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Stellingen behorende bij het proefschrift: 

Intelligence and functional somatic symptoms and syndromes 

1. Mensen met een lagere intelligentie hebben gemiddeld genomen meer functioneel 

somatische symptomen dan mensen met een hogere intelligentie. (dit proefschrift) 

2. De rol van ongewilde werkloosheid in het verklaren van de associatie tussen lage intelligentie 

en functioneel somatische symptomen verdient meer aandacht in vervolgonderzoek. (dit 

proefsch rift) 

3. Ouders met hoge academische verwachtingen verhogen de kwetsbaarheid van jongeren 

met een lage intelligentie voor functioneel somatische symptomen in adolescentie, maar niet 

voor somatische symptomen op volwassen leeftijd. (dit proefschrift) 

4. De associatie tussen hogere intelligentie en functioneel somatische syndromen zou kunnen 

betekenen dat een hogere intelligentie het makkelijker maakt om hulp te zoeken of om zelf 

een diagnose te passen bij de klachten. (dit proefschrift) 

5. Een ongezonde leefstijl verklaart een deel van het verband tussen lage intelligentie en kortere 

telomeren in volwassenen. (dit proefschrift) 

6. Een ziekte begint bij een diagnose. 

7. Je bent zo ziek als je je gedraagt. (J. Spanjer, uitzending Tegenlicht: "Dokter u maakt me ziek!''. 

2004) 

8. If you have to prove you are ill, you cannot get well. (N.M. Hadler, 1996) 

9. De aandacht die aan biomedische oorzaken van klachten wordt geschonken in de medische 

opleiding is niet proportioneel met het aandeel van deze oorzaken van klachten in de klinische 

praktijk. 

10. Voortschrijdend inzicht is een teken van persoonlijke ontwikkeling. 

11. If you can't explain it simply, you don't understand it well enough. (A. Einstein 
r---------
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Chapter 1 
General introduction 

Revised version of chapter: "Intelligence: a vulnerability factor for functional somatic symptomsr 

Kingma EM, Tak LM, Rosmalen JGM published in: Advances in psychology research volume 63, 

Nova Science Publishers, Inc., Hauppauge, New York, 2009, pp. 165-77 





General introduction 

Functional somatic symptoms 

The experience of somatic symptoms in the general population is a very common phenomenon; almost 
every person experienced at least one symptom during the preceding month 1• An organic etiology 
is discovered for only a minority of the somatic symptoms 2. These somatic symptoms that cannot be 
conclusively explained in terms of conventionally defined organic pathology are referred to as functional 
somatic symptoms 3• 4• Moreover, even in the presence of demonstrable organic disease, but when 
somatic symptoms are in excess of what would be expected, these symptoms could be considered 
functional 5• 6. 

There are many other terms for 'functional somatic symptoms; such as 'medically unexplained 
symptoms; 'psychosomatic symptoms; 'vague symptoms; 'symptoms that are difficult to objectify; and 
'subjective health complaints'. This unequivocal terminology has repeatedly been subject of debate. It 
was agreed that, at least for the scientific community, it would be preferred to use a single term. We 
will use the term 'functional somatic symptoms (FSS); since this definition side steps the psychological 
versus physical dichotomy, is etiologically neutral, and has the advantage of avoiding the 'non-diagnosis' 
of 'medically unexplained' 4• Historically, 'functional' refers to an altered functioning of the nervous system 
7, illustrating deviation from normal functioning. Therefore, this term provides a rationale for treatments, 
if available, aimed at restoring normal functioning 8. Perhaps more important, patients feel less offended 
by the term 'functional'. In former research, different terms for unexplained leg weakness were judged 
by Neurology outpatients as suggesting that the doctor thought their symptoms were 'put on' or 'all in 
the mind' 4• Terms such as 'medically unexplained' and 'psychosomatic' were rated negatively, whereas 
'functional' was the term most acceptable to patients. We replicated this study in two Dutch general 
practices and studied how patients interpret different terminologies for medically unexplained fatigue 
9• Results revealed that 'functional fatigue' was less negatively interpreted, compared to for example 
'psychosomatic fatigue'. Terms for FSS that refer less to a psychological basis might be most acceptable 
for the patient. Nevertheless, when doctors use a specific term when communicating with the patient 
they should clarify the meaning of that term. Terms that refer less to a psychological basis may be more 
acceptable for the patient, but assuming that their symptoms have a somatic origin could predict worse 
outcome 10• 

Although only a minority of the people seek medical attention for FSS, these are the most common 
single category of symptoms in primary care and form a substantial part of the complaints presented in 
medical specialties 11• Reported prevalence rates of these symptoms depend on the population studied 
and on the method of symptom detection 12•17• In general practice, 30 to 50% of the presented somatic 
symptoms are considered to be FSS 18• In medical specialties, including Neurology, Rheumatology, 
Gastro-enterology, Cardiology, Gynecology 19 and Internal Medicine 20, percentages between 40 and 60% 
are reported. Most FSS disappear spontaneously, but a substantial part becomes persistent 21• Research 
showed that one fourth of the FSS presented in primary care or population based studies is persistent or 
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Chapter 1 

recurrent 6. Patients presenting with persistent FSS report increased psychological problems and more 

functional impairments in different aspects of their lives compared to patients without FSS 22-24. When 

FSS are present, patients appear to use approximately twice the outpatient and inpatient medical care 

utilization and twice the annual medical care costs of patients with medically explained symptoms 25. 

Health care use of patients with FSS is associated with increased dissatisfaction with care, next to the 

excessive worries about health 26. However, dissatisfaction with health care frequently does not lead to a 

stop in health care seeking, but often leads to seeking better care, resulting in an increase in health care 

costs. It stresses the need that establishment of a stable doctor-patient relationship needs more effort 

in patients with FSS 27. 

Summarizing, FSS constitute a major health care problem: they are common, can be disabling for 

patients, and because patients with FSS can be very healthcare consuming, FSS are also costly for society 
ius, '9• Insight into their etiology is therefore important. 

Functional somatic syndromes 

Sometimes related FSS cluster and functional somatic syndromes or disorders (FSD) can develop. 

Although many different clusters of FSS have been described, there are three main types of somatic 

complaints in FSD: pain in different locations (e.g. back, head, muscles or joints, abdomen, chest); 

functional disturbances in different organ systems (e.g., palpitation, dizziness, constipation or diarrhea, 

movement, sensation), and complaints related to fatigue and exhaustion 30. Over time, many different 

FSD diagnoses or labels have been described. Almost every medical specialty has at least one FSD: 

for rheumatologists this is fibromyalgia; for gastroenterologists this is irritable bowel syndrome; for 

infectious-disease specialists this is chronic fatigue syndrome; for neurologists this is tension headache; 

and for gynecologists this is premenstrual syndrome or chronic pelvic pain 31• Some FSD diagnoses 

come and go. These so called "fashionable diagnoses" are phenomenological related to environmental 

or occupational syndromes and mass psychogenic i 11 ness 32. For exam pie, 'Whiplash; a complex of various 

FSS after specific movement of the head due to a rear-end motor vehicle collision 33, has been compared 

with 'railway spine; a nineteenth-century complex of various FSS experienced after railway accidents 34• 

Whether all FSD are manifestations of a single disorder has been a matter of debate. What specific FSD 

diagnosis is given for the disorder might be based on the most prominent symptom and on the medical 

department where the symptom is presented to. However, not every person that fulfils the criteria for 

an FSD presents a formal diagnosis 10• 35. The probability of receiving an FSD diagnosis may depend on 

the doctors that are consulted, since they decide whether presented symptoms meet the criteria for a 

specific FSD diagnosis, but also the patient itself can influence the process of syndrome labeling 10• It 

is interesting to study the factors explaining this discrepancy, especially if one realizes that an FSD is in 

essence nothing more than a synonym of a cluster of complaints 36. 
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General introduction 

Somatization 

Nowadays, somatization is sometimes referred to as the experience of FSS and FSD, but it can be argued 

that this is incorrect. Historically, somatization is defined as the tendency to communicate emotional 

distress into physical or bodily terms 37, indicating that somatization is a process. Whereas somatization 

indeed involves the experience of FSS, persons experiencing FSS do not necessarily somatize. 

The etiology of functional somatic symptoms 

Both patients and doctors tend to have a dualistic view on the nature of somatic symptoms. Symptoms 

are either considered somatic and 'real; or when no organic pathology can be found, symptoms are 

considered psychological and 'not real'. This dualistic view leads to problems when diagnosing and 

treating FSS, especially when patients and doctors have different views on the nature of FSS. Doctors tend 

to focus on psychological explanations 38• 39, whereas patients are often dissatisfied with psychological 

labels for their somatic symptoms 4• 40• Patients are afraid of not being taken seriously and they have often 

disbelieve in the effectiveness of psychosocial treatment for their somatic complaints 40• Patients prefer 

a somatic diagnosis 4• 9. 

Although it is not fully understood what actually causes FSS, somatic and psychological factors are 

not mutually exclusive. Underlying processes leading to the development and persistence of FSS are 

multifactorial, including complex interactions between biological, psychological, and social factors 
41

-4
3• These factors in the etiology of FSS are sometimes divided into predisposing, precipitating, and 

perpetuating factors 44• Predisposing factors are factors that make a person vulnerable for developing 

FSS. A person may be predisposed to develop FSS because of personality characteristics, or because 

of family and personal experience of illness 5• Precipitating factors may trigger FSS by a variety of 

factors including psychosocial stress and minor physical illness 5• Perpetuating factors are factors that 

contribute to the maintenance of FSS. These include patient factors such as a somatic attribution style 

or dysfunctional coping, but also doctors can contribute to the maintenance of FSS by the process of 

iatrogenic somatic fixation 45• 

Many models have been suggested for the explanation of the etiology of FSS. One such model is the 

model depicted in figure 1 by Mayou et al.44 which was originally published in 1995 46. This model 

demonstrates the multicausal interactive etiology resulting in the experience of FSS. Central in this 

model is a persons' cognitive interpretation, which is responsible for experiencing bodily sensations as 

FSS. Bodily sensations refer to a person's experience of changes in their body or its functioning 5• Somatic 

symptoms are bodily sensations associated with a fear or belief that they indicate disease; irrespective of 

whether disease is actually present 5• 

Whereas characteristics of the social environment are especially involved in the maintenance of FSS, 

the cognitive interpretation is also important in the initial development of FSS. Cognitive interpretation 
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Chapter 1 

is the end-result of interplay between personality and mental state on one hand, and knowledge and 
beliefs on other hand. It can be argued that an individual characteristic that contributes to this cognitive 
interpretation is intelligence. 

Knowledge 
Beliefs 

Bodily perceptions 

� Cognitive 1rp,etalion -+-- Personality 
Mental state 

! Maintaining factors: 
8 mpt • Secondary physiological, 
� oms psychological, and Behavioural change � behavioural changes Disability • Iatrogenic factors 

• Reactions to others 

Figure 1. Mayou's model of the interactive etiology of "unexplained symptoms" 

Reprinted with permission from "Functional somatic symptoms and syndromes" 

by Mayou et al. BMJ. 2002. 

Intelligence 

Intelligence is an ability to understand complex ideas, to adapt effectively to the environment, to learn 
from report, and to engage in various forms of reasoning, to overcome obstacles by taking thought 
47. Intelligence is not directly observable; the construct intelligence is measured with an intelligence 
test. An intelligence quotient (IQ) is considered as an acceptable proxy for intelligence 47. The scores 
of an intelligence test are usually reported in a verbal IQ and a non-verbal, so called performance IQ. 
Verbal IQ consists of linguistic skills and performance IQ measures the spatial skills. Tests of intelligence 
come in many forms 48. Many intelligence tests consist of different subscales to test different abilities, 
and individuals rarely score equally well on all different subscales. However, people who score high 
on one subscale are likely to be above average on other subscales as well. This means that there is a 
positive correlation between subscales measuring different abilities 48. Inter-correlation suggests that 
intelligence tests measure some global element of intellectual ability as well as specific cognitive skills. 
This suggestion formed the basis of the so called general intelligence factor g 49. All the intellectual 
abilities of a person tend to correspond with his or her g level, what could suggest that the accumulation 
represents a previous adeptness in learning and understanding new information 49. 

Intelligence as a predictor of disease 

At the start of the twenty-first century, there was a new development in the domain of intelligence 
research when intelligence measures were included in large-scale epidemiological health research with 
population-representative samples 50. A few years later the emergence and growth of a new research field 
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established intelligence as a predictor of health, illness, and death, described as 'cognitive epidemiology' 
51. Among the findings in this field was the replicated association between lower intelligence test 

scores in childhood and dying earlier 50. In a systematic review and meta-analysis, it was found that one 

standard deviation increase in intelligence was associated with 24% lower risk of death over a follow-up 

range of 17 to 69 years 52. Several possible non-exclusive mechanisms for this association have been 

proposed 53. The two most studied are that low intelligent individuals tend to find themselves in more 

adverse or stressful environments 54-57 and engage themselves in more unhealthy behaviors 53. As both 

stress 58• 59 and unhealthy behaviors 60 are associated with morbidity and mortality; they are considered 

as possible mediators in the association between intelligence and health. Although these mediators 

might be regarded as more general factors making lower intelligent persons vulnerable for disease, a 

clear chain of causation from intelligence to health outcomes has not emerged 53. 

Besides its association with somatic disease and mortality, low intelligence has been associated with 

mental health outcomes as well 61• For example, a standard deviation decrease in intelligence at about 

age 20 has been associated with about 50% greater risk of hospitalization for schizophrenia, mood 

disorder, and alcohol-related disorders 62. Furthermore, there are several studies on the interactions 

between intelligence and personality, for example showing that intelligence is negatively associated 

with neuroticism and negative affectivity 63· 64. This interaction is suggested to account for much of the 

psychological variability between individuals 63. Whereas personality factors have been extensively 

studied as vulnerability factors for FSS 65·67, intelligence has been relatively ignored. Intelligence might 

be an important personal characteristic in relation to the interpretation of somatic sensations and 

symptoms 68 and in the ideas about cause-symptom relationships 69• We hypothesize that intelligence is 

one of the predisposing factors of FSS and studying the relation between intelligence and FSS may give 

more insight in its etiology. 

Intelligence and functional somatic symptoms 

As already noted, studies towards intelligence as a predisposing factor for FSS are virtually absent. One 

study directly tested whether general intelligence was related to self-reported somatic symptoms in 

a sample of young male military recruits 69. This study found that general intelligence was inversely 

related to self-reported somatic symptoms, but the study did not discriminate between FSS and 

somatic symptoms in general. In accordance with these results, studies on constructs related to general 

intelligence, especially educational level 70, suggest an inverse association between intelligence and 

FSS. A common finding is that lower educational level is associated with a higher number of FSS 11• 12• 21 • 

11-74_ Besides female gender, educational level has even found to be the most important demographic 

factor associated with symptom reporting, that persisted after adjusting for psychiatric comorbidity 73. 

However, it has not been elaborated whether this association of educational level with FSS is explained 

by intelligence. In contrast to intelligence, educational level is a broad construct influenced by both 

individual and social factors, and thereby not very informative concerning the exact mechanisms 

contributing to the development of FSS. 

15 



Chapter 7 

Potential mechanisms for the link between intelligence and functional somatic symptoms 

Intelligence may operate through several mechanisms, influencing the cognitive interpretation of 

bodily sensations as FSS. For example, high intelligence may be preventive for precipitating factors 

that influence an individual's bodily perceptions or their cognitive interpretation. An example of such 

factors is exposure to psychosocial stress. In addition, intelligence may influence interactions with 

others leading to the development or perpetuation of FSS. Next, potential mechanisms to explain the 

association between intelligence and FSS will be outlined. 

Mechanism 1: psychosocial stress 

Psychosocial stress is a possible mechanism involved in explaining the association between intelligence 

and FSS. Stress has been defined as environmental demands that individuals appraise as exceeding their 

coping abilities 75• This definition clearly indicates that stress comprises two components: the presence 

of a stressor (i.e. demand from an individual's environment) and the subjective experience of stress due 

to the presence of this stressor (i.e. the appraisal that the stressor exceeds the coping abilities) 76. 

Several studies on differences between people with low intelligence and high intelligence have been 

done, indicating that both components (presence of a stressor and coping abilities) are likely related to 

intelligence. Concerning the presence of stressors, people with high intelligence have on average more 

years of education, higher status jobs, higher income, and thus a better socioeconomic status (SES) 77• In a 

review about the distribution of stressful life-events according to demographic factors, it was concluded 

that these events are more frequent in persons with low SES 56. The authors suggest that people with 

lower SES have limited opportunities and resources compared with people with higher SES, leading to 

exposure to greater numbers of negative events in low SES groups 56. Besides the amount of exposure to 

stressful life-events, research suggests a difference in coping with stressful situations between persons 

with low and high SES 78, where non-poor subjects use problem-focused coping methods more than the 

poor-groups which rely more on emotionally-focused coping strategies 79. It is conceivable that there 

is also a difference in coping with perceived psychosocial stress between persons with low and high 

intelligence 80. In summary, low intelligence might be associated with both high exposures to stressors 

and ineffective coping abilities, leading to a relatively high amount of experienced psychosocial stress 

associated with low intelligence. 

Psychosocial stress is an important contributor to a wide variety of psychiatric and somatic health 

outcomes 56· 81, including FSS. An important theory about the etiology of FSS is the chronic stress 

hypothesis, advancing the widely accepted idea that psychosocial stress has part in the development 

and experience of FSS. Whether psychosocial life stress precedes FSD has been answered with a 'fairly 

unequivocal yes'43• Underlining the association between psychosocial stress and FSS in clinical disorders, 

a study that examined associated factors in FSD in the general population also found that report of 

major life events in the preceding six months was associated with these disorders 82• Psychosocial stress 

may lead to FSS via cognitive-behavioral 43 and physiological mechanisms 83. 
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General introduction 

Mechanism 2: doctor-patient communication 

When FSS result in help-seeking behavior, low intelligence may lead to communication problems 
between doctor and patient, affecting the doctor-patient relationship. Indeed, a review concluded 
that patients' communicative behavior is directly influenced by their educational level 84• Patients with 
higher education elicit more information from their doctor because they ask more questions, are more 
opinionated and show more affective expressiveness. Specific intellectual abilities may directly influence 
communication skills. General intelligence includes verbal and performance components; patients with 
low verbal intelligence may have difficulties in putti.1g their emotions, pain, and complaints into words. 
It could be problematic when persons with low verbal intelligence present symptoms to their doctor. On 
the other hand, doctors may inaccurately assume that patients with lower education are not particularly 
interested in or capable of learning about their health and participating in care, and as a result doctors 
show less affect, involve patients less in treatment decisions, and express less concern 84. 

