.2; 5.1)

2
2

-2.0 (-2.7; -1.5)

0.13 (-0.2; 0.4)

0.3 (0.1; 0.6)
-7.7 (-41.8; 26.4)

-5.6 (-17.3; 6.1)

-11.8 (-22.7; -0.9)

0.6 (-6.3; 5.0)

0.3 (0.1; 0.6)

0.6 (0.3; 0.9)

1

0.02 (-0.17; 0.14)

0.06 (-0.11; 0.23)

1

1

0.04 (-0.03; 0.12)

0.06 (0.00; 0.13)

0 (-0.02; 0.01)

0.01 (0.0; 0.02)

0.01 (0.00; 0.02)
0.48 (0.003)

-6.1 (-13.4; 1.1)

-5.8 (-12.2; 0.5)

2

-0.18 (-0.36; -0.01)

-0.19 (-0.35; -0.04)

2

-0.12 (-0.31; 0.07)
-0.11 (-0.22; -0.01)

2

2

-0.11 (-0.29; 0.08)

-6.8 (-11.8; -1.8)

-6.7 (-10.5; -3.0)

-13.5 (-19.1; -7.0)

Adjusted difference *
(95% CI)

-0.15 (-.24; -.05)

4.9 (-0.1; 9.8)

0.5 (-6.0; 7.1)

-1.5 (-6.0; 3.0)

-7.8 (-12.4; -3.2)

0.1 (-2.7; 2.9)

-4.8 (-8.2; -1.5)

-1.4 (-6.5; 3.7)

-12.6 (-18.0; -7.2)

Statistically significant associations are indicated in bold face (95% CI does not include the null value, corresponding with p<0.05)
1
adjusted for age, gender, body mass index and muscle strength
2
adjusted for age, gender, body mass index and physical activity
3
adjusted for age, gender, body mass index, physical activity, and lumen diameter and pulse pressure

130.4 (82.4)

Hydroxylysylpyridinoline/creat (µmol/mmol)

4.2 (0.5)

1547.8 (19.5)

Hydroxyproline/creat (µmol/mmol)

Hydroxylysylpyridinoline/lysylpyridinoline

Speed of sound (m/s)

68.3 (12.2)

0.5 (0.73)

Mean Z-score skin extensibility (4 locations)

Bone parameters and collagen biochemistry

0.05 (0.43)

Mean Z-score joint mobility (34 joints)

Joint mobility and skin extensibility

Common carotid intima-media thickness (CIMT) (mm)

5.37 (.35)

Diastolic lumen diameter, m/103 (D)

Stroke change in diameter, m/103 (∆D)

Carotid artery stiffness

117.3 (14.2)
120.2 (12.8)

Systolic blood pressure start (mmHg)

Cardiovascular parameters

CFS patients (SD)
(n=32)

Table 5 Results and Mean Differences in Indicators of Organ Stiffness Between Patients With CFS and Healthy Control

2

2
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to measure pain threshold at four sites, two bony sites (right femur lateral condyle and
right elbow lateral condyle) and two muscle sites (musculus deltoideus right upper arm
and musculus vastus medialis right leg). With the algometer an increasing pressure is
applied to the reference points and the subject is asked to verbally react when the level
of pressure is perceived as pain and this level is subsequently designated as the pain
threshold (scores 0-11). Algometry has an excellent test-retest reliability.24
The total examination time for each participant was 60 minutes.
After the physical examinations the subjects had to complete questionnaires
regarding fatigue (Checklist Individual Strength-20), physical activity (cycling, leisure
sport and gym), school attendance and lifestyle behavior (sleep, smoking, drinking,
diet). The CIS-20 asks about fatigue in the 2 weeks preceding the assessment. There
are 4 respective subscales, fatigue with 8 items, concentration with 5 items,
motivation with 4 items and physical activity with 3 items, each item scored on a
7-point Likert scale. A high score indicates a high level of subjective fatigue and
concentration problems and a low level of motivation and physical activity. The
questionnaire has good reliability and discriminative validity. 25 The average time to
complete these questionnaires was 20 minutes. The medical ethics committee of
the University Medical Center Utrecht approved this study. Written informed consent was obtained from both the adolescents and the parents.
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Pain is a non specific feature of CFS and of joint hypermobility. An algometer was used
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Data analysis
Of all relevant variables group specific means and standard deviations or proportions were calculated for descriptive purposes. Joint motion, skin extensibility and
muscle force were determined at various locations. Because the absolute levels and
the distributions differed considerably between locations, we calculated individual
normal scores, the so-called Z-scores (Z-score = (xindex - xmean)/SD, or the number of
standard deviations below or above the mean) for values at each location, instead of
simply averaging all measurement results. Subsequently, mean individual Z-scores
were calculated by averaging Z-scores of all measured locations. These mean Z-scores,
indicating individuals’ ranks in the distribution of joint mobility, skin extensibility, or
muscle strength were used for further analysis.
The data were analyzed with linear regression using a group indicator (patient = 1,
control = 0) as independent variable and the investigated parameter as dependent
(outcome) variable. Results are presented as linear regression coefficients representing
mean group differences for the investigated parameter with their corresponding 95%
confidence intervals (95% CI). The same models were used to adjust for possible
confounding factors as age, gender, BMI and physical activity. For evaluations of
arterial stiffness, we constructed several parameters of stiffness to enable comparison
with other studies. All these stiffness parameters are constructed as ratios in different
formulas as we described previously.15 However in studies looking into etiology,
analyses using ratios are difficult to interpret, because an observed relationship may
be due to the relation with the nominator or with the denominator or both. Therefore,
a better approach in etiologic studies may be to use either the nominator or the denominator and adjust for the other factor in a regression model. So we present the
distension value (change in lumen diameter during the cardiac cycle), which is adjusted
for pulse pressure and diastolic lumen diameter and additionally adjusted for age,
gender, BMI and physical activity, as the most appropriate measurement for stiff
arteries in this etiologic study. A lower distension value inversely relates to a stiffer
vessel, as do the cross-sectional compliance coefficient (CC) and the distensibility
coefficient (DC). The Peterson’s modulus is closely related to the inverse of the distensibility coefficient. The Young’s elastic modulus (YEM) provides direct information
about the elastic properties of the wall material independent of the vessel geometry.15
Statistical significance was considered to be reached when 95% confidence intervals
did not include the null value, corresponding with a p-value < 0.05.
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A summary of relevant characteristics of the adolescents with CFS is described in
table 2. The majority of patients were females. There was considerable school absence
and a high use of medication, and many patients were on a diet. The table further shows
a substantial use of health care services since the start of the symptoms, including
psychotherapy and alternative treatment. Table 3 describes general characteristics of
the adolescents with CFS and the controls. Both groups were comparable except
for gender, BMI, and physical activity. Physical activity, computed in hours of physical
activity per week, was 5.7 hours less in patients with CFS. Because gender, age,
BMI and physical activity may affect the studied collagen related measurements we
considered them as possible confounding factors.
The patients with CFS showed a higher score on all the subscales of the Checklist
Individual Strength (CIS-20).
Table 4 shows the joint mobility in five bilateral joints in both groups and the mean
(adjusted) difference in joint mobility between the adolescents with CFS and the healthy
adolescents. There were no group differences in joint mobility in these five joints. The
median Beighton score in the healthy adolescents was 2, similar to the median
Beighton score in the CFS group. Comparison of the Beighton scores between the two
groups in a linear regression model (adjusted for age, gender, BMI) showed no
difference as well (regression coefficient –0.35; 95% CI: -1.0; 0.3. Generalized joint
hypermobility (Beighton score ≥ 4) was present in 29 of 167 (17%) healthy adolescents,
whereas in the CFS group 3 of the 32 adolescents with CFS showed hypermobility (9%).
Mean differences in indicators of organ stiffness between patients with CFS and
controls are presented in Table 5. Joint mobility of all the 34 examined joints did not
differ between patients and controls. A separate analysis of small and large joints did
not change this result. The skin of CFS patients was more extensible, and adjustment
for age, gender and body mass index did not materially change this finding.
There was a significant difference in muscle strength between the CFS and the healthy
adolescents (mean difference in Z-score: -0.7 (-1.0; -0.4), adjusted for age, gender,
BMI: -0.6 (-0.9; -0.4).
There was a significant difference in systolic and diastolic blood pressure, and pulse
pressure between the groups at the start of the examination. Blood pressure levels
were lower in CFS patients (-13.5 adjusted difference in systolic blood pressure,
-6.7 mmHg adjusted difference in diastolic blood pressure), without any effect on the
heart rate, which was similar for both groups at the start. At the end of the examination
the blood pressure was comparable for both groups, but the heart rate was faster
for the CFS group (mean difference 4.9; CI –0.1; 9.8). Arterial stiffness expressed as
common carotid distension and additionally adjusted for lumen diameter and pulse
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pressure, showed that patients with CFS have a lower value of distension than controls,
reflecting stiffer arteries. The analyses of the various arterial stiffness parameters point
towards arterial stiffness in the patients with CFS compared to controls. Although some
of the associations do not reach statistical significance, the consistency of the findings
enhances the validity of the finding.
Arterial wall thickness, as determined by the common carotid intima-media
thickness (CIMT) was equal for both groups. The bone parameters showed that
there was less stiffness of bones in patients with CFS. Adjusting for confounding
factors, including physical inactivity, attenuated this difference.
There were no clear differences between the groups with regard to collagen
biochemistry (table 5).
The main pain threshold differed considerably between patients with CFS and
controls. After adjusting for age, gender and BMI this lower pain threshold for
patients with CFS remained.
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The results of our study do not consistently point towards an abnormality in connective
tissue, and therefore do not support the hypothesis that connective tissue laxity is a risk
factor for the development of CFS in adolescents. Patients with CFS did have lower
blood pressure during rest, more extensible skin and less muscle strength, but lacked
the most important parameter indicating constitutional laxity: joint hypermobility.
Another argument against constitutional laxity is the finding of an increased arterial
stiffness in the patients with CFS. Moreover, the collagen metabolism measured by
cross-links and hydroxyproline in urine, mainly reflecting bone resorption, did not differ
between the two groups.
Before further discussion about these results, some aspects of our study design
need to be addressed. The cross-sectional design of our study limits causal interpretations. Furthermore, we have attempted to measure all conceivable confounders
of relations between stiffness parameters and disease status. However, we cannot
exclude the possibility that there is residual confounding or unknown confounders.
We do believe that we have sufficiently tackled problems with information bias, as
examiners were blinded for other patient characteristics during measurement protocols.
Our results are incongruent with former studies with respect to joint mobility in
adolescents with CFS. Whereas former studies established joint hypermobility in
adolescents with CFS,5,6 we found a remarkably similar joint motion in adolescents
with CFS and controls and a congruent Beighton score. The question is if the CFS
population under study is a representative sample of the CFS adolescent population
in the Netherlands, which is estimated to consist of 2000 cases (the prevalence rate
in the 5-15 age group according to CDC criteria is in Great Britain 0.2).26 Exact
prevalence rates for the adolescent age group in the Netherlands are lacking. The
Wilhelmina Children’s Hospital is a tertiary referral center for CFS (50 new patients
with fatigue each year) as it is for children with joint hypermobility. A child with joint
hypermobility initially referred to the department of Pediatric Physiotherapy for
hypermobility, and with possible CFS, is subsequently referred to the CFS clinic and
vice versa. So the coincidence of being a tertiary clinic for both conditions and the
internal referring for both conditions makes it unlikely that we missed the CFS
patient with joint hypermobility. We excluded from our initial sample of potential CFS
cases, 2 patients with a known collagen disorder (EDS, hypermobility type).
Because we were interested in generalized joint hypermobility, we applied the
Beighton score for the assessment of hypermobility and in addition goniometry for
the continuous measurement of joint mobility of 26 different joint movements.
The differences in systolic and diastolic blood pressure, which were only evident at
the start of the examinations, are intriguing. The low blood pressure did not correlate
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with illness severity (CIS-score) or illness duration (Pearson correlation coefficient of
respectively 0.1 (p value 0.6) and –0.2 (p value 0.2), which makes a causal relationship between CFS and blood pressure not very likely. An association between
systolic blood pressure and fatigue was previously established in a population study,
consisting of adult men and women, with a linear trend showing more tiredness with
lower systolic blood pressure.27 In a subsequently published cross-sectional study in
civil servants, this strong association between tiredness and systolic blood pressure
was re-established, but appeared confounded by minor psychological dysfunction. 28
In this study we are not informed about minor psychological disturbances, so it is
possible that the association between fatigue and blood pressure can be explained
by unknown psychological factors.
Our study was explicitly not designed to study autonomic nervous dysfunction, which
would have required appropriate measurements for the detection of orthostatic intolerance (e.g. tilt table testing). However, the lower blood pressure in sitting position in
patients with CFS may be explained by alterations in the autonomic nervous system.29
Opposite to the finding of this lower blood pressure is the unexpected finding that
patients with CFS do appear to have stiffer arteries than controls, established with
different parameters of arterial wall stiffness and adjusted for the possible confounding
factors, age, gender, body mass index and physical activity. Residual confounding
for lifestyle - smoking, alcohol consumption and diet - and age of menarche, was
considered and investigated by determining for each factor the effect on the
distension value. None of these factors did influence the distension value, so these
lifestyle factors were not incorporated in the regression model. An explanation for
stiffer arteries in CFS patients is not yet available. It has not been reported in the
literature, nor has increased cardiovascular disease among CFS patients. It is
credible that a stiffer carotid artery is the result of an increased BMI 30,31 and the
decreased physical activity, but we adjusted for these possible confounding factors
as we did for lifestyle factors. There might be residual confounding in psychological
factors as for example the stress for CFS patients to live with a disabling unexplained
condition.
The difference in arterial stiffness is not explained by arterial wall thickness, which
was remarkably similar for both groups. Further research is necessary to give more
insight into this intriguing finding.
The difference in bone stiffness disappeared when we adjusted additionally for inactivity.
Bone resorption parameters in an overnight urine sample were the same for both groups.
We could have expected a less active process of formation and resorption of bone
in the CFS patients, because of the inactivity, but this was not reflected in the data,
possibly because of the large variation in these measurements in both groups.
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this was to be expected because pain is a frequent complaint of CFS patients, this
is the first study to confirm this. Little is known about nociception, processing, cortical
perception and reporting of pain.32 Surprisingly, the CFS patients do not only complain
of more pain sensation on different locations, but are also hypersensitive to visual,33
acoustic,34 and sensory signals. The processes underlying this increased sensory
symptom perception in CFS patients are not yet understood.
The findings of lower blood pressure, more extensible skin, arterial stiffening, and
lower pain threshold in CFS patients seem to be genuine but do not consistently
point at a generalized abnormality in connective tissue. A more likely explanation is
that these findings are caused by different mechanisms, such as complex disturbance
of the autonomic nervous system in combination with a possible change in sensory
symptom. More research is necessary to assess the pathogenicity of these findings and
the reversibility after successful treatment of the CFS adolescent.
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The pain perception differed considerably between patients and controls. Although
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Abstract
Background Health behaviour and beliefs about health control are known to influence
the outcome of an illness. Locus of health control is defined as the source from which
health related behaviour is initiated. An internal locus refers to the belief that health is
determined by one’s own behaviour or capacities. Locus of health control in children
and adolescents with chronic fatigue syndrome (CFS) and their parents has not been
previously investigated.
Objective To explore the locus of health control in adolescents with CFS and their
parents in comparison with healthy adolescents and their parents.
Method In this cross-sectional study 32 adolescents with CFS were compared with
167 healthy controls and their respective parents. The Multidimensional Health
Locus of Control (MHLC) questionnaire was applied to all participants.
Results There was significantly less internal health control in adolescents with
CFS than in healthy controls. An increase of internal health control of one standard
deviation was associated with a 61% reduced risk for CFS (odds ratio (OR) = 0.39,
95% confidence interval (CI): 0.25; 0.61). Internal health control of the parents
was protective as well (OR fathers: 0.57 (95% CI: 0.38; 0.87) and OR mothers: 0.74
(95% CI: 0.50; 1.09)). The external loci of health control were higher in adolescents
with CFS and in their parents.
Increased levels of fatigue (56%) were found in the mothers of the adolescents with
CFS, in contrast with the fathers who reported a normal percentage of 13.
Conclusions In comparison with healthy adolescents, adolescents with CFS and
their parents show a less internal locus of health control. They attribute their health
more to external factors, such as chance and physicians. This outcome is of
relevance for treatment strategies like cognitive behaviour therapy, for which health
behaviour is the main focus.
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The chronic fatigue syndrome (CFS) is mainly characterized by a complaint of chronic
and disabling fatigue in addition to other symptoms. A great variety of explanations
has been explored, including infectious, metabolic, immunological and endocrine
causes, but no one factor can be shown to be the single causative agent. Similarly,
a single psychiatric cause cannot be established, although comorbidity with depression
and anxiety is common in CFS adolescents.1 Up till now there is insufficient support for
either a purely somatic or psychic chain of causation. CFS is believed to have a
multifactorial origin, and a distinction is made between constitutional, initiating and
perpetuating factors on both a biological and psychosocial level.2
Prevalence estimates of CFS vary substantially from 0.02% in the Netherlands 3 to
0.2% in the UK4 to 0.33% in the USA,5 and seem to depend much on criteria and
methods. Self-reported CFS yields a higher prevalence rate than physician reported
CFS, which is the basis for the prevalence rate in the Netherlands. 3 A more recent
prevalence study in the UK based on physician’s reports of severe unexplained
fatigue of minimal three months duration, yields a prevalence rate of 0.06%.6 A recent
study showed that two thirds of children with CFS finally recover with a resumption
of social activities and school attendance and a marked decrease in number and
severity of symptoms.7 Although most adolescents recover, disability during illness is
high and affects all aspects of life.8-12 This disability may have lasting effects and it is
therefore important to detect factors that influence the start and the course of the
CFS symptomatology.
The lack of a definite aetiology for CFS limits the treatment options to symptomatic
and behavioural treatment. A recent randomized controlled trial gave evidence
for the effectiveness of cognitive behaviour therapy, but only 60% of the adolescents
had made a complete recovery as assessed directly after treatment.13 In an uncontrolled study of the effectiveness of family cognitive behaviour therapy, 83% improved,
and this improvement lasted for the follow-up time of 6 months.14 Multidisciplinary
rehabilitative treatment was demonstrated to be effective in another uncontrolled
study,15 but only 43% had complete recovery. The remaining treatment options are
restricted to symptomatic treatment, like careful attention to sleeping habits and
nutrition.16 Although health behaviour seems the focus of treatment, very little is
known about the beliefs that determine health behaviour in adolescents with CFS,
neither as predisposing nor as maintaining factors. From studies in adults with CFS
we know that the patient’s illness attribution (the patients’ beliefs about the cause
of their illness) and coping style contribute to the severity of the illness. 17 However,
similar studies in adolescents are lacking. Important motivational factors for health
behaviour are beliefs about the locus of health control.18 An internal locus of health
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control indicates that patients believe that health is primarily determined by their
own behaviour or capacities (e.g. “My health depends upon how well I take care of
myself.”). An external locus indicates a belief that health is primarily determined by
external factors (chance or physicians, e.g. “Most things that affect my health
happen to me by accident”; “I can only do what the doctor tells me to do”). 19 An
individual does not have either an internal or an external locus of health control, but
they are coexistent to a larger or lesser extent. Individuals who believe that health is
a function of personal behaviour (internal locus of control) have been shown to take
greater responsibility for their own health than those with an external control
orientation.20
Parents reinforce adolescents’ behaviour. A recent study confirmed that children
with CFS experience even more parental reinforcement of illness behaviour than
healthy or chronically ill control cases.21 This finding emphasises that research on
health beliefs and health-related behaviour in adolescents with CFS should be
extended to their parents.
The present study aims to examine whether the locus of health control differs
between adolescents with CFS and healthy adolescents and their respective
parents.
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A total of 45 adolescents (12-18 years) were referred with severe fatigue to a specific
CFS clinic of the University Medical Center Utrecht between January 2001 and May
2002. All patients were Caucasian and 39 adolescents fulfilled the Centers for
Disease Control and Prevention (CDC) criteria for CFS.22 A child psychologist
performed psychological examinations, using specific Dutch questionnaires for
anxiety and depression in combination with an interview of both child and parent.
Additional to the CDC exclusion criteria, patients with lifelong problems of somatisation (n=2) or an established diagnosis of a severe depression or a primary anxiety
disorder dependent on pharmaceutical treatment were excluded (n=2). Three
adolescents refused to participate (2 on account of fatigue, 1 received no permission
of the rehabilitation centre). Individual measurements of the remaining 32 patients took
place during two special sessions in May 2002, in separate rooms in the hospital,
consequently at different periods after first diagnosis.
As a reference group, 363 adolescents aged 12-18 years from a general secondary
school “De Breul” (Zeist, the Netherlands), were invited to participate. 167 adolescents
(46%) agreed to participate and were examined during sessions at school in
April 2002. In addition to the adolescents, the parents of both groups were asked to
complete questionnaires. In the CFS group, 32 mothers and 30 fathers responded.
In the healthy group, 158 mothers and 143 fathers responded.
Measurements
Control beliefs with respect to health and illness in general were measured with
the Multidimensional Health Locus of Control (MHLC) questionnaire.23 The MHLC
comprises three subscales corresponding with an internal, chance or physician
locus of health control. All subscales comprised 6 items scored on a 5-points Likert
scale (1-5) in accordance with the validated Dutch translation of this questionnaire. 24
We determined the psychometric property of the MHLC by the Cronbach’s alpha
reliability coefficient, which was 0.80 for the entire MHLC, and for the subscales
internal locus 0.82, chance locus 0.75 and physician locus 0.73.
Causal attributions were assessed by asking the adolescents with CFS to write
down their ideas about the cause of their complaints. Responses were coded into
three categories: physical, psychosocial and do not know. The MHLC was applied
to all participants: adolescents with CFS and healthy adolescents and their respective
parents. Causal attributions were only asked of adolescents with CFS.
Fatigue was assessed with the Checklist Individual Strength (CIS-20) in both adolescent
groups. The CIS-20 asks about fatigue in the two weeks preceding the assessment.
There are four subscales, respectively subjective experience of fatigue with eight items,
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concentration with five items, motivation with four items and physical activity with
three items, each item scored on a seven-point Likert scale. A high score indicates
a high level of subjective fatigue and concentration problems and a low level of motivation and physical activity. The internal consistency is high, as is the discriminative
validity for CFS.17
Physical activity was measured in both adolescent groups by a detailed questionnaire
asking for the time spent in three different physical activities: cycling to school, school
gymnastics and outdoors sports. Regular physical exercise has been associated
positively with internal locus of health control and negatively with external locus of
health control.18 A recent study confirmed decreased physical activity to be an
important risk factor for the development of chronic fatigue syndrome.25
School type and school attendance were assessed in both adolescent groups by
a general questionnaire asking about school attendance in the 6 months preceding
the assessment.
A general questionnaire was applied to the parents of all the adolescents regarding
sport activities and fatigue complaints.
The adolescents completed the questionnaires, without their parents’ presence, in
an average of thirty minutes. The parents completed the questionnaires at home.
The medical ethics committee of the University Medical Center Utrecht approved the
study. Written informed consent was obtained from both adolescents and parents.
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Of the relevant variables, group specific means and standard deviations or proportions
were calculated for descriptive purposes.
The data were analysed with linear regression using the variable of interest (i.e. locus
of control) as dependent variable and a group indicator (patient = 1, control = 0) as
independent variable to explore group differences. Results are presented as linear
regression coefficients representing mean differences between the CFS and the
healthy family members for the investigated parameter with their corresponding
95% confidence intervals. The same models were used to adjust for possible confounding factors.
The magnitude of the associations between locus of health control and CFS was
quantified by estimating odds ratios (OR) and corresponding 95% confidence intervals (95% CI) using unconditional binary logistic regression, with CFS (yes/no) as
dependent variable and the Z scores of the total score on the different subscales as
covariates. The adjusted odds ratio was quantified in the same model by adding
possible confounding factors as covariates (age and gender of the child).
Statistical significance was considered to be reached when 95% CI did not include
the 0 (concerning linear regression coefficients) or 1 (concerning odds ratios)
corresponding with a p-value < 0.05.
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Results
Clinical characteristics of the adolescents and their parents are given in table 1.
There was a significantly higher proportion of girls in the CFS group. Physical activity
was reduced in the CFS group by an average of nearly 6 hours per week. School level
was the same but school attendance was substantially impaired in the CFS group.
The CFS patients showed a higher score on all the subscales of the Checklist
Individual Strength (CIS-20) than healthy adolescents, after adjusting for gender and
age. Comparison of the parents of both groups showed that the mothers of adolescents
with CFS were also less active in sports and complained more about fatigue.
The fathers of adolescents with CFS showed the same reduction in physical activity,
although not statistically significant, but they lacked the fatigue complaints. All relevant
differences between the adolescents with CFS and the healthy adolescents were
adjusted for age and gender as possible confounders but this did not influence the
results in table 1.
Table 2 shows the results of comparisons of patients with CFS and controls and their
respective parents with regard to MHLC questionnaire scores.
Adolescents with CFS and their fathers had significantly lower mean scores for
internal locus of health control as compared to respective healthy family members.
The calculated odds ratio showed a 61% lower risk for CFS per standard deviation
higher score for internal locus of health control. The mothers showed the same
tendency but borderline statistically significant. The odds ratios for loci of health
control of the adolescents were adjusted for age and gender. There was, on average,
significantly more attribution of health to external factors, chance and physicians, by
adolescents with CFS. Their respective parents showed the same tendency, although
for the physician locus there was no clear difference between the mothers of both
groups.
Half the adolescents with CFS indicated that they did not know the cause of CFS,
when asked in an open question. Only 20% attributed the CFS illness to mainly
physical factors (virus infection, sugar intolerance, weakened immune system,
hormones, constitutional), whereas 30% judged psychosocial factors as the main
cause (stress, overburdening, negative self-esteem, and instability in daily events).
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Age (years)
Gender (% girls)
Median illness duration in months (range)

Mean total hours physical exercise per week (hrs/wk)

School type level 1 (%)
School type level 2 (%)

32 CFS

167 healthy

Mean difference

cases

controls

(95% CI)

16.0 (1.7)

15.5 (1.6)

0.5 (-0.1; 1.2)

88

60

28 (9; 45)

27 (6-192)

N.A.