When patients and doctors have problems in communicating with each other, doctors may become 
inclined in diagnosing complaints more easily as functional. In that way, the perception of doctors may 
be influenced and they may be prejudiced when patients with low intelligence seek help for somatic 
complaints. Indeed, studies found that doctors tend to underdiagnose FSS, especially when they perceive 
the interaction with the patient as positive, whilst a negative interaction with a patient may rather lead 
to immediate correct diagnosis of FSS 28• Doctor-patient communication might be especially relevant 
in case of persons at high risk for FSS, since it has been reported that doctors have difficulties in dealing 
with those patients 38• 39• For example, doctors are unable to reassure their patients suffering from FSS 
which increases the distress associated with FSS 42• Patients with FSS, in turn, more often feel that they 
are not taken seriously or not involved in treatment decisions, and more often report that the doctor 
did not take sufficient time 24• Thus, FSS patients and their physicians frequently have communication 
problems 42. 

Concluding remarks 

FSS constitute a major health care problem because they are common, disabling for patients, and costly 
for society 19•22•25 . Therefore, research on the etiology of FSS is important. Better knowledge of the etiology 
will be helpful in understanding why FSS develop in one person, but not in the other. In this thesis, low 
intelligence was introduced as a potential predisposing factor in the development and maintenance of 
FSS. One possible pathway is via the preventive role of high intelligence for precipitating factors for FSS, 
including psychosocial stress. In addition, intelligence may influence the interaction between patient 
and doctor, which plays a role as a perpetuating factor. 

It is important to note that scientific evidence for the relation between intelligence and FSS is limited. 
The lack of such empirical evidence is partly related to the fact that investigation of the construct 
intelligence is often obstructed by the difficulty and costs associated with recruiting large samples with 
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an inte l l igence range representative of the genera l  popu lation 63. Many studies on health effects of 

inte l l igence therefore rely on specific groups such as m i l ita ry personnel 69• 85, l im it ing the genera l izabi l ity 

of the resu lts. Moreover, none of these studies looked at FSS as outcome, whi le it is conceivable that 

the ro le of intel l igence might differ between conventional somatic morbid ity and FSS, given the 

differentia l  i nvolvement of psychosocia l  factors i n  these types of i l l  somatic hea lth 86. Therefore, research 

on inte l l igence and FSS should focus on prospective stud ies in popu lation-based cohorts i nc luding 

a broad age-range. Furthermore, it might be i nteresting to compare the mechanisms underlying the 

association between inte l l igence and FSS with those underlying  the association between inte l l igence 

and conventional  somatic morbidity. 

Outline of this thesis 

I n  chapter 2, the association between intel l igence and FSS was stud ied in a general  adu lt popu lation, 

while s imultaneously studying the association between i ntel l igence and conventional  somatic symptoms 

referred to as 'medica l ly expla i ned symptoms'. Chapter 3 dealt with the question whether inte l l igence 

was associated with syndrome label ing with an FSD diagnos i s  in participants that a l ready have FSS. 

In chapter 4, it was investigated whether the genera l  acceptance of a role for psychosocia l  stress in 

the development of FSS can be justified. Chapter 5 concerned the association between intel l igence 

and FSS in a general cohort of adolescents, inc luding the role of the adolescents' school performance 

and perceived parental expectations of the adolescents' academic achievements. In chapter 6, we 

studied the association between ch i ldhood intel l igence and somatic symptoms and FSD in  adu lthood. 

Among the a ims was to study whether factors i nfluencing the association between intel l igence and FSS 

in  chi ld hood, a re sti l l  relevant in adu lthood. In chapter 7 we fu rther explored the ro le of intel l igence 

in  health, by studying a potentia l  biological mechanism, namely telomere length and attrition. 

In chapter 8, we summarized the main findings a nd we fu rther discussed potentia l  explanatory 

mechanisms. 
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ABSTRACT 

Background: Functional somatic symptoms (FSS), that is, symptoms that cannot be conclusively 

explained by organic pathology, have a poorly understood etiology. Intelligence was studied as a risk 

factor for FSS. It was hypothesized that intelligence is negatively associated with the number of FSS. 

To investigate the specific role of intelligence in FSS as opposed to medically explained symptoms 

(MES), the association of intelligence with FSS was compared with that of intelligence with MES. It was 

also hypothesized that lifestyle factors and socioeconomic factors mediate the relationship between 

intelligence and both FSS and MES, whereas psychological distress is especially important for FSS. 

Methods: All analyses were performed in a longitudinal study with two measurement waves in a 

general population cohort of 947 participants (age 33-79 years, 47.9% male). The Generalized Aptitude

Test Battery was used to derive an index for general intelligence, and the somatization section of the 

Composite International Diagnostic Interview was used to measure the number of FSS and MES. 

Results: General intelligence was significantly associated with the number of FSS. The association of 

intelligence and FSS but not MES was mediated by work situation: participants of lower intelligence who 

reported more FSS were more often (unwanted) economically inactive. No evidence was found for a 

mediating role of psychological distress in the association of intelligence with FSS, even though distress 

was an important predictor of FSS. 

Conclusion: Intelligence is negatively associated with the number of FSS in the general population. Part 

of the association of intelligence with FSS is explained by a more unfavorable work situation for adults 

of lower intelligence. 
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INTRODUCTION 

Functiona l somatic symptoms (FSS) are somatic symptoms that cannot be conclusively explained 

in terms of conventional ly defined organic pathology 1 -2• FSS constitute a major healthcare problem 

because they are common, disabling for patients and costly for society 3-s. Doctors often have d ifficu lties 

in deal ing with patients who present with FSS. They want to reassure the patients, but at the same time 

fail to provide an acceptable explanation for the occurrence of FSS. Most doctors expla in FSS to be the 

result of psychological d istress 6. 7. Patients are often dissatisfied with psycholog ical labels for their somatic 

symptoms 8 and prefer a somatic d iagnosis 9• This incorrect dual istic view of both patients and doctors 

on the nature of symptoms is a major obstacle to effective treatment. Although the etiology of FSS is 

poorly understood, it i s  becoming i ncreas ingly clear that the underlying processes are mu ltifactorial. 

Recent research and theory in this area suggest complex interactions among biologica l, psychological 

and social factors in the development and perpetuation of FSS 10- 12• 

I ntel l igence is an interesting vulnerabi l ity factor to study in the context of FSS, because it is associated 

with several risk factors for development and perpetuation of FSS. Although intel l igence itself has never 

been studied as a risk factor for FSS, stud ies on related constructs such as lower education level suggest an 

association with the occurrence of somatic symptoms in general practice 1 3-1 9• In contrast to FSS, various 

studies have looked at the relationship between intel l igence and various kinds of medical ly explained 

somatic hea lth problems. These stud ies have consistently found a negative association between 

i ntel l igence and somatic morbidity or morta l ity 20-22• Two commonly studied non-exclusive mediating 

mechanisms in the relationship between inte l l igence and hea lth are socioeconomic factors and 

l ifestyle factors 23• I ntel l igence is associated with more education, and thereafter with more professional 

occupations that might place the person in  healthier environments. In addition, inte l l igence is associated 

with a healthier diet, more exercise, and less smoking and problem drinking. Both mechanisms seem to 

be involved in the relationship between intel l igence and somatic morbid ity and mortal ity; however, it is 

not known to which degree these mechanisms are involved in the development of FSS. A third potential 

med iator is psychologica l  distress, s ince both intel l igence and somatic symptoms are known to be 

associated with an increased preva lence of anxiety and depression 24-26• Given the fact that most doctors 

expla in  FSS to be the result of psychological d istress, 6• 7 the question arises of whether its med iating role 

might be more important in the relationship between i ntel l igence and FSS than between i ntel l igence 

and medica l ly explained symptoms (MES). 

This study a ims to clarify the association between intel l igence and FSS in a population-based cohort. We 

hypothesize that intel l igence is negatively associated with the number of FSS. We a lso hypothesize that 

socioeconomic factors, l ifestyle factors and psychological distress mediate this relation. To investigate 

the specific role of intel l igence in FSS as opposed to MES, we compared associations of inte l l igence with 

FSS with those of intel l igence with MES. Whereas we expected more or less s imi lar associations with 

both outcomes, we expected that d istress wou ld be a med iator of the association of inte l l igence with 

FSS but not with that of intel l igence with MES. 
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METHODS 

Population 

The current study has been performed in a cohort derived from PREVEND (Prevention of REnal and 
Vascular ENd stage Disease), a major population cohort study at the University Medical Center 
Groningen, investigating microalbuminuria as a risk factor for renal and cardiovascular disease. The 
recruitment of participants for PREVEND has been described elsewhere 27. Basically, the PREVEND 
baseline population consisted of 8592 subjects randomly selected from the population of the city of 
Groningen with oversampling for albuminuria. Selection of subjects for the purpose of the current 
study was aimed at recruiting a sample representative of the general population of Groningen, while 
simultaneously rectifying PREVEND's oversampling for albuminuria. Research assistants gave invitations 
to 2554 participants who visited the outpatient clinic of PREVEND. Measurements were completed by a 
total of 1094 participants (43 %), forming the population cohort. PREVEND participants who were invited 
for the current study but did not participate and PREVEND participants who agreed to participate did 
not significantly differ concerning gender, age and scores on a 12-item neuroticism scale 28• Follow-up 
measurements, performed approximately 2 years later, were completed by a total of 9 76 participants. 
The study was approved by the medical ethics committee and was conducted in accordance with the 
guidelines of the declaration of Helsinki. Written informed consent was obtained from all participants. 

Assessment of intelligence 

At baseline, the intelligence of the participants was measured using the computerized version of the 
General Aptitude-Test Battery (GATB) version B 1002-B 29. The GATB consists of a combination of tests 
that measure nine aptitudes. The aptitude intelligence is measured by three tests: ( 1 )  a dimensional 
space test, (2) a vocabulary test and (3) an arithmetic reasoning test. All participants performed the 
intelligence test in groups of at most nine persons. Before the start of each test, a test assistant provided 
test instructions and provided computer help when necessary. Tests were not started before the test 
assistant was certain that all participants had successfully completed the practice sessions. To construct 
a general intelligence score, we summed standardized scores on each of the th ree subtests (a total of 
1061 completed GATBs were available). 

Assessment of somatic symptoms 

Participants completed the somatization section of the Composite International Diagnostic Interview 
(CIDI). The CIDI is a fully structured diagnostic interview developed by the World Health Organization 
and has adequate test-retest reliability and validity 30. A fully computerized version of the CIDI 2 . 1 ,  
suitable for  self-administration, was applied. Trained interviewers were present for  questions and for  
people who needed computer help. In  the CIDI somatization section, 43  FSS (listed in the  appendix) are 
assessed by asking "have you ever had" this symptom. Symptoms are considered to be present when 
they meet a severity criterion that is, provoking a healthcare visit. If these criteria are met, the interview 
assesses in a hierarchical fashion whether a medical doctor diagnosed a symptom as due to physical 
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illness or injury, or whether a symptom was caused by the use of medication, drugs or alcohol. If the 

participant reported that a medical doctor diagnosed the symptom as due to physical illness or injury, 

the symptom was scored as a MES. If all enquiries were negative for medical explanations, the symptom 

was scored as an FSS. Sexual indifference was excluded from the analyses since it is not surveyed in 

the CIDI whether or not this symptom provoked a healthcare visit. Participants first completed the CIDI 

lifetime version measuring lifetime FSS and lifetime MES (a total of 1 088 completed Cl Dis were available). 

Approximately 2 years later, participants were re-interviewed and completed the CIDI 12-month version, 

in which the occurrence of the 43 symptoms in the previous year is surveyed (964 completed Cl Dis were 

available). Since we expect that the 12-month recall of symptoms is less likely to be affected by cognitive 

abilities than lifetime recall, we constructed sum scores of 1 2-month FSS and 12-month MES for our 

main analyses. Additionally, sum scores of new-onset FSS and MES were constructed by comparing the 

MES and FSS reported in the CIDI 1 2-month interview with those reported in the CIDI lifetime interview. 

Assessment of lifestyle factors 

Body mass index (BMI) was calculated as the ratio between weight and the square of height (kg/m2) 

measured at baseline. Smoking, alcohol consumption and exercise frequency were assessed by written 

self-report at baseline. Smoking was categorized as non-smoker, 1-5, 6-1 0, 1 1-15, 1 6-20 or more than 

20 cigarettes per day. Alcohol consumption was categorized as never or almost never, 1-4 units/month, 

2-7 units/week, 1 -3 units/day and >4 units/day. Exercise frequency was categorized as never, once/ 

week, twice or more/week. 

Assessment of socioeconomic factors 

Information on income, educational level and work situation was retrieved from questionnaires that 

were filled in at the time of inclusion in PREVEND. Income was measured through the gross monthly 

household income (< 1 200, 1 200-1 799, 1 800-21 99, 2200-2799, 2800-3799, 3800-5800, or >5800 

guilders) divided by the square root of the number of people living in the household 31 • The variable 

educational level was made up of the following categories: not applicable, low, middle, or high 

educational level. Low educational level was defined as lower secondary education or less, middle 

educational level was defined as higher secondary education, and high educational level was defined 

as tertiary education. Working situation was categorized in the following categories: employed (ie, 

currently having a job), willingly unemployed (ie, housekeeping or retired) or unwillingly unemployed 

(ie, job seeker or unable to work). 

Assessment of psychological distress 

Psychological distress was measured using the Dutch translation of the 12-item General Health 

Questionnaire (GHQ-12) measuring current psychological distress 32. This questionnaire was completed 

at home before the visit to the research facilities at baseline. The GHQ-12 comprises 12 questions dealing 

with two major classes of phenomena: inability to continue to carry out one's normal healthy functions 
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and the a ppearance of new phenomena of a d istressing natu re (eg, not being able to enjoy day-to

day activities, los ing s leep because of worrying, th inking of yourself as worthless). The respondent is 

asked whether he or she has recently experienced a particular symptom or item of behavior on a sca le 

ranging from "less than usual" to "much more than usual ''. No items perta in ing to somatic sym ptoms 

a re i nc luded in the GHQ- 1 2. The GHQ- 1 2 exceeded the criterion for acceptable i nstrument i nternal 

consistency rel iab i l ity of 0.70 or greater 33. We calculated a GHQ sum score using the tradit ional GHQ 

scoring method of 0-0-1 - 1 . 34 Miss ing data were imputed according to the method of corrected item 

mean substitution, if at least half of the items were completed 34. 

Statistical analyses 

We used SPSSV. 1 6.0 (SPSS Inc., Chicago, I l l i nois, USA) to perform our  statistica l analyses.Variables that were 

not norma l ly d istributed (sum scores of FSS and MES) were log transformed. The association between 

the log-transformed sum scores of FSS and MES was tested using Pea rson's correlation coefficient. 

We performed un ivariable l i near regression ana lyses to test whether subject characteristics (age, sex, 

BMI, smoking, a lcohol consumption, exercise frequency, income, educational level, work situation and 

psychological d istress) were associated with genera l  inte l l igence, 1 2-month FSS or 1 2-month MES. We 

performed mu ltiva riable l inear regression analyses to test whether general i ntel l igence was associated 

with the n um ber of 1 2-month FSS or 1 2-month M ES. In addition, we repeated these analyses us ing, 

instead of genera l  inte l l igence, scores on the d imensional space subtest, vocabulary subtest and 

arithmetic reasoning subtest as separate pred ictors. Next, we performed multivariable regression 

ana lyses, i nclud ing potential med iators of the associations with FSS and MES. Factors were inc luded 

only if they proved to be associated with both intel l igence and the outcome. S ince FSS and M ES a re 

correlated, we repeated a l l  ana lyses adjusting FSS for MES and vice versa. Add itiona l ly, we tested whether 

inte l l igence predicted new-onset FSS and MES applying the same steps. Al l mu ltivariab le ana lyses were 

adjusted for the potentia l confounders gender (O = male and 1 = female) and age (in years to one 

decimal place), s ince these variables are both associated with inte l l igence 35-38 and FSS 38-41 . 

RESULTS 

Demographic characteristics 

The cu rrent study cohort consisted of 947 participants for whom inte l l igence sores and symptom 

scores were ava i lable (47.9% males), with a mea n age of 52.7 years (standard deviation (SD) 1 1 .2 yea rs, 

m in imum 33 years, maximum 79 years). Of the pa rtic ipants, 25.5% had a certificate of lower educational 

level; 27.0% a certificate of middle educational level; and 43. 1  % a certificate of higher educationa l level. 

Test scores of genera l  inte l l igence were normal ly  d istributed (skewness = 20.099, ku rtosis = 20.476). The 

correlation between the sum scores of FSS and MES was 0.1 72 (p = 0.00 1 ). 
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Associations between subject characteristics and intelligence 

Table 1 summarizes the univariable associations between subject characteristics and intelligence. 

Intelligence was significantly associated with lower age and being male. Considering lifestyle factors, 

higher intelligence was associated with having a lower BMI, less smoking, more alcohol consumption, 

and exercising. Higher intelligence was also associated with a higher educational level, a more favorable 

work situation and a higher income. However, intelligence was not associated with psychological 

distress (b = 20.019, t = 20.59 1, p = 0.554). This means that psychological distress could not be a mediator 

of the association of intelligence with both outcomes, and this factor was therefore not examined in 

multivariable analyses. 

Table 1 :  Univariable associations between subject characteristics and intelligence 

General intelligence 

13 (R2
) 

Age1 -0.434- (0.187) 

Gender2 -0. 1 83- (0.032) 

Lifestyle factors 

BMP -0. 1 94- (0.037) 

Smoking4 -0.095** (0.008) 

Alcohol consumption5 0.237- (0.055) 

Exercise frequency6 0. 1 25- (o.o 1 5) 

Socio-economic factors 
Educational level8 0.546- (0.298) 

Work situation9 0.333- (0.1 1 0) 

lncome7 0.244- (0.058) 

Distress 

GHQ- 1210 -0.019  (0.000) 

All (3's are standardized, *p < 0.05, **p < 0.0 1 ,  ***p < 0.001 
1 Age in years 
2 Gender with "0" = male, "1 "= female 
3 Body mass index in kg/m2 

t 

-14.797 

-5.725 

-6.093 

-2.937 

7.485 

3.871  

1 9.345 

1 0.42 1 

7.021 

-0.591  

4 Smoking in  number of cigarettes/day with "O" = 0 ,  " 1  "= 1 -5, "2" = 6-10, "3"  = 1 1 -15, "4" = 1 6-20'; "5"  = >20 
5 Alcohol consumption in number of units with "0" = no, almost never, "1 "= 1 -4/month, "2"= 2-7 /week, "3" = 1 -3/day, 

"4" = 4 or more/day 
6 Frequency of exercise with "0" = no exercise, "1 "= once/week, "2" = twice or more/week 
7 Educational level with "1 " =  none, "2" = low, "3"= middle, "4" = high 
8 Working situation with "1 "= unwillingly unemployed, "2" = willingly unemployed, "3" = employed 
9 Household income divided by the square root of number of people living with this income 
10 Distress measured by General Health Questionnaire (GHQ)-12 scores 

Associations between subject characteristics and somatic symptoms 

Table 2 summarizes the univariable associations between subject characteristics and the number of 

12-month FSS and 12-month MES. Older age was related to having more MES but not FSS; women had 

more MES and FSS than men. Both FSS and MES were associated with a higher BMI, less consumption 

of alcohol and a lower exercise frequency. Smoking was associated with FSS but not with MES. All 
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socioeconomic factors were negatively associated with both FSS and MES, indicating that participants 
with a lower income, a lower educational level and less favorable work situation more often reported 
somatic symptoms. Psychological distress was positively associated with both FSS and MES, but the 
effect size for FSS is about twice the size of the effect size for MES. When repeating these analyses using 
new-onset FSS and MES as an outcome, the results remained essentially the same. 