2.3 (3.3)

8.0 (3.9)

-5.7 (-7.2; -4.2)

19

20

0 (-15; 16)

81

80

0 (-15; 16)

4 (13)

149 (89)

-76 (-89; -65)

19 (59)

18 (11)

48 (35; 62)

9 (28)

0

28 (21; 35)

45.2 (11.0)

22.9 (11.0)

22.2 (18.0; 26.4)

• Total score subscale concentration (5 items)

21.6 (8.7)

15.2 (7.0)

6.3 (3.0; 9.6)

• Total score subscale motivation (4 items)

13.5 (5.2)

9.0 (4.0)

4.5 (2.5; 6.4)

• Total score subscale physical activity (3 items)

14.4 (4.9)

7.4 (3.8)

7.1 (5.3; 8.9)

Mothers, % active on outdoors sport

47

76

-29 (-46; -12)

Fathers, % active on outdoors sport

47

62

-15 (-34; 4)

Fatigue in mothers

56

21

35 (6; 64)

Fatigue in fathers

13

17

-4 (-19; 11)

Minimal school absence (less than 5% last 6 months) (n (%))
Considerable school absence (5-50%) (n (%))
Almost complete school absence (50-100%) (n (%))

Fatigue assessment: Checklist Individual Strength
(20 items, 7-points Likert Scale,1-7)
• Total score subscale subjective fatigue (8 items)

Self reported sport activities

Prevalence (%) of self reported fatigue in parents

Values are mean (SD) unless otherwise indicated.
95% CI = 95% confidence interval corresponding with a p value < 0.05
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Table 1 Characteristics of adolescents with and without CFS and their respective parents
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16.9

Mothers
18.2

19.1

19.1

0.74 (0.50; 1.09)

0.57 (0.38; 0.87)

0.39 (0.25; 0.61)

0.38 (0.25; 0.58)

(95% CI)

Odds ratio*

#

15.8

15.4

15.0

N=32

CFS

14.2

14.2

13.7

N=167

Healthy

Total scores

all odds ratios represent one SD shift on the subscale concerned

adjusted OR for age and gender

*

#

1.53 (1.04; 2.26)

1.32 (0.90; 1.95)

1.42 (0.95; 2.10)

1.34 (0.92; 1.96)

(95% CI)

Odds ratio*

Chance locus

MHLC: Multidimensional Health Locus of Control: 3 subscales with 6 items scored on a 5-points Likert scale (range: 6-30)

16.8

Fathers

1

14.5

N=167

N=32

Adolescents

Healthy

CFS

Total scores

Internal locus

1

Table 2 Locus of Health Control measured with the MHLC

#

10.8

12.8

12.0

N=32

CFS

10.5

10.9

10.7

N=167

Healthy

Total scores

1.08 (0.74; 1.57)

1.67 (1.14; 2.45)

1.52 (1.02; 2.24)

1.47 (1.02; 2.13)

(95% CI)

Odds ratio*

Physicians locus

#
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We have established that families with an adolescent with CFS show a reduced
internal health control in comparison with healthy families. Their belief in personal
control over illness is diminished in favour of a belief in chance or physicians
influencing their illness. Our study indicates that this reduced internal health control
is one of the psychosocial factors that is involved in the CFS symptom complex,
either as a predisposing or maintaining factor or both.
The pattern of health control of the healthy adolescents is similar to findings in
previous research in 506 healthy Swedish adolescents, with the same ranking of
internal and external locus with comparable scores.20 Although we cannot exclude
the possibility of differential non-response, i.e. that healthy subjects with lower
internal locus of health control would have less participated in our control group, the
resemblance in scores with other healthy adolescents is reassuring.
The change in health control to a more external pattern in adolescents with CFS has
not been published before. We know from other studies in chronically ill adolescents
that the pattern of health control can change into a more external pattern in chronic
illnesses, like in adolescents with inflammatory bowel disease. 26
Our cross-sectional design does not enable us to make a distinction as to whether
illness beliefs were pre-existing or the consequence of living with a chronic, unexplained
illness. Previous studies regarding health control indicated that the degree of internal
control varied with the realistic controllability of the disease,27 becoming more external
when the outcome of disease is hardly influenced by health behaviour. Kellerman found
a more external pattern of health control in rheumatologic, cardiologic and nephrologic
adolescents, characterized by little control possibilities over their illness. Diabetic adolescents, on the other hand, equipped with extensive control possibilities all related to
outcome, showed a pattern of health control comparable to healthy adolescents.28
Adolescents with cancer were found to have a lower internal health control and a higher
reliance on physicians,29 comparable with the pattern we found in CFS families. While
this could be well adaptive and advantageous for the adolescent with cancer, where
there is a need to adhere to intensive medical treatment, this can be disadvantageous
for an illness as CFS, where the only available treatment options are behavioural.
CFS is characterized by a lack of a uniform illness explanation and well-defined
treatment possibilities, and this may enhance the feeling that the symptoms cannot
be influenced and that control over the illness is therefore impossible. The majority
of the adolescents with CFS in our study, perceives CFS as a black box providing
no clues about the cause. So, CFS itself might have induced this change in control
beliefs to a more external pattern. However, for treatment strategies it does not
really matter if these beliefs are pre-existent or the consequence of the illness.
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Important is the fact that the outcome of chronic illness is improved by increasing
patients’ involvement and control over their illness.30 Particularly for adults with CFS,
a relation between outcome and sense of control over the illness has been demonstrated.31 The finding of a reduced internal health control, not only in the adolescents
with CFS but also in their parents, and the possible relation to illness outcome,
demands more attention to health beliefs within any treatment strategy and within a
family systems perspective.
Female gender is a major risk factor for CFS in this study. This corresponds to
prevalence data in the Netherlands3 and the UK,6 both for adolescents and for adults.
The locus of control might be influenced by undetermined psychosocial factors,
such as depression or anxiety. The literature on this aspect is inconsistent. In adults,
for example, low internality and high externality of locus of control is related to
depression.32 A study in adolescents with inflammatory bowel disease or diabetes
showed that an external locus of control correlated with the severity of a physical
illness and the presence of psychiatric disorders.26 Another study, however, in
adolescent girls with CFS, showed an elevated score for depression and anxiety, but
the locus of control was in the opposite direction, namely more internal in the CFS
group.33 The last three mentioned studies examined mere locus of control and not
the specific locus of health control, as was the subject in our study. Insofar as
depression might partially be a cofactor for the reduced internal health control, the
direction of causation is once more unclear. In our study population, patients with
severe depression were excluded, but minor depression might still be a partial
explanation for the difference in locus of control, either as one of the causative
factors or as an epiphenomenon.
The impact of CFS on the individual adolescents and their families is substantial. In our
study only three adolescents were able to follow a (reduced) normal school
programme. All others were either total school absentees or required facilities such as
home tuition or a school accommodation programme. Moreover, chronic fatigue often
involves other family members. 56% of the mothers of adolescents with CFS reported
feeling fatigue themselves, in comparison with 22% of the working population in
the Netherlands34 corresponding with the percentage we found in the mothers of the
healthy adolescents. A positive family history of fatigue may indicate a strong predisposing factor, either on a biological level or on a psychosocial level, or both.
Together with the reduction in physical activity in the parents and the shared health
beliefs witha reduced internal locus of health control in CFS families, this justifies a
family orientated system perspective towards the treatment of adolescents with CFS.
The most promising therapy in adolescents with CFS is cognitive behavioural therapy,
but full recovery is restricted to 60%. More detailed insight in the familial health beliefs
may enable more tailored interventions in an earlier stage of illness development.
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Abstract
Objective In this study we assessed the relation between fatigue and somatic
symptoms in healthy adolescents and adolescents with Chronic Fatigue Syndrome
(CFS).
Methods 72 adolescents with Chronic Fatigue Syndrome were compared within a
cross-sectional study design with 167 healthy controls. Fatigue and somatic complaints were measured using self-report questionnaires, respectively the subscale
subjective fatigue of the Checklist Individual Strength (CIS-20) and the Children’s
Somatization Inventory.
Results Healthy adolescents reported the same somatic symptoms as adolescents
with CFS, but with a lower score of severity. The top 10 of somatic complaints were
the same: low energy, headache, heaviness in arms/legs, dizziness, sore muscles,
hot/cold spells, weakness in body parts, pain in joints, nausea/upset stomach, back
pain. There was a clear positive relation between log somatic symptoms and fatigue
(linear regression coefficient: 0.041 points log somatic complaints per score point
fatigue (95% Confidence Interval 0.033; 0.049, p-value < 0.001) which did not
depend on disease status (interaction between CFS and fatigue: p-value 0.847).
Conclusions Our findings suggest a continuum with a gradual transition from fatigue
with associated symptoms in healthy adolescents to the symptom complex of CFS.
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Whether Chronic Fatigue Syndrome (CFS) is a distinct illness with its own causal
processes is still a central question in research and clinical practice. The symptom
complex is characterized by persistent debilitating fatigue causing a marked reduction of school and social activity. The minimal illness duration to fulfil criteria of the
Centers for Disease Control and Prevention (CDC) is 6 months. 1 Recently developed
clinical guidelines in the UK, however, concluded that the diagnosis should be based
primarily on the impact of the condition and not require a specific illness duration. 2
Adolescents who suffer from CFS additionally report a variety of physical complaints
such as headache, memory and concentration impairments and muscle and joint
pain.2 The symptom complex is not unique for CFS but overlaps with syndromes
such as fibromyalgia and irritable bowel syndrome, equally ill-defined in terms of
pathophysiology.3, 4
This raises the question of how fatigue is related to other somatic symptoms in
adolescents with CFS. Fatigue is not only a symptom of illness but also a common
phenomenon in healthy adolescents. A recent prevalence study in the US established
that 21 percent of the healthy adolescents experience fatigue.5 Other somatic
symptoms, like headache, stomach ache, back ache, dizziness, also occur in healthy
adolescents, as recently published in a WHO report concerning the European
Countries.6, 7
We hypothesized that fatigue is proportionally related to other somatic symptoms,
not only in adolescents with CFS but in healthy adolescents as well. Secondly, we
hypothesized that CFS is positioned at the end of a continuous scale that includes
the symptoms of healthy adolescents.
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Methods
A total of 132 adolescents (12-18 years) with severe fatigue were referred to a specific
CFS clinic of the Department of General Paediatrics of the University Medical Center
Utrecht between January 2001 and May 2004. All patients were Caucasian and 83 adolescents fulfilled the Centers for Disease Control and Prevention (CDC) criteria for CFS.1
A child psychologist performed psychological examinations, using specific Dutch
questionnaires for anxiety and depression in combination with an interview of both child
and parent. Additional to the CDC exclusion criteria, patients with life long problems of
somatisation (n=2) or an established diagnosis of a severe depression or a primary
anxiety disorder dependent on pharmaceutical treatment (n=3) or severe somatic
comorbidity (n=1) were excluded. Five adolescents refused to participate (2 on account
of fatigue, 1 received no permission of the rehabilitation centre, 2 gave no reason).
Individual measurements took place from 2002 to 2004 in separate rooms in the
hospital. Of the remaining 72 adolescents, 66 fulfilled all CDC criteria for CFS at
the moment of the research examinations: 6 months duration, debilitating fatigue
particularly affecting school attendance, and a minimum of 4 side symptoms. Six
patients had less than 4 side symptoms, but were still included.
As a reference group, 363 adolescents aged 12-18 years from a general secondary
school, De Breul in the Dutch City of Zeist, were invited to participate. Inclusion
criteria were age (12-18 years) and no current illness. 167 Adolescents (46%) agreed
to participate and were examined during sessions at school in April 2002. All
subjects were Caucasian.
Fatigue was measured with the subscale subjective fatigue of the self-report
questionnaire Checklist Individual Strength-20 (CIS-20) consisting of 8 items about
fatigue in the 2 weeks preceding the assessment, using a Likert scale (range: 1-7).
The questionnaire has good reliability and discriminative validity. 8
Somatic complaints were assessed with a validated Dutch translation of the
Children’s Somatization Inventory (CSI),9,10 a self-report questionnaire, rating the
presence of 35 somatic symptoms in the last 2 weeks using a 5-point Likert scale
ranging from not at all (0) to a whole lot (4). This questionnaire was originally developed to measure somatization and includes many functional somatic symptoms
and most symptoms mentioned in the CDC-criteria for Chronic Fatigue Syndrome1
except for the symptoms: tender lymph nodes, unrefreshing sleep and post-exertion
malaise. Two items from the CSI were omitted in the analysis: ‘weakness in body
parts’ and ‘low energy’ because of overlap with the subscale subjective fatigue. We
calculated the number of reported somatic symptoms irrespective of the severity
(range 0-33). A total score, representing both number and severity of symptoms,
was obtained by summing the ratings (range: 0-132 (33x4)). This total somatic
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and was used in the analysis.
The medical ethics committee of the University Medical Center Utrecht approved the
study. Written informed consent was obtained from both adolescents and parents.
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Analysis
Of the relevant variables, group specific means and standard deviations were
calculated for descriptive purposes.
The data were analysed with linear regression using the variable of interest as
dependent variable and a group indicator (patient = 1, control = 0) as independent
variable to explore group differences. Results are presented as linear regression
coefficients representing mean differences between the CFS adolescents and
the healthy controls for the investigated parameter with their corresponding 95%
confidence intervals. The same models were used to adjust for age and gender.
Mean Likert scores for each somatic complaint were calculated and reported as a
top-10 of somatic complaints.
To analyse the relation between fatigue and somatic complaints we performed a
linear regression model with the somatic symptom score as the dependent variable
and the fatigue score as an independent variable with adjustment for age and gender
in the same model. The somatic symptom score was log transformed because its
variance was not constant along different levels of the fatigue score. We tested for
an interaction between CFS and fatigue scores by adding an interaction term in the
regression model (interaction is calculated as the product of CFS status (yes or no)
and fatigue scores).
For the graphical depiction of the results (figure 1) we calculated for each participant
adjusted fatigue scores and adjusted somatic symptom score, to account for the
slight difference in age and gender between the healthy adolescents and those with
CFS. All these individuals scores were adjusted for age and gender within their
original group (CFS or not).
The analyses were performed with the use of SPSS 12.0.1 statistical package for
Windows.
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72 Patients (82% girls) and 167 controls (60% girls) were included. As shown in table
1 both the score on fatigue and somatic complaints, adjusted for the covariates age
and gender, were significantly higher for the adolescents with CFS. The top 10 of
somatic symptoms in the CFS adolescents was identical to the top 10 of somatic
symptoms in healthy adolescents, except for ‘sore muscles’ in the top 10 of the CFS
adolescents, which was substituted for ‘stomach pain’ in the top 10 of the healthy
adolescents.
Fatigue and somatic complaints were positively related with a linear regression
coefficient of 0.041 points log somatic complaints per score point fatigue (95%
Confidence Interval 0.033; 0.049, p-value < 0.001) without a significant effect of
interaction between fatigue score and CFS (p-value 0.847).
Eleven of the healthy adolescents showed a fatigue score ≥ 40, corresponding with
the fatigue score for adolescents with CFS. Their fatigue, however, did not result in
severe disability, while 8 out of these 11 adolescents showed no school absence
in the past 6 months, and only 3 had considerably school absence (5-50%):
1 because of multiple injuries, 1 because of an infectious illness, and 1 without reason.

Figure 1 Relation between fatigue and somaticsymptoms

score somatic symptoms

Figure 1 represents the relationship between the fatigue score and the somatic complaints score for each individual.
Each higher score point of fatigue resulted on average in a 0.57 higher score point of somatic complaints.

score subjective fatigue
Healthy adolescents
Adolescents with CFS. All scores are adjusted for age and gender within their original group (CFS or not)
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Table 1 Characteristics and scores of CFS Adolescents and Healthy Controls

Age (y)

32 CFS

167 healthy

Mean

Adjusted mean

cases

controls

difference

difference *

(95% CI)

(95% CI)

16.0 (1.6)

15.5 (1.6)

0.5 (0.08; 0.97)

82

60

22 (10; 34)

46.1 (9.2)

22.9 (11.0)

23.2 (20.3; 26.1)

21.6 (18.7; 24.5)

5.7 (1.7)

Not specified

30.2 (17.7)

12.4 (10.5)

17.8 (14.1; 21.4)

16.2 (12.6; 19.9)

14.1 (6.0)

7.7 (5.0)

6.3 (4.8; 7.8)

5.8 (4.3; 7.3)

1. Low energy

2.7 (1.1)

1.3 (1.1)

2. Headache

2.1 (1.4)

1.1 (1.1)

3. Heaviness in arms/legs

1.9 (1.3)

0.4 (0.8)

4. Dizziness

1.9 (1.5)

0.8 (1.0)

5. Sore muscles

1.9 (1.4)

0.8 (0.9)

6. Hot/cold spells

1.7 (1.3)

0.6 (1.0)

Gender (% girls)

Fatigue assessment
Subscale Subjective fatigue (CIS-20)
(8 items; 7-points Likert Scale; 1-7; range 8-56)

CDC criteria (range 0-8)
Number of reported CDC minor symptoms

Children’s Somatization Inventory
(33 items, 5-points Likert Scale 0-4)
Total score (range 0-132)
Number of symptoms (range 0-33)

Top 10 somatic complaints (range 0-4)

7. Weakness in body parts

1.7 (1.3)

0.7 (1.1)

8. Pain in joints

1.7 (1.4)

0.6 (1.0)

9. Nausea/upset stomach

1.6 (1.4)

0.8 (1.0)

10. Back pain

1.5 (1.3)

0.9 (1.2)

* adjusted for age and gender
Values are mean (SD)
95% CI = 95% confidence interval corresponding wit a p-value < 0.05
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Healthy and CFS adolescents share a symptom complex, of which fatigue is the
main symptom as low energy ranks first in the top 10 of symptoms in both groups.
Additionally, a graded positive relationship between fatigue and other somatic
complaints is established without a significant effect of interaction between CFS
and fatigue. This might imply that the aetiology of experience of fatigue and other
somatic symptoms is similar in healthy adolescents and in those with CFS. Our
findings suggest a continuum with a gradual transition from fatigue with associated
symptoms in healthy adolescents to the symptom complex of CFS.
Only 46% of the healthy adolescents invited to participate agreed, which may raise the
question of wether this subgroup is sufficiently representative of the healthy adolescents.
It is, however, unlikely that invitees reacted on the basis of specific associations between
fatigue and somatic symptoms, in other words that the association between fatigue and
somatic symptoms should be different among responders and non-responders.
Some healthy adolescents experience similar fatigue and associated symptoms as the
adolescents with CFS but lack the effect on school attendance and do not view
themselves as patients. This may reflect the fact that the identification of a symptom
complex as abnormal and requiring medical examination is known to be related to the
patient’s health beliefs, former experiences, medical knowledge and norms and values
in the family.11-16 This emphasizes the need for a multidimensional approach with the
identification of relevant illness beliefs and the medical and family history.
Biological formulations of the aetiology of these unexplained physical symptoms are
scarce. Terminology is therefore predominantly descriptive in terms of symptoms. In
general medicine CFS is categorized as one of the functional somatic syndromes,
which is a non-stigmatizing and accepted description for adult patients.17 An overall
aetiological concept is still lacking. The findings of our study support the idea that
a possible substrate for the experienced symptoms in CFS could be found in a mechanism which is present in all members of the population. A promising concept in this
respect is interoception: “the sense of the physiological condition of the body.”18
The recent guidelines of the Royal College of Paediatrics and Child Health propose
to apply not a time criterion for the clinical diagnosis of CFS as opposed to the CDCand the Oxford criteria.1, 19 The degree of impairment as a consequence of the
physical symptoms, is more critical to the diagnosis and treatment than the duration
of symptoms. Positive recognition of the symptom complex may facilitate the
process of making a diagnosis of CFS and may diminish the need for extensive
investigations to exclude other diagnoses. The findings of our study support this
positive recognition by viewing fatigue in combination with other somatic symptoms
and not only in combination with the minor CDC criteria.
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Abstract
Objective The aim of this study was to assess the relation between Chronic Fatigue
Syndrome (CFS) in adolescents and fatigue and associated symptoms in their fathers
and mothers, more specifically the presence of CFS-like symptoms and psychological
distress.
Method In this cross-sectional study 40 adolescents with CFS according to the CDCcriteria (Centers for Disease Control and Prevention) were compared with 36 healthy
controls and their respective parents. Questionnaires regarding fatigue (Checklist
Individual Strength (CIS-20)), fatigue associated symptoms and psychopathology
(Symptom Checklist-90 (SCL-90)) were applied to the children and their parents.
Results Psychological distress in the mother corresponds with an adjusted odds
ratio of 5.6 (95% CI: 1.9; 16.8) for the presence of CFS in the child. The presence of
fatigue in the mother and dimensional assessment of fatigue with the CIS-20 revealed
odds ratios of respectively 5.29 (95% CI 1.32; 21.2) and 2.86 (95% CI 1.40; 5.84) for
the presence of CFS in the child. An increase of one standard deviation of the hours
spent by the working mother outside the home reduced the risk for CFS in their child
with 61% (OR 0.39; 95%CI 0.20; 0.75). The fathers did not show any risk indicator for
CFS in their child.
Conclusions Mothers of adolescents with CFS exhibit fatigue and psychological
symptoms similar to their child, in contrast with the fathers. The striking difference
between the absent association in fathers and the evident association in mothers
suggests that the shared symptom complex of mother and child is the result of an
interplay between genetic vulnerability and environmental factors.
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A major consensus in modern paediatric practice is that a child’s health is profoundly
influenced by family structure, family dynamics and family functioning.1 Nevertheless,
remarkably little is known about family health and about how families develop illness
promoting or illness preventing strategies.2 Especially in unexplained illnesses these
family factors could elucidate part of the complex multifactorial aetiology. Chronic
Fatigue Syndrome (CFS) is such an illness and is characterized by chronic disabling
fatigue, pain, sleep difficulties and cognitive impairment. CFS is not restricted to
adults, but is increasingly recognized in adolescents and children.3
Fatigue seems to aggregate in families. In a large study of twins aged over 50, Hickie
found that familial aggregation of fatigue of at least one month duration appeared to
be largely due to genetic factors with a 2.5 times higher concordance rate in monozygotic twins than in dizygotic twins.4 These results resemble those of a child twin
study, where the parents’ reports of disabling fatigue of one month duration in their
children revealed a concordance rate of 0.75 in monozygotic twins versus 0.47 in
dizygotic twins.5
Not only fatigue but also CFS aggregates in families. Buchwald performed a large
twin study on chronic fatigue and CFS, and revealed a concordance rate for CFS of
0.55 in monozygotic and 0.19 in dizygotic twins,6 confirming the familial aggregation
of CFS and suggesting that genes may play a role. In a family history study of CFS,
results based on subjects’ reports of illness in first-degree relatives suggested that
relatives of patients with CFS had significantly higher rates of CFS than relatives of
a patient with another chronic illness.7 Garralda found more health problems in a
cross-sectional study in the families of adolescents with a history of CFS than in the
families of healthy controls, but it is not clear whether these health problems were
CFS-like.8 Several years earlier, Bell estimated from a cluster of 21 paediatric cases
of CFS that familial CFS is a major risk factor for paediatric CFS.9
All these findings suggest a familial predisposition for CFS of varying intensities, but
do not discriminate between a distinct incidence for the fatigue symptoms in fathers
or mothers.
As fatigue is necessarily associated with other somatic symptoms 10 and often is
accompanied by depression and anxiety,11 a family survey should deal with this
cluster of symptoms.
The aim of this study was to assess the relation between CFS in adolescents and
fatigue and associated symptoms in fathers and mothers, more specifically the
presence of CFS-like symptoms and psychological distress.
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Methods
Population
A total of 70 adolescents (12-18 years) was referred with severe fatigue to a specific
CFS clinic of the University Medical Center Utrecht between June 2003 and September
2004. All patients were investigated by a paediatrician and the final diagnosis of CFS
was established by one paediatrician (EvdP) in 47 adolescents after medical and
psychological examinations, using specific Dutch questionnaires for anxiety and
depression in combination with an interview of both child and parent. Additional to
the CDC exclusion criteria, patients with somatic comorbidity interfering with fatigue
were excluded (n=4, 1 hyperhomocysteinemia, 1 coeliac disease, 1 irritable bowel
syndrome, 1 delayed phase sleep syndrome). One patient was excluded because of
severe depression requiring pharmaceutical treatment. Two adolescents refused to
participate. Of the remaining 40 included adolescents, 36 fulfilled all criteria for CFS
of the Centers for Disease Control and Prevention (CDC).10 Four patients had less
than 4 side symptoms, but were nevertheless included. The mean number of the
8 CDC side-symptoms was 5.2 (SD 1.6). Forty mothers participated and 34 fathers.
The remaining 6 fathers lost contact with their child after a divorce.
As a reference group, 102 adolescents aged 12-18 years from a secondary school
were invited to participate with their parents. Families with an adoptive child or a child
with a chronic illness were excluded (n=3). From the remaining 99 adolescents,
36 adolescents (37%) agreed to participate, including 4 pairs of siblings. Two fathers and
2 mothers refused to participate, leaving 30 mothers and 30 fathers for participation.
Self-report Measures
Fatigue was assessed dimensionally in all participants with the Checklist Individual
Strength (CIS-20) which asks about fatigue in the two weeks preceding the assessment. There are four subscales: subjective experience of fatigue, concentration,
motivation and physical activity, each item scored on a Likert scale (score 1-7).
A high score indicates a high level of subjective fatigue and concentration problems
and a low level of motivation and physical activity. The internal consistency is high,
as is the discriminative validity for CFS.12
The revised Symptom Checklist (SCL-90-R), a 90 item self-report scale, was used to
assess current psychological distress in parents on nine subscales: somatization,
obsession, interpersonal sensitivity, depression, anxiety, aggression, phobia,
paranoia, psychoticism, and additional items.13-15 The questionnaire asks about the
presence of a symptom in the preceding week, including the day of assessment, on
a five point Likert scale (range 1-5). The higher the score, the more psychological
distress.
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(e.g. age, household size), hours of paid work and current presence of fatigue and
the 8 CDC symptoms for CFS (yes/no).
A sleep questionnaire was applied to all participants to measure sleep in the 2 weeks
preceding the assessment with 14 dichotomic scored items. The total score is a
measure of sleep quality, the higher the score the poorer the quality. 16
Depression in adolescents was measured with a validated Dutch translation of the
Children’s Depression Inventory (CDI).17, 18 The CDI quantifies depressive symptoms
in the past 2 weeks and consists of 27 items rated on a 3-point scale (range 0-2).
Assessment of trait anxiety in adolescents was performed with a Dutch translation
of the Spielberger State-Trait Anxiety Inventory for Children (STAIC). 19, 20 The STAIC
consists of 20 statements on a 3-point scale that assess the level of anxiety a person
reports as generally characteristic of himself (disposition).
Somatic complaints were assessed with a validated Dutch translation of the
Children’s Somatization Inventory (CSI), a self-report questionnaire, rating the
presence of each of 35 somatic symptoms in the preceding 2 weeks using a 5-point
Likert scale ranging from “not at all” to “a whole lot” (range: 0-4). 21, 22
All questionnaires were completed individually in separate rooms in an university
building in May-Aug 2004. The adolescents completed the questionnaires on average
in thirty minutes and the parents in twenty minutes.
The medical ethics committee of the University Medical Center Utrecht approved the
study. Written informed consent was obtained from both adolescents and parents.
Statistical Analysis
Of the relevant variables, group specific means and standard deviations or proportions were calculated for descriptive purposes.
The data were analysed with linear regression using the variable of interest as
dependent variable and a group indicator (patient = 1, control = 0) as independent
variable to explore group differences. Results are presented as linear regression
coefficients representing mean differences between the CFS adolescents and
the healthy controls for the investigated parameter with their corresponding 95%
confidence intervals. The same models were used to adjust for possible confounding
factors.
The magnitude of the associations between parental risk indicators and CFS in
their offspring was quantified by estimating odds ratios (OR) and respective
95% confidence intervals (95% CI) using binary logistic regression, with CFS
(yes/no) as dependent variable and the factors of interest as independent variable.
These factors were transformed into Z scores to obtain relative risks per SD
difference. The adjusted odds ratio was quantified in the same model by adding
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possible confounding factors as covariates (age and gender of the child and the age
of the parent concerned).
To account for possible differential non-response of the control group we checked
for the presence of fatigue and past or present psychological treatment in the
non-responding parents (63 families) and adolescents (results from the Fatigue in
Teenagers-I (FIT-I) study 2002).23
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Table 1 shows that both adolescent groups had the same gender composition, but
the CFS adolescents were slightly younger (16 years vs. 16.8 years). Both groups
came from a high percentage of intact families, with exactly the same number of
siblings.
Evidently, the CFS patients showed a higher score on all the subscales of the
Checklist Individual Strength (CIS-20) than the healthy adolescents. Sleeping
problems were more prominent in the CFS group, as were somatic complaints.
Anxiety was more manifest in the CFS adolescents just like depression. The mean CDI
score for depression in the CFS adolescents (11.7) is below that for a depressive
disorder, which is 22.8 in a Dutch and Belgian reference sample of eighteen children
with a depressive disorder.24 A cut-off-score of ≥ 16 is proposed as predictive
of a depressive disorder.24 In our study only one of the healthy adolescents scored
≥ 16 compared to six of the CFS adolescents.
All differences between the healthy and the CFS adolescents were statistically
significant and adjusting for age and gender did not influence the results.
The comparisons of the characteristics of the mothers and the fathers are separately
shown in table 2 and table 3 respectively. Mothers of CFS adolescents differed from
mothers of healthy adolescents in all measurements of fatigue and fatigue associated
symptoms, including sleep. Nine mothers even fulfilled CDC-criteria for CFS. 10
The presence of fatigue in the mother and dimensional assessment of fatigue with
the CIS-20 revealed an odds ratio of respectively 5.3 (95% CI 1.3; 21.2) and
2.9 (95% CI 1.4; 5.8) for the presence of CFS in the child. Self-reported psychological
distress was significantly higher, especially in the subscales somatization, depression
and anxiety. Psychological distress in the mother corresponded with a 5.6 times
higher chance for the presence of CFS in the child (95% CI 1.9; 16.8) with depression
as the main risk factor.
An increase of one standard deviation of the hours spent by the working mother
outside the home reduced the risk for CFS in their child with 61% (OR 0.39; 95% CI
0.20; 0.75). None of the odds ratios of the same variables of the fathers were
different from 1.
The non-responding mothers (n=63) of the control group mentioned fatigue in 19%
and psychological treatment in 13% (compared with respectively 17% and 13% of
the responding mothers in this study). The non-responding adolescents were more
fatigued (CIS-20 score 55.7) than the responding adolescents, leading to a not
significant difference in the CIS-20 score of -7.7 (95% CI: -15.7; 0.2; p-value 0.06).
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Intact families, %