Table 2: Univariable associations between subject characteristics and the number of 1 2-months FSS and the 

number of 12-months MES 

1 2-months FSS 1 2-months MES 

f3 t f3 t 

(R
2

) (R
2

) 
Age1 0.01 3 0.402 0. 1 94*H 6.086 

(0.000) (0.037) 

Gender2 0.1 84*** 5.758 0.1 63*** 5.082 

(0.033) (0.026) 

Lifestyle factors 

BMl3 0.066* 2.032 0.1 54*** 4.781 

(0.003) (0.023) 

Smoking4 0.072* 2.205 0.027 0.842 

(0.004) (0.000) 

Alcohol consumption5 -0.098** -3.03 1 -0. 1 05** -3.242 

(0.009) (0.0 1 0) 

Exercise frequencyi -0.073* -2.256 -0.043 - 1 .3 18 

(0.004) (0.001 )  

Socio-economic factors 
Educational level7 -0.070* -2.089 -0. 1 50*H -4.493 

(0.004) (0.02 1 )  

Work situation8 -0. 1 70- -5.097 -0. 1 80H* -5.379 

(0.028) (0.03 1 )  
lncome9 -0. l 3 l *H -3.696 -0. 1 08** -3.039 

(0.0 1 6) (0.0 1 0) 

Distress 

GHQ-1 210  0.308*H 9.941 0.1 63*H 5.070 

(0.094) (0.025) 

Abbreviations: FSS, functional somatic symptoms; MES, medica l ly explained symptoms. 

All Ws are standardized, *p < 0.05, **p < 0.0 1 , ***p < 0.001 
1 Age in years 
2 Gender with "0" = male, "l "= female 
3 Body mass index in  kg/m2 

4 Smoking in number of cigarettes/day with "0"= 0, "l "= 1 -5, "2" = 6- 1 0, "3" =  1 1 - 1 5, "4"= 1 6-20'; "5" =  >20 
5 Alcohol consumption in  number of un its with "0" = no, a lmost never, " l  "= 1 -4/month, "2" = 2-7 /week, "3" = 1 -3/day, 

"4" = 4 or more/day 
6 Frequency of exercise with"0" = no exercise, "l "= once/week, "2" = twice or more/week 
7 Educational level with " l " =  none, "2'' = low, "3" =  middle, "4"= high 
8Working situation with " l  "= unwi l l ing ly unemployed, "2'' = wi l l ingly unemployed, "3"= employed 
9 Household income divided by the square root of people l iving with this income 
10 Distress measured by Genera l Hea lth Questionnaire (GHQ)-1 2 scores 
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Associations between intelligence and somatic symptoms 

Table 3 summarizes the multivariable associations between intelligence and the number of 1 2-months 

FSS and MES. Linear regression analyses indicated that general intelligence was negatively associated 

with the number of FSS (b = 20.084, t = 22.299, p = 0.022) and MES (b = 20.095, t = 22.652, p = 0.008). 

When studying the subtests that composed general intelligence, we found that the association was 

explained by the vocabulary subtest and the arithmetic reasoning subtest, but not by the dimensional 

space subtest. Introduction of the potential mediators into the model removed the association of 

intelligence with somatic symptoms, but evidence for mediation was limited to work situation in the 

relationship between intelligence and FSS. 

Table 3: Multivariable associations between intelligence and 1 2-months FSS and 1 2-months MES (all 

adjusted for age1 and gender2) 

1 2-months FSS 1 2-months MES 

p t p t 

(R
2
) (R

2
) 

General intelligence -0.084* -2.299 -0.095** -2.652 

(0.037) (0.074) 
Dimensional space subtest -0.035 -0.968 -0.Q 1 8  -0.496 

(0.03 1 )  (0.067) 
Vocabulary subtest -0.071 *  -2.059 -0.086* -2.521  

(0.036) (0.073) 
Arithmetic reasoning subtest -0.094** -2.732 -0. 1 1 6** -3.438 

(0.038) (0.078) 

General intelligence + l ifestyle factors + 

socio-economic factors 

Intelligence -0.0 1 0  -0.205 -0.043 -0.889 
BMP 0.064 1 .620 0.072 1 .83 1 
Smoking• 0.057 1 .446 0.065 1 .65 1 
Alcohol consumption5 -0.Q 1 8 -0.454 -0.009 -0.226 
Exercise6 -0.047 - 1 .2 1 3  0.0 1 3 0.327 
Educational level7 -0.039 -0.822 -0.043 -0.922 
Work8 -0. 1 42** -3.363 -0.045 - 1 .088 
lncome9 -0.030 -0.696 -0.038 -0.886 

(0.067) (0.085) 
Abbreviations: FSS, functional somatic symptoms; MES, medica l ly explained symptoms 

All �•s are standardized, *p < 0.05, **p < 0.0 1 , ***p < 0.001 
1 Age in years 
2 Gender with "O" = male, " l  "= female 
3 Body mass index in kg/m2 

4 Smoking in number of cigarettes/day with "0"= 0, "l "= 1 -5, "2" =  6-1 0, "3" =  1 1 -1 5, "4"= 1 6-20, "5" =  >20 
5 Alcohol consumption in number of units with "0" = no, almost never, " l  "= 1 -4/month, "2" = 2-7 /week, "3" = 1 -3/day, 

"4" = 4 or more/day 
6 Frequency of exercise with "0" = no exercise, " l  "= once/week, "2" = twice or more/week 
7 Educational level with "l "= none, "2'' = low, "3" = middle, "4" = high 
8 Working situation with " l  "= unwill ingly unemployed, "2" = will ing ly unemployed, "3" = employed 
9 Household income divided by the square root of number of people l iving with this income 
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DISCUSSION 

This study demonstrated that intelligence was negatively associated with the number of reported FSS 
and MES. The association of intelligence with FSS was mediated by the work situation of participants, 
suggesting that adult men and women of lower intelligence who report more functional somatic 
symptoms are more often (unwanted) economically inactive. In contrast to our expectations, no 
evidence was found for a mediating role of psychological distress in the association of intelligence with 
FSS, even though distress was an important predictor of FSS. 

There are several strengths of this study. First, we collected detailed information on a large number 
of FSS and performed our analyses on a continuous variable for the number of FSS. In many studies 
concerning FSS, arbitrary cut-off scores are used despite the lack of consensus about where to put the 
cut-off and the loss of information as a result of artificial dichotomizing of variables 39• 42 , Second, we 
measured both FSS and MES using the same instrument, enabling comparisons between these types of 
symptoms and their associations with intelligence, Third, generalizability of our results is good, because 
we used a large population cohort without applying strict inclusion criteria. When interpreting our study 
results, the following limitations should be taken into account. First, we measured intelligence in adult 
participants, Although general intelligence is regarded as a trait that is stable from infancy into middle 
age 43, it cannot be excluded that reverse causality, in which somatic symptoms contribute to lower 
intelligence scores, is playing a role. We performed additional analyses (results not shown) including 
only new-onset symptoms (ie, onset after measurement of intelligence) as outcomes, which provided 
essentially the same results as the analyses that are reported here, indicating that the effect of reverse 
causality may have been negligible. However, this does not exclude the possibility that pre-existing 
morbidity causes both low intelligence scores and new somatic symptoms. Second, recall bias may have 
attenuated the reliability of the C IDI to measure FSS and MES 44, and recall bias is likely to be associated 
with intelligence because people with lower intelligence have lower memory capacity 45. We limited 
our analyses to symptoms that occurred in the last 12 months, which will have reduced the effect of 
recall bias. Moreover, it should be noted that the expected effect of recall bias on our results would be 
to reduce associations of intelligence with reported symptoms, indicating that our results are more 
likely to be underestimations rather than overestimates. Finally, the fact that we measured symptoms 
via self-report may be regarded as a limitation. However, symptoms were defined as being functional 
only if it was reported that a medical doctor had indicated that all enquiries were negative for medical 
explanations, Moreover, the finding that psychological distress as measured by GHQ-scores was much 
more strongly associated with FSS than with MES underlines the etiological difference between the 
symptoms. 

Our study demonstrates that intelligence is negatively associated with the number of FSS and MES. 
We are the first to study the direct relation between intelligence and FSS, but a negative association 
between intelligence and morbidity or mortality has been a consistent finding 20-22• Focusing on the 
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association of intel l igence with covariates, most of our results seemed to be in l ine with findings from 

previous studies. Socioeconomic factors and most lifestyle factors were negatively associated with 

inte l l igence. Only for a lcohol consumption did we observe a positive association (ie, more a lcohol 

consumption in those with higher inte l l igence). Some studies have found the same resu lt 46• 47, whereas 

other studies found the opposite 48• It should be realized that we used a continuous measure of a lcohol 

consumption, main ly indicating socia l  drinking (which might be related to higher socioeconomic 

status 49) with only a minority being problem drinkers. Another unexpected finding might be that 

psychologica l d istress was not related to intel l ige,1ce. Our in itia l hypothesis that one of the major 

d ifferences between the associations of intel l igence with FSS and M ES wou ld  be that the association 

with FSS was mediated by distress therefore was not confirmed. Previous stud ies on intel l igence and 

GHQ scores have been contrasting, with either a negative association between chi ldhood inte l l igence 

and the GHQ-28 in middle-aged women 47 or no association between current inte l l igence and GHQ-30 

scores in middle-aged participants from the Whiteha l l  I I  study 22. The associations of socioeconomic 

and lifestyle factors with somatic sym ptoms were in  the expected d i rections, with the exception of 

smoking in relation to MES. Despite its wel l  known association with morbid ity and morta l ity 50, we 

observed no association between smoking and MES. Th is lack of association might be d ue to the fact 

that we measured somatic complaints and not diagnoses, and most complaints included in the CIDI  

are not associated with smoking-related diseases such as cardiovascular and pulmonary d isease. Our  

mu ltivariable models show that the association of intel l igence with FSS and MES is removed after 

adding l ifestyle and socioeconomic factors into the model. However, there was only clear evidence 

for mediation of the association with FSS by work situation. The interpretation of these findings is not 

obvious, but one possibi l ity is that participants without a job do not have a day-to-day d i straction from 

their physical com plaints. Furthermore, unemployment, and especia l ly unwanted unemployment, is 

clearly l i nked to devastating individual effects, such as financial hardsh ip 51• It could be hypothesized that 

the resu lting psychologica l  distress is responsible for the association between work s ituation and FSS. 

Although we did indeed find an association between psychologica l d istress and FSS, this association 

was not responsib le for the relationship between work situation and FSS. Fina l ly, our resu lts ind icate that 

verbal components of intel l igence are more important than performance components of inte l l igence in  

predicting somatic complaints. One exp lanation for th i s  finding cou ld be that l inguistic ski l l s  might be of 

more use when communicating with doctors and when seeking socia l support for somatic compla ints 

or psychosocial stress. Psychosocial stress has been assumed to play a role in the development and 

perpetuation of  FSS 4•  1 2· 52 and MES 53• 

In conclusion, lower genera l  intel l igence was associated with a higher number of FSS and MES in the 

genera l  population. Part of the association of intel l igence with FSS is explained by a more unfavorab le  

work s ituation for adults of  lower inte l l igence. No evidence was  found for a mediating role of  

psychological d i stress i n  the association of  intel l igence with FSS, even though distress was  an important 

predictor of FSS. 
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APPENDIX: LIST OF 43 FUNCTIONAL SOMATIC SYMPTOMS SURVEYED IN THE COMPOSITE 
INTERNATIONAL DIAGNOSTIC INTERVIEW 

Abdominal pain 

Back pain 

Joint pain 

Pain in extremities 

Chest pain 

Headache 

Pain during urination 

Urinary retention 

Burning sensation genitals 

Pain symptoms additional sites 

Vomiting other than during pregnancy 

Vomiting throughout pregnancy 

Nausea 

Diarrhoea 

Feeling bloated or full of gas 

Intolerance of several foods 

Blindness 

Blurred vision 

Deafness 

Impaired balance 

Impaired coordination 

Loss of touch or pain sensation 
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Paralysis 

Aphonia 

Seizures 

Dizziness 

Loss of consciousness other than fainting 

Amnesia 

Double vision 

Shortness of breath 

Localised weakness 

Skin blotches or discoloration 

Bad taste in mouth or excessively coated tongue 

Frequent urination 

Numbness/tingling 

Difficulty swallowing or lump in throat 

Irregular menses 

Excessive menstrual bleeding 

Pain during menstruation 

Pain during sexual intercourse 

Unpleasant sexual intercourse 

Other sexual problems including erectile or 
ejaculatory dysfunction 

Sexual indifference 
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ABSTRACT 

Purpose: Functional somatic syndromes or disorders (FSD) are characterized by the existence of 
multiple persistent functional somatic symptoms (FSS). Not many patients fulfilling the criteria for an 
FSD receive a formal diagnosis and it is unknown which factors explain this discrepancy. Patients that 
tend to worry and patients that gather more health information may have an increased chance of an 
FSD diagnosis. We hypothesized that high intelligence and high neuroticism increase the probability of 
an FSD diagnosis in patients with persistent FSS. 

Methods: Our study was performed in a large, representative population cohort (n = 9 76) in Groningen, 
The Netherlands, and included two assessment waves. Intelligence was measured using the General 
Aptitude-Test Battery version B 1002-B. Neuroticism was measured using the 12-item neuroticism scale 
of the Eysenck Personality Questionnaire-Revised. FSS were measured with the somatization section 
of the Composite International Diagnostic Interview (CIDI). Current FSD diagnosis was assessed with 
a questionnaire. We performed multivariable logistic regression analyses including sum scores of 
neuroticism, intelligence scores, sex, number of FSS, and age as potential predictors of having an FSD 
diagnosis. 

Results: From the 9 76 participants that completed measurements at follow-up, 289 (26.4%) participants 
reported at least one persistent FSS, and these subjects were included in the main analyses (38.4% 
males, mean age of 55.2 (SD = 10.7) years, 36-82 years). High numbers of FSS (OR = 1 .320; 95%CI = 1 .097-
1.588), female sex (OR = 9 .068; 95%CI = 4.061-20.25 1 ), and high intelligence (OR = 1 .402; 95%CI = 1 .001-
1 .963) were associated with an FSD diagnosis, while age (OR = .989; 95%CI = 960-1 .019) and neuroticism 
(OR = .956; 95%CI = .872-1 .048) were not. 

Conclusion: This study suggests that high intelligence, but not high neuroticism, increases the chance 
of syndrome labeling in patients with persistent FSS. 
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INTRODUCTION 

Functional somatic syndromes or disorders (FSD) are characterized by the existence of multiple persistent 

functional somatic symptoms (FSS) 1 , which are symptoms not conclusively explained in terms of 

conventionally defined organic pathology 2. Although core symptoms of an FSD are prevalent in the 

general population, not many patients fulfilling the criteria for an FSD report a formal diagnosis 3· 4• It is 

interesting to study the factors explaining this discrepancy, especially if one realizes that an FSD is in 

essence nothing more than a synonym of a cluster of complaints 5. 

The probability of receiving an FSD diagnosis may depend on the doctors that are consulted, since 

they decide whether presented symptoms meet the criteria for a specific FSD diagnosis, but also the 

patient itself can influence the process of syndrome labeling 4. We expect that patients that tend to 

worry and patients that gather more health information have an increased chance of an FSD diagnosis. 

More specifically, neurotic patients often have catastrophic thoughts about reported symptoms and 

neuroticism can lead to greater health care seeking 6
• Therefore, FSS presented by highly neurotic 

patients might result more often in an FSD diagnosis. Furthermore, gathering more health information 

might be more common in highly intelligent patients 7• Gathering health information might result in 

patients self-diagnosing their symptoms, thereby increasing the chance of syndrome labeling by their 

doctors. In addition, FSS may more often lead to an FSD diagnosis in highly intelligent patients since 

they may be more able to communicate their symptoms to their doctor 8• A study in people who all met 

the criteria for chronic fatigue syndrome (CFS) showed that those who previously received a syndrome 

label differed from those who had not 3• Despite the lack of significance, people with a CFS diagnosis 

were more often women, were older, and had more education. Besides, people with a CFS diagnosis 

reported a higher number of core symptoms compared to people without such a syndrome label. All of 

these might be explained by differences in health care use and health care seeking behavior 3• 

It is important to study the process of syndrome labeling in patients with FSS since the presence or absence 

of a syndrome label has consequences for the patient. While at first labeling FSS with an FSD diagnosis may 

have positive consequences, such as the resulting sympathy from others and the feeling of having an 

explanation for the suffering 9, labeling may also have negative consequences in the long term. Former 

research on CFS showed a worse prognosis in people with such a syndrome label compared to those 

without 4• Comparable results were found for whiplash syndrome: attributing the perceived complaints 

to whiplash predicted the persistence of disability, independent of the severity of the initial complaints 1 0• 

In summary, the diagnosis of an FSD may be associated with a worse prognosis, but the factors leading to 

such a label are largely unknown. This study aims to investigate patient factors that might be important 

in the process of syndrome labeling. We hypothesize that high neuroticism and high intelligence 

increase the chance of syndrome labeling in patients with persistent FSS. Additionally, age, sex, and 

number of FSS are considered potential predictors of an FSD diagnosis, since former research showed 

differences in these factors between people with and without a CFS diagnosis 3• 
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METHODS 

Sample 

The current study has been performed in a cohort derived from PREVEND (Prevention of REnal  and 

Vascu la r  ENd stage Disease), a major popu lation cohort study at the Un iversity Medical Center Groningen 

investigating m icroa lbuminuria as a risk factor for  renal and card iovascula r  d isease. For the recru itment 

of participants for PREVEND, all inhabitants of the city of Groningen between the ages of 28 and 75 year 

(85,42 1 s ubjects) were asked to send in  a morning urine sample and to fi l l  out a short questionnaire 

on demog raphics and cardiovascu lar  history. A flow-chart of the recruitment and selection process is 

depicted i n  figure 1 .  A total of 40,856 subjects (47.8%) responded. After exclusion of subjects with type 

1 d iabetes mel l itus (defined as the use of insu l in) and pregnant women, a l l  consenting subjects with a 

urinary a lbumin concentration of ;;:: 1 0  mg/L (n = 7,768) together with a randomly selected control group 

with a urinary a lbumin concentration of < l  0 mg/L (n = 3,395) were invited for fu rther investigations in 

an  outpatient c l in ic (total n = 1 1 , 1 63). The group size of the random sam ple was arbitrari ly set at 3,395 to 

obta in a total cohort size of approximately 1 0,000. Final ly, 8,592 subjects completed the tota l screening 

program, forming the PREVEND base l ine population (1 997-1 998) 1 1 . Selection of subjects for the 

purpose of the cu rrent study was a imed to recruit a sample representative of the genera l  population of 

Groningen, whi le s imu ltaneously rectifying PREVEND's oversampl ing for a lbuminuria. Th is was done by 

combin ing a l l  subjects with an UAC <l 0 mg/L at basel ine (n = 2,592) with a random sam ple of subjects 

with an UAC > 1 0mg/L at basel ine (n = 840), in order to ach ieve a population-representative ratio. This 

resulted i n  a total of 3,432 subjects, which were selected to be invited for the current study after they 

completed the second assessment wave of PREVEND (2001 -2003). Of the 8,592 orig ina l  subjects, 240 

had died a nd 1 ,458 withdrew consent for fu rther  screening, resulted in a total of 6,894 subjects. During 

the second screening of PREVEN D, research assistants handed over i nvitations to 2,554 participants 

during their visit to the outpatient c l in ic of PREVEN D. Measurements were completed by a total of 1 ,094 

pa rticipants (43%), forming the population cohort of the cu rrent study. PREVEND participants who 

were invited for the current study but did not participate and PREVEND participants who agreed to 

pa rticipate did not sign ificantly differ concerning sex, age, and scores on a 1 2-item neuroticism sca le 1 2• 

The sample consisted of 588 females (53 .7%) and 506 males (46.3%). The mean age was 53 .5 years (SD 

= 1 1 .3 years, 33-80 years). Educational level was d ivided in low (26.5%), middle (27. 1 %), high (4 1 .7%), 

and not a pplicable (4.7%). Fol low-up measurements, performed approximate ly two years later, were 

completed by a total of 976 participants. The study was approved by the medical ethics com mittee from 

the city Groningen and was conducted in accordance with the guidel ines of the declaration of Hels inki. 