93

* adjusted for age and gender

(CDI ; 27 items ; 0-54)

Depression disposition

(STAIC; 20 items; 20-60)

Anxiety disposition

Psychological adjustment

(CSI 35 items 0-140)

11.7 (6.1)

36.9 (7.8)

35.6 (20.1)

6.2 (3.2)

Sleep problems (14 items 0-14)

Somatic complaints

46.9 (7.4)

101.8 (17.8)

5.6 (4.4)

30.3 (6.4)

13.0 (9.3)

2.8 (2.9)

19.4 (10.0)

48.0 (18.8)

2.5 (0.8)

82
2.5 (0.8)

(8 items; 8-56)

Score subjective fatigue subscale

(20 items; 20-140)

Total score CIS-20

Fatigue assessment

Household size (number of children)

67

16.8 (1.4)

NA
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16.0 (1.5)

Age, years

Gender, % girls

23.4 (11.3)

Mean (SD)

Mean (SD)

Mean symptom duration, months

Healthy (n=36)

CFS (n=40)

Table 1 Characteristics of adolescents with CFS and healthy controls

6.1 (3.7; 8.5)

6.6 (3.3; 9.9)

22.6 (15.5; 29.7)

3.4 (2.0; 4.8)

27.5 (23.5; 31.5)

53.9 (45.5; 62.2)

0 (-0.3; 0.3)

-9 (-27;5)

11 (-10; 31)

0.8 (-1.5; -0.1)

(95% CI)

Difference

0.0001

0.0001

0.0001

0.0001

0.0001

0.0001

0.954

0.185

0.298

0.019

p-value

6.1 (3.5; 8.7)

5.9 (2.5; 9.3)

19.9 (12.6; 27.1)

3.4 (1.9; 4.9)

26.0 (21.9; 30.0)

50.8 (42.4; 59.2)

(95% CI)

Adjusted difference*

0.0001

0.001

0.0001

0.0001

0.0001

0.0001

p-value
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13.1 (3.8)
18.7 (6.5)

Somatization (SD)

ORadj is adjusted for age and gender of the child and age of the parent

Hours/week work (SD)

14.3 (13.0)

4.2 (3.7)

Daily work outside the home

2.4 (2.4)

Number of CDC-criteria present

Sleep score (SD)

24.5 (8.6)

2.3 (2.7)

1.0 (1.7)

17 (38)

43.1 (12.4)

60.7 (27.6)
45 (50)

19.2 (7.7)

15.7 (3.7)

11.6 (2.0)

16.5 (3.0)

111.9 (16.1)

47.4 (3.1)

28.5 (13.4)

Fatigue present (%)

CIS-20 (SD)

Subjective fatigue (SD)

Measures of fatigue and fatigue related symptoms

20.2 (6.0)

Anxiety (SD)

128.1 (29.4)

45.1 (4.9)

Mean (SD)

Mean (SD)

Depression (SD)

SCL-90 (SD)

Measures of psychological distress

Age (SD)

Healthy (n=30)

CFS (n=40)

,002

,027

,016

,016

,004

,015

,037

,074

,006

,016

,041

p-value

0.4 (0.2; 0.8)

2.2 (1.2; 4.3)

1.5 (1.1; 2.2)

5.3 (1.3; 21.2)

2.9 (1.4; 5.8)

2.2 (1.2; 4.2)

3.1 (1.3; 7.4)

3.0 (1.1; 8.0)

8.4 (2.2; 31.6)

5.6 (1.9; 16.8)

0.8 (0.4; 1.6)

ORadj (95% CI)

,005

,015

,020

,019

,004

,015

,010

,034

,002

,002

,533

p-value
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0.4 (0.2; 0.7)

1.9 (1.1; 3.4)

1.4 (1.1; 1.9)

4.1 (1.3; 12.9)

2.5 (1.3; 4.7)

2.0 (1.2; 3.5)

2.0 (1.0; 3.9)

1.9 (0.9; 3.6)

3.0 (1.4; 6.6)

2.5 (1.2; 5.2)

0.6 (0.3; 1.0)

ORuni (95% CI)

Table 2 Odds ratios for characteristics of mothers and the presence of CFS in the adolescent
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112.0 (23.8)

48.2 (4.7)

1.1 (1.4)
2.0 (2.9)

Number of CDC-criteria present

Sleep score (SD)

ORadj is adjusted for age and gender of the child and age of the parent

Hours/week work (SD)

34.4 (12.6)

24 (43.1)

Fatigue present (%)

Daily work outside the house

21.1 (10.8)
49.2 (20.5)

Subjective fatigue (SD)

CIS-20 (SD)

31.9 (17.8)

1.4 (1.6)

1.0 (1.5)

26 (44)

48.9 (28.4)

20.3 (17.7)

112.7 (18.5)

50.3 (3.3)

Mean (SD)

Mean (SD)

Measures of fatigue and fatigue related symptoms

SCL-90 (SD)

Measures of psychological distress

Age (SD)

Healthy (n=30)

CFS (n=40)

1.2 (0.7; 2.1)

1.3 (0.8; 2.3)

1.0 (0.7; 1.4)

0.9 (0.3; 2.7)

1.0 (0.6; 1.7)

1.0 (0.6; 1.6)

0.6 (0.3; 1.0)

ORuni (95% CI)

Table 3 Odds ratios for characteristics of fathers and the presence of CFS in the adolescent

,548

,328

,940

,831

,955

,896

,060

p-value

1.2 (0.6; 2.3)

1.4 (0.8; 2.5)

1.2 (0.8; 1.7)

1.1 (0.3; 4.1)

1.2 (0.7; 2.2)

1.1 (0.6; 1.9)

0.6 (0.3; 1.2)

ORadj (95% CI)

,606

,314

,476

,891

,465

,794

,147

p-value
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This is the first study comparing families with a physician diagnosed CFS proband with
healthy families. Our study revealed a shared symptom complex of fatigue, fatigueassociated symptoms and psychological distress between CFS adolescents and their
mothers. A similar association between CFS adolescents and their fathers was not
found.
Associated emotional distress and psychopathology are commonly reported in adults
and children with CFS.25-27 The origin of this psychological morbidity in CFS has not
yet been clarified. Possibly it shares a common aetiology with CFS, or one is the result
of the other. It is remarkable, however, that in our study the same symptom complex is
uncovered in both mother and child. The striking difference between the absent association in fathers and the evident association in mothers suggests that the shared
symptom complex of mother and child is the result of an interplay between genetic
susceptibility and environmental factors. It may point to a gene-environment interaction in which the child not only inherits the genetic characteristics of the mother, but
these maternal characteristics also function as environmental factors for the child.
There is evidence for genetic factors to play a role in the cause of CFS. All twin studies
on CFS or less strictly defined fatigue, reveal a higher concordance rate among monozygotic twins.4-6 Female gender is a risk factor for CFS, as is clear from prevalence
studies and from the twin studies. If CFS is assumed to be a multifactorial illness,
monogenetic inheritance will be unlikely. The twin study of Hickie et al. revealed
independent genetic factors for fatigue only (44%), and common genetic factors for
psychological distress and fatigue.4 Accordingly, mothers and children may share a
genetic tendency for fatigue and psychological distress and a genetic susceptibility
to environmental influences, both beyond and within the family. The nature of this
susceptibility is unknown and genetic research is hampered by the lack of a possible
biological substrate, an endophenotype, for the symptoms of CFS. Occasionally one
causal biological factor for CFS has been explored, like homozygosity for the serine
allele of the CBG gene.28
Potential shared environmental factors beyond the family are infections, like
Epstein-Barr virus and other enteroviruses and herpesviruses, or intolerance to
certain chemicals.29, 30, 31 But these external environmental factors are potentially
harmful for all family members and do not explain the difference in risk indicators
between fathers and mothers, which means that other risk factors are necessarily
involved for developing CFS.
Shared environmental factors within the family are illness attitudes, illness beliefs and
illness behaviour. It has been shown that parental reinforcement of illness behaviour
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is higher in children with CFS compared with children with JRA. The parent (not
explicitly the mother or the father) of teens with CFS, experienced more concern and
behaved in a more protective fashion with their teens, thereby reinforcing their illness
behaviour.32 Viewed in this respect, the striking lower amount of working hours in
mothers with a CFS adolescent, with consequently more time to spend within the
family with their ill child, could be quite relevant.
Another explanation for the shared symptom complex between mother and child is
the possibility that the symptoms seen in the child are a reaction to a primary illness
of the mother. The cross-sectional design of our study makes causal inference from
the results impossible. However, we know from other studies in depressed mothers
that their children are at increased risk for a series of behavioural disorders and
depression through different mechanisms, like reduction of parental tolerance, social
problem solving and coping skills.33, 34 However, a recently published longitudinal
study on risk factors for CFS did neither reveal preceding maternal psychopathology
nor parental illness (measured with the General Health Questionnaire) as risk factors for
the life-time prevalence of self-reported CFS.27 The time interval between the measurement of maternal psychopathology (at age 10 and 15 of the child) and that of life time
prevalence of CFS (at the age of 30) was large. A smaller time interval is perhaps
necessary to reveal these maternal symptoms as risk factors for CFS in their children.
Finally, the established symptoms in the mothers of CFS adolescents may constitute
a reaction of the mother to the illness of the child. From other chronic illnesses in
children we know that a reactive pattern predominated by depressive symptoms
of the mother is possible, especially at the start of the illness.35 From this study we
cannot conclude whether the health symptoms in the mother of a CFS adolescent are
specific, or also apply to mothers of children with other chronic illnesses. A recent
study of Rangel suggests that the pattern of emotional reactions and health problems
is quite specific for the parents of the child with CFS in comparison with JRA and
emotional disorders.36 She found more psychopathology in CFS families than in families
with a child with JRA. A distinction between the parents was not made. The CFS
families exhibited a pattern of emotional over-involvement, compared with the parents
of a child with JRA.36 Another, retrospective, study also established this maternal overprotectiveness in CFS patients.37
We conclude that the clustering of symptoms in mother and child suggests genetic
transfer and gene-environment interaction. The preferential choice of treatment for
CFS at this moment is cognitive behavioural therapy. A randomized controlled trial
in adolescents established a recovery rate of about 60%.38 It is not clear which
factors influence this recovery rate. Purely behavioural models of treatment of the
adolescents with CFS may neglect these risk indicators in the mother and thereby
overlook these potentially important perpetuating factors.
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Abstract
Background Adolescents with Chronic Fatigue Syndrome (CFS) experience
neurocognitive problems, which were not previously investigated.
Aims To investigate whether adolescents with CFS show impairments in the
performance on a complex information processing task, irrespective of possible
confounding factors like depression and anxiety. Secondly, familial aspects were
explored by examining the parents.
Methods 34 adolescents with CFS and their parents performed an Eriksen Flanker
Task and filled-out questionnaires regarding fatigue, anxiety and depression. The
results were compared with findings in 29 healthy adolescents and their parents.
Results Taking all possible confounding factors (age, gender, anxiety, depression,
educational level) into account, the adolescents with CFS scored significantly lower
(-12.7 % (95% CI: -21.9; -3.5), p-value = 0.007) on incongruent trials producing the
highest level of interference. Corresponding results were found for the fathers.
Conclusions Adolescents with CFS show a lesser degree of interference control
than healthy adolescents.
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Problems in cognitive functioning are key symptoms of the Chronic Fatigue
Syndrome (CFS) and are reported to occur in the majority of adolescent patients. 1
Neither the nature of this cognitive dysfunctioning nor its cause have yet been
elucidated. Specific areas of cognitive deficits in adult patients with CFS include
attentional and working memory performance, as is apparent in differences in
reaction time, and speed of information-processing and psychomotor tasks. 2 The
CFS adults especially encounter difficulties completing complex informationprocessing tasks3 with considerable interference.4
Interference control is the ability to protect a response from interruption by competing responses or events. Such an interference control paradigm, is the Eriksen
Flanker Task (EFT) in which a competing response to irrelevant information has to be
inhibited.5
The goal of the present study was to investigate whether adolescents with CFS
show a lesser degree of interference control than healthy adolescents. The second
goal was to explore the importance of familial factors by examining the interference
control in the parents of both groups.
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Methods
Population
A total of 64 adolescents (12-18 years) were referred with severe fatigue to a specific
CFS clinic of the University Medical Center Utrecht between June 2003 and June
2004. All patients were investigated by a paediatrician and the final diagnosis of CFS
was established by one paediatrician (EvdP) in 41 adolescents after medical and
psychological examinations, using specific Dutch questionnaires for anxiety and
depression in combination with an interview of both child and parent. All patients
fulfilled the Center for Disease Control and Prevention (CDC) criteria. 6 Additional to
the CDC exclusion criteria, 4 patients with somatic comorbidity interacting with
fatigue were excluded (1 hyperhomocysteinemia, 1 coeliac disease, 1 irritable bowel
syndrome, 1 delayed phase sleep syndrome). One patient was excluded because of
severe depression requiring pharmaceutical treatment. Two adolescents refused to
participate, leaving 34 adolescents to participate. Thirty-two mothers participated
(2 refused) and 26 fathers (6 fathers lost contact with their child after divorce and
2 fathers refused to participate).
As a reference group, 102 adolescents aged 12-18 years from a secondary school
were invited to participate with their parents. Families with an adoptive child or a
child with a chronic illness were excluded (n=3). From the remaining 99 adolescents,
29 adolescents (29%) agreed to participate, including 4 pairs of siblings. Seven
fathers and 3 mothers refused to participate, leaving 22 mothers and 18 fathers for
participation.
None of the participants were treated with neurotropic medication at the time of
examination.
Outcome measure
Eriksen Flanker Task (EFT)

The original EFT was slightly modified and executed as described in other studies.5, 7
In this task, target arrows are presented on a computer screen requiring either a
left- or a right-hand response. The target arrows are presented alone or are flanked
by stimuli that call for the same (congruent), neutral or opposite (incongruent)
responses with the hand. Subjects are instructed to focus on the target arrow and
to ignore the flankers.
The EFT consisted of 192 stimuli trials with 48 trials in each condition:
48 target alone (< or >), 48 congruent ( < < < < < < < or > > > > > > > ), 48 neutral
( = = = < = = = or = = = > = = = ) or 48 incongruent ( > > > < > > > or < < < > < < < ).
Ten practice trials, with feedback, preceded the actual experiment. The four different
task conditions were serially presented in randomized order on a computer screen
in the middle of the visual field at approximately 70 cm from the subject’s eyes.
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of two buttons, the direction of the target arrow indicated whether a left- or righthand button press was required. The stimulus duration of the target stimulus was
0.5 s. Participants had to respond within an interval of 1 second or the response
would be scored as a missed response. The subjects were seated in a comfortable
chair in a sound attenuated room. They were instructed to respond as accurately
as possible. They had to abstain from caffeine-containing substances and from
smoking during 2 hours preceding the session.
All trials were presented using ERTS software (Experimental Run Time System),
running on an MS-DOS IBM computer. The duration of the task block was 5 min.
Self-report Measures
Fatigue was assessed dimensionally in all participants with the Checklist Individual
Strength (CIS-20) which asks about fatigue in the two weeks preceding the assessment. There are four subscales: subjective experience of fatigue, concentration,
motivation and physical activity, each item scored on a Likert scale (score 1-7).
A high score indicates a high level of subjective fatigue and concentration problems
and a low level of motivation and physical activity. The internal consistency is high,
as is the discriminative validity for CFS.8
The revised Symptom Checklist (SCL-90-R), a 90 item self-report scale, was used to
assess current psychological distress in parents on nine subscales: somatization,
obsession, interpersonal sensitivity, depression, anxiety, aggression, phobia, paranoia,
psychoticism, and additional items.9 The questionnaire asks about the presence of a
symptom in the preceding week, including the day of assessment, on a five point
Likert scale (range 1-5). The higher the score, the more psychological distress.
Depression in adolescents was measured with a validated Dutch translation of the
Children’s Depression Inventory (CDI).10, 11 The CDI quantifies depressive symptoms
in the past 2 weeks and consists of 27 items rated on a 3-point scale (range 0-2).
Assessment of trait anxiety in adolescents was performed with a validated Dutch
translation of the Spielberger State-Trait Anxiety Inventory for Children (STAIC). 12, 13
The STAIC consists of 20 statements on a 3-point scale that assess the level of
anxiety a person reports as generally characteristic of himself (disposition).
A general questionnaire was filled out with information on current school level for
healthy adolescents and premorbid and current school level for CFS adolescents in
two categories. Educational level of the parents was assessed in four categories.
All questionnaires were completed individually in separate rooms in May-Aug 2004.
The adolescents completed the questionnaires on average in thirty minutes and the
parents in twenty minutes.
The medical ethics committee of the University Medical Center Utrecht approved the
study. Written informed consent was obtained from both adolescents and parents.
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Data Analysis
Of the relevant variables, group specific means and standard deviations were calculated for descriptive purposes.
The data were analysed with linear regression using the variable of interest as
dependent variable and a group indicator (patient = 1, control = 0) as independent
variable to explore mean group differences. Results are presented as linear regression
coefficients representing mean differences between the CFS and the healthy family
members for the investigated parameter with their corresponding 95% confidence
intervals. The same models were used to adjust for possible confounding factors.
Statistical significance was considered to be reached when the 95% confidence
interval did not include 0, corresponding with a p-value < 0.05.
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The demographic characteristics and CFS screening characteristics of the
adolescents and the parents are described in the respective tables 1 and 2. The
adolescents with CFS were on average 9 months younger with a slightly lower
educational level than the healthy adolescents. Girls predominated both groups.
The adolescents with CFS were more fatigued in all aspects (subjective fatigue,
motivation, concentration and activity). Trait anxiety and depression were more
present in the adolescents with CFS.
The parents were comparable in age, but the educational level of the fathers was
lower in the CFS group. Psychological distress was equal for both groups of fathers.
However, the mothers of the adolescents with CFS exhibited more fatigue
symptoms and more psychological distress, predominantly in the subscales
“obsessive-compulsive”, “depression” and “anxiety”.
Table 3 presents the results on the EFT for the adolescents. The results are presented
as % hits (=100*number of correct responses divided by the total number of
responses) per condition. The performance on the target-alone - , congruent - and
neutral trials was equal for both groups of adolescents. However, performance on
the incongruent trials was significantly worse in the CFS group. When age, gender,
anxiety and depression were included in the model as possible confounding factors,
the diminished performance persisted (model 1 in table 3). Replacing anxiety and
depression by educational level revealed the same result: a diminished performance
on incongruent trials (model 2 in table 3). Including all the possible confounding
factors in one model (age, gender, anxiety, depression, educational level) yielded
a difference in performance of -12.7 percent (95% CI: -21.9; -3.5) with a p-value
of 0.007. This worse performance on incongruent trials was particularly determined
by the incongruent trials following congruent trials (11 trials), that is, the trials that
induce the highest possible conflict.
Reaction times for correct responses, after the exclusion of incorrect and missed
responses, were the same for both groups, on the incongruent trials as well as on
the other trials.
The results of the mothers of the CFS adolescents equalled those of the control
mothers (table 4). However, the fathers of the CFS adolescents showed the
same pattern of increased interference, that is, a diminished performance on the
incongruent trials, although this finding lost significance after adjusting for possible
confounding factors like age and educational level (table 5).
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25.7 (8.2)
14.7 (5.0)

Score motivation (5-35)

Score concentration (4-28)

Score physical activity (3-21)

10.9 (4.4)

Depression disposition (CDI; 27 items; 0-54)

5.9 (4.4)

30.1 (5.6)

8.0 (3.5)

13.2 (5.5)