Written informed consent was obta ined from a l l  participants. 

Assessment of intelligence 

At basel ine, the inte l l igence of the participants was measured using the computerized version of the 

Genera l  Aptitude-Test Battery (GATB) version B 1 002-B 1 3. The GATB consists of a combination of tests 

that measure nine aptitudes. The aptitude inte l l igence is measured by three tests: 1 )  a d imensional 
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space test, 2) a vocabulary test, and 3) an arithmetic reasoning test. All participants performed the 

intelligence test in groups of at most nine persons. Before the start of each test, a test assistant provided 

test-instructions and provided computer help when necessary. Tests were not started before the test 

assistant had ensured that all participants had successfully completed the practice sessions. To construct 

a general intelligence score, we summed standardized scores on each of the three subtests. From the 

1 ,094 participants at baseline, a total of 1 ,06 1 completed the GATB. 

Assessment of neuroticism 

Neuroticism was measured using the Dutch translation of the 1 2-item neuroticism scale of the Eysenck 

Personality Questionnaire-Revised (EPQ-RSS-N); psychometrics have been outlined elsewhere 14. The 

(EPQ-RSS-N) was completed at home before the visit to the outpatient clinic. The EPQ-RSS-N comprises 

1 2  questions, representing nervousness, emotional !ability, feelings of guilt, and low self-esteem, in a 

"yes"/"no" format. 

Assessment of an FSD diagnosis 

At follow-up, participants were handed over a list of chronic disorders, including the following seven 

FSD: 'Irritable Bowel Syndrome' (IBS), 'Premenstrual Syndrome' (PMS), 'Fibromyalgia' (FM), 'Chronic Fatigue 

Syndrome' (CFS), 'Globus Syndrome' (GS), 'Multiple Chemical Sensitivity' (MCS) 1 5, and 'Whiplash' 16• 

Participants were asked to indicate which of these syndromes they ever had. Next, participants had to 

indicate for each reported FSD diagnosis at what age it started and at what age it ended, enabling us to 

identify current FSD diagnosis. 

Assessment of functional somatic symptoms 

Participants completed the somatization section of the Composite International Diagnostic Interview 

(CIDI). The CIDI is a fully structured diagnostic interview developed by the World Health Organization and 

has adequate test-retest reliability and validity 17. Participants first completed the CIDI lifetime version 

measuring lifetime FSS (a total of 1 ,088 completed Cl Dis were available) and approximately two years later, 

participants were re-interviewed and completed the CIDI 1 2-months version (964 completed Cl Dis were 

available). The CIDI is suitable for self-administration; trained interviewers were present for questions and 

for people that needed computer help. In the somatization section of the CIDI, 43 somatic symptoms are 

assessed through asking "have you had this symptom in the last 1 2  months''. Symptoms are considered 

present when they meet severity criteria, i.e. provoking a health care visit. When participants indeed visited 

their doctor for a symptom, the interview assesses in hierarchical fashion whether a symptom was caused 

by the use of medication, drugs or alcohol, whether a medical doctor diagnosed a symptom as due to 

physical illness or injury, whether a symptom wasdueto a psychological cause, orwhethera doctor did not 

give a final diagnosis, even after further examination. If al I inquiries were negative for physica I exp la nations 

and were negative for explanations by medication, drugs or alcohol, the symptom was scored as an FSS. 
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Urinary Albumin 
Concentration (UAC) 

<1 0 mg/L 

Eligible responders 
N = 3,395 

Random sample 

Participants with UAC 
<1 0 mg/L N = 2,592 

People invited for urine 
sample test N = 85,421 

Responders N = 40,856 

Total eligible responders 
N =  1 1 , 1 63 

PREVEND baseline 
population N = 8,592 

1st screening 1997-1998 

Selected �opulation for 
current sttdy N = 3,432 

PREVEND population 
N = 6,894, 2nd screening 

2001-2003 

Invited cohort for current 
study N = 2,554 

Urinary Albumin 
Concentration (UAC) 

�1 0 mg/L 

Eligible responders 
N = 7,768 

Declined to participate 
N = 2 ,571 

Participants with UAC 
�1 0 mg/L N = 840 

Random sample 

No consent for 2nd 

screening N = 1 ,458 + 
died: N =240 

-����__,,., Declined to participate in 
current study N = 1 ,460 

Baseline cohort of 
current study N = 1 ,094 

Follow-up cohort of 
current study N = 976 

2003-2004 
Figure 1 :  Flow-chart of the recruitment and 
selection process 

Sexua l  ind ifference was excl uded from the ana lyses since it is not su rveyed in the CIDI  whether this 

symptom provoked a health care visit. Fu rthermore, for each reported symptom, participants had the 

opportun ity to record the d iagnosis to which a specific symptom was ascribed to according to the 

doctor. In some cases, participants ascribed a sym ptom that provoked a health care visit as due to a 

physical i l l ness or inju ry, but the recorded diagnosis was an FSD d iagnosis. In these cases, we coded that 

symptom as a functional somatic symptom, because an FSD is by defi nition not explained by organic 

pathology. We performed this for 48 symptoms reported by in total 28 pa rticipants. FSS were considered 

persistent when an FSS that was p resent at basel ine was sti l l  present at fol low-up. Additional ly, sum 

scores of persistent FSS were constructed. 
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Statistical analyses 

We performed all analyses using the Statistical Package for the Social Sciences version 1 8.0 (SPSS Inc, 

Chicago, IL, USA). We looked at the prevalence of participants that reported a specific number of FSS for 

the whole group that reported an FSD diagnosis and for the group that did not report an FSD diagnosis. 

We used a Mann-Whitney U Test to compare the group with and without an FSD diagnosis on the median 

number of FSS. Differences between subgroups with a specific FSD diagnosis and the group without an 

FSD diagnosis on the type and presence of FSS were tested for statistical significance with Chi-square tests. 

Further analyses were performed in participants with persistent FSS. We performed multivariable logistic 

regression analyses, including sum scores of neuroticism and intelligence scores as potential predictors of 

having an FSD diagnosis. Moreover, we included number of persistent FSS, age, and sex in our analyses, 

since these factors are associated with neuroticism 18, intelligence 19 and the presence of an FSD 20. 

RESULTS 

Sample characteristics 

From the 976 participants that completed measurements at follow-up, 137 (14.0%) reported at least one 

FSD diagnosis (with a maximum of 3 FSD diagnoses) and of these, 13 1 (95.6%) participants had an FSD 

diagnosis at time of assessment. Figure 2 represents the percentage of participants that reported a specific 

number of FSS for the group with and without an FSD diagnosis.The group with an FSD diagnosis reported 

significantly more FSS than the control group (median = 2 versus O; U = 32350, z = -9. 1 58, p < .00 1 ,  r 

= .29). Table 1 represents the prevalences of various FSS in participants reporting specific types of FSD 

diagnoses compared to participants reporting no FSD diagnosis. Participants reporting a specific type of 

FSD diagnosis were characterized by a high prevalence of the corresponding core symptoms: back pain, 

joint pain, and pain in extremities for Fibromyalgia (FM); abdominal pain and feeling bloated or full of gas 

for Irritable Bowel Syndrome (IBS); and difficulty in swallowing or lump in throat for Globus Syndrome (GS). 

60 ,-------------------, 

50 ', 

g> 20 
c 

cf 1 0  

Number of  functional somatic symptoms 

1 0  12  

- - - no FSD 
- FSD 

Figure 2. Percentage of participants that reported a specific number of FSS 

FSD = functional somatic syndrome diagnosis, FSS = functional somatic symptoms 
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..j::,. Table 1 .  Prevalence of specific FSS in participants reporting different FSD diagnoses 1 9  

FSS FM IBS CFS GS Whiplash PMS No FSD I !  
diagnosis 

n = 20 n = 33 n =l O  n =  1 0  n =  1 2  n = 37 n = 839 
Abdominal pain % 1 5.0 30.3 20.0 1 0.0 .0 8.1 6.8 

x2 2.02 24.67* 2.66 . 1 6  .87 . 1 0 
Back pain % 40.0 1 2. 1  1 0.0 1 0.0 1 6.7 1 8.9 9.0 

x2 2 1 .42* .38 .0 1 .01 .85 4. 1 0  
Joint pain % 55.0 27.3 1 0.0 1 0.0 25.0 1 8.9 9.6 

x2 42.67* 1 0.77* .00 .00 3.1 8 3.43 
Pain in extremities % 45.0 9.1 1 0.0 1 0.0 25.0 1 8.9 8.5 

x2 30.27* .01 .03 .03 4.04 4.73* 
Chest pain % .0 9. 1 30.0 .0 8.3 5.4 4.5 

x2 1 .5 1  1 4.08* .47 .40 .07 
Headache % 30.0 6.1 50.0 20.0 25.0 1 3.5 8.7 

x
i 1 0.52* .29 20.07* 1 .55 3.83 .99* 

Feeling bloated or full of gas % 1 5.0 24.2 1 0.0 1 0.0 8.3 8.1  3.0 
x2 8.72* 38.55* 1 .59 1 .59 1 . 1 0  2.90 

Dizziness % 1 0.0 2 1 .2 40.0 1 0.0 .0 1 6.2 5.7 
x2 .66 1 2.93* 20.24* .34 .73 6.77* 

Difficulty swallowing or lump in % 1 0.0 3.0 1 0.0 40.0 .0 .0 3.8 
throat x2 2.02 .05 1 .04 32.27* .47 1 .44 

FSS = functional somatic symptoms, FSD d iagnosis = functional somatic syndrome diagnosis, FM = Fibromya lgia, IBS = I rritable Bowel Syndrome, CFS = Chronic Fatigue 
Syndrome, GS = Globus Syndrome, PMS = Premenstrual Syndrome. Participants with multiple FSD d iagnoses a re not i ncluded i n  this table. *p < 0.05; x2 Compares 
preva lence rates of specific FSS for each specific g roup with an FSD diagnosis and the group without an FSD diagnosis. Since many FSS were rarely reported, table 1 only 
shows the FSS that are reported by at least 4 % of the entire cohort 
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Predictors of an FSD diagnosis 

A total of 289 (26.4 %) participants reported at least one persistent FSS (38.4 % males, mean age of 
55.2 (SD = 10.7 years, 36 to 82 years) and these participants were included in further analyses. High 
intelligence was a significant predictor of an FSD diagnosis in participants with at least one persistent 
FSS, while neuroticism was not. For every SD increase of intelligence score, the likelihood of receiving 
an FSD diagnosis is 1 .4 times greater than the likelihood of not receiving an FSD diagnosis. In addition, 
number of FSS and female sex increased the probability of an FSD diagnosis, while age did not (Table 2 ). 
As a sensitivity analysis, we repeated the analyses excluding each specific FSD diagnosis in succession, 
but all associations remained in the same direction. 

Table 2. Multivariable associations between potential predictors and FSD diagnosis in participants with 

persistent FSS 

FSD diagnosis 

95% Cl for Odds Ratio 

B (SE) Lower Odds Ratio Upper 

Intelligence .338 (. 1 72)* 1 .001 1 .402 1 .963 

Neuroticism -.045 (.047) .872 .956 1 .048 

Number of FSS .277 (.094)* 1 .097 1 .320 1 .588 

Sex1 2  

2.205 (.410)* 4.061 9.068 20.25 1 

Age3 

-.01 1 (.015) .960 .989 1 .019 

FSD diagnosis = functional somatic syndrome diagnosis, 1male=l , female=2, 2After excluding Premenstrual Syndrome 

from the analysis: OR = 4.498, 95% Cl = 2.0 1 1-10.062, p < 0.001 ,  3age in years, df for each variable = 1, *p < 0.05 

DISCUSSION 

This study suggests that high intelligence, but not high neuroticism, increases the chance of syndrome 
labeling in patients presenting persistent FSS. 

Strength of this study is that we focused our main analyses on participants with at least one persistent 
FSS, for which they sought medical help. This enabled us to study patient factors that might predict 
syndrome labeling in participants that actually visited the doctor for an FSS. 
Personal characteristics that are different between those with and without an FSD diagnosis might be 
more related to the labeling of FSS than to the development of them 21 . This might explain why we 
previously found that intelligence was negatively associated with FSS in adults 19 and in adolescents 
22• Highly intelligent patients with FSS may be more capable of labeling their symptoms themselves, 
because they gather more health information that could lead to self-diagnosing their symptoms 7. 

Alternatively, highly intelligent patients might be more able to communicate with their doctor about 
labeling their FSS with an FSD diagnosis 8• Patients' knowledge of their symptoms might be used 
to influence doctors in providing what they seek 23 and knowledge of symptoms may be related to 
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inte l l igence. Therefore, in patients with relatively high leve ls of inte l l igence, FSS may be appreciated 

differently by medical doctors. Resu lts a re in l ine with previous research on people who a l l  met the 

criteria for CFS 3. People who previously received a CFS diagnosis had h igher education than people who 

had not. A lthough these results lacked sign ificance, the authors suggested that persons with higher 

education were genera l ly more trusting of the health care system and therefore seek out when having 

symptoms of CFS 3• Nevertheless, the association between inte l l igence and an FSD diagnosis in patients 

with persistent FSS was smal l, especia l ly in re lation to sex that is a strong independent predictor of 

an FSD diagnosis. In contrast to the findings on inte l l igence, we did not find an association between 

neuroticism and reporting an FSD diagnosis. Although neu roticism is associated with the number of 

FSS 18, it does not increase the chance of syndrome label ing in patients that present these symptoms. It 

could be speculated that catastrophic thoughts about symptoms that often exists in neurotic patients 
6 rather hold doctors back from label ing FSS, because label ing m ight eventual ly worse the prognosis 
24• Moreover, fea rs of having a serious disease can lead to more diagnostic testing, although a previous 

study on IBS in genera l  practice showed that reaching the d iagnosis of I BS was not dependent on the 

number of tests done to excl ude organic d isease 25. Women a re more l ikely to receive an FSD diagnosis 

and this might be because women have a lower threshold for seeking medical attention 26
. Therefore, 

women might visit their doctor more often for FSS, result ing in a higher chance of an FSD d iagnosis. It 

has to be kept in mind that the largest FSD group in our study was the g roup that reported PMS, but a lso 

when this g roup was excluded from the analyses the odds ratio of sex remained high. In add ition, high 

numbers of FSS was associated with syndrome label i ng. A previous study a lso indicated that the number 

of symptoms, but a lso the du ration of symptoms, predicted a specific FSD diagnosis 25• We did not find 

an association between age and an FSD diagnosis in patients with persistent FSS. It might be plausible 

that FSS presented by older patient a re often ascribed to older age itself, a lthough in our study it seems 

that younger age does not increase the probabi l ity of syndrome label ing. 

When interpreting our  study results, the fol lowing l im itations should be taken into account. First, FSD 

diagnoses were assessed with a self-report questionnaire. However, we were interested in syndrome 

label ing independent of the way this was done. Moreover, the FSD groups were characterized by a 

high preva lence of the corresponding core symptoms, suggesting valid ity of the self-reported data. 

Unfortunately, the core symptom of CFS, fatigue, is not assessed in the CIDI section on somatoform 

disorders. This might explain why part of the FSD group reported no FSS. Second, we cannot be sure 

that a l l  reported FSS were present before the FSD diagnosis was made. Third, not a l l  possible FSD 

diagnoses were included in this study; therefore it cannot be ruled out that participants that reported 

no FSD diagnosis did actua l ly have an FSD diagnosis, a lthough we d id include the most p rominent 

ones. Additiona l ly, compared to participants without an FSD d iagnosis, participants that reported an 

FSD diagnosis had s ignificantly higher numbers of FSS, indicating that we in fact look at two different 

groups of participants. 
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Patients presenting FSS not un iformly receive an FSD diagnosis 4
. We conclude that h igh intel l igence, 

but not high neuroticism, is associated with syndrome label ing in patients presenting persistent FSS. 

However, effects were smal l .  Although at first, label ing FSS with an FSD diagnosis may have positive 

consequences 9, labeling may a lso have negative consequences in the long term 24. Label ing symptoms 

as an i l lness ca rries the risk of the symptoms becoming self-va l idating and self-reinforcing leading to 

a worse outcome 4, especia l ly if the FSD label is biomedica l one 27• Furthermore, due to the lack of 

biomedical evidence supporting the existence of the i l l ness, a l l  new symptoms may be attributed to the 

original FSD d iagnosis 28• We suggest repl ication of this study including more specific data on potential 

mediating factors between inte l l igence and syndrome label ing, such as gathering and interpretation of 

health i nformation. More insight into the factors that influence the l i kel ihood of label ing is of i nterest, 

especia l ly when patients do not benefit from such labels. 
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ABSTRACT 

Objective: To get more insight into the role of psychosocial stress in the development of functional 
somatic symptoms (FSS). 