8.3 (4.1)

19.8 (10.1)

49.3 (19.4)

NA

97 (19)

16.8 (1.4)

67

Healthy (n=29)

Values are mean (SD), unless otherwise indicated. * Adjusted for age and gender

35.9 (7.4)

Anxiety disposition (STAIC; 20 items; 20-60)

Psychological adjustment

46.7 (7.7)
14.2 (6.5)

Score subjective fatigue (8-56)

Total score CIS-20 (20-140)

101.3 (18.7)

23.4 (11.3)

Mean symptom duration (months)

Fatigue assessment

79 (41)

16.0 (1.5)

78

Educational level (% highest level)

Age (years)

Gender (% girls)

Demography

CFS (n=34)

4.9 (2.7; 7.2)

5.8 (2.4; 9.1)

6.7 (4.5; 8.9)

12.6 (9.0; 16.1)

5.8 (3.0; 8.6)

26.9 (22.4; 31.4)

52 (42.4; 61.6)

-17 (-34; -1)

-0.8 (-1.8; -0.3)

10 (-12; 34)

(95% CI)

Difference

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

<0.001

0.04

0.01

0.35

p-value

Table 1 Demographic features and CFS screening measurements of adolescents with CFS and healthy adolescents

4.8 (2.2; 7.0)

4.7 (1.2; 8.3)

6.3 (3.9; 8.6)

11.7 (7.9; 15.4)

4.8 (1.9; 7.7)

25.4 (20.7; 30.2)

48.2 (38.3; 58.0)

-17 (-35; 1)

(95% CI)

Adjusted difference*

<0.001

0.01

<0.001

<0.001

<0.001

<0.001

<0.001

0.06

p-value
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2.6 (0.9)

16.4 (6.3)

11.5 (2.7)

Anxiety (10 items; 10-50)

19.5 (9.7)

9.6 (5.3)

11.0 (6.3)

5.7 (3.4)

Score subjective fatigue (8-56)

Score motivation (5-35)

Score concentration (4-28)

Score physical activity (3-21)

Values are means (SD)

45.8 (18.8)

Total score CIS-20 (20-140)

Measures of fatigue

13.9 (4.9)

Depression (13 items; 13-65)

112.2 (25.6)

Obsessive-compulsive (10 items; 10-50)

(SCL-90-R total; 90 items; 90-450)

Global Severity Index

Measures of psychological distress

48.5 (4.9)

Mean educational level (SD) (cat. 1-4)

5.4 (2.3)

14.2 (19.7)

8.4 (2.3)

17.0 (6.9)

44.9 (23.2)

11.1 (1.4)

16.8 (4.6)

13.9 (3.5)

113.8 (20.6)

3.2 (0.9)

49.4 (3.0)

(n=18)

(n=26)

Age (yrs) (SD)

Fathers of healthy

Fathers of CFS

0.3 (-1.6; 2.3)

-3.2 (-11.5; 5.2)

1.2 (-1.6; 3.9)

2.5 (-2.9; 8.0)

0.9 (-12.1; 13.9)

0.4 (-1.0; 1.8)

-0.4 (-4.0; 3.2)

-0.0 (-2.8; 2.7)

-1.7 (-16.7; 13.3)

-0.5 (-1.0; -0.1)

-0.9 (-3.6; 1.8)

(95% CI)

Difference

7.6 (4.8)

16.2 (8.0)

11.9 (5.5)

27.9 (13.0)

63.6 (24.8)

13.1 (3.6)

19.8 (6.2)

16.5 (4.4)

126.9 (28.6)

2.4 (0.7)

45.2 (4.4)

(n=32)

Mothers of CFS

4.6 (2.5)

11.5 (5.2)

9.4 (3.2)

19.2 (7.5)

44.7 (12.3)

11.6 (1.7)

16.7 (3.3)

13.6 (2.5)

113.1 (16.9)

2.5 (0.8)

47.0 (2.9)

(n=22)

Mothers of healthy

3.0 (1.0; 5.0)

4.7 (1.1 8.3)

2.6 (0.2; 5.0)

8.7 (2.5 14.9)

18.9 (7.5; 30.4)

1.5 (0.1; 3.0)

3.1 (0.2; 6.0)

2.9 (1.0; 4.8)

13.7 (0.1; 27.4)

-0.1 (-0.6; 0.3)

-1.8 (-4.0; 0.4)

(95% CI)

Difference

0.005

0.011

0.035

0.007

0.002

0.043

0.035

0.003

0.048

0.518

0.11

p-value
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0.722

0.447

0.402

0.355

0.893

0.591

0.815

0.967

0.832

0.034

0.504

p-value

Table 2 Demographic features and CFS and psychological screening measurements of parents of CFS adolescents and healthy adolescents
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following congruent trials

188.8 (8.1)

Number of responses

191.2 (1.0)

448.6 (43.6)

529.3 (50.7)

74.6 (8.9)

89.3 (9.4)

-2.4 (-5.5; 0.6)

6.9 (-17.5; 31.3)

13.4 (-22.9; 49.7)

-8.0 (-14.8; -1.3)

-20.5 (-30.2; -11.0)

-13.9 (-21.8; -6.0)

-1.9 (-4.1; 0.4)

-1.8 (-3.7; 0.1)

-1.2 (-2.8; 0.4)

(95% CI)

Difference

0.114

0.575

0.463

0.02

<0.001

0.001

0.102

0.066

0.133

p-value

*** model 2: independent factors: CFS y/n, age, gender, educational level

** model 1: independent factors: CFS y/n, age, gender, anxiety disposition, depression disposition

* percentage is calculated: (100*number of correct responses) / (48 – (number of missed responses))

455.4 (51.9)

542.8 (85.8)

66.6 (16.3)

Reaction time all hits (ms)

incongruent trials (ms)

Reaction time

following incongruent trials

% hits incongruent trials

68.7 (24.3)

88.6 (9.6)

74.6 (19.1)

% hits incongruent

% hits incongruent trials

98.9 (2.3)
97.7 (2.7)

97.1 (4.7)

95.8 (5.5)

% hits congruent

% hits neutral

98.3 (2.0)

97.0 (3.9)

(SD) (n=29)

%* hits target-alone

Mean Healthy

Mean CFS

(SD) (n=34)

Table 3 Results Eriksen Flanker Test Adolescents

-2.3 (-5.9; 1.3)

11.1 (-16.9; 39.0)

15.3 (-25.3; 55.9)

-3.6 (-11.6; 4.5)

-17.0 (-28.5; -5.4)

-10.9 (-20.4; -1.4)

-1.3 (-3.8; 1.3)

-1.3 (-3.6; 1.0)

-1.1 (-3.0; 0.9)

model 1 ** (95% CI)

Adjusted difference

0.211

0.431

0.455

0.378

0.005

0.026

0.334

0.260

0.275

p-value

-1.6 (-4.8; 1.6)

-4.9 (-29.8; 20.0)

-7.1 (-42.9; 28.7)

-5.2 (-12.5; 2.2)

-19.1 (-29.7; -8.5)

-10.9 (-19.4; -2.4)

-1.5 (-4.0; 1.0)

-1.7 (-3.8; 0.5)

-1.4 (-3.2; 0.3)

model 2 *** (95% CI)

Adjusted difference

0.326

0.694

0.693

0.165

0.001

0.013

0.228

0.122

0.110

p-value
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190.7 (2.3)

Number of responses

* Adjusted for age, educational level and psychological distress

481.4 (50.8)

Reaction time all hits (ms)

189.5 (6.2)

481.3 (49.7)

92.2 (10.0)

98.5 (2.2)

97.9 (4.0)
89.1 (10.0)

% hits neutral

% hits incongruent

99.1 (1.7)
99.1 (1.7)

98.3 (2.0)
98.8 (2.6)

% hits target-alone

(SD) (n=22)

(SD) (n=32)

% hits congruent

Mean Healthy

Mean CFS

Table 4 Results Eriksen Flanker Test Mothers

0.341

0.994

0.240

0.543

0.645

0.151

p-value

1.3 (-1.5; 4.0)

3.9 (-223.4; 31.1)

-0.1 (-7.2; 6.9)

-0.2 (-2.0; 1.5)

-1.4 (-1.6; 1.3)

-0.5 (-1.5; 0.5)

(95% CI)

Adjusted difference*

0.348

0.777

0.968

0.780

0.849

0.365

p-value
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1.7 (-1.3; 3.6)

0.1 (-28.1; 28.3)

-3.0 (-8.2; 2.1)

-0.6 (-2.4; 1.3)

-0.3 (-1.5; 1.0)

-0.8 (-1.9; 0.3)

(95% CI)

Difference
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190.1 (4.3)

Number of responses

* Adjusted for age, educational level and psychological distress

478.7 (51.9)

Reaction time all hits (ms)

191.4 (1.1)

462.7 (39.8)

95.0 (4.6)

99.0 (1.8)

98.3 (1.9)
87.6 (12.7)

% hits neutral

% hits incongruent

99.5 (0.9)
99.2 (1.5)

99.0 (1.7)
99.1 (1.8)

% hits target-alone

(SD) (n=18)

(SD) (n=26)

% hits congruent

Mean Healthy

Mean CFS

Table 5 Results Eriksen Flanker Test Fathers

-1.3 (-3.4; 0.8)

16.0 (-13.3; 45.3)

-7.4 (-13.0; -1.9)

-0.6 (-1.8; 0.5)

-0.2 (-1.2; 0.9)

-0.5 (-1.5; 0.3)

(95% CI)

Difference

0.210

0.278

0.010

0.261

0.768

0.192

p-value

-1.4 (-3.7; 1.0)

15.7 (-16.5; 47.9)

-5.8 (-12.3; 0.8)

-0.3 (-1.5; 0.9)

-0.1 (-1.2; 1.1)

-1.0 (-1.9; -0.1)

(95% CI)

Adjusted difference*

0.229

0.329

0.083

0.630

0.926

0.031

p-value
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This is the first study on a neurocognitive performance task in adolescents with CFS
and their parents. As in adults with CFS, the adolescents with CFS showed diminished
performance on a complex information processing task, more in particular, in tasks
that induce interference. This deficient interference control persisted when all possible
confounding factors, including depression and anxiety, were accounted for. Our
findings are in line with studies in adult CFS patients that show that the impairment in
information processing is not fully explained by depression or anxiety.3, 14, 15
Genetic factors
The abated performance on incongruent trials was equally existent in the fathers of
the affected adolescents but attenuated when possible confounding factors like age
and education, were taken into account.
Several studies have provided evidence that genetic factors may play a role in
expression of persistent fatigue in general and CFS in particular.16, 17 Recently, several
polymorphisms in three genes have appeared to be important in the development of
CFS.18 These three genes are related to those parts of brain activity that mediate the
stress response and involve cortisol, the serotonin system and signalling within the
brain and the sympathetic nervous system.
Limited data are available regarding genetic influences on cognitive impairment
in CFS patients. A recent study in adult monozygotic twins discordant for CFS found
a high similarity in information processing difficulties between the healthy twin and
the CFS twin suggesting but not proving a shared genetic trait related to information
processing abilities.2 The findings of our study support the possibility of a genetic
trait in families with a CFS proband, related to a specific complex information
processing task. Strikingly, a deficient response inhibition is proposed as an endophenotype for ADHD because of the ADHD-associated deficits in response inhibition
in the siblings of ADHD probands, without behavioural expression. 19 These authors
assumed that deficient response inhibition is distributed along a continuum throughout the population, with ADHD and other externalizing disorders as the extremes.
Remarkably, we found the same ‘‘endophenotype’’ in adolescents with the symptoms
of CFS, representing an internalizing rather than an externalizing disorder. We found
similar indications for the involvement of familial factors in this impaired response
interference, with borderline significant diminished response interference in the
fathers of the CFS adolescents. The clinical symptoms, like fatigue and cognitive
difficulties were not expressed in the fathers.” The striking resemblance in the clinical
symptoms in mother and child have been published recently.20
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Selection for action or conflict monitoring
In the EFT, conflict is induced by incongruent flankers which, compared to congruent
ones, produce larger reaction times and reduced response accuracy. The incongruent
trials of the EFT require inhibition of a competing response to irrelevant information.
The successful performance of this task requires filtering out inappropriate actions and
selecting actions that are consistent with current goals.21
There are two ways of conceiving the response on incongruent trials. It may be
conceived as a process of selection-for-action or as a process of conflict monitoring.
A discrimination between these two conceptions is possible by comparing the results
on the incongruent trials following congruent trials, inducing the highest possible
conflict, with the results on the incongruent trials following incongruent trials,
inducing rather a selection-for-action.5 A subsequent analysis in our study of the
performance on these subsets of incongruent trials showed a larger interference
effect in adolescents with CFS on the trials with the highest possible conflict
(incongruent following congruent trials).
Comparison with psychiatric disorders
Evidently, much of the research in the area of impaired response inhibition has been
done in children and adolescents with ADHD. They show an analogous diminished
performance on incongruent trials of the EFT7 as the adolescents with CFS. ADHD
has never been described as occurring together with CFS or as predisposing to CFS
and studies in families with a CFS proband directed at the prevalence of ADHD are
lacking. Conversely, depression and anxiety, are both much more frequent in CFS
adolescents, as was the case in our study. This psychiatric comorbidity is equally
found in healthy adolescents with fatigue.22
Regarding depression, depressed adult patients seem to exhibit rather an abnormal
performance to errors or perceived failure than a problem in conflict monitoring. 23
Children and adolescents with a primary anxiety or depression disorder did not
demonstrate attentional deficits in a recent study.24
Implications
These findings emphasize the multifactorial origin of CFS, with a familial, possibly
genetic, vulnerability which might be expressed in a specific problem in informationprocessing such as conflict monitoring. Other aberrations in the central nervous
system might contribute to this vulnerability, such as the non-specific finding of
global gray matter reduction in adults with CFS25 and the more specific finding of a
strongly diminished central activation in adults with CFS, measured by the readiness
potential, a movement-related negative cortical EEG.26 Although limited conclusions
can be drawn from our cross-sectional study regarding causality, the similar tendency
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least familial trait. For the final development of clinical symptoms, environmental
triggers like chronic distress and strong reinforcing factors within and outside the
family27 are required. The resemblance in symptomatology in child and mother may
favour the endurance of the symptoms.20, 28
Our findings support the notion that CFS might me viewed as a multifactorial disorder
with a decrease in conflict monitoring abilities as a possible primary aetiological
factor.
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in the asymptomatic fathers of the adolescents with CFS, suggests a genetic or at
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Abstract
Background In addition to fatigue, CFS patients exhibit symptoms of neuropsychological impairment and hypersensitivity to pain and other sensory input. The nature of
this impairment has not been elucidated. We hypothesized that adolescents with CFS
exhibit sensori(motor) gating deficits as an explanation, possibly as a familial trait.
Methods Cross-sectional study in which 34 adolescents with CFS according to the
CDC-criteria were compared with 29 healthy controls. Sensori(motor) gating measures
were: P50 event-related potential suppression (P50 ERP) and Prepulse Inhibition (PPI).
The same measurements were taken in parents. Confounding factors as anxiety and
depression were determined by self-report questionnaires.
Results The P50 ERP auditory gating was marginally diminished in CFS adolescents
in the adjusted model. The P50 amplitude was decreased as well. The PPI, however,
was similar in both groups. The results of the parents of both groups were not different.
Conclusion The high sensitivity to somatic sensations with lowered pain threshold and
the neurocognitive symptoms of CFS in adolescents, may be explained by deficient
sensory gating.
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The nature of the Chronic Fatigue Syndrome (CFS) is still not known, despite a vast
amount of research. Debilitating fatigue lasting more than 6 months is – by definition –
not the only symptom of the CFS.1 Affected children and adolescents not only
exhibit the ‘classical’ side symptoms such as tender lymph nodes, sore throat,
muscle pain, unrefreshing sleep and headache, but also symptoms of increased
sensory awareness such as photophobia, hyperacusis and decreased pain
threshold.2,3 The classical symptoms additionally consist of symptoms of neuropsychological dysfunction such as impairment of memory and concentration. The
clinical neuropsychological dysfunctioning is established by deficits on a variety of
neuropsychological tasks across multiple domains,4 while other studies specifically
report a reduced attentional capacity.5
The combination of a high sensitivity to somatic sensations with lowered pain
threshold and neurocognitive symptoms made us consider whether CFS could be
understood in terms of a decrease in sensory gating. Sensory gating protects the
processing of sensory information by filtering immediately subsequent stimuli and is
a critical function of all sensory systems that allows efficient processing of important
stimuli.6 Two paradigms, involving the presentation of pairs of closely spaced stimuli
are assumed to reflect these central nervous system (CNS) gating mechanisms. P50
event-related potential (ERP) suppression refers to the attenuation of a positive
deflection of the ERP approximately 50 ms after the second of a pair of click stimuli.
The magnitude of this phenomenon is called P50 sensory gating.6 Originally, the P50
paradigm is designed for and applied to patients with schizophrenia as a marker of
information processing deficit.7 Reduced P50 suppression has been hypothesized to
reflect deficits in filtering out irrelevant stimuli and next to schizophrenia a deficient
P50 suppression has been demonstrated in adults with a post-traumatic stress
disorder (PTSD).8 The Prepulse Inhibition (PPI) is the second paradigm that reflects
CNS gating mechanisms and has been more widely studied in diseases than the P50
paradigm. The PPI is defined as a reduction on the acoustic startle reflex because
of a weak auditory prestimulation. The acoustic startle reflex is evoked by a relatively
strong auditory stimulus, the startle probe, and is measured as a motor response,
that is the eye blink. The PPI is a measure of sensorimotor gating, whereby a sensory
event, an acoustic prepulse, suppresses the impact of the acoustic startle probe, as
is evident by a reduction in the motor response evoked by that startle probe.9
Disorders with PPI deficits are characterized by a loss of the normal ability to
suppress or gate irrelevant sensory, motor, or cognitive information. Next to
schizophrenia, deficits in the prepulse inhibition are demonstrated in adult patients
with anxiety, post traumatic stress disorder, and obsessive-compulsive disorder.10-12

105

Chapter 7 | Sensory Gating in Adolescents with CFS

Introduction

Chapter 7 | Sensory Gating in Adolescents with CFS

Chronic Fatigue Syndrome may be associated with post traumatic stress disorder,
as established in a Gulf war veteran cohort study, 13 whereas another study found no
association between CFS and post traumatic stress disorder.14 Most adolescents
with CFS exhibit mild or more severe symptoms of anxiety,15, 16 suggesting a common
aetiology. Both disorders, post traumatic stress disorder and anxiety, show diminished
sensori(motor) gating in adults. Because of the possible relationship of those
disorders to CFS, research into sensori(motor) gating in adolescents with CFS might
elucidate the link between CFS and other neuropsychiatric illnesses. A deficit
in P50 suppression has been proposed and applied as an endophenotype for
schizophrenia.17, 18 In addition to the evident genetic property of this P50 suppression,
there is also evidence for a reversible component. Pharmacological treatment of
patients with schizophrenia results in a significant improvement of the P50 gating.19, 20
The magnitude of PPI in schizophrenics is likewise influenced by pharmaceutical
treatment.9 These reversible components combined with the genetic properties
make research into the gating phenomenon in patients with CFS even more promising.
CFS clusters in families and familial and twin studies suggest a significant heritable
component to CFS, but the genetic identity of this component is unknown.21-23
The aim of this study was to determine whether adolescents with CFS exhibit
sensori(motor) gating deficits compared to healthy adolescents. With the possibility
of inheritance of this deficient gating trait, we extended this question to their
parents.
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Subjects
A total of 64 adolescents (12-18 years) was referred with severe fatigue to a dedicated
CFS clinic of the University Medical Center Utrecht between June 2003 and
June 2004. All patients were investigated by a paediatrician and the final diagnosis
of CFS was established with the CDC-criteria1 by one paediatrician (EMvdP) in
41 adolescents after medical and psychological examinations, using specific Dutch
questionnaires for anxiety and depression in combination with an interview of both
child and parent. In addition to the CDC criteria,1 4 patients with somatic comorbidity
interfering with fatigue were excluded (1 hyperhomocysteinemia, 1 coeliac disease,
1 irritable bowel syndrome, 1 delayed phase sleep syndrome). One patient was
excluded because of severe depression requiring pharmaceutical treatment. Two
adolescents refused to participate. Of the remaining 34 adolescents, 32 mothers
(2 refused) and 26 fathers (6 fathers lost contact with their child after divorce and
2 fathers refused to participate) participated.
As a reference group, 102 adolescents aged 12-18 years from a secondary school
were invited to participate with their parents. Families with an adoptive child or a
child with a chronic illness were excluded (n=3). From the remaining 99 adolescents,
30 adolescents (30%) agreed to participate, including 4 pairs of siblings. Eight
fathers and 4 mothers refused to participate, leaving 22 mothers and 18 fathers for
participation.
None of the participants were treated with neurotropic medication at the time of
examination.
Procedures
Two hours before the test all subjects had to refrain from smoking and drinking
coffee. All participants completed the same procedure. The child was the first to
have the electrodes attached and subsequently the P50 task and the PPI task were
carried out. Each subject was seated upright in a dentist chair in a dimly lit electrically shielded soundproof cabin. The electrodes’ impedance was measured and
kept below 5 kΩ. Participants received written instructions for both tasks on a
computer monitor. During the tasks, which did not contain any visual stimuli, the
screen was a bluish grey, which was the same as the background color during the
instructions.
After both tasks (35 minutes duration), the child moved to another room, where the
questionnaires were filled out. Then the mother started the P50 and PPI tasks. The
father was the last to participate in the tasks in the same order.
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P50 Event Related Potential (ERP) paradigm – auditory gating
The P50 ERP testing was conducted as described previously. 24 P50 responses were
evoked using white noise clicks, which were presented binaurally through Earlink 3A
insert headphones. The clicks lasted 1.5 ms at 80 dB and were always presented in
pairs with a 500 ms interval between the two clicks. The interval between the click
pairs was 10 seconds. The experiment consisted of 72 trials divided in two blocks,
the first containing 35 click pairs and the second 37. To prevent drowsiness, there
was a short break between the blocks and subjects were asked to count the number
of click pairs. Before the actual task started, five click pairs were presented to check
whether the subjects were able to hear the soft click sounds and to ascertain that a
click would not elicit a startle response in the subject.
EEG signals were recorded using 4 midline electrodes mounted in a Quick cap
(Fz, Cz, Pz, Oz resp. frontal, central, parietal and occipital midline electrodes). Vertical
electro-ocular (VEOG) signals were recorded using electrodes above and below the
left eye. Horizontal electro-ocular activity (HEOG) was recorded using the F7 and F8
electrodes. The right mastoid was used as a reference. All signals were amplified
1000 times and digitized at a rate of 5000 Hz. Online filtering was applied at 1000
Hz low pass and 0.05 Hz high pass. Sampling, filtering and recording was done
using Neuro Scan Aquire 4.2 software.
For the P50 analysis, only the Cz lead was analyzed. EEG signals were filtered off
line (70 Hz low pass, 24 dB/oct) and epoched from 100 ms before to 400 ms after
stimulus onset, for both clicks. Ocular artifacts were removed25 after which a baseline correction was applied. Epochs containing other artifacts were removed from
the data set, with an average of 70.6 remaining epochs per patient (range 37-72). All
remaining epochs were then averaged. Figures 1a and 1b show the grand average
of respectively the adolescents with CFS and the healthy adolescents. P50 amplitudes
were scored as described by Nagamoto et al.26 The P50 amplitude following the
first click was defined as the maximum amplitude between 40 and 90 ms poststimulus relative to the preceding negative trough. When two similar peaks were
identified, the latter peak was selected. For the P50 wave following the second click
the same criteria were used, adding the criterion that this peak lies in a window of
± 10 ms of the P50 peak following the first click. Two raters applied these criteria to
the EEG data independently with an inter-rater reliability of 0.88. When no discernable
P50 wave was found following the first click, the data from that particular
subject were removed (1 mother and 1 father from the control group, 1 father from
the CFS group). Absolute and relative suppression of the P50 were calculated, using
the following respective formulas: absolute suppression = (amplitude click1 – amplitude
click2). Relative suppression = ((amplitude click1 – amplitude click2)/amplitude
click 1)*100.
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Grand average of the data of lead Cz. Displayed are the responses to the first click in solid line and the responses
to the testing stimulus (second click) in broken line. The upper figure represents the adolescents with CFS and the
lower figure the healthy adolescents.

click 1
click 2

Figure 1a

Adolescents with CFS

Figure 1b

Healthy adolescents
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Figure 1a and b
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N100 & P300 Event Related Potentials (ERP) measurements
N100 and P300 peaks were also scored. Settings and procedures were identical to
those used for P50 scoring, except that the N100 peak was defined as the minimum
(Negative) amplitude between 50 and 150 ms post stimulus and the P300 as the
maximum (Positive) amplitude between 250 and 400 ms. N100 peaks were identified at the Cz lead, whereas P300 peaks were identified at the Pz lead.
Startle response measurement (EMG) (Prepulse Inhibition (PPI))
The PPI task followed directly after the P50 task with a short habituation block,
during which 5 prepulses and 5 startle sounds were presented to familiarize the subjects with the loud sounds and to determine whether these elicited startle responses.
The eyeblink component of the acoustic startle response was assessed by recording
the electromyogram (EMG) of the right orbicularis inferior muscle bipolarly. 12,24
Startle responses were evoked using white noise startle probes at 106 dB, lasting
40 ms. The experiment consisted of 40 probes, half of the startle probes were
preceded by a prepulse (PP) and half were presented as pulse alone (PA). This
prepulse sound was a mild white noise burst, lasting 20 ms at 85 dB, with onset
120 ms prior to presentation of the startle probe. During the experiment constant
white noise was presented in the background at 70 dB. The intertrial interval was
randomized between 10 and 15 seconds.24
EMG signals were amplified 1000 times and digitized at a rate of 2000 Hz. Online
filtering was applied at 500 Hz low pass and 5 Hz high pass. The EMG signals were
epoched from 75 ms before to 125 ms after stimulus onset. They were then baseline corrected, filtered off line (28 Hz high pass, 24 dB/oct) to remove movement
artifacts, validated, rectified and smoothed (12 Hz low pass, 12 dB/oct) as previously
described.27
Startle amplitudes in both conditions (after prepulse (PP) and pulse alone (PA)) were
averaged and an absolute and relative startle suppression score was calculated:
absolute suppression: amplitude PA – amplitude PP; relative suppression: ((amplitude
PA - amplitude PP)/amplitude PA)*100.
Self-report measurements
Fatigue was assessed dimensionally in all participants with the Checklist Individual
Strength (CIS-20) which asks about fatigue in the two weeks preceding the assessment. There are four subscales: subjective experience of fatigue, concentration,
motivation and physical activity, each item scored on a Likert scale (score 1-7).
A high score indicates a high level of subjective fatigue and concentration problems
and a low level of motivation and physical activity. The internal consistency is high,
as is the discriminative validity for CFS.28
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Children’s Depression Inventory (CDI).29, 30 The CDI quantifies depressive symptoms
in the past 2 weeks and consists of 27 items rated on a 3-point scale (range 0-2).
Assessment of trait anxiety in adolescents was performed with a Dutch translation
of the Spielberger State-Trait Anxiety Inventory for Children (STAIC). 31, 32 The STAIC
consists of 20 statements on a 3-point scale that assess the level of anxiety a person
reports as generally characteristic of himself (disposition).
The revised Symptom Checklist (SCL-90-R), a 90 item self-report scale, was used to
assess current psychological distress in parents.33-35 The questionnaire asks about
the presence of a symptom in the preceding week, including the day of assessment,
on a five point Likert scale (range 1-5). The higher the score, the more psychological
distress.
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Depression in adolescents was measured with a validated Dutch translation of the
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Analysis
Both EEG and EMG signals were analyzed using Brain Vision Analyzer software,
version 1.04.
Of the variables, group specific means and standard deviations were calculated for
descriptive purposes.
The data were analysed with linear regression using the variable of interest as
dependent variable and a group indicator (patient = 1, control = 0) as independent
variable to explore mean group differences. Results are presented as linear regression coefficients representing mean differences between the CFS and the healthy
adolescents with their corresponding 95% confidence intervals and p-values. The
same models were used to adjust for possible confounding factors such as age,
gender, anxiety, depression and additional adjusting for alcohol consumption. We
ran 3 models of linear regression analysis each with different sets of confounding
factors: a model with age, gender, anxiety and depression, a second model with age,
gender, alcohol consumption and a third model with age, gender, anxiety, depression
and alcohol consumption. The fit of the regression models was evaluated by analysis
of the normality of the residuals distributions.
For the adolescents in both groups, Pearson correlations were run between gating
measurements and self-report measures of fatigue, anxiety and depression.
The results of the parents were analogously analyzed with linear regression coefficients
representing the mean differences. Age, alcohol consumption and the total SCL-90
score were included as possible confounding factors.
Statistical significance was considered to be reached when the 95% confidence
interval did not include the 0 value corresponding with a p-value < 0.05.
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Table 1 shows that the CFS adolescents were slightly younger than the healthy
adolescents with a little higher percentage of girls. Alcohol consumption was less in the
CFS adolescents. Fatigue measurements showed significantly more fatigue in the CFS
adolescents in all aspects (subjective fatigue, motivation, physical activity and concentration). The CFS adolescents experienced significantly more anxiety and depression,
although only six adolescents with CFS scored in the clinical range of depression (≥16).
Table 2 shows the results of the self-report questionnaires of the parents. The SCL-90
revealed a higher score on the SCL-90 for the mothers of the adolescents with CFS,
representing more psychological distress.
Table 3 shows the sensori(motor) gating measurements in the adolescents. Both
gating measurements (P50 ERP paradigm and PPI) showed a significant gating
effect in all groups. However, both gating measurements (P50 ERP paradigm and
PPI) did not differ between the two groups neither in amplitude nor in absolute or
relative suppression in the non adjusted comparison. Adjusting for possible confounding factors revealed a significant decrease in P50 amplitude in all models and
a borderline significant difference in absolute suppression of P50 ERP (p=0.07). This
result was equivalent in the 3 regression models. The results of model 3 are shown
in the table. The relations between the confounding factors and the gating measurements were further explored by estimation of the correlation coefficients. Table 4
shows these Pearson correlations coefficients between the gating measurements
and the anxiety and depression measurements, both for the CFS adolescents and
the healthy adolescents. Anxiety is positively correlated with the PPI absolute
suppression, but only in CFS adolescents. Depression is positively correlated with
the P50 absolute suppression in both groups, although just borderline significant.
Depression is also significantly positively correlated with the N100 amplitude in both
groups. Fatigue as measured with the CIS-20 is not associated with one of the
gating measurements, except for the N100 amplitude, which is highly positively
correlated to the CIS-20 in healthy individuals.
There was no correlation between the P50 ERP paradigm and PPI (r = 0.02,
p-value 0.77).
The N100 amplitude was significantly more negative in the CFS group in the
adjusted models 1, 2 and 3 but not in the non-adjusted model (table 3).
The results of the parents on sensori(motor) gating are not shown. They resembled
the results of the adolescents with no significant differences between the parents of
the healthy adolescents and those of the adolescents with CFS. The marginal
differences in the regression models of the P50 amplitude, absolute suppression and
N100 amplitude were not replicated in the parents.
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Two-sided p-value at the 0.05 significance level

** adjusted for age and gender

*

(CDI ; 27 items; 0-54)

Depression disposition

(STAIC; 20 items; 20-60)

Anxiety disposition

Psychological adjustment

10.9 (4.4)

35.9 (7.4)

46.7 (7.7)

101.3 (18.7)

Total score CIS-20 (20-140)

Score subjective fatigue (8-56)

23.4 (11.3)

Mean symptom duration ( months)

Fatigue assessment

6 (24)

0.6 (1.2)

Smoking (% yes)

16.8 (1.4)

16.0 (1.5)

Age (years)

Alcohol (consumptions/wk)

5.9 (4.4)

30.1 (5.6)

19.8 (10.1)

49.3 (19.4)

NA

3 (19)

2.3 (2.9)

67

Mean (SD)

Mean (SD)

78

Gender ( % girls)

Demography

Healthy (n=29)

CFS (n=34)

-1.7 (-2.8; -0.6)

4.9 (2.7; 7.2)

5.8 (2.4; 9.1)

<0.001

<0.001

<0.001
<0.001

52 (42.4; 61.6)
26.9 (22.4; 31.4)

0.66

0.01
0.003

-0.9 (-1.8; -0.3)

3 (-13; 9)

0.35

p-value*

11 (-12; 34)

(95% CI)

Difference

4.8 (2.2; 7.0)

4.7 (1.2; 8.3)

25.4 (20.7; 30.2)

48.2 (38.3; 58.0)

3 (-1; 6)

0.4 (0.1; 0.7)

(95% CI)

Adjusted difference**

Table 1 Mean (SD) of demographic features and CFS screening measurements of adolescents with CFS and healthy adolescents

<0.001

0.01

<0.001

<0.001

0.18

0.019

p-value
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21 (41)

SCL-90-R (90 items; 90-450)

127.7 (28.3)

2.6 (3.4)

Alcohol (consumptions/wk)

Smoking (% yes)

Psychological adjustment

44.3 (7.0)

114.2 (17.2)

23 (43)

6.3 (6.5)

47.0 (2.9)

(n=22) Mean (SD)

(n=32) Mean (SD)

Age (years)

Demography

Mothers Healthy Child

Mothers CFS Child

13.5 (0.5; 26.5)

-2 (-5.6; 0.4)

-3.7 (-6.6; -0.8)

-2.6 (0.5; 26.5)

(95% CI)

Difference

111.8 (19.3)

12 (33)

9.1 (6.4)

49.8 (2.8)

(n=18) Mean (SD)

Fathers Healthy Child

0.1 (-11.9; 12.0)

15 (-10; 41)

-3.0 (-7.3; 1.3)

-1.6 (-4.2; 0.9)

(95% CI)

Difference
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111.8 (24.5)

27 (48)

6.1 (7.0)

48.1 (4.6)

(n=26) Mean (SD)

Fathers CFS Child

Table 2 Mean (SD) of demographic features and psychological adjustment of the parents of CFS adolescents and healthy adolescents
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nd

73.3 (26.5)

Relative suppression overall (PA-PP)/PA)*100 (%)

Adjusted difference: adjusted for age, gender, anxiety, depression, alcohol consumption
event related potential
first click
second click
Positive amplitude approximately 300 ms after the stimulus onset

35.0 (32.7)

*
ERP
C1
C2
P300

52.4 (42.4)

Amplitude PA (pulse alone) (µV)

4.9 (6.7)

14.5 (6.3)

-7.7 (6.5)

44.0 (45.3)

2.4 (2.9)

4.2 (2.8)

N100
EMG
PA
PP

67.1 (26.6)

30.5 (24.1)

46.9 (27.5)

3.2 (6.9)

15.5 (3.9)

-5.8 (5.3)

45.0 (51.0)

2.4 (2.6)

4.3 (3.1)

6.3 (-7.0; 19.5)

4.5 (-10.0; 19.1)

5.5 (-12.6; 23.7)

1.7 (-1.7; 5.1)

-1.0 (-3.6; 1.7)

-1.8 (-4.9; 1.2)

-1.0 (-25.2; 23.3)

0.0 (-1.4; 1.3)

-0.1 (-1.6; 1.4)

(95% CI)

Difference

-2.3 (-18.2; 13.5)

-4.4 (-22.5; 13.6)

3.5 (-18.9; 25.8)

1.2 (-3.2; 5.6)

-0.7 (-4.0; 2.7)

-4.6 (-8.1; -1.6)

-15.5 (-45.0; 13.9)

-1.5 (-3.1; 0.1)

-1.7 (-3.4; -0.1)

(95% CI)

Adjusted difference*

Negative amplitude approximately 100 ms after the stimulus onset
electro myographic recording
pulse alone
pulse after prepulse

(SD) (n=22)

(SD) (n=32)

Absolute suppression (PA-PP) (µV)

Prepulse inhibition (EMG Orbicularis Oculi)

(amplitude 1st time period – amplitude 4th time period)

Habituation

Pz amplitude (µV)

P300 amplitude and habituation (ERP in Pz lead)

Cz amplitude (µV)

N100 amplitude (ERP in Cz lead)

Relative suppression (%) (C1-C2)/C1)*100

Absolute suppression (µV) (C1– C2 (2 click))

P50 amplitude (µV) 1st click (C1)

P50 auditory gating (ERP in Cz lead)

Mean Healthy

Mean CFS

Table 3 Gating and habituation measurements in adolescents with CFS compared with healthy adolescent
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Depression

Anxiety

CIS-20

0.076
p=0.670

0.264
p=0.131

0.041

p=0.817

0.343

p=0.047

0.224
p=0.202

0.211

p=0.232

0.213

p=0.063

0.322

p=0.592

0.095

p=0.226

p=0.301

p=0.005

0.503

p=0.193

p=0.047

0.183

0.249

0.343

p=0.188

0.252

p=0.174

0.260

p=0.259

0.217

suppression

PPI

p=0.929

0.017

p=0.908

0.022

p=0.761

-0.058

absolute

Chapter 7 | Sensory Gating in Adolescents with CFS

p=0.236

0.227

p=0.067

0.345

0.267
p=0.161

0.523
p=0.004

0.147
p=0.408

suppression

P50
absolute

suppression

amplitude

suppression

N100
amplitude

P50

PPI
absolute

absolute

P50
amplitude

N100

amplitude

P50

Healthy adolescents, n=30

Adolescents with CFS, n=34

Table 4 Correlations between fatigue and psychological parameters and gating measurements
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Discussion
To our knowledge, this is the first study of sensori(motor) gating in adolescents with
CFS. Adolescents with CFS show smaller P50 auditory-evoked responses to click
stimuli compared to normal subjects. In addition to smaller amplitudes, adolescents
with CFS show diminished gating or suppression of the P50 auditory-evoked
response to the second of two paired-click stimuli, although borderline statistically
significant. These results were only found when the results were adjusted for age,
gender and psychiatric morbidity. Symptoms of depression and anxiety seem to
disguise the diminished sensory gating in adolescents with CFS. Regarding sensorimotor gating, there were no indications present for a deficient prepulse inhibition as
measured with the acoustic startle paradigm. The present study employed explicit
control over possible confounding variables and was extended to the parents of the
subjects.
The finding of diminished sensory gating in adolescents with CFS was in accordance
with our hypothesis. Sensory gating is probably determined by an excessive dopaminergic input. Dopamine modulates the signal-to-noise ratio in the local circuits responsible for
sensory gating, as determined in a computer model.36 Changing the dopaminergic input,
however, did not influence the decreased P50 auditory gating in schizophrenic patients.37
Gating measured with the PPI paradigm, conversely, was equal for both groups.
Deficits in PPI in adolescents with other afflictions have been established previously,
especially in children with a parental history of alcoholism,38 and in boys comorbid for
the Tourrette’s syndrome and ADHD.39 A study of adolescents with Post Traumatic
Stress Disorder, that is accompanied by a deficient PPI in adults,11 however, failed to
find deficient gating in adolescents.40
The fact that both gating measurements do not correspond, brings up the question
if these two electrophysiological measures of gating actually assess the same
construct or share a significant part of the same neural mechanism. The construct
of ‘gating’ has recently been criticized, particularly because these two paradigms
seem to measure different psychophysiological phenomena, i.e. attenuation of brain
ERPs (P50 paradigm) and electromyographic responses (PPI).6 Previous studies
showed no correlation between the two measures of ‘gating’41 as was the case in
our study. So, although both phenomena are considered to provide operational
measures of gating, they reflect different neural mechanisms.9 This is also demonstrated by a different sensibility to the inter stimulus interval. Future studies are needed
to fully understand P50, P50 gating and prepulse inhibition and the relationship
between these measures.
The auditory sensory cortical activity as measured with the N100 was increased in
adolescents with CFS compared with healthy adolescents, especially in the adjusted
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in line with the observed clinical symptoms of hypersensitivity for sensory input in
adolescents with CFS, these adolescents show increased sensory information processing. Previous ERP studies elicited with an auditory stimulus in adult patients with CFS
revealed no differences in the N100 amplitude.42 However, their findings were not
adjusted for possible confounding factors, they were obtained from small groups
(13 CFS adults) and the ERP’s were evoked with visual stimuli. In our study,
depression appeared to be an important explanatory factor (table 4), with a
decrease in N100 amplitude associated with a higher depression score. A decreased
amplitude in depression is a well-known phenomenon, which is possibly related
to a change in the serotonergic system.43,44 The fact that adolescents with CFS
exhibitan increase of the N100 amplitude in contrast with the decreased amplitude
in depression emphasizes once more the difference between the two conditions.
Whereas we did not find deficits in both gating measurements, the findings of a
marginal loss of sensory gating together with the increase of sensory input
measured by the N100 amplitude, are once more evidence that CFS encompasses
deficits in the CNS. Earlier studies have shown deficits in cognitive processing, 45
CNS functioning46 and structural CNS abnormalities.47,48 Sensory gating is viewed as
a neurophysiologic measure of the early pre-attentive stages of information processing. It is very conceivable that not only this pre-attentive processing is affected, but
that this is part of a more extensive dysfunction of the CNS. Some studies point
towards a motivational disturbance as a crucial aspect of CFS, as was confirmed in
a fMRI study in which adults with CFS lack the error-related responses in the affective
portion of the anterior cingulate cortex.46 Another recent study in healthy adolescents
with evoked fatigue due to prolonged task performance confirmed that there is a
strong motivational component involved in the processes related to mental fatigue.49
Our cross-sectional study does not enable us to interpret the diminished sensory
gating and increased sensory input as a primary cause of CFS. It could equally well
represent an epiphenomenon or a consequence of the inactivity of the CFS adolescent.
Furthermore, although we measured quite a few confounding factors, there might be
residual confounding, like physical inactivity. Gating, especially measured with the P50
paradigm, appeared to be influenced by many factors, like psychiatric (co)morbidity,
alcohol consumption, smoking and caffeine. It is unfeasible to control all those
possible confounding or affecting factors. The patients and controls were carefully
selected and we have rigorously used standard measurement techniques in both
patients and controls and their parents. Therefore, it is unlikely that our findings
result from selection bias or systematical measurement error. The fact that some of
the associations were borderline statistically significant is in our view most likely due
to our study sample size. Our sample size may be substantial in comparison to other
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model. The N100 amplitude is a manifestation of sensory information processing. Thus,
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studies, but still relatively small to statistically detect subtle differences in gating,
particularly as many factors seem to influence gating.
In conclusion, the high sensitivity to somatic sensations with lowered pain threshold
and the neurocognitive symptoms of CFS in adolescents, can probably be explained
by a deficient sensory gating as measured by suppression of the auditory evoked
P50 potential and by increased sensory input as measured by the N100 amplitude.
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Abstract
Background Alexithymia is postulated as an important factor in the development of
medically unexplained physical symptoms. Chronic Fatigue Syndrome (CFS) is
presently medically unexplained. The aim of this study was to investigate whether
the prevalence of alexithymia was higher in adolescents with CFS compared with
healthy adolescents. Comorbid anxiety and depression were analyzed as possible
confounding factors. Secondly, alexithymia was investigated as a prognostic factor
for the recovery of CFS.
Methods A cross-sectional study was performed among 40 adolescent outpatients
diagnosed with CFS and 36 healthy controls. All participants completed a number
of questionnaires regarding fatigue (CIS-20), somatic complaints (Checklist
Somatization Inventory, CSI-35), depression (CDI-27), trait anxiety (Spielberger State
Trait Anxiety Questionnaire, STAIC-20). The Toronto Alexithymia Scale (TAS-20) was
used to assess all participants for alexithymia.
A follow-up study was performed among the CFS adolescents 1 1/2 year after the
initial assessment.
Results CFS adolescents scored higher on the TAS-20 (mean difference 9.8 (95%
CI: 5.7; 13.9), in particular the subscales identifying feelings and expressing feelings.
This difference attenuated after adjustment for anxiety and depression. Thirty percent
of the CFS adolescents fulfilled criteria for alexithymia. At follow-up no differences
in recovery were established between the alexithymic and non-alexithymic CFS
adolescents.
Conclusions Alexithymia is present in a subgroup of adolescents with CFS but
does not appear to be a prognostic factor for recovery of the CFS illness.
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Alexithymia has been defined as a deficit in the cognitive processing and regulation
of emotions, characterized by difficulties in describing and differentiating emotions
and a cognitive style focused on external events instead of inner experience and a
paucity of fantasies.1 Alexithymia is considered an important risk factor for somatization.2 It is supposed that the emotions of highly alexithymic individuals are not well
represented mentally, with an ensuing tendency to focus on somatic sensations that
accompany emotional arousal, and to misinterpret these as signs of illness. 3 These
alexithymic individuals are thought to be vulnerable to incorrectly attributing
innocent bodily sensations to physical disease and to seeking medical care for their
symptoms, for which subsequently no medical explanation can be found. 4
Chronic Fatigue Syndrome (CFS) is one of the medically unexplained illnesses, also
reported as one of the examples of a functional somatic syndrome.5 However, little
is known about the role of alexithymia in the pathogenesis of CFS. Wood et al found
adult patients with rheumatoid arthritis to be more alexithymic than CFS patients. 6
Gulf War veterans with CFS, however, showed elevated levels of alexithymia, with
the most significant level of alexithymia in the patients with a co-morbid psychiatric
diagnosis.7 In the study of the Gulf War veterans, elevated levels of alexithymia not
only appeared to coincide with CFS but also with neuroticism. Studies concerning
alexithymia in adolescents with CFS are lacking. The construct of alexithymia was
developed by Sifneos and Nimfea in the early 1970s and was originally linked with
classic psychosomatic diseases.8 There is now substantial empirical support for the
validity of the alexithymia construct and for its association with a number of medical
and psychiatric disorders.3 The availability of a reliable and valid instrument to
measure alexithymia, the revised 20-item self-report Toronto Alexithymia Scale
(TAS-20), contributed significantly to a comparison across studies.3
Alexithymia is proposed to be a consequence of deficits in the development of
internal state language. This developmental lag might be a result of misled and
delayed processes of mentalization and acquisition of corresponding language
during a certain critical stage of early development in the context of insecure or
disorganized childhood attachment relationships.9
Alexithymia was proven to be a significant predictor of an unfavourable outcome of
adult patients with somatoform disorders, independent of other measures of
psychopathology and measures of illness severity.10 It was also an independent
predictor of persistent somatization and lack of symptom improvement in adult
patients with functional gastrointestinal disorders.11 If alexithymia is associated with
CFS and predicts an adverse clinical outcome, this might have consequences for
the initial treatment choice. The preferential choice of treatment for adolescents with
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CFS at this moment is cognitive behavioural therapy. A randomized controlled trial
in adolescents established a recovery rate of about 60%.12 It is not clear which
factors influence this recovery rate. Theoretically, alexithymia may be one of the
factors that have a central role in the persistence of CFS. It would be very beneficial
to be able to identify patients who do not sufficiently benefit of the treatment of choice
(CBT) and probably need an adapted treatment regimen. The literature on interventions
for alexithymia is scarce and little is known about the best treatment regimen for
alexithymic patients.13 A recent study showed that alexithymic patients are in greater
need of more direct and explicit verbalised emotional support by the physician, due to
a general deficit in the capacity to cognitively process emotions, and because of the
shortage of self-soothing techniques.14
We hypothesized that adolescents with CFS are more alexithymic than healthy
adolescents. The second hypothesis regards alexithymia as a potential prognostic
factor for the outcome of CFS. We expected that the alexithymic adolescent with
CFS would have a worse illness outcome after 11/2 year of follow-up.
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Population
A total of 70 adolescents (12-18 years) were referred with severe fatigue to a specific
CFS clinic of the University Medical Center Utrecht between June 2003 and
September 2004. All patients were investigated by a paediatrician and the final
diagnosis of CFS was established by one paediatrician (EvdP) in 47 adolescents
after medical and psychological examinations, using specific Dutch questionnaires
for anxiety and depression in combination with an interview of both child and parent.
Additional to the Centers for Disease Control and Prevention (CDC) exclusion criteria,15
patients with somatic comorbidity interfering with fatigue were excluded (n=4, 1 hyperhomocysteinemia, 1 coeliac disease, 1 irritable bowel syndrome, 1 delayed phase
sleep syndrome). One patient was excluded because of severe depression requiring
pharmaceutical treatment. Two adolescents refused to participate. Of the remaining
40 included adolescents, 36 fulfilled all criteria for CFS of the CDC.16 Four patients had
less than 4 side symptoms at the moment of the research examinations, but were
nevertheless included. The mean number of the 8 CDC side-symptoms was 5.2 (SD 1.6).
A follow-up study of these CFS patients was performed 11/2 years after the initial
study assessments (January 2006). From the original group of 40 adolescents with
CFS, 36 participated in the follow-up study.
As a reference group, 102 adolescents aged 12-18 years from a secondary school
were invited to participate with their parents. Families with an adoptive child or a
child with a chronic illness were excluded (n=3). From the remaining 99 adolescents,
36 adolescents (37%) agreed to participate, including 4 pairs of siblings.
Instruments (Questionaires)
Alexithymia was assessed with a validated Dutch translation of the 20-item Toronto
Alexithymia Scale (TAS-20), which comprises three factors: difficulties identifying
feelings, difficulties expressing feelings and externally orientated thinking. 17-19 This
scale has an excellent internal consistency and test-retest reliability and measures
the alexithymia construct in an adequate way, except for the aspects of reduced
fantasy. The items consist of statements presented in a five-point Likert scale (score
1-5) along a “strongly disagree” to “strongly agree” continuum, with higher scores
indicating greater degrees of alexithymia. The TAS scores can be used dimensionally
as well as categorical. The theoretical dimensional score range is from 20 to 100 and
a total score ≥ 60 is considered to indicate the category alexithymia.20
Fatigue was assessed dimensionally in all participants with the Checklist Individual
Strength (CIS-20) which asks about fatigue in the two weeks preceding the assessment. There are four subscales: subjective experience of fatigue, concentration,
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motivation and physical activity, each item scored on a Likert scale (score 1-7).
A high score indicates a high level of subjective fatigue and concentration problems
and a low level of motivation and physical activity. The internal consistency is high,
as is the discriminative validity for CFS.21 Depression in adolescents was measured
with a validated Dutch translation of the Children’s Depression Inventory (CDI). 22, 23
The CDI quantifies depressive symptoms in the past 2 weeks and consists of 27 items
rated on a 3-point scale (range 0-2).
Assessment of trait anxiety in adolescents was performed with a Dutch translation
of the Spielberger State-Trait Anxiety Inventory for Children (STAIC). 24, 25 The STAIC
consists of 20 statements on a 3-point scale that assess the level of anxiety a person
reports as generally characteristic of himself (disposition).
Somatic complaints were assessed with a validated Dutch translation of the
Children’s Somatization Inventory (CSI), a self-report questionnaire, rating the
presence of each of 35 somatic symptoms in the preceding 2 weeks using a 5-point
Likert scale ranging from “not at all” to “a whole lot” (range: 0-4). 26, 27
Health concerns were determined with a subscale of the validated Dutch translation
of the Child Health Questionnaire (CHQ-CF87)28, a self-report questionnaire, rating
health concern with a Likert range (1-5) of agreement upon 11 statements. A high
score indicates a high level of health concern.
All questionnaires were completed individually in separate rooms in a university
building in May-Sept 2004. The adolescents completed the questionnaires on
average in thirty minutes.
The medical ethics committee of the University Medical Center Utrecht approved the
study. Written informed consent was obtained from both adolescents and parents.
Outcome measures in the follow-up study
The score on the subscale subjective fatigue of the CIS-20 was chosen as the specific
major outcome variable in the follow-up of CFS cases. A cut-off score of 40 was
determined, based on the mean score plus 2 SD in the subjective fatigue distribution of
the healthy adolescents. Using this cut-off score, subjective fatigue was dichotomized
into recovery (< 40) or non-recovery (≥ 40). This outcome measure was combined
with the health perception question from the Child Health Questionnaire. ‘My health
is excellent’, ‘very good’ or ‘good’, were all classified as ‘recovery’ (in good health).
My health is ‘moderate’ or ‘bad’, were both classified as ‘non-recovery’ (in poor health).
Our definition of final recovery required a positive score in both categories.
Health concerns, as measured by the Child Health Questionnaire, was chosen as a
second outcome variable.
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Of the relevant variables, group specific means and standard deviations were
calculated for descriptive purposes.
The data were analysed with linear regression using the variable of interest as
dependent variable and a group indicator (patient = 1, control = 0) as independent
variable to explore group differences. Results are presented as linear regression
coefficients representing mean differences between the CFS adolescents and
the healthy controls for the investigated parameter with their corresponding
95% confidence intervals. The same models were used to adjust for possible
confounding factors as age, gender, anxiety and depression.
CFS adolescents were dichotomized in alexithymic and non-alexithymic according
to the TAS-20 score (> 60 = alexithymic). These two groups are described by group
specific means of the relevant variables (depression, anxiety, health concerns, and
outcome). Differences between these two groups are analysed with the independentsamples t test.
Bivariate correlations between alexithymia and fatigue, somatic symptoms, depression
and anxiety were determined with the Pearson correlation coefficient.
The association between alexithymia and outcome at follow-up in the CFS adolescents
was quantified through odds ratios using binary logistic regression, with outcome
(yes/no) as dependent variable and the TAS-20 score as independent variable.
The internal consistency of the TAS-20 was determined with the intra-class coefficient.
In all analyses, the significance level was set at p<0.05 (two-tailed tests).
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Results
Table 1 shows that both adolescent groups had the same gender distribution, but
the CFS adolescents were slightly younger (16 years vs. 16.8 years).
Evidently, the CFS patients showed a higher score on the Checklist Individual
Strength (CIS-20) than the healthy adolescents. Somatic complaints were more
prominent in the CFS group. Anxiety was more manifest in the CFS adolescents just
like depression. The mean CDI score for depression in the CFS adolescents (11.7) was
below that for a depressive disorder, which is 22.8 in a Dutch and Belgian reference
sample of eighteen children with a depressive disorder.29 A cut-off-score of ≥ 16 is
proposed as predictive of a depressive disorder.29 In our study only one of the
healthy adolescents scored ≥ 16 compared to six of the CFS adolescents.
Table 2 shows the alexithymic features of both groups of adolescents. The CFS adolescents scored higher on the TAS-20 and the subscales identifying feelings and
expressing feelings. Adjusting for depression and anxiety attenuated the differences
and only the subscale identifying feelings remained statistically significant. The
internal consistency of the total TAS-20 was good with an intra-class coefficient of