Methods: A population-based cohort consisting of 1094 adults aged 28 -79 years (mean 53 . 1  years), 
46.3% male. Lifetime exposure to 12 adverse life events was assessed through a modified version of the 
List of Threatening Experiences. Stress sensitive personality was assessed with the 12 -item neuroticism 
scale of the Eysenck Personality Questionnaire-Revised. Socio-economic status (SES) was retrieved 
from questionnaires. Participants completed the somatization section of the Composite I nternational 
Diagnostic Interview to survey the presence of 42 FSS experienced in the previous year. 

Results: Multivariable regression analyses revealed that lifetime scores of adverse life events were 
significantly associated with FSS in the previous year (beta = 0. 1 8, t = 5.84, p<0.01 ); an association 
that was nearly identical for females (0. 1 8, t = 4.07, p<0.001 ) and males (0. 19 ,  t = 4 .24, p<0.001 ). This 
association remained statistically significant when neuroticism or SES were added to the model. 
Associations between adverse life events in childhood (0- 1 2  years) until young adulthood ( 19-39 years) 
and FSS were only significant in females. 

Conclusion: Adverse life events in different age categories were associated with FSS. This association 
was largely independent of SES or a stress-sensitive personality. Adverse life events in early life are 
significantly associated with FSS in females but not in males. Future studies could adopt a life course 
perspective to study the role of adverse life events in FSS. 
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I NTRODUCTION 

When doctors cannot find an organic explanation for somatic symptoms presented by their patients, 

psychosocial stress is often assumed to contribute. These so called functional somatic symptoms (FSS) 

often occur together and can then be referred to as functional somatic disorders (FSD). Scientific studies 

have answered the question whether psychosocial stress precedes the onset of FSS or FSD with a 'fairly 

u neq u ivoca I yes'l . 

However, several methodological problems characterize research towards the role of stress in the 

etiology of FSS and FSD. With regard to stress and FSD, the field is characterized by case control studies, 

which have several problems 2. The presence of a disease label in cases may increase the amount of 

reported psychosocial life stress through a negative recall bias or by effort after meaning, the latter 

describing the phenomenon whereby individuals interpret potentially ambiguous events in accord with 

their implicit theories regarding the causes of their FSD 3• In addition, selection bias due to the use of 

patient samples can be problematic, since clinical patient samples may consist of persons with relatively 

high psychiatric co-morbidity. Thus, the association that has been found between psychosocial stress 

and FSD in clinical samples may not apply to the development of FSD in general. For etiological research, 

the association between stress and FSS may be more informative. 

When closely appreciating the relationship between psychosocial stress and FSS, however, one observes 

that straight-forward evidence for a role of recent stress in the etiology of FSS is scarce and characterized 

by limited generalizability beyond single symptoms, single psychosocial stress variables, or specific 

populations. For instance, life events in the previous six months did precede new-onset of chronic 

widespread pain, but not independent from other psychological factors such as health anxiety and 

illness behaviour 4• 5. Life events in previous months preceded somatization in the setting of a psychiatric 

disorder in primary care 5. In a population-based study among Chinese Americans 6 and a population

based study of adolescents 7, lifetime events were associated with the number of continuously measured 

somatic symptoms, whereas recent life events within the past year were not a predictor for FSS in the first 

study 6. Thus, data is conflicting about the contribution of life events and most of the above research has 

relied on cross-sectional design. Furthermore, existing meta-analyses showed that childhood trauma is 

associated with FSS and FSD 8 and health effects of childhood adversities seem larger in females than in 

males 9. Sex and age specific pathways should, therefore, be further investigated. Moreover, especially 

in population-based studies, one needs to take into account the distribution of life events according 

to demographic factors such as socio-economic status (SES). Since it was concluded in a review that 

adverse life events are more frequent in persons with low SES 10  and low SES itself is a risk factor for FSS 
1 1 , low SES may act as a confounding factor in the association between life events and FSS. Likewise, 

objectively measured stressful life events are associated with neuroticism 1 2• 13 •  Yet potential confounding 

by having a stress sensitive personality (i.e., trait neuroticism) has never been tested in previous studies 

on the association between psychosocial stress and FSS. When researching the influence of psychosocial 
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stress on physical symptoms, it has been recommended to use both a life events scale and a perceived 

distress scale, and, in either case, to administer a personality test and examine to what extent and which 

variance in the stress measure is explained by neuroticism 14. 

In conclusion, it is unknown to what extent adverse life events are directly associated with FSS, whether 

there is a critical time frame, whether this association is the same for males and females, and whether 

this relation exists independently of SES or a stress-sensitive personality. This population-based cohort 

study aims to test whether the generally accepted role of psychosocial stress in the development of FSS 

is justified. We have the following hypotheses. First, the lifetime score of adverse life events increases 

the risk for FSS in the general population. Second, the effects of adverse life events are stronger in 

early life and in females. Third, these associations remain after adjustment for personal (neuroticism) 

and environmental (SES) factors associated with both psychosocial stress and FSS. Data from a general 

population of adults, including two measurement waves, were used to examine the hypotheses. 

METHODS 

Population 

This study has been performed in a cohort derived from PREVEND (Prevention of REnal and Vascular 

ENd stage Disease), a major Dutch population cohort study investigating risk factors for renal and 

cardiovascular disease. The recruitment of participants for PREVEND has been extensively described 

elsewhere 1 5• The PREVEND baseline sample consisted of 8,592 subjects randomly selected from the 

population of the city of Groningen with oversampling for albuminuria (Tl ). Selection of subjects 

for the present study was aimed at recruiting a representative sample of the general population 

of Groningen, while simultaneously rectifying PREVEND's oversampling for albuminuria. Research 

assistants approached participants in the PREVEND study during their visit to the outpatient clinic 

during follow-up (2,554 participants). Measurements were completed by a total of 1094 participants 

(43%), forming the present study. PREVEND participants who declined to participate in the current study 

did not significantly differ from those who did participate concerning sex, age, and scores on a 12-item 

neuroticism scale 16. Baseline measurements for the present study took place between 2001 and 2002 

(T2). Follow-up measurements were made approximately two years later, between 2003 and 2004 (T3), 

and were completed by a total of 976 participants (89%). The study was approved by the University 

of Groningen medical ethics committee. Written informed consent was obtained from all participants. 

Functional somatic symptoms 

FSS were measured by the somatization section of the Composite International Diagnostic Interview 

(CIDI). The CIDI is a fully-structured diagnostic interview developed by the World Health Organization 

for use in epidemiological studies on mental disorders and provides diagnosis according to Diagnostic 

and Statistical Manual, Fourth Edition (DSM-IV) criteria. A fully computerized version of the CIDI 2 .1  

was applied, suitable for self-administration. Trained interviewers were present for questions and for 
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participants that needed computer help. In the CIDI somatization section, forty-three symptoms are 
assessed through asking "have you had" this symptom (see appendix), and are considered present when 
they meet severity criteria, i.e. provoking a health care visit. If these criteria are met, the interview assesses 
in a hierarchical fashion whether a medical doctor diagnosed a symptom as due to physical illness or 
injury, or whether a symptom was caused by the use of medication, drugs, or alcohol. If these inquiries 
are negative for medical explanations, the symptom is scored as a FSS. The CIDI has adequate test
retest reliability and validity 17• Sexual indifference was excluded from analysis since it is not surveyed 
in the CIDI whether this symptom provoked a health care visit. Participants first completed the CIDI 
lifetime version measuring lifetime FSS. A total of 1088 completed Cl Dis were available at baseline. Two 
years later, participants were re-interviewed and completed the CIDI 12-months version, in which the 
occurrence of the forty-three symptoms in the previous year is surveyed; 964 completed Cl Dis were 
available at follow-up. In the main analyses, we use the sum of all FSS in the previous year, defined as 
one-year FSS. 

Adverse life events 

The original List of Threatening Experiences (LTE) 18 was translated in Dutch and applied in a modified 
version with age categories. Construct reliability was considered acceptable 19. Participants completed 
the LTE at home prior to their visit to our research facilities, where a researcher checked with the 
participant whether the list had been filled out correctly. The original LTE comprises 12 items that were 
selected for their established long term consequences 18• 20. The original LTE asked whether or not these 
events took place in the previous year. For the purpose of this study, the LTE was extended with the 
addition of age categories. In addition to the question about the occurrence of adverse life events in the 
previous year, the altered questionnaires comprise questions about the occurrence of adverse life events 
in the following age categories: 0 - 12 years, 13 - 18 years, 19 - 39 years, 40 - 60 years and >60 years. For 
each age category, the participants had to complete for each age-window whether or not an event 
had occurred when they were that age. A lifetime sum score of adverse life events (lifetime SUM-LTE) 
for each participant was calculated by adding the scores for all the different life events for all five age
categories (with 5 age categories and 12 life events the maximum score is 60). Also sum scores of the 
LTE for the previous year and for the specific age categories were used (SUM-LTE in category [ .. ] years), 
with a maximum of 12 life events per age category. All participants filled in the LTE again approximately 
two years after the first assessment of these questionnaires. The test-retest reliability of the lifetime SUM
LTE with a two year interval was Pearson's r = 0.606, p<0.001 .  In this correlation coefficient, only age 
categories that were already completed at the first assessment were included. 

Socio-economic status 

For the assessment of socio-economic status, information on educational level, work situation, and 
income was retrieved from questionnaires. Educational level consisted of the following categories: not 
applicable, low, middle, or high educational level. Low educational level was defined as lower secondary 
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education or less, middle educational level was defined as higher secondary education, and high 

educationa l  leve l was defi ned as tertiary education .  Working situation was categorized in the fol lowing 

categories: employed (i.e., cu rrently having a job), wi l l i ng ly unemployed (i.e., housekeeping or retired) 

or unwi l l i ng ly unemployed (i.e., job seeker or unable to work) .  I ncome was measured through the gross 

monthly household income (< 1 200, 1 200-1 799, 1 800-2 1 99, 2200-2799, 2800-3799, 3800-5800, or > 

5800 gu i lders) d ivided by the square root of the number of people l iving in the household 21 . 

Neuroticism 

Participants completed the Dutch trans lation of the neuroticism sca le of the Eysenck Personal ity 

Questionna i re-Revised (EPQ-RSS-N) 16, compris ing 1 2  questions representing nervousness, emotiona l  

instabi l ity, feel ings of gui lt, and low self-esteem. The respondent is asked whether he or she has recently 

experienced a particu lar symptom or item of behavior on a sca le ranging from "less than usual"to "much 

more than usual ''. For the EPQ-RSS-N, we constructed a sum score that represents the total number of 

neuroticism symptoms reported. Missing data were imputed according to the method of corrected item 

mean substitution, if at least half of the items were com pleted. 

Statistical analyses 

We performed a l l  ana lyses using the Statistical Package for the Social Sciences version 1 8.0 (SPSS I nc, 

Chicago, I L, USA). The differences between males a nd fema les were measured with t-tests for pa rametric 

va riables (age, SUM-LTE in age category 1 9-39 and 40-60 years, neuroticism, income), Mann Whitney U 

tests for nonparametric variables (l ifetime SUM-LTE, SUM-LTE in previous yea r, SUM-LTE in age category 

0- 1 2, 1 3-1 8 ,  and > 60 years, one-year FSS), and chi-squares for categorica l va riab les (educational level, 

work situation). Mu ltivariable regression ana lyses were performed with as forced entered predictor 

variab les SUM-LTE l ifetime, SUM-LTE in the previous yea r, or SUM-LTE in  a specific age category. Sex 

and age were inc luded as confounders in all m ultiva riab le models performed on the whole cohort and 

the outcome variable was in each instance the total number of FSS experienced in the previous year. 

Ana lyses were repeated for ma les and females separately and repeated inc luding socio-economic status 

and neuroticism as covariates in the model. The models for ma les and females separately were adjusted 

for age. 

RESULTS 

Study population 

General characteristics of this study popu lation, inc lud ing statistics for sex differences, can be found 

in table 1 .  These resu lts show that males were more often h igh ly educated, employed, and had higher 

income than females. Neuroticism scores are significantly higher in females than in  males. Lifetime SUM

LTE was s ignificantly higher in females than in ma les. Adverse l ife events are most preva lent in young 

adu lthood (1 9-39 years) and adu lthood (40-60 years) i n  the total g roup, both in  males and in fema les. In 

addition, number of FSS was s l ightly h igher in fema les than in ma les. 
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Adverse life events and FSS 

Associations between adverse life events and FSS can be found in table 2. Multivariable regression 

analyses adjusted for sex and age revealed that lifetime SUM-LTE was significantly positively associated 

with FSS. This association was nearly identical for females and males. No association was found between 

SUM-LTE in the previous year and FSS. Sex differences emerged for the associations between the specific 

age categories and FSS. The SUM-LTE in childhood (O - 1 2  years), adolescence, and young adulthood 

were significantly positively associated with FSS in females, but not in males. Of these associations, the 

largest sex difference was found in childhood (O - 1 2  years). Although the association between SUM-LTE 

in adulthood (40-60 years) and FSS was significant for both sexes, it was much higher in males (beta = 

.25) than in females (beta = . 1 0). In addition, no association between SUM-LTE and FSS was found in the 

age-category >60 years. 

Table 1 .  General characteristics of the study population 

All 

Number of participants 949 

Mean age in years (SD) 55.3 (1 1 . 1 )  

Educational level1 

No 4.7 

Low 26.5 

Middle 27.1 

High 41 .7 

Work situation1 

Unwillingly unemployed 1 0.7 

Willing ly unemployed 28.7 

Employed 60.6 

Mean income (SD)2 2464 (964) 

Neuroticism score (EPQ-1 2) 
2.8 (3.1 ) 

Mean (SD) 

Lifetime SUM-LTE3 5.3 (3.3) 

SUM-LTE3 in the previous year 0.4 (0.8) 

SUM-LTE3 in youth, 0-1 2 year(s) 0.4 (0.8) 

SUM-LTE3 in adolescence, 1 3- 1 8 years 0.4 (0.8) 

SUM-LTE3 in young adulthood, 
2.3 (2. 1 )  

1 9-39 years 

SUM-LTE3 in adulthood, 
1 .8 ( 1 .9) 

40-60 years 

SUM-LTE3 in adulthood, 
0.3 (0.9) > 60 years 

Number of one-year FSS4 1 (0-2) 

Males 

455 

56.0 ( 1 1 .3) 

3.8 

23.3 

29.9 

43.0 

1 0.8 

22.9 

66.2 

2603 (982) 

2.2 (2.8) 

4.9 (3.3) 

0.4 (0.8) 

0.4 (0.7) 

0.4 (0.8) 

2.0 (2.0) 

1 .8 ( 1 .8) 

0.3 (0.8) 

0 (0-1 ) 

Females 

494 

54.7 ( 1 1 .0) 

5.5 

29.2 

24.8 

40.5 

1 0.5 

34.0 

55.5 

2339 (930) 

3.3 (3.2) 

5 .7 (3.2) 

0.4 (0.8) 

0.5 (0.8) 

0.4 (0.8) 

2.6 (2.2) 

1 .9 (1 .9) 

0.4 (0.9) 

1 (0-2) 

Test statlstlc5 

t =  1 .8 

x2= 7.7* 

t = 4. 1 *  

t = -5.5* 

z = -5.3* 

z = -0.9 

z = -1 .7 

z = - 1 .2 

t = -4.7* 

t = -0.8 

z = -0.2 

z = -5.6* 

1 In percentages; 2Household income (in guilders) divided by the square root of number of people living with this 

income; 3SUM-LTE = sum scores of adverse life events, reported in mean (SD); 4lnterquartile range, 5 mean score in 

males (0) versus mean scores in females (1 ), *p<0.05 
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Role of stress sensitive personality and SES 

When neuroticism was added to the model, the association between l ifetime SUM-LTE and FSS s l ightly 

attenuated (beta = 0. 1 3, t = 4.06, p<0.0 1 ), but remained statistica l ly significant. When SES was added to 

the model,the association between lifetime SUM-LTE and FSS a lso s l ightly attenuated (beta = 0 . 1 7, t = 

4.57, p<0.0 1 ), but remained statistical ly significant. For l ife events in the previous year, the association 

with FSS remained insignificant after adjusting for neuroticism (beta 0.0 1 ,  t = 0.33, p = 0.740) or SES (beta 

= -0,02, t = -0,6 1 I p = 0.540) , 

Table 2. Associations between adverse life events and FSS 

Total Males Females 
Beta Beta Beta 

Lifetime SUM-LTE1 0.18** 0.19** 0.18** 

(t = 5.84, p<0.0 1)  (t = 4.24, p<0.01 )  ( t  = 4.07, p<0.0 1)  

SUM-LTE1 in previous year 
0.01 0.05 -0.01 

(t = 0.36, p = 0.66) (t = 1 . 14, p = 0.25) (t = -0.30, p = 0.77) 

SUM-LTE1 in youth, 0-12  year(s) 
0.07* 0.0 1 0. 1 1* 

(t = 2 .15; p = 0.03) (t = 0.2 1 ,  p = 0.83) (t = 2.54, p = 0.01) 

SUM-LTE1 i n  adolescence, 13-18 years 
0.09** 0.08 0. 10* 

(t = 2.75, p = 0.01) (t = 1 .76, p = 0.08) (t = 2, 1 1  I p = 0.04) 

SUM-LTE1 in young adulthood, 1 9-39 0. 10** 0.09 0.12* 

years (t = 2.92, p = 0.01) (t = 1 .70, p = 0.09) (t = 2.381 ,  p = 0.02) 

SUM-LTE1 in adu lthood, 40-60 years 
0 .16** 0.25** 0.10* 

(t = 4.91 ,  p = <0.0 1) (t = 5.24, p = <0.01) (t = 2.13, p = 0.03) 

SUM-LTE1 in adulthood, >60 years 
0.04 -0.02 0.08 

(t = 0.98, p = 0.33) (t = -0.27, p = 0.79) (t = 1 .39, p = 0.1 7) 

*p<0.05, **p<0.0 1 .  1S UM-LTE = sum scores of adverse l ife events 

Ana lyses in all participants adjusted for age and sex; ana lyses in males and females adjusted for age. 

DISCUSSION 

This is the first study that looked at age- and sex-specific associations between adverse l ife events and 

FSS in the genera l  population. The association between l ifetime sum scores of adverse l ife events and 

FSS was largely independent of having a stress sensitive personal ity or low socio-economic status. Sex 

differences are particu la rly observed for specific age categories, with a stronger association with FSS in 

females for adverse l ife events in early l ife. 