0.79 (Cronbach’s α). The intra-class coefficients of the subscales are shown in the
table. A proportion of 30% fulfilled criteria for alexithymia (TAS score > 60). Only one
of the healthy adolescents fulfilled criteria for alexithymia.
In Table 3 the CFS adolescents with alexithymia are compared with the CFS adolescents without alexithymia. The scores on the CIS-20, subscale subjective fatigue
and somatic complaints were identical for both groups. However, anxiety and
depression were more prevalent in the CFS adolescents with alexithymia. The
outcome measures in the follow-up study of the alexithymic CFS adolescents were
not different from the non-alexithymic CFS adolescents.
Alexithymia was not correlated with illness duration, as is shown in Table 4.
Moreover, Table 4 shows the strong correlations in the healthy adolescents between
alexithymia and fatigue, anxiety, depression as much as somatic complaints. In CFS
adolescents, however, significant correlations were restricted to anxiety and depression. Alexithymia was not related to health concerns, neither in CFS adolescents nor
in healthy adolescents.
At follow-up, 17 CFS adolescents of the 36 CFS adolescents (47%) fulfilled criteria
for full recovery. The presence of alexithymia (yes or no according to the TAS
score > 60) did not appear to be a risk factor for non-recovery (odds ratio 1.027
(95% CI: 0.96; 1.10; p-value 0.465).
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(CDI ; 27 items ; 0-54)

Depression disposition

(STAIC; 20 items; 20-60)

Anxiety disposition

Psychological adjustment

Health concerns (11 items; 11-55)

Health concerns (CHQ)

(CSI 35 items; 0-140)

Somatic complaints

(8 items; 8-56)

Score subjective fatigue subscale

(20 items; 20-140)

Total score CIS-20

11.7 (6.1)

36.9 (7.8)

39.8 (5.7)

35.6 (20.1)

46.9 (7.4)

101.8 (17.8)

82

Intact families, %

Fatigue assessment

78

16.0 (1.5)

Age, years

Gender, % girls

23.4 (11.3)

5.6 (4.4)

30.3 (6.4)

22.6 (7.3)

13.0 (9.3)

19.4 (10.0)

48.0 (18.8)

93

67

16.8 (1.4)

NA

Mean (SD)

Mean (SD)

Mean symptom duration, months

Healthy (n=36)

CFS (n=40)

Table 1 Characteristics of adolescents with CFS and healthy controls

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

< 0.001

0.185

0.298

0.019

p-value
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6.1 (3.7; 8.5)

6.6 (3.3; 9.9)

17.2 (14.2; 20.2)

22.6 (15.5; 29.7)

27.5 (23.5; 31.5)

53.9 (45.5; 62.2)

-9 (-27;5)

11 (-10; 31)

-0.8 (-1.5; -0.1)

(95% CI)

Difference
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Alexithymia

21.2 (4.4)

13.7 (4.5)

19.2 (5.8)

54.1 (9.9)

RC = reliability coefficient = Cronbach’s α

20.6 (3.9)

10.9 (33)

12.7 (4.1)

44.3 (7.8)

Mean (SD)

Mean (SD)

• Adjusted for age, gender, anxiety and depression

(8 items; 8-40) RC = 0.54

Subscale externally oriented thinking

(5 items; 5-25); RC = 0.77

Subscale expressing feelings

(7 items; 7-35); RC = 0.83

Subscale identifying feelings

(20 items; 20-100); RC = 0.79

Sum score TAS-20

Healthy (n=36)

CFS (n=40)

Table 2 Alexithymic features of adolescents with CFS and healthy controls

0.5 (-1.4; 2.5)

2.8 (0.9; 4.6)

6.5 (4.2; 8.7)

9.8 (5.7; 13.9)

(95% CI)

Difference

0.576

0.003

< 0.001

< 0.001

p-value

-0.3 (-2.3; 1.7)

1.4 (-0.8; 3.5)

2.8 (0.6; 4.9)

3.8 (-0.5; 8.1)

(95% CI)

Adjusted difference*

0.763

0.205

0.012

0.081

p-value
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3.3 (1.1)
33.4 (8.9)

CHQ health concerns (11-55)

23.9 (17.8)

3.8 (2.4)

73.3 (22.4)

15.8 (8.6)

CHQ health perception (1-5)

Somatic complaints

Number of CDC side symptoms

Total score CIS-20

(12 CFS alexithymic and 24 CFS non-alexithymic)

Outcome measures in follow-up study

(CDI ; 27 items ; 0-54)

Depression disposition

(STAIC; 20 items; 20-60)

Anxiety disposition
41.7 (8.4)

38.4 (7.5)

Health concerns (11 items; 11-55)

Psychiatric adjustment

36.5 (24.7)

5.2 (1.4)

45.9 (10.2)

101.5 (22.3)

34.4 (7.5)

3.6 (0.8)

26.0 (17.6)

3.5 (2.1)

75.5 (24.3)

9.9 (3.5)

34.9 (6.7)

40.4 (4.7)

35.3 (18.3)

5.3 (1.8)

47.3 (6.0)

102.0 (16.0)

(n=28) Mean (SD)

(n=12) Mean (SD)

(CSI 35 items 0-140)

Somatic complaints

Number of CDC side symptoms

(8 items; 8-56)

Score subjective fatigue subscale

(20 items; 20-140)

Total score CIS-20

Measurements regarding CFS

CFS non-alexithymic

CFS alexithymic

0.726

0.445

0.746

0.674

0.786

0.004

0.009

0.329

0.860

0.885

0.589

0.941

(95% CI)

p-value
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-1.0 (-6.7; 4.7)

-0.3 (-0.9; 0.4)

-2.0 (-14.7; 10.6)

0.3 (-1.3; 1.9)

-2.3 (-19.3; 14.7)

5.9 (2.0; 9.7)

6.8 (1.8; 11.8)

-1.9 (-5.9; 2.0)

1.3 (-13.0; 15.5)

-0.1 (-1.3; 1.1)

-1.4 (-6.6; 3.8)

-0.5 (-13.1; 12.1)

(95% CI)

Difference

Table 3 Differences in fatigue, psychological adjustment between alexithymic and non-alexithymic CFS adolescents
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Discussion
CFS adolescents exhibit more alexithymic features than healthy adolescents.
A proportion of 30% fulfilled criteria for the category alexithymia. This subgroup of
alexithymic CFS adolescents is characterized by higher anxiety and depression
scores. Alexithymic features seemed to be associated with the cluster of fatigue,
somatic symptoms, anxiety and depression both in healthy adolescents and
adolescents with CFS, rather than with merely the main symptom of CFS, fatigue.
This is consistent with the fact that the CFS adolescents with alexithymia scored
the same severity of illness symptoms such as fatigue, number of CDC side
symptoms and somatic complaints as the non-alexithymic CFS adolescents.
The association between alexithymic features and this cluster of symptoms might be
due to an overlap between the measurements of alexithymia, anxiety and depression,
leading to an imperfect differentiation between the three phenomena.30 The existing
literature on this point is inconclusive. The association between alexithymia, depression and anxiety has been established before.31-33 In a recent study, however, in a non
clinical sample of adolescents, alexithymia proved to be largely independent of
depression and anxiety and only moderately correlated with these psychological
measurements.34
Whether alexithymia is a personality trait that predisposes adolescents to suffer from
this cluster of symptoms, or rather a state-dependent phenomenon can not be
concluded from this cross-sectional study. A recent study in adult outpatients with
depression established that alexithymia is partly a state-dependent phenomenon,
associated with the severity of depression, but also a relatively stable personality
trait over several years.33 Stable alexithymia scores were also scored with paired
measurements with an interval of 6 months in patients with inflammatory bowel
disease.35 Concerning anxiety, similar findings are established with, on the one hand,
primary alexithymia, a stable personality trait predisposing to anxiety, and on the
other hand, secondary, anxiety state-dependent, alexithymia. 30 In our follow-up
study we did not measure alexithymia again. But the lack of correlation with fatigue
and illness duration, argues against alexithymia as only a state phenomenon, that is
a reaction to the stressful affects of CFS, the so called secondary alexithymia.
Limitations and strength of this study
Ours is to our knowledge the first study on the meaning of alexithymia in CFS in
adolescence. One of its strengths is the explicit control over important confounding
factors such as depression and anxiety. Some aspects of our study need to be
considered in the interpretation of the results. As CFS adolescents were recruited
from a tertiary care clinic possibly representing the most severe groups with higher
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justified. Although we cannot exclude the possibility of selection bias in the control
group, we consider it unlikely that the association between fatigue and alexithymia
should be different among responders and non-responders. The TAS-20 total score
of our control group was similar to previously published data in a Dutch sample with
519 slightly older adolescents.19 One of the other possible shortcomings of our study
is the assessment of alexithymia with a self-report questionnaire. The completion of
the TAS-20 requires at least a certain amount of ability to identify feelings. Only
recently a validated Toronto Structured Interview was developed. In future studies a
combination of a self-report questionnaire and a structured interview might improve
the assessment of alexithymia. Additionally, there are some shortcomings of the
TAS-20. The fantasy aspect of the alexithymia construct is not represented in the
TAS-20 and the dimension ‘externally oriented thinking’ cannot be measured
sufficiently reliable neither in our study nor in other studies.19
Consequences for treatment of the adolescent with CFS
Contrary to our expectations, recovery was not worse in alexithymic CFS adolescents
than in non-alexithymic CFS patients. This finding is consistent with a recent study
by Kooiman et al, in which he found that alexithymia was not associated with a worse
outcome after one year follow-up of patients with medically unexplained symptoms.4
In summary, alexithymia is present in a subgroup of CFS adolescents with psychiatric
comorbidity either as a predisposing factor for the development of CFS, or as an
exacerbating or perpetuating factor during the illness.
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levels of psychological problems, generalization to all adolescents with CFS is not
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Summary and Discussion
The studies presented in the preceding chapters investigated biological, psychological and social aspects of Chronic Fatigue Syndrome (CFS) in adolescents. Most of
our research concerned those aspects that could be investigated in a non-invasive
way. In the discussion below, we will make a distinction between the risk factors for
CFS, symptoms and features of the state of CFS, and the effects of being in such a
state. We will try to link our findings to etiological conclusions and consider whether
the findings are in concordance with the prevailing etiological views about CFS.
Unfortunately it is difficult, and sometimes impossible, to distinguish precipitating,
initiating and perpetuating risk factors for the state of CFS, because of the crosssectional design of our studies. Within the biopsychosocial model, the risk factors
are distinguished in biological, psychological or social factors. As outlined in the
Introduction, these factors may together and in interaction contribute to the illness
and to the functional status of an adolescent with CFS. The diagram below illustrates
this.

Figure 1 Factors which together and in interaction explain the occurence of CFS
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adolescents with CFS, and are not necessarily present in each individual adolescent
with CFS.
After discussing the results of our studies, the chapter continues with a discussion
of four propositions, each of which is derived from the FIT studies and the existing
literature.

Figure 2 Effects of CFS, possibly perpetuating
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In our studies, the risk factors and effects have been established in a group of
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Biological factors
The general term ‘factor’ is used in two ways: as a condition preceding the state of
CFS thereby increasing or decreasing the risk of developing CFS and as an effect of
CFS which possibly perpetuates the symptoms of CFS. In our studies we found the
following results:

Gender preference

In both FIT-studies, the number of girls with CFS

exceeded that of boys by a factor of four. Our studies, however, were no
population studies. Comparison with population studies concerning fatigue
or CFS-like illnesses in adolescents, revealed a similar female preference in
the older age group,1 but not in the younger age group.2 In adult populations
75% or more of the patients with CFS were female.3
Higher BMI In chapter 2 we found that the adolescents with CFS exhibited
a significantly higher BMI than the healthy adolescents, although the BMI
was only in the range of obesity in 2 patients. Childhood obesity was not
recognized as a risk factor for CFS in a longitudinal study in the UK.4
In recent studies in adults, however, subclasses of fatigued adults were
characterized by obesity.5, 6
Stiffer arteries The unexpected finding in chapter 2 that adolescents with
CFS did appear to have stiffer arteries than controls needs further research
and confirmation. It is conceivable that a stiffer carotid artery is the effect of
an increased BMI and decreased physical activity, but we adjusted for these
possible confounding factors as we did for lifestyle factors. Most likely, this
finding has to be viewed in combination with the altered stress response and
the greater influence stress might have on individuals affected with CFS,
alternatively it may reflect the stressful effect of the illness CFS. The finding
of stiffer arteries is an example of a biological factor that is measurable in
biological terms, but is not necessarily exclusively determined by biological
factors. Stress, for instance, may play a role in its development.

Other known biological risk factors are genetic predisposition, the molecular profile
(as illustrated in proposition 4 on page 18), and direct triggers like infectious diseases,
such as Epstein Barr Virus infections.7
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Another corner of the biopsychosocial model consists of the psychological factors,
i.e. those factors that are measurable in psychological terms, which we explored in
the FIT studies I, II and III. Our studies indicated that psychological factors are
relevant, either as predisposing or perpetuating factors:

Reduced internal health control, both in child and father

Chapter 3

showed that adolescents with CFS and their fathers experienced less self
control over health and illness. The health beliefs of parents are important for
the health behaviour of the child, all the more because we know from other
studies that adolescents with CFS experience more parental reinforcement of
illness behaviour than healthy or chronically ill control cases. 8 A reduced
internal health control can be both a risk factor predisposing to CFS, or an
effect of CFS.
Higher reliance on physicians, both in child and father

This finding

emphasizes the need for an adequate physician’s approach both in terms of
management and communication with the patient and the family.
Reduced interference control, both in child and father

One of the neuro-

cognitive findings in Chapter 6 is the diminished performance on a complex
information processing task, more in particular, in tasks that induce interference.
Remarkably, the father had no symptoms of fatigue but nevertheless showed
the same diminished performance, suggesting a familial trait as a risk factor.
More anxiety and depression in adolescents with CFS As a group the
adolescents with CFS showed in Chapter 5 more symptoms of depression
and anxiety than the healthy controls. Only 6 out of the 34 CFS adolescents,
however, fulfilled criteria for depression.
Thirty percent of the CFS adolescents fulfilled criteria for alexithymia
Our studies in Chapter 8 showed that these alexithymic adolescents with CFS
are characterized by a higher anxiety and depression score. An alexithymic
personality might predispose to the development of CFS, although features of
alexithymia equally well might be the result of CFS.

Psychological factors are the main focus in cognitive behavioural therapy (CBT).
Illness beliefs and other cognitions are known to perpetuate the fatigue state. 9
Illness-related beliefs influence the adolescent’s emotional, behavioural, and physiological condition. They interact in mutually reinforcing and sometimes even vicious
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circles. The experience of symptoms, and fears about their origin, interfere with the
normal physiological and psychological processes required for demanding activities
or cognitive processes. The consequence of increased concern is heightened
awareness, selective attention, and ‘body watching’, which can then intensify both
the experience and perceived frequency of symptoms, thereby confirming illness
beliefs and reinforcing illness behaviour. This in turn contributes to a vicious circle of
increasing symptomatic distress and increasing restriction of activity in order to cope
with such symptoms.10, 11
While cognitive behavioural therapy (CBT) is the treatment of choice for adolescents
with CFS,12 our findings indicate that therapeutic behaviour plans should include
parents and strive to enhance the family's focus on internal health control.
Anxiety and depression are well known to come along with CFS, either secondary
or preceding CFS. Regarding neurobiological findings, it may be useful or even
necessary to view CFS adolescents with or without psychiatric comorbidity as
different groups with different risk factors and different neurobiological profiles.
Our findings concerning reduced interference control are discussed in proposition 3
on page 157.

Social factors
More than two decades ago, Kleinman introduced the term ‘sociosomatic’ to emphasize the idea that bodily distress may have social roots.13 Sociosomatic relations are
a way of explaining symptoms in relation to social problems, social burden or, more
generally, the social environment. We found in the FIT-studies several social factors
which were related to CFS in adolescents:

Mirrored symptoms in mother and child

In chapter 5 we described that

mothers of adolescents with CFS exhibited a similar symptom complex as their
child with CFS, consisting of severe fatigue, depression and anxiety. That means
that the child will encounter these symptoms in its direct environment. A shared
symptom complex of fatigue, fatigue-associated symptoms and psychological
distress between CFS adolescents and their mothers may also suggest genetic
transfer and gene-environment interaction (see proposition 4).
Mothers spent less working hours outside the home This might be an
effect of the illness of the child, with the mothers feeling the necessity to care
for their ill child. This might just as well be a risk factor, where the mother, with
her beliefs, her care, her whole person, constitutes more of the child’s
environment than for a healthy child.
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Lower percentage of activity in outdoors sport by both parents Less
physical activity is known to be a risk factor for the development of CFS.4 The
fact that both parents showed less activity in outdoors sport may again be an
effect of the illness of the child, or a possibly important environmental and
influential factor on the child’s habits.

We studied only a few possible social factors in a restricted social context, the family,
and not the wider social world of the adolescents. The effects of CFS for the adolescent social life are substantial. The standards for social life are beyond the reach of the
adolescent with CFS: constant activity, speed, multi-tasking, going out, shopping, etc.
The effect is that most adolescents with CFS are pushed towards the periphery of the
everyday social world and find themselves in a position of social isolation. Those
consequences might be involved in the persistence of CFS.
CFS is not only an illness of Western cultures but has, for example, a high prevalence
in China and Japan.14, 15 Strikingly, there are great differences between the assumed
social determinants of CFS. In China, CFS is probably related to the aftermath of turmoil
and terror, while in the US, CFS is linked to cultural values that reinforce a way of life that
is overloaded with activities.14 The social factors involved in adolescents with CFS in
the Netherlands are not well known. The FIT-studies revealed a few social factors within
the family, but it would be very interesting to investigate the cultural values of the
contemporary adolescents and their relationship to the occurrence of CFS.

CFS considered as a state
We will now try to describe various aspects that characterize the state of CFS.
This state is different from both its cause and its effects. To give an example,
unconsciousness is a dimensional state described by certain criteria (i.e. the
Glasgow Coma Scale), while different risk factors determine the occurrence of this
state, and the state may have certain effects. The state CFS is up to now only
captured by subjective clinical symptoms, as defined in the CDC criteria, 16 the
Oxford criteria,17 or the RCPCH guidelines.18 That makes CFS, without distinctive
objective abnormalities, not easy to distinguish from ubiquitous background
complaints. One of the aims of our studies was to find objective abnormalities.
These abnormalities should satisfy three criteria: they should (uniquely) characterize
the illness, they should be related to illness severity and they should diminish when
the illness recedes. They are in that respect distinct from risk factors, which can
persist while the patient with the illness has recovered. Our studies did not establish
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objective abnormalities that satisfy these three criteria. However, we found some
indications of the pathophysiology involved in CFS as a state.
It is possible that CFS is too heterogeneous to be described as a single state which
all patients share. It may very well be that there are subgroups of CFS patients, each
subgroup having a somewhat different state with associated risk factors and a pathway that leads to that state.
The following findings from our studies may be relevant for the pathophysiologic
state of CFS:

Positive relation between fatigue and somatic symptoms The self-reporting of the symptom fatigue appeared to be strongly related to the reporting
of other somatic symptoms, not only in CFS adolescents but also in healthy
adolescents, as we have shown in Chapter 4. The perception of fatigue
seems to parallel the perception of other somatic symptoms.
CFS is the end of a continuum In the same chapter we showed that the
combined experience of somatic and fatigue symptoms is a graded continuum with the adolescent with CFS at the end. These findings support the
idea that a possible substrate for the experienced symptoms in CFS could be
found in a mechanism which is present in all members of the population.
Lower pain threshold Adolescents with CFS showed a lower pain threshold
than healthy adolescents (Chapter 2). Pain is a frequent complaint of CFS
patients and this is the first study to confirm this. We interpreted the lower
pain threshold in analogy with the perception of somatic symptoms. The
threshold for perception seems to have changed, not only for the perception
of pain, but also for other sensory modalities.
Lower systolic and diastolic blood pressure As discussed in Chapter 2,
these lower blood pressures can not be traced back to a generalized abnormality in collagen tissue, but may be viewed as a manifestation of alterations
in the autonomic nervous system. Direct measurement of autonomic dysfunction was not part of our studies.
Higher sensory input The observations of the lower pain threshold and the
concurrent perception of fatigue and other somatic symptoms, made us
consider if the cortical processing of sensory input might be different in
adolescents with CFS. In Chapter 7 we reported the finding that the auditory
sensory cortical activity as measured with the N100 was increased in
adolescents with CFS compared with healthy adolescents, especially in the
adjusted model. The N100 amplitude is a manifestation of sensory information
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processing. Thus, in line with the observed clinical symptoms of hypersensitivity
for sensory input in adolescents with CFS, these adolescents showed increased
sensory information processing.
Marginally deficient sensory gating The P50 ERP auditory gating was
marginally diminished in CFS adolescents.