Amongst the strengths of this study is the large popu lation-cohort, inc luding about equa l 

percentages of males and females, whi le covering a wide age range. In addition, adverse l ife events 

were measured with a wel l-va l idated sca le, which consisted of life events selected based on their long

term effects 1 8• 1 9• Furthermore, FSS were measured with an extensive interview, in which complaints 

were further probed for medical explanations. This interview made it possible to make some statement 
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on symptom severity, since the FSS should at least have provoked a health care visit. Although FSS are 

in general short lasting and not very disabling, looking at FSS that provoked a health visit, increases the 

clinical relevance. The dependent variable was conceptualized as a continuous variable; as criteria for 

caseness applied to FSS measures in studies of community samples represent arbitrary cutoff points 22. 

The following limitations should be acknowledged. First, adverse life events were assessed retrospectively. 

Nonetheless, retrospective recall in adult life of serious, readily operationalised, stressful experiences in 

childhood is sufficiently valid to warrant its use even though there is significant under-reporting and 

probably some bias 23. Second, the presence or absence of adverse life events was measured for each 

age category, with no distinction between one or multiple events of the same type. It is plausible that 

repeated adverse life events of the same type further increase the risk of developing FSS, indicating that 

the results are most likely to be underestimations. We did not include multiple events of the same type, 

because a pilot study we conducted showed that it was too complicated for participants to indicate the 

exact number of specific life events for each age category 1 9
. 

The results are in agreement with previous studies in specific populations or towards specific 

stressors or specific symptoms 24, suggesting that adverse life events play a generic role in the etiology 

of FSS. One previous population-based study also found that the association was particularly found for 

life events more than one year ago as opposed to recent life events 6• In contrast, other studies found 

an association between relatively recent life events and FSS 5• 25. One study found that life events in 

previous months preceded somatisation 5• It was, however, performed in the setting of a psychiatric 

disorder in primary care, which might possibly explain the discrepancy in results 5. Perhaps it is not 

recent life events that directly lead to FSS, but the concomitant psychological factors that preceded 

somatisation. Another study on predictors of the course of FSS found an association between adverse 

life events between baseline and 1 2  months follow-up in primary care patients 25. However, opposed to 

our sample that sample was smaller (n = 277) and had an overrepresentation of females (72%). Besides 

this, the overrepresentation of patients with FSD in the former sample could render the generalization 

of their results more difficult 25. 

There are several explanations for the association between adverse life events and FSS. Adverse 

life events may be precipitating factors that trigger the onset of FSS. Results are not consistent with 

this explanation, since life events in the previous year were not associated with number of FSS. It is 

possible that the FSS were already present before the previous year. Still, this may suggest a latency time 

between the occurrence of life events and FSS, and may imply that life events could also be regarded 

as predisposing factors. Perhaps not all types of events have equal effects on the development of FSS. 

Events such as divorce or separation are less likely to occur frequently than problems with a neighbour, 

which in turn might not be strong enough to directly result in FSS. Indeed, a small exploratory study 

in first year students found that especially 'loss events'. such as a broken relationship were associated 

with somatisation, opposed to 'ordinary stresses' experienced by every first year student 26• In addition, 
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this study found no immediate effect from those ' loss events' on the presentation of symptoms to 

doctors. It was suggested that students' symptoms were caused by an interaction between former loss 

of support and increased difficu lty in  coping with the stresses of col lege l ife 26• Although our study 

sam ple d iffers from the former, these find ings might help understanding why previous year events are 

not associated with FSS. A second explanation for the observed association between adverse l ife events 

and FSS is confounding, meaning that a th i rd va riable related to both stress and FSS is responsible for the 

observed association. Ana lyses were adjusted for poss ib le confounders such as personal (neuroticism) 

and environmenta l (SES) factors associated with both stress 10• 1 2• 13 and FSS 1 1 , 21. 28• Although neu roticism 

and SES were approached as potential confounders i n  the ana lyses, one cou ld question what the role 

of these factors is i n  the causa l pathway. Neuroticism 12• 1 3  or low SES 1 0  might provoke more l ife events, 

and thereby a lso be associated with more FSS. Neverthe less, inc lud ing them in the models revea led that 

the association between sum scores of adverse life events and FSS was i ndependent of a stress sensitive 

persona l ity or socio-economic status. Th is does not exclude the possib i l ity of unmeasured confounding 

responsib le for a spurious association. For example, one study showed that the association between 

l ife events in the previous six months and new-onset of chronic widespread pain was dependent on 

psycholog ica l factors such as health anxiety and i l l ness behaviour 4. 

The association between adverse l ife events and FSS was s ignificant in fema les across the l ife span, 

except for the age-category >60 years. Perhaps the latter category was too small to detect any effect, 

s ince the majority of the pa rticipants did not yet reach this age. I ntriguing ly, adverse l ife events in early l ife 

were associated with FSS in  females but not in males. Recent meta-analyses have a lso suggested that the 

hea lth effects of chi ldhood adversities seem larger in  females than in males 9. Perhaps the type of events 

might expla in the sex difference. Chi ldhood adverse l ife events, specifica l ly sexual abuse, emotional  

abuse, and emotional neglect a re associated with adult chronic fatigue syndrome 29. Females are more 

at risk for these kinds of adverse l ife events, although that m ight be because stud ies in males a re scarce 
30. In add ition, fema les that experienced chi ldhood adverse l ife events may be more vulnerable of long 

lasti ng effects and therefore later l ife FSS. Not unti l late adu lthood (40-60 years) does the association 

between l ife time scores of adverse l ife events and FSS become significant in males. Perhaps males in 

this age category might be more vul nerable for specific types of adverse l ife events. I ndeed, among the 

most frequently reported events in  this age-category are death of close family, friend, or second-decree 

relative; events that are s l ightly more often reported by males in our cohort 1 9
. Another possible l i nk  

between adverse l ife events and FSS  is dysregu lation of  the stress-responsive systems in  the body, such 

as the Hypotha lamus Pituitary Adrenal (HPA)-axis or the Autonomic Nervous System (ANS). Alterations 

in these systems have been associated with FSS 3 1 • Stressful experiences have been shown to a lter the 

function of these systems. Exposure to l ife events has been suggested to red uce function of the HPA

axis in the long term 32. Such a mechan ism would fit wel l  with the observation of a sex-specific effect 

of adverse l ife events on FFS. I ndeed, previous research found a re lation between adverse l ife events 

in early l ife and increased p itu itary reactivity in adult women 33, and between cortisol and functional 
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syndromes 34• Altered activity of the ANS under resting conditions has been shown in individuals exposed 

to chronic stress compared to controls 35• 36. In a study in a group of police officers, there was a small 

association between ANS function and more traumatic events 37, but only when subjects were under 

pressure. The associations of ANS function with life events have not been researched in the general 

population, whereas existing studies on the association between ANS function and FSD have several 

methodological problems 38. One previous population-based study suggested that the association 

between parasympathetic function and FSS is dependent on age, with the hypothesized negative 

association only found in young to middle-aged participants 39• Moreover, psychological factors could 

be responsible for the association between life events and FSS. Anxiety and depression are possible 

confounders, given their association with both life events 40 and FSS 41 . Our analyses were not adjusted 

for anxiety and depression, because this could be regarded as over adjustment, given their overlap with 

neuroticism 42 . Since neuroticism did not significantly alter the association between adverse life events 

and FSS, this suggests that the effect of anxiety and depression on that association would be small. 

In conclusion, adverse life events in different age categories are positively associated with FSS. Future 

studies should adopt a life course perspective to study the role of adverse life events in FSS and FSD. 

Such an approach avoids the problems associated with retrospective reports of life events, and permits 

the study of possible latent effects. 
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Chapter 5 

ABSTRACT 

Background: Low intel l igence is a risk factor for functional somatic symptoms (FSS) i n  adults, but it is 

unknown whether a s imi lar association exists in adolescents. We hypothesized that low intel l igence 

may lead to FSS, and that this association is mediated by low school performance. In addition, we 

hypothesized that this med iation is particularly present in adolescents who perceive high parental 

expectations. 

Methods: This study was performed in a genera l  popu lation cohort from the TRacking Adolescents' 

I nd ividual Lives Su rvey, using data from the fi rst wave (n = 2,230, mean age = 1 1 .09 years, SD = .56, 50.8% 

gi rl s), second wave (n = 2, 1 49, mean age = 1 3 .65 years, SD = .53, 5 1 .0% gi r ls), and th i rd wave (n = 1 ,8 1 6, 

mean age = 1 6.25 years, SD = .72, 53.3% girls) . I ntel l igence was measured using the Wechsler Intel l igence 

Scale for Chi ldren-Revised, which resu lted in an inte l l igence quotient (IQ) for each pa rticipant. FSS were 

measured by the Somatic Complaints Scale of the Youth Self-Report. School performance was assessed 

by teacher reports and perceived parental expectations by adolescent reports. Structural equation 

model ing was used to test our hypotheses. 

Results: We found a sign ificant negative association between IQ and FSS in the whole g roup (.24). This 

association was significant in the group perceiving high parenta l expectations (.37), but not in the group 

perceiving low parental expectations. The association between IQ and FSS was not mediated by school 

performance. 

Conclusion: Low intel l igence is associated with a h igher pred isposition for FSS in adolescents, especia l ly 

in those adolescents perceiving high parental expectations. 
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INTRODUCTION 

Functional somatic symptoms (FSS), defined as somatic symptoms not conclusively explained by known 
organic pathology, are frequently seen in health care 1. 2. The etiology of FSS is still elusive, although it is 
becoming increasingly clear that it is multifactorial, involving complex interactions between biological, 
psychological, and social factors 3-s. Intelligence might be one factor contributing to the etiology of FSS. 
We previously found a negative association between intelligence and FSS in a general adult population 
cohort, which was partly mediated by an unfavorable work situation 6• It is not clear whether the 
association between intelligence and FSS is generalizable to the adolescent population. 

Moreover, it is unknown which factors would mediate this association, and whether these factors differ 
from those observed in adults. Most adults spend a great amount of time at work, whereas adolescents 
spend much time at school. Therefore, instead of an unfavorable work situation in adults, an unfavorable 
school situation might mediate the association between intelligence and FSS in adolescents. Indeed, 
intelligence is the most important predictor of school performance 7, whereas low school performance 
in turn has been associated with FSS 8• Thus, low school performance may mediate the association 
between intelligence and FSS in adolescents. However, it is plausible that low intelligence and low 
school performance do not result in FSS in all adolescents. The burden of low school performance might 
depend on the norms of the social environment of the adolescent. A study on chronic fatigue syndrome 
(CFS), a syndrome defined by the existence of a cluster of FSS, suggested that parents might play an 
important role. Parental expectations of the intelligence of adolescents with CFS were significantly higher 
than parental expectations of the intelligence of adolescents without CFS 9• The authors suggested that 
these high parental expectations might contribute to the development and maintenance of CFS 9• I t  
might be possible that when parental expectations cannot be met by the adolescent, i t  may lead to 
distress and consequently FSS in the adolescent. 

Therefore, we hypothesized that adolescents with low intelligence and consequently low school 
performance are especially at risk for FSS when they perceive high parental expectations of their 
achievements. We studied our hypotheses in a large population cohort of adolescents. 
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METHODS 

Population 

This study is part of the TRacking Adolescents' Individual Lives Survey (TRAILS). TRAILS is a longitudinal  

cohort study of Dutch adolescents. The study was approved by the Dutch Centra l Committee on 

Research I nvolving Human Subjects. Data from the fi rst, second and th i rd assessment waves a re 

involved in this study. These assessment waves were conducted between March 2001 and Ju ly 2002, 

between September 2003 and December 2004, and between September 2005 and August 2008, 

respectively. For the sample selection, five municipal ities in the North of the Netherlands were asked to 

give information from the community register of a l l  citizens who were born between October 1 ,  1 989 

and September 30, 1 990 (first two municipal ities), or between October 1 ,  1 990 and September 30, 1 99 1  

(last th ree municipal ities), yield ing 3,483 names. Next, a l l  1 35 primary schools (including schools for  

specia l education) within these m unicipa l ities were asked to  pa rticipate in  TRAILS. School participation 

was a requi rement for partic ipants and their parents to be approached by the TRAILS staff. In  a l l, 1 23 

schools (90.4% of the schools accommodating 90.3% of the chi ldren) agreed to participate in the 

study. Of the 3, 1 45 remaining el igible chi ldren, 2 1 0 were excluded because they were either unable 

or incapable to pa rticipate owing to severe mental reta rdation or a serious physical i l lness or handicap, 

or when no Dutch-speaking parent or parent su rrogate was avai lable (Turkish and Moroccan parents 

who were unable to speak Dutch were interviewed in their own language) 1 0• After fu l ly expla in ing 

the procedures, written informed consent from the pa rents was obtained. At the second and th i rd 

assessment waves, informed consent was obta ined from the adolescents themselves. Of a l l  adolescents 

who were approached (n = 3 , 1 45), 76% (n = 2,230, mean age = 1 1 .09 years, SD = .56, 50.8% girls) were 

enrol led in the study. Detai led information about sample selection and ana lysis of nonresponse bias has 

been reported elsewhere 10. Primary schools that participated in TRAILS were comparable with other 

primary schools in the Nether lands with regard to the percentage of ch i ldren with a low socioeconomic 

background ( 1 6.1 % and 1 5 .3%, respectively) 1 1 .  Ten percent (n = 230) of the sample had at least one 

parent born in a non-western country, among which were Suriname (20.0%), Dutch Anti l les ( 1 6.0%), 

Indonesia ( 1 6.0%), Morocco (6.5%), Turkey (5.5%), and other countries (36.0%). Of the 2,230 basel ine 

participants, 96.4% (n = 2, 1 49, mean age = 1 3.65 years, SD= .53, 51 % gi r ls) participated in the first fol low

up assessment (T2), wh ich was held 2 to 3 years after assessment wave 1 (Tl ) .  Of the 2, 1 49 participants 

atT2, 8 1 .4% (n = 1 ,8 1 6, mean age = 1 6.25 years, SD = .72, 53 .3% g i rls) participated in the third assessment 

wave (T3), which was held 2 to 3 years afterT2. 

Assessment of intelligence 

At base l ine, the intel l igence of the pa rticipants was measured by psychologists using the shortened 

version of the Wechsler I ntel l igence Scale for Ch i ldren-Revised (WISC-R) 1 2, which resulted in an 

intel l igence quotient ( IQ) for each participant. Because the TRAILS cohort consists of a large g roup of 

adolescents, measuring inte l l igence of a l l  adolescents with the WISC-I l l  1 3  was found to be too labor

intensive. Therefore, we used a shortened version of the Wechsler I ntel l igence Sca le for Chi ldren, the 
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WISC-R 12. The WISC-R is su itable for participants of age between 6 and 1 6  years and 1 1  months 14 and 

is age standardized to compare different age groups with each other 1 5• The shortened vers ion of the 

WISC-R consists of a vocabulary subtest and a b lock design subtest. The WISC-R was assessed in a qu iet 

environment and participants were given 30 minutes to complete both subtests. 

Assessment of functional somatic symptoms 

FSS were measured by the Somatic Compla ints scale of the Youth Self-Report 16 at a l l  three assessment 

waves (Tl , T2, and T3). This scale conta ins n ine items, which refer to somatic complaints without a 

known medica l cause (aches/pains, headaches, nausea, eye problems, skin problems, stomachache, 

and vomiting) or without obvious reason (overti redness and dizziness). For each item, partic ipants had 

to respond on a 3-point scale (O = did not experience the compla int in  the preceding 6 months, 1 = 

experienced the compla i nt sometimes or a l ittle bit in the preceding 6 months, 2 = experienced the 

complaint often or a lot in the preceding 6 months) 1 7-1 9_ Factor ana lysis ind icated that two items (eye 

problems and skin problems) had low factor loadings at both assessment waves for both gir ls  and boys. 

This suggests that these two items did not represent the underlying construct very wel l  in our  sample 

and were therefore excl uded. For the ana lyses, we composed sum scores for FSS. 

Assessment of school performance 

Basel ine school performance was rated by the partic ipants' teacher for two school subjects: Dutch 

language and mathematics. We derived a mean score of school performance by adding the scores 

obtained in both the subjects and then divid ing the total by two. School performance at both fol low

up waves was rated by the participants' teacher for five (g roups of) school subjects: Dutch language, 

foreign languages (French, Engl ish, and German), geography and h istory, mathematics, and other exact 

sciences (biology, physics, and chemistry). For each (g roup of) school subject(s), performance was rated 

on a 5-point sca le (1 = insufficient performance, to 5 = excel lent performance). We derived a mean score 

of school performance by adding the scores obta ined in all five subjects (g roups of) and then d ividing 

the tota l by five. 

Assessment of perceived parental expectations 

At basel ine, perceived parenta l expectations were assessed with two items from the EMBU-C (a Swedish 

acronym for my memories of upbringing) for Chi ldren 20. The EMBU-C has been developed to assess 

chi ldren's perception of pa rental rea ri ng practices 20. The two items were "Do you think you r  father has 

high expectations as far as your school results, sport achievements and so on a re concerned?" a nd "Do 

you think your  mother  has high expectations as far as your school resu lts, sport achievements and so on 

a re concerned?" Possible answers could be no, never = 1 ;  yes, sometimes = 2; yes, often = 3; yes, most of 

the time = 4. These four poss ib le answers were merged to form the fo l lowing two larger categories: low 

perceived pa rental expectations = 1 -2 and high perceived parental expectations = 3-4. I n  pa rticu lar, we 

were interested in high pa rental expectations; therefore, we used data of the parent with the h ighest 

expectations, as perceived by the adolescent. 
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Description of the model 

To model the relationships between IQ, school performance, and FSS, we fi rst composed a trait and state 

(T&S) model of FSS (Figure 1), based on models of Duncan-Jones et al 21 • At each time point, FSS were 

determined by two latent variables: trait FSS (Tr l , Tr2, and Tr3) and state FSS (St l , St2, and St3). Trait FSS 

is stable over time and reflects unchanged risk factors. State FSS represents the variance not accounted 

for by trait FSS and therefore reflects changes in symptom scores over time (partly caused by error 

variance). A necessary assumption to identify the model is that the T&S components are equal at each 

time point (Trl = Tr2 = Tr3; Stl = St2 = St3). The T&S model further includes autoregressive effects of the 

states (Aul and Au2), meaning that the immediate preceding state value has a direct effect on the next 

state value. The T&S model is considered to represent the reality better than a completely autoregressive 

model, in which all stability in FSS scores is explained by the value of the preceding FSS score. After 

having composed the T&S model for FSS, we connected this model to the measured variables school 

performance and IQ, as is depicted in Figures 2 and 3. We modeled one correlation: between school 

performance at Tl and state FSS at Tl . Furthermore, we modeled 1 4  regression effects: a direct effect of 

IQ on trait FSS; three direct effects of IQ on school performance (Tl , T2, and T3); two direct effects from 

school performance at Tl on school performance at T2, and from school performance at T2 on school 

performance at T3; two contemporaneous effects of school performance on state FSS (at T2 and T3); two 

contemporaneous effects of state FSS on school performance (at T2 and T3); two lagged effects of school 

performance on state FSS; and two lagged effects of state FSS on school performance. To identify the 

model, it was necessary to remove the contemporaneous path from FSS on school performance at T2. 