Our studies strongly suggest that perception is the key to understanding CFS.
Adolescents with CFS seem to experience symptoms in a more intensive way than
healthy adolescents, and the level of sensory input, as measured by the auditory
sensory cortical activity, is often higher. Numerous studies have shown that human
perception is not merely passive reception, the sole result of sensory stimulation, but
that it is already ‘creative receptivity’. Or, to put it differently, perception and interpretation cannot be separated: there is no such thing as the ‘pure’ perception of
symptoms and the interpretation afterwards. Perceiving is already perceiving as,
with our knowledge, beliefs, desires, norms and values playing a role in this. For
example, we do not see the dots and lines of the drawing of the cover of this thesis,
but we see a figure, perhaps in a box or a room, dependent on our interpretation.
We see a human figure, without a clear gender. The adolescent with CFS might
recognize the social isolation of the figure or the black box of CFS, uncertain as the
adolescent is about the cause of CFS. The author of this thesis may see a representation of the main question of this thesis: what is CFS?
Perception is obviously dependent on our physical and biological make-up.However,
perception as ‘creative receptivity’ is also dependent upon the psychological, social
and cultural environment we live in. If perception is the important key to understanding
CFS, we have to take into account all these dimensions of perception. And this
reiterates in a somewhat different way a central theme of this thesis: the need for a
biopsychosocial approach for the understanding and treatment of CFS.
Perception is learned and trained, primarily through imitation and responsiveness
within an environment. This is not necessarily a conscious process. There is also no
wild fluctuation in perceptive experience from one moment to the next. Our body has
a tendency to seek its own equilibrium and to form habits, also in perceptive
experiences. The healthy adolescents, for example, experience symptoms of fatigue
and associated somatic symptoms but do not view these symptoms as abnormal
because they may have learned that these experiences are normal. Habits help us to
adjust to the circumstances of our world. CFS may be viewed as maladjustment, with
habits which are no longer supporting, but rather opposing, to everyday life.
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Cognitive behavioural treatment will eventually affect these habits and thereby the
perception of symptoms.
At another level of processing a form of perception may also play a role in CFS.
Recently, Craig described a neural system which represents the physiological condition
of the entire body, called interoception.19 This system constitutes a representation of
“the material me”, and might provide a foundation for subjective feelings, emotion and
self-awareness. These feelings have not only a sensory, but also an affective, motivational aspect. Embedded in the interoceptive cortex are the cortical representations of
distinct sensations, including temperature, pain, itch, visceral and muscular sensations,
sensual touch and other feelings from the body. This neural system constructs
continuously updated maps of the physiological condition of the body. A feeling
(symptom) may be generated by a homeostatic dysfunction along these pathways,
without actual tissue damage.19 mRNA receptors for CRF are situated in this cortex,
indicating an association with homeostatic stress. The question, then, is whether the
symptom complex of CFS can be understood in terms of an altered or a dysfunctional
process of interoception.

Future research
Insofar that the features which characterize the state of CFS are known, a longer
follow-up period after treatment should disclose whether these features indeed
normalize after treatment. The effects of CFS should also vanish after regression of
the illness. The risk factors, however, will generally persist and will make the
individual susceptible to a relapse of the symptoms of CFS. Larger prospective
cohort studies with longer follow up are required to answer these questions.
It might be necessary to distinguish different subgroups of CFS on the basis of the
risk profile, such as the health beliefs and illness in the family, or the psychiatric
comorbidity of the adolescent with CFS such as alexithymia, anxiety or depression.
Different subgroups might need tailored treatment.
This concludes the discussion of the findings of our studies. This chapter continues
with four propositions. Arguments for the propositions are to a large extent derived
from the findings of the FIT studies and from the literature. They also reflect the
author’s view on CFS.
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The dominant biomedical model to explain CFS, is probably a neurobiological one.
In Fatigue as a Window to the Brain, a recently published book, a comprehensive
outline of the neurobiology of fatigue and CFS is offered.20 Different diseases
associated with fatigue, like cancer, congestive heart disease, AIDS, multiple
sclerosis, CFS, are compared for the origin of the fatigue that accompanies these
diseases, to figure out what the common pathophysiology of fatigue might be. The
neurobiology of the fatigue state seems to include elevated cytokines, abnormalities
in hypothalamic-pituitary-adrenal axis and serotonin metabolism, each in a complex
interaction. The dysbalance in cerebral hormones and neurotransmitters might lead
to a dysfunction of the central nervous system (CNS) and, more specifically, of the
limbic-prefrontal cortex.20
We established, however, several psychosocial risk factors in the FIT-studies, which
cannot be easily incorporated in a neurobiological model. It would imply for example
that illness beliefs have to be reduced to neurobiological phenomena. Eventually,
it might be possible to show that changed health beliefs also alter neurobiological
phenomena, but a direct reduction of a belief to a neurological structure seems very
far away.
Future science may facilitate further reduction of the biopsychosocial model into a
biomedical model. Even if we eventually know the final pathway for CFS, still
different risk factors may operate in an individual patient to reach that final pathway.
In each individual patient it will be necessary to consider the contribution of these
genetic, biological, behavioural and psychological factors. Each individual patient
may show different contributions from each set of variables, just as in patients
with Helicobacter pylori infection different risk factors are involved in the final
development of gastritis.21
For the foreseeable future a richer model than a biomedical model is needed to
understand CFS and to offer sufficient leads for treatment. Neither the biological,
psychiatric, psychologic or social hypotheses by themselves are sufficient to explain
the etiology of CFS in patients. Integrating these hypotheses, as in the biopsychosocial model of CFS, is necessary. CFS is a multifactorial illness that cannot
be conceptualized in a single diagnostic framework. When discussed and introduced
properly, patients seem to be prepared for simultaneous biological and psychosocial
approaches to evaluation and treatment of symptoms.22
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Proposition 1. The biopsychosocial model offers a better understanding
of and clinical approach to CFS than the dominant biomedical model
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Proposition 2. CFS is a dimensional disorder with no clear demarcation
between the healthy and the affected adolescent
Our studies provided sufficient validation for CFS as a multifactorial dimensional
disorder. The group of adolescents with CFS have a number of biological, psychological and social characteristics. Most of them are subjective and dimensional. The
difficulty of defining CFS is not unique for CFS but is equally present in a dimensional
disorder as hypertension with no single point of blood pressure becoming abnormal
but rather a gradually increasing risk of adverse consequences. Hypertension, even
when the hypertension is essential, is not benign but is associated with morbidity and
even mortality and may need vigorous treatment. Likewise, severe debilitating fatigue
requires understanding and adequate treatment.10 (p. 144)
The problem with dimensional disorders, as opposed to categorical disorders, is
the boundary with normality. This is a problem both for the doctor and for the patient.
The healthy adolescents might attribute their symptoms of fatigue and associated
symptoms to not getting enough sleep, not eating right, or being out of shape. Those
with CFS, on the other hand, experience these intensified symptoms as a health problem, as a problem that is of relevance to medicine. A doctor, then, is the appropriate
person to see and he or she would be prepared to do what the doctor suggests to get
rid of the problem. This difference between healthy and CFS adolescents probably
reflects the fact that the identification of a symptom complex as abnormal and requiring
medical examination is related to the patient’s health beliefs, former experiences,
medical knowledge and norms and values in the family (see Chapter 3). But there is
more to it. To judge symptoms as a health problem, the symptoms must bring a
burden along, such as a disability. According to the CDCcriteria and the Oxford
criteria, the symptoms must have led to a substantial reduction of daily activities.
The disability of CFS patients is the result of their subjective experiences and
therefore hard to evaluate for the doctor. Doctors are faced with two options: either
to regard the symptom complex as part of normality, or to regard it as an indication
of a disorder. Language is important, because naming is already framing in a certain
way. To label the patient’s symptoms as CFS might imply all kinds of undesirable
consequences, such as illness behaviour legitimisation, problems with health
insurance, social insurance, etc. On the other hand, the label of CFS might pave the
way for treatment. Reassuring the adolescents that their symptoms are part of
normality might be insufficient. The adolescents will feel encouraged to accentuate
their symptoms and exacerbate their presentation because the doctor does not
seem to grasp their severity.
In the end, the decision to label a symptom complex as CFS should be based on an
evaluation that places the adolescent's symptoms in a broad context. This context
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cance ascribed to the symptoms, and the health beliefs within the family. It should
also include an analysis of cost and benefits, and the motivation of the adolescent
to follow a possible treatment.

Proposition 3. The inversed sex ratios of ADHD and CFS in combination
with a shared neurocognitive deficit, suggest a shared basis for both
disorders with gender as the main determinant for clinical outcome
Chapter 6 showed that the problems in neurocognitive performance in CFS resemble
that in ADHD. Both seem to show a diminished performance on a complex information
processing task, in tasks that induce interference. The fathers of the adolescents with
CFS showed a lower performance as well. A deficient response inhibition is proposed
as an endophenotype for ADHD because of the ADHD-associated deficits in response
inhibition in the siblings of ADHD probands, without behavioural expression.23 Deficient
response inhibition is proposed to be a continuum throughout the population, with
ADHD as the extreme.23 ADHD as well as CFS are dimensional and multifactorial, with
no clear boundary to the non-affected individuals (see proposition 2 and 4). They both
have a genetic basis, with an increased concordance rate in monozygotic twins.
The sex ratio of CFS cases depends on illness definitions, age, whether clinical or
population studies are concerned, and fluctuates from 1 : 1 2 in the younger age group
up to 5 : 1 (

:

) in the older age groups.3 ADHD is classified in 3 subtypes, the

inattentive, the hyperactive-impulsive and the combined,24 and the sex ratio varies
across these subtypes. In non-clinical samples including the inattentive subtype the
sex ratio is 1 : 1,25 but it changes up to 1 : 9 ( :

) in clinical samples more represen-

tative of the combined subtype and the hyperactive-impulsive subtype.26 Symptoms
of inattention are more covert than those of hyperactivity and impulsivity and do not
always get to clinical attention, which may partly explain the great differences in
prevalence. The causal factors underlying these sex differences are not well known.
The clinical picture of CFS and the inattentive subtype of ADHD are more similar
than both names suggest. Children with the inattentive subtype are described as
daydreamy, sluggish, and hypoactive,27 fatigue not being a main symptom. Among
the CFS sufferers two subgroups can be distinguished representing the pervasively
passive CFS patients and the relatively active CFS patients. 28 Other somatic
symptoms, as required for the CDC inclusion criteria for CFS, 16 are not described in
adolescents with ADHD.
The psychiatric comorbidity of both disorders is remarkably corresponding. Girls
with ADHD with the inattentive subtype do appear to have higher levels of anxiety
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includes not only physical symptoms, but also beliefs such as the value and signifi-
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and depression.29 Chapter 5 showed that also the adolescents with CFS have a higher
level of anxiety and depression, as was already known from other studies.30 Psychiatric
comorbidity such as disruptive behaviour disorders are more present in the combined
and the hyperactive-impulsive subtype of ADHD and more in boys.29 This psychiatric
comorbidity is not described in adolescents with CFS.
Maternal risk for psychopathology is increased in families with an adolescent with
CFS, as was outlined in Chapter 5. Familial risk for psychopathology is also increased
in families with a child with ADHD.26
The above arguments favour a search for a similar molecular genetic basis that may
in conjunction with various environmental factors lead to both disorders. In ADHD
several polymorphisms have been shown to be involved in the development of
ADHD.31 The loci found in linkage studies overlap with those for dyslexia and autism.
It would be very challenging to search for similar polymorphisms in adolescents with
CFS who share this neurocognitive deficit.
If CFS and ADHD share a biological predisposition, it is once more clear that other
factors are necessarily involved in the final expression of the genotype. Additional
biological factors might be crucial, such as gender, but particularly interaction with
the environment might be decisive. Children of either sex might learn to express and
cope with this neurocognitive deficit in quite different and sometimes opposite ways,
dependent on societal influences, expectations and social desirability.

Proposition 4. Any attempt to explain the occurrence of CFS solely in
terms of environmental risk factors is likely to fail
As we have seen, many environmental risk factors are possibly involved in the development of CFS. But CFS has a familial clustering as well, as is outlined in Chapter 5
(mirrored symptoms in mother and child) and is supported by literature, like the study
by Bell.32 That CFS is not merely familial in the sense of sharing environments, but also
genetic is confirmed by the large twin study on chronic fatigue and CFS by Buchwald,
who revealed a concordance rate for CFS of 0.55 in monozygotic and 0.19 in
dizygotic twins.33 Hickie performed another large twin study on prolonged fatigue
where the monozygotic correlation for fatigue was three times the dizygotic correlation
(0.49 versus 0.16),34 again indicating a strong genetic association.
CFS is indeed familial, but very heterogeneous in clinical symptoms, which makes it
extremely unlikely that a single gene disorder, inherited in Mendelian mode, will be
responsible for the illness. With a complex trait like CFS, usually several different
genes operate together in the causal processes resulting in the disorder. The
genetic effects are probabilistic, they increase the likelihood that the behaviour will
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sense. Whether or not the disorder actually arises will depend on a range of environmental influences in combination with specific genetic susceptibilities. 35
The most promising studies at this moment to find evidence for genetic causes of
CFS are association studies with candidate genes or candidate single nucleotide
polymorphism profiles (SNP’s). Finding a correlation between an SNP and a trait
among unrelated individuals in a population, might be an indication of the allele
involved in the development of the disorder. Recently a large study has been performed
in Wichita where 227 adult cases with CFS and 60 non-fatigued healthy individuals
were clinically assessed (medically, psychiatric, laboratory tests) combined with gene
expression profiling. The investigators took a pathway-specific approach, whereby the
50 candidate genes and 500 polymorphisms in these genes played a role in the HPA
axis. Five SNPs in three genes appeared to be important: neuronal tryptohan hydroxylase (TPH2), catechol-O-methotransferase (COMT) and nuclear receptor subfamily 3,
group C, member 1 glucocorticoid receptor (NR3C1).36 These genes are all related to
those parts of brain activity that mediate the stress response and involve cortisol, the
serotonin system and signalling within the brain and the sympathetic nervous system.
This genetic make-up will bring about a difference in gene activity that might
determine the body’s ability to adapt to challenges and stresses that occur throughout life, such as infections, trauma, various adverse life events, but also daily
hassles.37 Although right now specific genes seem to have been found, it is likewise
possible that the genetic risk stems from an extreme expression of a normal gene,
rather than from an abnormal mutation. These genes will influence dimensional
attributes, like the perception of symptoms, that are not pathological in themselves
but which are associated with an increased risk for CFS.
Genes are likely to operate through a range of direct and indirect routes. They may
directly influence individual differences in risk exposure and may moderate the
susceptibility to environmental risks in interaction.
In conclusion, we propose that CFS results from the interaction of genes, environmental factors and risk-conferring behaviour. Some risk factors are specific for CFS,
but the majority are risk factors for a number of illnesses.
Though there seems to be enough evidence that CFS has genetic origins, one may
not infer that the outcome (CFS) of a certain molecular genetic profile is deterministic.
If and when certain genes come to expression, and to what extent, will always depend
on interaction with environmental and behavioural factors.
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occur but they do not cause it directly. They are not genetic conditions in the narrow
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Samenvatting
Het onderzoek voor dit proefschrift is verricht binnen drie opeenvolgende studies:
FIT-I in 2002, FIT-II in 2004 en FIT-III in 2006 (FIT = Fatigue in Teenagers). In elke FITstudie waren de onderzoeksvragen geformuleerd op basis van het biopsychosociale
model. Dit model is voor het eerst door George Engel beschreven in Science in 1977.
In het model worden biologische, psychologische en sociale factoren onderscheiden
die gezamenlijk en in interactie met elkaar uiteindelijk leiden tot de symptomen
passend bij een bepaald ziektebeeld, in dit geval het Chronisch Vermoeidheids
Syndroom (CVS). Onderstaand schema illustreert dit:

Figuur 1 Factoren die gemeenschappelijk en in interactie het voorkomen van CVS verklaren

De drie FIT-studies zijn allen cross-sectioneel van aard, dat wil zeggen dat alle
factoren die mogelijk van belang zijn bij de oorzaak van CVS op hetzelfde moment
gemeten worden als het moment van voorkomen van CVS bij de patiënt. Met een
dergelijke studie-opzet is het onmogelijk om iets te zeggen over oorzaak en gevolg.
De gemeten factoren kunnen zowel voorafgaan aan CVS of er het gevolg van zijn.
Bij CVS worden de volgende factoren onderscheiden: onderliggende factoren, direct
uitlokkende factoren en instandhoudende factoren. Vanwege de cross-sectionele
opzet zal een dergelijk onderscheid in dit proefschrift zeker niet altijd mogelijk zijn.
Instandhoudende factoren zijn factoren die het effect zijn van CVS. Onderstaand
schema illustreert dit opnieuw:
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Figuur 2 Gevolgen van CVS

In de drie FIT-studies zijn de risicofactoren en de effecten van CVS vastgesteld in
een groep van kinderen met CVS. Dat wil zeggen dat de gevonden resultaten niet
noodzakelijkerwijs opgaan voor het individuele kind met CVS.
Onderstaand wordt eerst een samenvatting gegeven van de resultaten van de FITstudies. Daarna worden 4 stellingen besproken die voortkomen uit deze studies en
uit de bestaande literatuur.

Biologische factoren
We gebruiken in de volgende beschrijving de term ‘factor’ op twee manieren:
• als een risicofactor die voorafgaat aan CVS en die de kans op het ontwikkelen van
CVS kan vergroten dan wel verkleinen en
• als een factor die het effect is van CVS en die mogelijkerwijs een instandhoudende
factor kan zijn voor de symptomen passend bij CVS.

Jongetje of meisje In beide FIT-studies is het percentage meisjes met CVS
viermaal zo groot als het percentage jongens. Onze studies zijn echter geen
populatiestudies. Recent is een populatiestudie in Nederland verricht door
Ter Wolbeek bij 3467 kinderen uit dezelfde leeftijdscategorie; ook zij vindt vier
keer zoveel meisjes als jongens met ernstige vermoeidheid. Bij volwassen
patiënten wordt CVS eveneens vier maal zo vaak bij vrouwen gediagnosticeerd.
Bij jongere kinderen wordt echter in studies in het Verenigd Koninkrijk een
gelijke verhouding tussen jongens en meisjes gezien.
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Hogere BMI

In hoofdstuk 2 hebben we vastgesteld dat adolescenten met

CVS een significant hogere BMI hebben dan gezonde adolescenten. De Body
Mass Index (BMI) is een maat voor overgewicht en wordt berekend met de
volgende formule: gewicht/(lengte)2. In een longitudinale studie in het Verenigd
Koninkrijk wordt overgewicht op de kinderleeftijd niet als een risicofactor voor
CVS vastgesteld. Bij volwassenen met CVS worden wel subklassen gehanteerd
van volwassenen met of zonder overgewicht.
Stijvere vaten In hoofdstuk 2 stelden we vast dat adolescenten met CVS
stijvere vaten hebben dan gezonde adolescenten, gemeten aan de a. carotis
(de slagader in de hals). Zowel overgewicht als verminderde lichamelijke
activiteit zijn risicofactoren voor de ontwikkeling van stijvere vaten, maar voor
deze twee factoren werd gecorrigeerd. Deze bevinding verdient verder
onderzoek, temeer omdat deze mogelijk ook teruggrijpt op een mechanisme
dat ten grondslag zou kunnen liggen aan CVS, namelijk een verandering in de
stress respons (zie verderop).

Andere biologische risicofactoren die niet direct onderzocht zijn in de FIT-studies
zijn bijvoorbeeld de genetische aanleg en directe uitlokkende factoren zoals de ziekte
van Pfeiffer of andere infectieziekten.

Psychologische factoren
Een andere hoeksteen van het biopsychosociale model zijn de psychologische
factoren, die in alledrie de FIT-studies mede onderzocht zijn. Psychologische factoren
blijken van belang te zijn, zowel uitlokkend als onderhoudend:

Verminderde eigen invloed op gezondheid, zowel bij het kind als bij de vader
In hoofdstuk 3 hebben we aangetoond dat zowel adolescenten met CVS als
hun vaders rapporteren dat ze minder eigen invloed op hun gezondheid en
ziekte ervaren dan bij gezonde adolescenten het geval is. Opvattingen over
gezondheid van de ouders zijn belangrijk voor het gezondheidsgedrag
van het kind, te meer omdat we uit andere studies weten dat het kind met
CVS meer bekrachtiging van de ouders ervaart wanneer het gaat om gezondheidsgedrag dan gezonde kinderen, of kinderen met een andere chronische
aandoening. Een dergelijk verminderde invloed op de eigen gezondheid kan
zowel een risicofactor zijn voor het ontwikkelen van CVS als een effect van CVS.
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Meer vertrouwen in dokters, zowel bij kinderen als bij vaders

Deze

bevinding, eveneens uit hoofdstuk 3, sluit aan bij de eerste bevinding: waar
kinderen en vaders ervaren zelf minder invloed te hebben op ziekte en
gezondheid,schrijven ze juist meer invloed toe aan artsen als het gaat om hun
gezondheid. Dit impliceert hoe belangrijk het is dat dokters een adequaat
model ontwikkelen voor de aanpak van het kind met vermoeidheidsklachten
en in het bijzonder voor de communicatie met het kind en de ouders.
Minder controle over interfererende informatie Eén van de neurocognitieve
bevindingen is gepubliceerd in hoofdstuk 6, waarin beschreven wordt dat de
kinderen met CVS verminderd presteren bij het uitvoeren van een complexe
taak, namelijk een taak waarbij interfererende informatie wordt aangeboden.
Bij deze taak moet de aandacht gericht worden op één centraal gepresenteerd
doel (een pijltje) en moet flankerende (afleidende) informatie onderdrukt worden
(de zogenaamde Eriksen Flanker Task). De prestatie van kinderen met CVS bij
de uitvoering van deze specifieke aandachtstaak blijkt afwijkend te zijn, en dan
vooral díe onderdelen van de taak waarbij maximaal interfererende informatie
wordt aangeboden. De vaders van deze kinderen blijken eenzelfde probleem
te hebben met controle over interfererende informatie, zij het in mindere mate.
Dat suggereert dat er mogelijk sprake is van eenerfelijke risicofactor.
Angst en depressie bij adolescenten met CVS In hoofdstuk 5 wordt beschreven
dat kinderen met CVS meer symptomen laten zien van angst en depressie dan
gezonde kinderen. Zes van de 34 adolescenten met CVS voldeden aan de
criteria voor depressie.
Dertig procent van de kinderen met CVS voldoet aan de criteria voor alexithymie.
Alexithymie is het onvermogen om gevoelens te herkennen of onder woorden
te brengen. Een alexithyme persoonlijkheid zou een risicofactor kunnen zijn
voor CVS, maar het is ook goed mogelijk dat symptomen passend bij
alexithymia het gevolg zijn van CVS.

Cognitieve Gedragstherapie (CBT) bij CVS richt zich in belangrijke mate op psychologische factoren. De oorzaken waaraan de ziekte wordt toegeschreven (zogenaamde
ziekte-attributies) en ook andere opvattingen over ziekte, zoals hierboven beschreven,
zijn bekende instandhoudende factoren van ziekte en ziektegedrag. Deze ziekteopvattingen kunnen wederzijds versterkend werken en vicieuze cirkels veroorzaken.
Ze kunnen daarmee de ongerustheid doen toenemen, en ook de gerichtheid op deze
symptomen.
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Cognitieve Gedragstherapie is de preferente behandeling voor adolescenten met
CVS. Onze bevindingen geven aan dat deze therapie ook gericht zal moeten zijn op
de ouders van de kinderen met CVS.
Angst en depressie komen meer voor bij kinderen met CVS, in het bijzonder bij díe
kinderen met CVS die ook alexithyme kenmerken hebben. Het zou zinvol kunnen zijn
om deze groep te onderscheiden van de andere kinderen met CVS, zowel wat
betreft hun neurobiologische profiel als wat betreft de aangeboden behandeling.
Onze bevinding dat kinderen met CVS verminderde controle hebben over interfererende informatie staat verder uitgewerkt in de derde stelling.

Sociale factoren
Meer dan twee decennia geleden introduceerde Kleinman de term ‘sociosomatisch’
om te benadrukken dat lichamelijke stress ook sociale wortels kan hebben. Sociosomatische verklaringsmodellen leggen een relatie tussen sociale problemen, sociale
last en meer in het algemeen de sociale omgeving. In de FIT-studies hebben we verschillende omgevingsfactoren gevonden die gerelateerd zijn aan het voorkomen van CVS:

Gespiegelde symptomen bij moeder en kind

In hoofdstuk 5 hebben we

beschreven dat moeders van adolescenten met CVS symptomen laten zien
vergelijkbaar met die van hun kind; het gaat om ernstige moeheid, depressie
en angst. Dat betekent dat het kind deze symptomen ook dagelijks meemaakt in de directe omgeving. Het gedeelde symptomencomplex tussen
moeder en kind kan ook duiden op genetische overdracht dan wel op genomgevingsinteractie (zie ook stelling 4).
Moeders (van kinderen met CVS) werken minder uren buitenshuis Dit
kan het effect zijn van de ziekte van het kind (de moeder moet immers meestal
thuis voor het kind zorgen), maar het kan ook een risicofactor zijn voor het ontwikkelen van CVS, waarbij de moeder met haar opvattingen en haar zorg een
belangrijk deel uitmaakt van de sociale omgeving van het kind.
Beide ouders (van kinderen met CVS) sporten minder Minder lichamelijke
activiteit is een bekende risicofactor voor de ontwikkeling van CVS op latere
leeftijd. De bevinding in de FIT-studie dat beide ouders minder uren sporten
kan ook een gevolg zijn van de ziekte van het kind, of een belangrijke
omgevingsfactor zijn die mede bepalend is voor de gewoontes van het kind.
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sociale context, namelijk het gezin, en niet de bredere sociale wereld van de adolescent. De effecten van CVS voor het sociale leven van de adolescent zijn enorm. De
gewone standaard voor het sociale leven ligt buiten bereik van de adolescent met
CVS, zoals een hoog tempo van vaak parallelle activiteiten, uitgaan, winkelen, etc.
Het effect is dat veel adolescenten met CVS verstoten worden naar de periferie van
de alledaagse sociale wereld en terechtkomen in een geïsoleerde positie. Deze
consequenties kunnen het voortduren van de lichamelijke klachten negatief
beïnvloeden.
CVS is niet alleen een ziekte van de Westerse cultuur, maar heeft evenzeer een hoge
prevalentie in landen als China en Japan. Opvallend genoeg zijn er grote verschillen
tussen de veronderstelde sociale determinanten van CVS. In China, bijvoorbeeld, is
CVS waarschijnlijk gerelateerd aan de terreur tijdens de dictatuur, terwijl CVS in
de Verenigde Staten eerder gekoppeld wordt aan een overmatig actief leven. De
sociale factoren die gerelateerd zijn aan CVS bij jongeren in Nederland zijn niet goed
bekend, behalve de gezinsfactoren die vastgesteld zijn in deze FIT-studies. Het zou
daarom bijzonder interessant zijn om het verband tussen CVS en de sociale en
culturele waarden van de hedendaagse adolescent nader te onderzoeken.