St1 St2 St3 

MeasureT1 MeasureT2 MeasureT3 

Tr1 Tr2 Tr3 

Trait 

Figure 1 .  The trait and state model (T&S model). Note that trait FSS at assessment wave 1 (Trl ) = trait FSS at 
assessment wave 2 (Tr2) = trait FSS at assessment wave 3 (Tr3) and state FSS at Tl (Stl ) = state FSS at assessment 
wave 2 (St2) = state FSS at assessment wave 3 (St3). The autoregressive effect at assessment wave 1 (Au 1) and 
the autoregressive effect at assessment wave 2 (Au2) may differ across time points. Tl = assessment wave 1, T2 = 

assessment wave 2, T3 = assessment wave 3 
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Statistical analyses 

Descriptive statistics were ca lcu lated by SPSS version 1 6.0. I n  addition, we tested our hypotheses by 

structu ra l equation model ing performed by Mp/us version 6.0. Model fits were considered good when 

the com parative fit index (CFI) and the Tucker-Lewis index (TU) were greater than .95, and the root mean 

square error of approximation (RMSEA) was smal ler than .05 . Idea l ly, the X2 should be nonsignificant (p 

= .OS), but larger samples increase the l i ke l ihood of obtaining sign ificant p values 22• After testing the 

model in the total sample, we tested the model in two g roups based on perceived parental expectations 

(high vs. low). In add ition, for the total group and for the two subgroups, we added all requested ind i rect 

effects between IQ and state FSS. Fu rthermore, we performed mult iple imputation ana lyses by Mp/us, 
inc luding 1 0  imputed data sets, as a sensitivity ana lysis to test for the influence of missing va lues. 

RESULTS 

Sample characteristics 

Table 1 presents the sca le scores on IQ, FSS, and school performance of the adolescents at the three 

assessment waves. All these variables were normal ly d istributed. Table 1 shows that the prevalence of 

FSS decli ned during the waves. When categorizing perceived parental expectations as h igh or low, 1 , 1 39 

adolescents (5 1 .9%; 56.5% boys) perceived high parental expectations and 1 ,056 (48 . 1  %; 41 . 1  % boys) 

perceived low parental expectations. 

Table 1 .  Sample characteristics 

Measure Valid N mean SD 

IQT1 2221 97.2 15 

FSS T1 21 15 3.3 2.5 

FSS T2 2015 2.7 2.5 

FSS T3 1 636 2.4 2.4 

School performance T1 1 91 4  3.2 .9 

School performance T2 1 327 3. 1  .7 

School performance T3 886 3.0 .7 

Abbreviations: FSS = functional somatic symptoms 

Tl = assessment wave 1 ,  T2 = assessment wave 2, T3 = assessment wave 3 

Model for the total sample 

Minimum - Maximum 

45 - 1 49 

0 - 1 3 

0 - 1 3 

0 - 1 2 

1 -5 

1 -5 

1 -5 

The model is depicted in Figu re 2; only s ignificant path estimates a re given. The model fit was good 

(model fit: X2 (df = 3) = 3.72, p = .29; CFI = 1 .00; TU = .99; RMS EA = .01 ) .  The estimated trait variance in 

FSS ranged from 27% (.522) to 29% (.542). Accord ing to the model, there was a sign ificant negative 

association between IQ and tra it FSS. Fu rthermore, IQ was significantly positively associated with school 

performance at Tl and T2, whereas the association between IQ and school performance at T3 was not 
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significant. School performance at Tl predicted school performance at T2, and school performance at 

T2 predicted school performance atT3. With regard to the paths between school performance and state 

FSS, no path was significant. Thus, there were no significant indirect paths between IQ and state FSS 

through school performance. State FSS atT l  predicted state FSS atT2, and state FSS atT2 predicted state 

FSS at T3. Estimates remained essentially the same after multiple imputation analyses. 

IQ 

.53 (.02) 

School 
Performance 

T1 

.87 (.02) 

FSS T1 

. 1 3 ( oi·•- ------- ---

School School 
Performance ·29 (.04) Performance 

T2 T3 

.86 (.02) .84 (.02) 

FSS T2 FSS T3 

.52 (.03) .54 (.03) 

TraitFSS 

Figure 2. Relation between IQ, school 
performance, and FSS for the total group of 

adolescents. Depicted are the standardized 
estimates (beta and standard error). The dotted 
l ines represent the paths that are not significant. 
Tl = assessment wave 1 ,  T2 = assessment wave 
2, T3 = assessment wave 3, FSS = Functional 
somatic symptoms 

Model for adolescents perceiving high parental expectations 

The model is depicted in Figure 3; only significant path estimates are given. The model fit was good 

(model fit: X2 (df = 3) = 5.63, p = . 13; CFI = .99; TLI = .98; RMSEA = .03). The estimated trait variance in 

FSS ranged from 25% (.502) to 28% (.532). According to the model, there was a significant negative 

association between IQ and trait FSS. Furthermore, IQ was significantly positively associated with school 

performance at T l  and T2, but not with school performance at T3. School performance at Tl predicted 

school performance atT2, but school performance atT2 did not predict school performance at T3. With 

regard to the paths between school performance and state FSS, no path was significant. Thus, there 

were no significant indirect paths between IQ and state FSS through school performance. State FSS at 

Tl predicted state FSS at T2, and state FSS at T2 predicted state FSS at T3. After fixing all paths between 
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school performance and state FSS at zero, the model fit was good (model fit: X2 (df = 1 1 ) = 1 0.79, p = .46; 

CFI = 1 .00; TU = 1 .00; RMSEA = .02), and the model did not a lter significantly (model fit: X2 (df = 8) = 5 . 1 6, 

p = .74). Estimates rema ined essentia l ly the same after mult ip le imputation ana lyses. 

IQ 

.90 (.03) 

FSS T1 

. 1 1  (.04t····• ...... . 

School 

......... Performance 

T3 

x
···
···
····
· 

.. ···
···
···· 

.88 (.03) .86 (.03) 

FSS T2 FSS T3 

.50 (.05) .53 (.05) 

TraitFSS 

Figure 3. Relation between IQ, school 
performance, and FSS for adolescents 

perceiving high parental expectations. 

Depicted are the standardized estimates 
(beta and standard error). The dotted l ines 
represent the paths that are not sign ificant. 
Tl = assessment wave 1 ,  T2 = assessment wave 
2, T3 = assessment wave 3, FSS = Fu nctional 
somatic symptoms 

Model for adolescents perceiving low parental expectations 

The model is depicted in Figu re 4; only significant paths a re given. The model fit was good (model fit: X2 (df 

= 3) = 2.86, p = .41 ;  CFI = 1 .00; TU = 1 .00; RMS EA = .01 ). The estimated trait variance in FSS ranged from 3 1  % 

(.562) to 33% (.572). According to the model, there was no sign ificant association between IQ and trait FSS. 

Furthermore, IQ was significantly positively associated with school performance at Tl and T2, whereas 

the association between IQ and school performance at T3 was not significant. School performance at Tl 

predicted school performance at T2, and school performance at T2 predicted school performance at T3. 

With regard to the paths between school performance and state FSS, no path was significant. Thus, there 

were no significant indirect paths between IQ and state FSS through school performance. State FSS at Tl 

d id not predict state FSS at T2, but state FSS at T2 predicted state FSS at T3 . After fixing all paths between 

school performance and state FSS at zero, the model fit was good (model fit: X2 (df = 1 1 ) = 1 1 .59, p = .40; 

CFI = .99; TU = .99; RMS EA = .02), and the model did not a lter sign ificantly (model fit: X2 (df = 8) = 8.73, p = 

.37). Estimates remained essentia l ly the same after mu ltiple imputation ana lyses. 
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1 5 ( 05) -----------

.83 (.03) .82 (.03) 

FSS T1 FSS T2 

.56 (.04) 

TraitFSS 

DISCUSSION 

______ .------

.83 (.03) 

FSS T3 

.57 (.04) 

Figure 4. Relation between IQ, school 

performance, and FSS for adolescents 

perceiving low parental expectations. Depicted 

are the standardized estimates (beta and standard 

error). The dotted lines represent the paths that 

are not significant. Tl = assessment wave 1 ,  T2 = 

assessment wave 2, T3 = assessment wave 3, FSS 

= Functional somatic symptoms 

Th is study demonstrates that low inte l l igence is associated with a higher pred isposition for FSS. School 

performance did not mediate the association between intel l igence and state FSS. The association 

between inte l l igence and trait FSS was significant for adolescents perceiving high but not for those 

perceiving low parenta l expectations. 

There a re several strengths of this study. Fi rst, we used a large longitudina l  popu lation cohort without 

a pplying strict inclusion criteria. Therefore, resu lts are l i kely to be genera l izable to adolescents from the 

genera l  population. Second, we used structu ra l equation models with T&S FSS to test our hypotheses_ 

These models are preferred because they are mu ltidimensional and inc lude FSS scores at specific time 

points, while a lso taking into account the underlying risk factor for FSS_ Th ird, instead of using arbitrary 

cutoff points that might resu lt in inevitable loss of information and power 23, we strengthened our 

ana lyses by the use of continuous measures for FSS_ Besides strengths, there a re a lso l imitations that 

should be considered when interpreting our results_ First, the WISC-R measures only two subtests for 
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i ntel l igence. Although intel l igence was therefore not measured fu l ly breadth wise, the WISC-R inc ludes 

a verbal subtest (vocabulary test) and a performance subtest (block design test), measuring verbal ski l ls 

as wel l  as spatial ski l ls. Second, we only measured inte l l igence at the fi rst wave. However, inte l l igence is a 

stable factor from the age of 1 0-1 2 years onward 24• A third l imitation is the fact that FSSs were measured 

by self-reports. It is therefore not certa in  whether FSSs were truly not the result of conventional medical 

conditions. However, we previously performed a factor ana lysis, which indicated that we were measuring 

one underlying construct 1 1 . I n  addition, it was expl icitly stated in the questionnaire that the FSS had to 

occur without medica l cause or without obvious reason. It may be argued that this complex statement 

was more d ifficult to understand for adolescents with low inte l l igence. Such bias would decrease the 

reporting of FSS in adolescents with low intel l igence, which wou ld imply that our results m ight be an 

underestimation of the negative association between inte l l igence and FSS. 

To the best of our knowledge, we a re the fi rst to study the d i rect association between intel l igence and 

FSS in adolescents. We found a negative association between intel l igence and FSS in adolescents, which 

was not mediated by school performance. One study, comparing chi ldren who complain often of FSS 

with chi ldren who never or sometimes complain of FSS, found low school performance in chi ldren 

who compla in often of FSS 8. I n  contrast to our genera l  popu lation study, the aforementioned study 

focused on a cl inical sample with severe problems. Although we found an association between low 

inte l l igence and risk of FSS, as hypothesized by us, resu lts differed somewhat from our expectations. 

High intel l igence was sign ificantly associated with high school performance in primary school, but this 

association decreased in  the subsequent measurement waves in which adolescents were in secondary 

school. Several explanations forth is decrease can be proposed. Adolescents in secondary school a re in an 

educational level matching their intel l igence, expla in ing the decreasing strength between intel l igence 

and school performance over time. Moreover, school performance in adolescence partly depends 

on motivation 25 that might influence school performance more strongly than intel l igence. Another 

explanation might be found in the way we ana lyzed our data. Part of the effect between inte l l igence 

and school performance at the second and third waves might be included in the autoregressive paths 

between school performances at different waves. Logica l ly, this resu lts in less strong effects over 

time between inte l l igence and school performance. When we performed s imple regression ana lyses 

between intel l igence and school performance at each wave, we found the same decrease in strength 

between inte l l igence and school performance over time, indicating that the autoregressive paths a re 

not responsible for the decreasing correlation between intel l igence and school performance. Our 

results show that low school performance is not a r isk factor for FSS in adolescents perceiving high 

parenta l expectations. However, we found a significant negative association between inte l l igence and 

FSS in adolescents perceiving high parenta l expectations, whereas we found no association between 

intel l igence and FSS in adolescents perceiving low parenta l expectations. These results seem quite 

s imi lar to the findings in previous research, where parental expectations were higher in adolescents 

with CFS as compared with hea lthy controls 9• However, that particu lar study was a smal l  cross-sectional 
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case control study, whereas we studied a large longitudina l  popu lation cohort. Moreover, because 

we stud ied expectations related to both parents, we were able to identify the pa rent with the highest 

expectations, as perceived by the adolescent, whereas the previous study looked at the view of only 

one parent. Our resu lts suggest that perceived parental expectations infl uence the association between 

intell igence and FSS through factors other than school performance. In a previous cross-sectional study 

on perfectionism and wel l-being in adolescents 26
, it was found that adolescents who perceive pa rental 

pressu re report more somatic complaints and had higher motivation to avoid fa i l ure 26
. Adolescents who 

perceive h igh parenta l expectations or pressure a re thought to experience emotional d istress 26
, which 

could be reflected in  FSS. Alternatively, adolescents with low intel l igence may tend to smoke more 

often and often have a h igh body mass index, which in turn are a lso associated with more FSS 6• Perhaps, 

adolescents with low intel l igence who are distressed, owing to h igh ly perceived parental expectations, 

tend to smoke more and engage more often in  unhea lthy eating behaviors, resu lt ing in  FSS. 

In  conclusion, low inte l l igence is associated with a higher predisposition for FSS in  adolescents, especial ly 

in  those adolescents perceiving high pa rental expectations. These resu lts suggest that the social context 

is important for a hea lthy development during adolescence. C l inicians dea l ing with adolescents with 

FSS could consider possib le interactions between inte l l igence and perceived parenta l expectations, so 

as to understand the development of FSS in adolescents. In those cases in which parental factors a re 

suspected to contribute to the development of FSS, it might be important to involve pa rents in the 

treatment. 
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ABSTRACT 

Background: Lower intelligence has been shown to be associated with functional somatic symptoms 

(FSS) in childhood, especial ly when parental academic expectations are high. It is unknown whether 

childhood intelligence is associated with FSS and functional somatic syndromes occurring in adulthood. 

In addition, it is unknown whether this association would be modified by parental factors, especially 

parental academic expectations as subjectively perceived by the child and by the teacher, and as 

objectively reflected in high parental social class. 

Methods: Participants were 1 4,068 men and women from the 1 958 British birth cohort, whose 

intelligence was assessed at 1 1  years. Somatic symptoms were measured with the somatic scale of 

the Malaise Inventory at age 23, 33, and 42 years. Self-reported chronic fatigue syndrome/myalgic 

encephalomyelitis (CFS/ME) and irritable bowel syndrome (! BS) were assessed at age 42 years. Parental 

social class was measured at 1 1  years and parental academic expectations by child, parent, and teacher 

report at age 1 6. 

Results: Childhood intelligence was significantly associated with somatic symptoms at age 23 years 

(beta = -. 1 32, t = - 1 1 .660, p <.0 1  ), 33 years (beta = -.077, t = -7.397, p <.0 1 ), and 42 years (beta = -.044, t = 

-4.343, p <.01 ), but not with self-reported CFS/ME or !BS at 42 years. These associations were adjusted for 

sex, previous somatic symptoms, and internalizing emotional problems at age 1 1 . At age 23, associations 

between intelligence and somatic symptoms were moderated by low parental social class, but not by 

subjective indicators of parental academic expectations. 

Conclusion: Lower intelligence in childhood predicted somatic symptoms, but not CFS and !BS, in 

adulthood. While earlier research indicated an important role for high parental academic expectations 

in the development of early life FSS, these expectations do not seem relevant for somatic symptoms or 

functional somatic syndromes in later life. 
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INTRODUCTION 

Functiona l  somatic symptoms (FSS) cannot be fu l ly expla ined by underlying organic pathology. FSS are 

very common both in chi ldhood 1 • 2 and adulthood 3• 4, and can be functiona l ly impairing 5• 6. The etiology 

of FSS is poorly understood, but FSS are known to result from multifactorial processes, inc luding  complex 

interactions between biological, psychological, and socia l vulnerabi l ity factors 7-9_ One such vu lnerab i l ity 

factor for FSS might be i ntel l igence. Previous studies have shown that i ntel l igence is negatively 

associated with FSS in adu lts 10-12• However, these findings cannot exclude reverse causal ity in wh ich FSS 

negatively influence performance on intel l igence tests. One study related lower chi ldhood inte l l igence 

to the development of FSS during adolescence 13, suggesting that inte l l igence is a risk factor for FSS early 

in l ife. Whether the effect of chi ldhood intel l igence on FSS extends into adulthood is cu rrently u nknown. 

The mechanisms responsible for the association between lower intel l igence and FSS a lso remain 

unclear. Cand idate mechanisms in adults might inc lude psychological distress which has been 

associated with FSS and with clusters of related FSS; i.e. functional somatic syndromes or disorders (FSD) 

in adu lthood 14·16• However, findings from studies of the etiology of FSS in adults cannot be genera l ized to 

chi ldren and vice versa; there may be specific explanatory factors across the l ifespan .  Previous studies have 

indicated an important infl uence for parental factors in the relationship between chi ldhood i ntel l igence • 

and both chi ldhood FSS and FSD. Lower intel l igence has been significantly associated with FSS du ring 

adolescence for those adolescents perceiving high parenta l academic expectations, but not for  those 

perceiving low parenta l academic expectations 13. In chronic fatigue syndrome (CFS), it was shown that 

pa rental expectations of the inte l l igence of chi ldren with CFS were higher than parental expectations 

of the intel l igence of chi ldren without CFS 1 7• Parental academic expectations might influence the 

association between intel l igence and FSS since lower intell igence in combination with high parenta l 

academic expectations might particularly result in distress. Circumstantial evidence for a moderating role 

for parental factors comes from studies on the association between chi ld IQ and emotional problems. 

Whi le lower IQ scores in chi ldren have been associated with an increased risk of emotional problems 

1 8, chi ldren whose parents had a higher mean IQ had more emotional symptoms, even after adjusting 

for chi ld's own IQ 1 9• 20• This suggests moderation by high parental IQ and perhaps more broad ly by h igh 

parental social class. Whether these findings can be appl ied to FSS is u nknown. Whi le chi ldren with lower 

inte l l igence a re at risk for FSS in chi ldhood 1 3  and potentia l ly for FSS and FSD in adulthood, it is u nknown 

whether mechanisms making these chi ldren vu lnerable for early l ife FSS are sti l l  relevant in adu lthood. 