De toestand ‘CVS’ nader beschouwd
Op basis van de FIT-studies kunnen we ook de verschillende aspecten die de toestand ‘CVS’ karakteriseren meer in detail beschrijven. Een toestand moet worden
onderscheiden van de oorzaken en de effecten ervan. Bewusteloosheid, om een
voorbeeld te noemen, is een dimensionale toestand (dit is een toestand die gradaties
kent). Deze wordt beschreven aan de hand van bepaalde criteria (in dit voorbeeld: de
Glasgow Coma Scale). Verschillende risicofactoren bepalen het optreden van
bewustzijnsverlies, en deze toestand heeft op zijn beurt zelf weer bepaalde effecten.
De toestand ‘CVS’ is tot op heden alleen beschreven aan de hand van subjectieve
klinische symptomen, gedefinieerd in de CDC-criteria, de Oxford-criteria of de
recente richtlijnen uit het Verenigd Koninkrijk (van de Royal College of Paediatrics
and Child Health). Dat heeft tot gevolg dat CVS, zonder objectieve kenmerken, niet
gemakkelijk te onderscheiden is van de alomtegenwoordige klachten die veel mensen
op de achtergrond ervaren.
Eén van de doelen van de FIT-studies was om objectieve kenmerken te vinden voor
CVS. Objectieve kenmerken moeten aan drie criteria voldoen: ze moeten (liefst
uniek) een ziekte karakteriseren, ze moeten in relatie staan tot de ernst van de ziekte,
en ze moeten afnemen op het moment dat de ziekte afneemt of verdwijnt. Ze zijn
wezenlijk verschillend van risicofactoren, die immers kunnen voortbestaan terwijl de
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We hebben slechts een gering aantal sociale factoren bestudeerd in een beperkte
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patiënt al is genezen. In de FIT-studies hebben we geen objectieve kenmerken kunnen
vinden die aan alle drie de criteria voldoen. We hebben echter wel aanwijzingen gevonden welke factoren van belang lijken te zijn om de toestand ‘CVS’ te karakteriseren.
Het is echter goed mogelijk dat CVS zo heterogeen is dat het niet beschreven kan
worden als één toestand die karakteristiek is voor alle patiënten. Mogelijk zijn er
subgroepen van CVS-patiënten aanwezig, elk in een iets andere toestand met eigen
risicofactoren.
De volgende bevindingen uit de FIT-studies zijn waarschijnlijk belangrijk voor de
karakterisering van de toestand ‘CVS’:

Positieve relatie tussen vermoeidheid en andere lichamelijke symptomen
Gerapporteerde moeheid blijkt sterk gerelateerd te zijn aan gerapporteerde
andere lichamelijke symptomen, niet alleen bij adolescenten met CVS, maar
ook bij gezonde adolescenten (zie hoofdstuk 4). De waarneming van moeheid
loopt parallel met de waarneming van andere lichamelijke symptomen.
CVS bevindt zich aan het einde van een continuüm In hoofdstuk 4 laten we
zien dat de gecombineerde ervaring van moeheid en lichamelijke symptomen
een continuüm is met de adolescent met CVS aan het eind van het spectrum.
Deze bevinding ondersteunt de gedachte dat een mogelijk biologisch substraat voor de symptomen van CVS gezocht moet worden in een mechanisme
dat aanwezig is bij alle leden van de populatie.
Lagere pijndrempel Adolescenten met CVS laten een lagere pijndrempel
zien dan gezonde adolescenten (hoofdstuk 2). Pijn is een veel voorkomende
klacht van CVS-patiënten; dit is de eerste studie waar deze lagere pijndrempel in beschreven wordt. De drempel voor waarneming lijkt niet alleen voor
moeheid, maar ook voor pijn en andere lichamelijke symptomen verlaagd te zijn.
Lagere systolische en diastolische bloeddruk Zoals beschreven in hoofdstuk 2
kan deze lagere bloeddruk niet veroorzaakt worden door een gegeneraliseerde
afwijking in collageenweefsel, maar moet eerder gezien worden als een verandering in het autonome zenuwstelsel, dan wel een veranderde stress respons.
Hogere zintuiglijke input De observaties van een lagere pijndrempel en de
bevinding dat de waarneming van zowel moeheid als andere lichamelijke
symptomen versterkt is deden vermoeden dat de verwerking van prikkels op
het niveau van de hersenen misschien veranderd zou kunnen zijn. In hoofdstuk 7 rapporteren we dat de hersenactiviteit, gemeten d.m.v. een piekje in
het hersenfilmpje, na het toedienen van een geluidssignaal inderdaad
versterkt is, ook als gecorrigeerd wordt voor depressie en angst.
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Marginaal verminderde filtering van zintuiglijke informatie Filtering van
zintuiglijke informatie in de hersenen vindt normaliter plaats om er voor te
zorgen dat niet iedere zintuiglijke input bewust door het individu moet
worden verwerkt. Bij adolescenten met CVS blijkt dat deze filtermechanismen
marginaal verminderd zijn.

Al deze bevindingen leiden in dezelfde richting: een verandering in de waarneming
is de sleutel om CVS te kunnen begrijpen.
Adolescenten met CVS lijken symptomen intensiever waar te nemen dan gezonde
adolescenten en bovendien is hun zintuiglijke input groter. Veel studies laten zien dat
waarneming niet alleen bestaat uit het het passief ontvangen van informatie, maar
ingebed is in een patroon van verwachtingen en interpretatie dat de uitkomst van de
waarneming actief beïnvloedt. Waarneming en interpretatie kunnen niet los van
elkaar gezien worden. Er is niet eerst de waarneming, en pas daarna de interpretatie.
Waarnemen is altijd al waarnemen als iets. Daarbij wordt deze waarneming gekleurd
door onze kennis, opvattingen, wensen, verwachtingen, normen en waarden. Als we
bij voorbeeld de kaft van dit proefschrift bekijken, zien we niet alleen de streepjes en
stippeltjes van een tekening, maar we zien een figuurtje, misschien in een kamer of
in een doosje. We zien een menselijk figuurtje; is het een jongetje of een meisje? Het
kind met CVS ziet misschien een figuurtje dat geïsoleerd is van de rest van de
wereld. De auteur van dit proefschrift ziet in de figuur op de kaft de belangrijkste
vraag van dit proefschrift: wat is CVS?
Waarneming is vanzelfsprekend afhankelijk van fysieke en biologische factoren.
Maar het is ook afhankelijk van onze psychologische, sociale en culturele omgeving.
Als waarneming de belangrijkste sleutel is om CVS te kunnen begrijpen, zullen we
rekening moeten houden met al deze factoren. En zo komen we weer bij het centrale
thema van dit proefschrift: de noodzaak van de ontwikkeling van een biopsychosociaal
model om CVS te kunnen begrijpen en te kunnen behandelen.
Waarneming is ook geleerd en geoefend, in de eerste plaats door imitatie van en
reactie op de omgeving. Dit is niet altijd een bewust proces. Ons lichaam heeft de
neiging om steeds een evenwicht te zoeken en om gewoontes te vormen, ook als
het gaat om waarneming. Sommige gezonde adolescenten, bijvoorbeeld, ervaren
ook ernstige moeheid en andere lichamelijke symptomen, maar zien deze symptomen
blijkbaar niet als iets abnormaals wellicht omdat ze geleerd hebben dat deze ervaring
normaal is. Gewoontes helpen ons aan te passen aan verschillende omstandigheden.
CVS kan gezien worden als een onaangepastheid waarbij gewoontes gevormd zijn
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die niet langer ondersteunend zijn voor het gewone leven, maar dat eerder bemoeilijken.
Cognitieve gedragstherapie zal uiteindelijk kunnen leiden tot verandering van die
gewoontes en van een verandering in de waarneming van symptomen.
De bovenstaande bevindingen van de FIT-studies leiden ten slotte tot de volgende
vier stellingen over CVS.

Stelling 1. Het biopsychosociale model biedt een beter begrip en aanpak
van CVS dan het dominante biomedische model.
Het dominante biomedische model voor CVS is waarschijnlijk het neurobiologische
model. In een recent gepubliceerd boek, Fatigue as a Window to the Brain, wordt een
uitvoerige uiteenzetting gegeven over de neurobiologie van moeheid en van CVS in het
bijzonder. De auteurs bespreken de oorzaak van moeheid bij verschillende ziektes
die geassocieerd zijn met moeheid, zoals kanker, decompensatio cordis, AIDS, en
multipele sclerose. Doel is het vinden van een gemeenschappelijke pathofysiologie.
Neurobiologisch beschouwd lijkt moeheid het gevolg van een complexe interactie
tussen cytokines, veranderingen in de hypothalame-hypofysaire-bijnieras en het
serotonine-metabolisme. De dysbalans in hormonen en neurotransmitters in de
hersenen zou leiden tot een dysfunctie van het centrale zenuwstelsel, en meer
specifiek, van de limbische-prefrontale cortex.
Wij hebben in de FIT-studies verschillende psychosociale risicofactoren vastgesteld,
zoals overtuigingen over ziekte en gezondheid, die niet eenvoudig in een neur
obiologisch model te vangen zijn. Dat kan alleen als deze ziekte-overtuigingen zelf
gereduceerd kunnen worden tot neurobiologische fenomenen. Het is voorstelbaar
dat veranderingen in ziekte-overtuigingen ook neurobiologische fenomenen
beïnvloeden, maar een directe reductie van een mentaal fenomeen zoals een
overtuiging over ziekte naar een neurobiologische structuur lijkt ver weg.
Maar zelfs als toekomstig onderzoek een (gedeeltelijke) reductie van het biopsychosociale model naar een biomedisch model mogelijk zal maken en we misschien de
biologische route naar CVS zullen leren kennen, dan nog zullen er voor de individuele
patiënt altijd risicofactoren van verschillende aard meespelen. Voor elke patiënt zal het
nodig blijven om de bijdrage van genetische, biologische, gedrags- en psychologische
factoren te onderscheiden. Deze bijdrage zal voor elke patient verschillend zijn, net
zoals bij patiënten met een infectie met de Helicobacter pylori bacterie: verschillende
risicofactoren bepalen samen of er uiteindelijk een gastritis ontstaat.
Voor de nabije toekomst is een rijker model nodig dan het biomedische model om
CVS te kunnen begrijpen en om voldoende aangrijpingspunten te vinden voor
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factoren zijn op zichzelf voldoende verklarend voor de etiologie van CVS. Het integreren
van deze factoren, zoals gebeurt in het biopsychosociale model, is noodzakelijk. Dat
model kan ook in een klinische context vruchtbaar zijn.

Stelling 2. CVS is een dimensionale aandoening zonder duidelijke
begrenzing tussen de gezonde en de aangedane adolescent
Onze studies geven voldoende bevestiging voor CVS als een multifactoriële dimensionale aandoening. De groep adolescenten met CVS heeft een aantal biologische,
psychologische en sociale karakteristieken. De meeste daarvan zijn subjectief en
dimensionaal (kennen gradaties). De moeilijkheid van het definiëren van CVS is niet
uniek. Die geldt ook voor andere dimensionale aandoeningen zoals hoge bloeddruk,
waarbij er niet één punt kan worden bepaald waarbij de bloeddruk abnormaal wordt,
maar eerder een geleidelijk toenemend risico met ongunstige consequenties.
Het probleem met dimensionale aandoeningen ten opzichte van categorale aandoeningen is de begrenzing ten opzichte van de normale toestand. Dit is zowel voor de
dokter als voor de patiënt een probleem. De gezonde adolescent zal de symptomen
van moeheid en geassocieerde symptomen toeschrijven aan te weinig slaap, slechte
voedingsgewoontes of niet in vorm zijn. Degenen met CVS, echter, ervaren deze
versterkte symptomen als een gezondheidsprobleem waarmee je naar de dokter
gaat. Van de dokter wordt dan ook een oplossing verwacht. Dit verschil tussen de
gezonde adolescenten en die met CVS is waarschijnlijk een gevolg van het feit dat
de herkenning van een symptomencomplex als abnormaal met de noodzaak tot
medisch onderzoek sterk gerelateerd is aan gezondheidsovertuigingen, eerdere
ervaringen, geneeskundige kennis en waardes in de familie (zie hoofdstuk 3). Om
symptomen als een gezondheidsprobleem te bestempelen, moeten de symptomen
een last zijn en leiden tot belemmeringen. Volgens de CDC-criteria en de Oxfordcriteria moeten de symptomen aanleiding geven tot een aanzienlijke beperking van
dagelijkse activiteiten.
De beperkingen van CVS-patiënten zijn het gevolg van hun subjectieve ervaring en
daarom moeilijk te beoordelen door dokters. Dokters worden geconfronteerd met
twee opties: of het symptomencomplex te labelen als normaal, of het te beschouwen
als een aanwijzing voor een aandoening. Zodra de symptomen gelabeld worden als
de aandoening CVS kan dit allerlei ongewenste consequenties hebben, zoals legitimatie van ziektegedrag, problemen met de verzekering, sociale verzekering, etc. Aan
de andere kant kan het labelen van de klachten als CVS de weg vrijmaken voor
behandeling. De geruststelling dat deze symptomen normaal zijn zal in een beginfase
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behandeling. Geen van de biologische, psychiatrische, psychologische of sociale
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misschien volstaan, maar in een latere fase vaak onvoldoende zijn. De adolescent zal
zich dan genoodzaakt voelen om de symptomen te benadrukken en de presentatie
aan te scherpen omdat de dokter de ernst van de symptomen blijkbaar niet inziet.
De beslissing om een symptomencomplex te labelen als CVS moet gebaseerd zijn
op een evaluatie van de symptomen van de adolescent in een bredere context. Deze
context omvat ook overtuigingen binnen een gezin over de waarde en de betekenis
van symptomen en de eigen invloed op ziekte en gezondheid. De evaluatie zal ook
een analyse van de voor- en de nadelen van het label CVS moeten omvatten, en de
motivatie van de adolescent om al of niet een behandeling te ondergaan.

Stelling 3. De omgekeerde geslachtsverhouding van ADHD en CVS, in
combinatie met een gedeelde neurocognitieve tekortkoming, suggereert
een gedeelde basis voor deze aandoeningen, met geslacht als de
belangrijkste determinant voor de klinische uitkomst.
In hoofdstuk 6 worden de neurocognitieve prestaties van CVS-patiënten vergeleken
met die bij ADHD. Bij beide aandoeningen wordt een verminderde prestatie gezien
bij het uitvoeren van een complexe taak, namelijk een taak waarbij interfererende
informatie wordt aangeboden. De vaders van de adolescenten met CVS laten deze
verminderde prestatie ook zien. Dit gebrek aan inhibitie is eerder voorgesteld als een
endofenotype voor ADHD, omdat dit ook gezien wordt bij familieleden van een
ADHD patiënt, zonder dat deze de kenmerkende verschijnselen van ADHD hebben.
Dit gebrek aan inhibitie zou continu over de populatie verdeeld zijn, met ADHD aan het
eind van de verdeling. Net als ADHD is ook CVS dimensionaal en multifactoriëel, zonder
duidelijke begrenzing tot de niet-aangedane individuen (zie stelling 2 en 4). Ze hebben
beide een genetische basis, met toegenomen concordantie in eeneiige tweelingen.
De geslachtsverhouding binnen de populatie van CVS-patiënten hangt af van de
definitie van de aandoeningen, de leeftijd, of al of niet klinische of populatie studies
verricht zijn; ze fluctueert van 1:1 in de jongere leeftijdsgroep tot 5:1 in de oudere
leeftijdsgroep. ADHD is onderverdeeld in 3 subtypes, het aandachtstekort type, het
hyperactieve-impulsieve type en het gecombineerde type, en de geslachtsverhouding
varieert tussen deze subtypes. In niet-klinische studies, die ook het aandachtstekort
type betreffen, is de geslachtsverhouding 1:1. Die loopt op tot 1:9 bij klinische
studies waarbij meer gecombineerde subtypes en hyperactieve-impulsieve subtypes zijn
betrokken. De onderliggende oorzaak voor deze geslachtsverschillen is niet bekend.
Het klinische beeld van CVS en het aandachtstekort subtype van ADHD zijn meer
overeenkomend dan de beide namen suggereren. Kinderen met het aandachtstekort
subtype worden beschreven als dagdromers, traag, futloos en weinig actief. Onder
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de - onder alle omstandigheden - passieve CVS-patiënt en aan de andere de
relatief actieve CVS-patiënt. Andere lichamelijke symptomen, zoals benodigd voor
de CDC-inclusiecriteria voor CVS, worden niet beschreven bij adolescenten met
ADHD.
De psychiatrische comorbiditeit van beide aandoeningen komt opvallend overeen.
Bij meisjes met ADHD met het aandachtstekort subtype blijkt meer angst en
depressie voor te komen. In hoofdstuk 5 van dit proefschrift staat beschreven dat
ook adolescenten met CVS meer angst en depressie laten zien, zoals overigens ook
al bekend was uit andere studies. Psychiatrische comorbiditeit, zoals oppositionele
stoornissen, worden meer gezien bij het gecombineerde en het hyperactieveimpulsieve subtype van ADHD en meer bij jongens. Deze psychiatrische comorbiditeit
wordt niet beschreven bij adolescenten met CVS.
Psychopathologie bij de moeders komt meer voor in gezinnen waarbij een kind CVS
heeft, zoals beschreven in hoofdstuk 5. Het risico voor psychopathologie voor
familieleden is eveneens verhoogd in gezinnen met een kind met ADHD.
Bovenstaande argumenten ondersteunen een zoektocht naar een gemeenschappelijke
moleculair-genetische basis die in combinatie met verschillende omgevingsfactoren
kan leiden tot CVS en ADHD. Bij ADHD zijn reeds verschillende polymorfismen
aangetoond die betrokken zijn bij de ontwikkeling van de aandoening. De gevonden
loci overlappen met die voor dyslexie en autisme. Het zou een uitdaging zijn om te
zoeken naar overeenkomstige polymorfismen bij adolescenten met CVS en dan met
name díe adolescenten met CVS die hetzelfde neurocognitieve gebrek laten zien.

Stelling 4. Elke poging om het ontstaan van CVS alléén te verklaren
vanuit omgevingsfactoren zal gedoemd zijn te mislukken
Zoals we hebben gezien, zijn er vele omgevingsfactoren betrokken bij de ontwikkeling
van CVS. Maar CVS komt ook voor in families, zoals al eerder besproken in hoofdstuk
5. Dat CVS niet alleen in families voorkomt vanwege een gedeelde omgeving, maar
ook vanwege een gedeelde aanleg, wordt bevestigd door een grote tweelingstudie
naar chronische moeheid en CVS door Buchwald, die een hogere concordantie vond
bij eeneiige tweelingen (0.55) vergeleken met twee-eiige tweelingen (0.15). Hickie voerde
een andere grote tweelingstudie uit naar aanhoudende moeheid en vond een drie
keer grotere correlatie bij eeneiige tweelingen vergeleken met twee-eiige tweelingen
(0.49 versus 0.16); dat wijst opnieuw op een sterke genetische associatie.
CVS komt inderdaad vaker voor in families, maar is tegelijkertijd zeer heterogeen in
klinische presentatie. Dat maakt het zeer onwaarschijnlijk dat slechts een enkel gen
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de CVS patiënten worden twee subgroepen onderscheiden, met aan de ene kant
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de aandoening bepaalt. Bij een complexe aandoening als CVS is het waarschijnlijk
dat verschillende genen in combinatie werkzaam zijn. Deze genen verhogen met
elkaar de kans op het voorkomen van CVS, maar veroorzaken de aandoening niet
op een directe manier. CVS is geen genetische aandoening in strikte zin. Of de aandoening al dan niet tot expressie komt zal afhangen van een reeks omgevingsinvloeden in combinatie met specifieke genetische aanleg.
De meest belovende onderzoeken op dit moment naar mogelijke aanwijzingen voor
genetische oorzaken van CVS zijn associatiestudies met kandidaat-genen of
kandidaat-polymorfisme profielen. Recent is een grote studie uitgevoerd in Wichita
(US), waarbij 227 volwassenen met CVS en 60 niet-vermoeide gezonde individuen
klinisch onderzocht zijn (medisch, psychiatrisch, medische testen). De resultaten
van het klinisch onderzoek werden gecombineerd met de genetische profielen van
de proefpersonen. De onderzoekers hebben daarbij gekozen voor 50 kandidaatgenen en 500 polymorfismen die een rol speelden in de hypothalame-hypofysairebijnier as. Vijf SNP’s (Single Nucleotide Polymorphism) in drie genen bleken belangrijk
te zijn. Deze genen zijn alle gerelateerd aan die delen van de hersenactiviteit die
betrokken zijn bij de stress respons, zoals cortisol en serotonine.
Deze genetische aanleg zal een verscheidenheid in genactiviteit tot stand brengen
die bepalend kan zijn voor het vermogen van het lichaam om zich aan te passen
aan de uitdagingen en de stress van het dagelijkse leven, maar ook aan grotere
gebeurtenissen zoals infecties en trauma’s. Hoewel op dit moment geen specifieke
genen zijn gevonden, is het goed mogelijk dat het genetische risico eerder komt van
een extreme expressie van een normaal gen dan van een gemuteerd gen. Deze
genen zullen voortdurend van invloed zijn op dimensionale eigenschappen, zoals de
perceptie van symptomen. Die hoeft niet pathologisch te zijn, maar wel geassocieerd
met een toegenomen risico op CVS.
Dit leidt tot de conclusie dat CVS het resultaat is van de interactie van genetische
aanleg, omgevingsfactoren en risicovergrotend gedrag. Sommige risicofactoren zijn
specifiek voor CVS, maar in meerderheid gaat het om risicofactoren voor een aantal
aandoeningen.
Hoewel er genoeg aanwijzingen zijn dat CVS ook een genetische oorsprong heeft,
mag men daaruit niet afleiden dat de uitkomst (CVS) van een bepaald genetisch profiel
deterministisch is. Of en wanneer bepaalde genen tot expressie komen, en in welke
mate, zal altijd afhangen van de interactie met omgevings- en gedragsfactoren.
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List of Abbreviations
ADHD

Attention Deficit and Hyperactivity Disorder

BJHS

Benign Joint Hypermobility Syndrome

BMI

Body Mass Index

BUA

Broadband Ultrasound Attenuating

CBG

Corticosteroid Binding Globulin

CBT

Cognitive Behavioural Treatment

CC

Compliance Coefficient

CDC

Centers for Disease Control and Prevention

CDI

Children’s Depression Inventory

CFS

Chronic Fatigue Syndrome

CHQ

Child Health Questionnaire

CI

Confidence Interval

CIMT

Carotid Intima-Media Thickness

CIS-20

Checklist Individual Strength (20 items)

CRF

Corticotropin Releasing Factor

CSI

Children’s Somatization Inventory

DC

Distensibility coefficient

EDS

Ehlers Danlos Synrome

EEG

Electro-encephalogram

EFT

Eriksen Flanker Task

EMG

Electromyogram

ERP

Event-related potential

FIT

Fatigue in Teenagers

HP

Hydroxylysylpyridinoline

HPA

Hypothalamic Pituitary Adrenal

Hyp

Hydroxyproline

IL

Interleukine

JRA

Juvenile Rheumatoid Arthritis

LP

Lysylpyridinoline

ME

Myalgic encephalomyelitis

MHLC

Multidimensional Health Locus of Control

188

Negative amplitude in EEG approximately 100 ms after the stimulus onset

NA

Not applicable

OR

Odds ratio

P50

Positive amplitude in EEG approximately 50 ms after the stimulus onset

PA

Pulse alone

PP

Prepulse

PPI

Prepulse Inhibition

PTSD

post-traumatic stress disorder

QUS

Quantitative ultrasound

RC

Reliability Coefficient

RCPCH

Royal College of Paediatrics and Child Health

RNA

Ribonucleic acid

SCL-90

Symptom Check List (90 items)

SD

Standard Deviation

SNP

Single Nucleotide Polymorphism

SOS

Speed of Sound

SPSS

Statistical Package for the Social Sciences

STAIC

Spielberger State-Trait Anxiety Inventory for Children

TAS-20

Toronto Alexithymia Scale (20 items)

UMCU

University Medical Center Utrecht

WHO

World Health Organization

YEM

Young's elastic modulus

Z score

Normal score: number of standard deviations below or above the mean
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Uitnodiging
Voor het bijwonen van de openbare
verdediging van het proefschrift:

Exploring Chronic Fatigue
Syndrome in Adolescents

Datum en tijd
Op dinsdag 19 september 2006
om 16.15 uur
Plaats
In het Academiegebouw,
Domplein 29 te Utrecht

E. M. van de Putte

Exploring Chronic Fatigue
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Elise van de Putte
Haagstraat 34
3581 SX Utrecht
e.vandeputte@umcutrecht.nl

Feestelijke receptie
Na afloop van de promotie bent u van harte
uitgenodigd voor een feestelijke receptie
tot 20.00 uur in de Hortus Botanicus,
Universiteitsmuseum, Lange Nieuwstraat
106. Loopafstand 15 minuten vanaf het
www.museum.uu.nl
Academiegebouw.
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