Our a im was to study the prospective association between chi ldhood inte l l igence with both FSS and FSD 

i n  adu lthood. We hypothesized that lower chi ldhood intel l igence increases the risk for FSS in adu lthood. 

We hypothesized that this association wou ld be modified by parental factors, especia l ly high parental 

academic expectations as subjectively perceived by the child, by the parents, and by the teacher, and as 

objectively reflected in high parenta l socia l class. 
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METHODS 

Population 

Data were taken from the 1958 Birth Cohort study. This longitudinal study follows the lives of 1 7,638 
individuals born in England, Scotland and Wales in a single week in 1958. Childhood data was obtained 
from the mother, teacher, and participant at 7, 1 1 , and 16 years. Adulthood data was gathered at 23, 
33, and 42 years. At 7 years, 92 .2% of the eligible sample participated; by age 1 1  years, 9 1 .5 %; by age 1 6  
years, 86.7%. At 23 years, 76. 1 % of the eligible sample participated; by age 33 years, 70.7%; and by age 
42 years, 70.8% 21 . 

Childhood intelligence 

At 1 1  years, childhood intelligence was measured using a general ability test devised by the National 
Foundation for Educational Research in England and Wales 22, which shows validity with scores used 
to select 1 1-year-olds for secondary school 22. The general ability test composed of 40 verbal and 40 
nonverbal items. Children were presented with an example of 4 words/shapes/symbols that were linked 
logically, semantically, or phonologically, and they were then given another set of 3 words, shapes, or 
symbols with a blank space. Participants were required to select the missing word/shape/symbol from 
a list of 5 alternatives. 

Somatic symptoms in adulthood 

Somatic symptoms in adulthood were assessed using the 8 somatic items from the Malaise Inventory at 
ages 23, 33 , and 42 years 23-2s_ These included the questions 'Do you often have back-ache?'. 'Do you often 
have bad headaches'. 'Have you at time have a twitching of the face, head or shoulders; 'Do you suffer 
from indigestion?; 'Do you suffer from an upset stomach?'. 'Does your heart often race like mad?; 'Do you 
have bad pains in your eyes?; and ' Are you troubled with rheumatism/fibrositis?' (yes/no). The measure 
does not enable us to determine whether these somatic symptoms are functional, but previous research 
has shown that higher somatic symptom scores are likely to represent FSS 26• 27. The somatic symptoms 
form scales of moderate rel iability in previous analyses 25 and in our analyses (age 23 years (Cronbach's a 
=.50, n=l 2 ,398), age 33 years (Cronbach's a =.54, n=l  1,272), age 42 years (Cronbach's a =.5 7, n=l 1 ,2 76)). 
Removing any of the items did not result in higher internal consistencies, thus, the moderate reliability 
is inherent to the infiuence of the individual symptoms. 

Functional somatic disorders in adulthood 

At age 42 years self-reported diagnoses of irritable bowel syndrome (IBS) and CFS/ myalgic 
encephalomyelitis (ME) were available: 'Have you ever had irritable bowel syndrome?; 'Have you ever 
had chronic fatigue syndrome (CFS) /myalgic encephalomyelitis (ME)?'. CFS-like illness was defined 
independently of self-reported diagnosis at 42 years. The criteria used were broadly equivalent to the 
Centers for Disease Control and Prevention (CDC) criteria for CFS 28, including a self-report of 'feeling 
tired most of the time; in addition to �4 from the following symptoms from the Malaise Inventory 23: 'bad 
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headaches: 'difficulty falling asleep/staying asleep; 'backache: 'rheumatism/fibrositis' and 'being unable 

to concentrate' from the 1 2-item General Health Questionnaire (GHQ-1 2) 29• All three measures have 

been used in former research 30. 

Potential moderators 

Parental academic expectations as perceived by the child: at age 16 the participants were asked 'How 

anxious do you think your parents are that you should do well at school?' and possible answers were: 1 .  

Very anxious. 2. Fairly anxious. 3. Contented if I do my best. 4. They don't mind one way or the other. 5 .  

Uncertain. Educational aspirations: at age 1 6, parents were asked 'which of the following would they like 

the study child to do' and possible answers were: 1 .  Leave at minimum school leaving age (i.e. end of 

this school year). 2. Stay in full-time education beyond minimum school leaving age, but not beyond 1 8. 

3. Continue some form of full-time education beyond age of 1 8. 4. Uncertain. Parental interest in child's 
education: at 16 years, teachers were asked 'with regard to the child's education, does the parent appear': 

1. Over concerned about the child's progress/expecting too high a standard. 2. Very interested. 3. To 

show some interest. 4. To show little or no interest. 5. Can't say. 6. Inapplicable (e.g. no father/father figure 

or mother/mother figure). Parental social class: parental social class was based on the father's social class 

measured at 11 years categorized using the British Registrar General classification 31 • We identified four 

categories: I and II professional/managerial/technical (highest), Ill other non-manual, Ill skilled manual, 

and IV and V unskilled manual) (lowest). 

Internalizing problems in childhood 

We consider potential confounding of the association between childhood intelligence and adulthood 

somatic symptoms and FSD by internalizing problems in childhood, which are associated with both 

childhood intelligence 32 and FSS 1 6• 33. Internalizing problems at age 11 years were measured using 

the teacher-rated Bristol Social Adjustment Guides 34• A continuous scale was formed by summing 

and square-root transforming the syndrome scores for unforthcomingness, withdrawal, depression, 

and miscellaneous symptoms for internalizing problems. A reliable scale was derived for internalizing 

problems at age 1 1  years (Cronbach a =.69, n=8046). 

Statistical analyses 

Analyses were performed using the Statistical Package for the Social Sciences version 18.0 (SPSS Inc, 

Chicago, IL, USA). Descriptive statistics examined sex differences in intelligence, somatic symptoms, 

and FSD (CFS/ME, IBS). Symptom sum scores were log transformed to normally distributed variables 

when used as dependent variables in the analyses. Sex-adjusted linear and logistic regression analyses 

were performed to examine the associations between childhood intelligence and somatic symptoms 

at age 23, 33, and 42 years, CFS/ME, CFS-like illness, and IBS at 42 years. Analyses were further adjusted 

for internalizing problems at age 11 years and somatic symptoms assessed at the sweep prior to the 

outcome. For outcome somatic symptoms at age 23, somatic and gastrointestinal symptoms assessed 

at 16 years were included. When there was a significant interaction between the potential moderators 
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and chi ldhood intell igence in predicting somatic symptoms, fu rther ana lyses were stratified based on 

that moderator. Complete case ana lyses a re presented, which showed s imi lar  associations as ana lyses 

ca rried out using mu ltiple imputation in STATA (Version 1 2). 

RESULTS 

Study population 

General characteristics of our  study popu lation can be found in Table 1 .  Mean symptom scores s l ightly 

i ncrease over time. Most scores were statistica l ly s ignificantly h igher for females, inc luding somatic 

symptoms, inte l l igence scores, and n u m ber  of FSD. However, ma les had significantly h igher scores on 

interna l izi ng problems, and more often perceived h igher parenta l academic expectations and parenta l 

over-concern. 

Table 1 .  Sample characteristics 

All 

(N = 1 4,068) 

Males Females 
Test statistics3 

(51 .3 %) (48.7%) 

Mean intelligence (SD)1 43. 14 (1 5.91)  42.01 ( 16.07) 44.34 (1 5.66) t = -8.71** 

Mean verbal sub score (SD)1 22.1 6  (9.26) 21 . 15  (9.37) 23.23 (9.02) t = - 13.44** 

Mean non-verbal sub score (SD)1 20.98 (7.49) 20.86 (7.56) 2 1 . 1 1 (7.43) t = - 1 .94* 

Internalizing problems1 

Mean score (SD) 3.58 (4.24) 3.83 (4.28) 3.3 1 (4. 1 8) z = -10.20** 

Somatic symptom1 score mean (SD) .32 (.55) .29 (.54) .34 (.57) z = -4.49** 

Gastric symptom 1 score mean (SD) .25 (.52) .20 (.46) .3 1 (.57) z = -12.36** 

Somatic symptom scores in adulthood 

Mean score (SD) at age 23 years .76 ( 1 .09) .63 ( 1 .00) .90 (1 . 16) z = - 14.23** 

Mean score (SD) at age 33 years .81 ( 1 . 14) .74 ( 1 . 1 0) .88 ( 1 . 17) z = -7. 19** 

Mean score (SD) at age 42 years 1 .0 1  ( 1 .28) .92 ( 1 .23) 1 . 1 1 ( 1 .3 1 )  z = -8.23** 

CFS at age 42 years x2=3.83* 

Yes (N, %) 103 (0.7) 41 (.6) 62 (.9) 

No (N, %) 9670 (68.7) 4786 (66.3) 4946 (72.2) 

CFS-l ike i l lness at age 42 years x2 = 34.65** 

Yes (N, %) 1 96 ( 1 .4) 56 (.8) 140 (2.0) 

No (N, %) 9593 (68.2) 4834 (66.9) 4955 (72.4) 

IBS at age 42 years x2= 1 11 .23** 

Yes (N, %) 830 (5.9) 230 (3.2) 600 (8.8) 

No (N, %) 8352 (59.4) 4533 (62.8) 4649 (67.9) 

Parental academic expectations2 (%) x2=214.28** 

Very anxious 1 7.5 20.8 14.0 

Fairly anxious 1 1 .3 12.6 10.0 

Content if tries 39.4 34.3 44.8 

Not bothered 3.5 3.3 3 .7 

Uncertain 2.1 2.3 1 .8 
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Table 1 (continued) 

All 

(N = 14,068) 

Males Females 
Test statistics3 

(5 1 .3 %) (48.7%) 

Educational aspirations of parents2 
(%) X2 =48.S6-

Leave at a minimum age 25.7 27.4 24.0 

Continue fulltime education to 1 8  yrs 18 . 1  1 6.2 20.2 

Continue fulltime education after 1 Syrs 23.4 23.5 23.3 

Uncertain 4.3 4.4 4.3 

Parental interest in child's education2 

Mother (%) X2=28.S l -

Over concerned 1 .4 1 .7 1 . 1  

Very interested 25.8 24.7 27.1 

Some interest 22.6 2 1 .9 23.4 

Little or no interest 1 1 .8 12.5 1 1 . 1  

Can't say 9.0 9.4 8.6 

Inapplicable 1 .0 1 . 1  .9 

Father (%) 28.36-
Over concerned 1 .5 1 .9 1 . 1 

Very interested 22.2 22. 1  22.3 

Some interest 1 9. 1  1 9. 1  1 9. 1  

Little or no interest 12.3 1 3.2 1 1 .4 

Can't say 1 1 .0 1 0.4 1 1 .7 

Inapplicable 2.5 2.5 2.5 

Parental social class1 
(%) x2=.80 

I/ II professional/managerial/technical 20.9 20.6 2 1 .3 

Ill other non-manual 8.2 8.1  8.3 

Ill skilled manual 37.9 38.0 37.8 

V and V unskilled manual 20.6 20.5 20.7 

1 at age 1 1  yrs, 2at age 16 years, 3 scores in males ( 1 )  versus scores in females (2), Missings at 1 1  years (0.6% -21 .6%), at 

1 6  years ( 26.2% - 3 1 .3%), at 23 years (24.1 %), at 33 years (3 1 . 1 %), and at 42 years (30.4%-34.7%) 

Associations between childhood intelligence and adulthood somatic symptoms and FSD 

Table 2 shows multivariable associations between chi ldhood intelligence at age 1 1  years and somatic 

symptoms at age 23, 33, and 42 years, CFS/ME, CFS-like illness, and IBS, all adjusted for sex. Childhood 

intelligence was significantly and negatively associated with somatic symptom scores and CFS-like 

illness in adulthood, but not with self-reported CFS/ME and I BS. These associations decreased slightly 

over time. After further adjusting for internalizing problems at age 11 years and previous somatic 

symptoms, the effect of childhood intelligence on somatic symptoms at age 23, 33, and 42 years, and 

CFS-like illness at age 42 year attenuated, but remained significant. There was a significant interaction 

between childhood intelligence and sex in predicting somatic symptoms at age 23 years, adjusted for 

internalizing problems at age 1 1  years and previous somatic symptoms (beta = -. 1 1 9, t = -2.485, p<.05). 
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Therefore, at age 23 years, the multivariable analyses were additionally stratified based on sex. Results 
showed that associations between intelligence and somatic symptoms were somewhat stronger in 
females (beta = -. 1 52 ,  t = -9 .402 , p<.01 ) than in males (beta = -. 1 15, t = -7 . 129, p<.01 ). 

Table 2. Multivariable associations between childhood intelligence and somatic symptoms and syndromes 

Somatic Somatic Somatic CFS at CFS-like IBS at 

symptom scores symptom scores symptom scores age 42 illness at age age 42 

at age 23 yrs at age 33 yrs at age 42 yrs years 42 years years 

beta (t)3 beta (t) beta (t) B (SE) B (SE) B (SE) 

Childhood -.1 52** -.1 47** -.1 1 8** .005 -.029** -.003 

intelligence1 (- 1 6.035) (-1 4.666) (-1 1 .758) (.006) (.005) (.002) 

Childhood -. 1 32** -.077** -.044** .01 1 -.022** .000 

intelligence2 (- 1 1 .660) (-7.397) (-4.343) (.007) (.006) (.003) 

*p<.05, **p<.01 , 1Adjusted for sex, 2Adjusted for sex, previous somatic symptoms and interna l izing symptoms at age 

1 1  years 

Parental modifying factors 

No significant interactions were found between childhood intelligence and the three subjective indicators 
of parental academic expectations (parental academic expectations as perceived by the child, parental 
interest reported by the teacher, and parental aspirations of the child's future academic performance) 
in predicting somatic symptoms at age 23, 33 or 42 years. A significant interaction was found between 
childhood intelligence and parental social class in predicting somatic symptoms at age 23 years. Table 3 
shows an overall increase in the inverse association between intelligence and somatic symptoms at age 
23 years (adjusted for previous somatic symptoms and internalizing problems at age 1 1) with decreasing 
parental social class, for both males and females. In contrast, no significant interaction was found between 
childhood intelligence and parental social class in predicting somatic symptoms at age 33 years or 42 years. 

Table 3. Stratified multivariable associations between childhood intelligence and somatic symptoms 

Group 

All 

Childhood intelligence 

Parental social class at age 1 1  ys: 

I /II prof/manager/tech 

Ill non-manual 

I l l  skilled manual 

IV N unskil led manual 

Somatic symptom scores 

at age 23 yrs 

Males 

beta (t) 

-. 1 1 5** 

(-7.1 29) 

-.071 * (-2. 1 92) 

-.076 (.458) 

-.079** (-3 . 1 97) 

-. 1 63** (-4.7 1 1 )  

Females 

beta (t) 

-. 1 52** 

(-9.402) 

-.072* (-2.2 1 8) 

-.070 (- 1 .362) 

-. 1 50** (-5.967) 

-.1 59** (-4.692) 

*p<.05, **p<.0 1 ,  adjusted for previous somatic symptoms and internal izing symptoms at age 1 1  years 
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DISCUSSION 

In this prospective general population study, lower intelligence at age 1 1  years was associated with 

somatic symptoms at age 23, 33, 42 years, and CFS-like illness at age 42 years, but not with self-reported 

CFS/ME and IBS at age 42 years. Associations were independent of somatic symptoms at a previous 

sweep and internalizing problems in childhood. Associations between childhood intelligence and 

somatic symptoms in adulthood were not moderated by high parental academic expectations as 

subjectively perceived by the child, by the parents, or by the teacher. For both males and females, the 

association between childhood intelligence and somatic symptoms overall increased with decreasing 

parental social class, but childhood intelligence remained an independent predictor. 

The principal strengths of this study lie in its large population-based sample and its prospective 

design, including somatic symptoms measured at several time-points. With regard to parental academic 

expectations, data were used from multiple informants, namely child, parent, and teacher. Additionally, 

parental social class was used as an objective indicator for parental academic expectations. There were 

several limitations. It was not clear whether all somatic symptoms were indeed functional. Internal 

consistencies of the somatic item scale of the Malaise Inventory were relatively modest. When studying 

large cohorts there is an inevitable risk of missing data, but repeating main analyses after multiple • 

imputations indicated similar findings. Assessment of CFS/ME and IBS was primarily by self-report and 

not derived using clinical diagnoses or severity criteria for CFS/ME or IBS. 

To our knowledge, we are the first to investigate the prospective associations between childhood 

intelligence and somatic symptoms and FSD in adulthood. Lower childhood intelligence was associated 

with somatic symptoms at 23, 33, and 42 years of age. This is in line with previous studies on intelligence 

and FSS in adults 1 0-1 2 • Although findings in adults cannot exclude reverse causality, our findings suggest 

that lower intelligence precedes the development of FSS many years later. Overall, no clear association 

was found between intelligence and self-reported FSD. Parental academic expectations as perceived 

by the child, by the teacher, and by the parent did not moderate the association between childhood 

intelligence and somatic symptoms in adulthood. Although earlier research showed an important 

role for high parental academic expectations in relation to intelligence and FSS in childhood 1 3, this 

effect does not extend into adulthood. Perhaps, parental factors only directly affect the development 

of FSS in children. The question arises as to which mechanisms explain the long-lasting association of 

lower childhood intelligence with somatic symptoms in adulthood. The association may be spurious, 

in that lower intelligence in childhood may be confounded by a related, but unmeasured variable. If it 

is etiologically important, it may be that children with higher intelligence might develop better coping 

strategies to deal with stressful situations that prevent them from developing FSS. Previous studies in 

children showed more internal coping strategies in children with higher intelligence 35• Lower childhood 

intelligence was associated with psychological distress in early adulthood 36, increasing vulnerability 

to FSS. Whereas high parental academic expectations might be a source of distress that is important 

in relation to FSS in early life, other more proximal sources of distress might be relevant in making 
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persons with lower i nte l l igence vulnerable to FSS in adu lthood. Such proximal source of distress may 

be unemployment, especia l ly being unwi l l ing ly unemployed that exp la ined part of the association 

between intel l igence and FSS i n  adu lts 1 0• The association between intel l igence and somatic symptoms 

i ncreased with decreasing parenta l socia l  class, but only at age 23 years. Chi ldren with lower pa renta l 

social class may be more l i kely to have a s imi la r  lower social class in adulthood, i ncreas ing the r isk of 

experienced symptoms in adu lthood 37. 

I n  conclusion, lower chi ldhood intel l igence may be vulnerabi l ity factor for FSS at l east unti l  m id

adu lthood, but not for FSD in later l ife. The mechanisms that might exp la in  the association between 

chi ldhood inte l l igence and FSS should be studied fu rther. 
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ABSTRACT 

Objectives: Low intelligence has been associated with poor health and mortality, but underlying 
mechanisms remain obscure. We hypothesized that low intelligence is associated with accelerated 
biological ageing as reflected by telomere length; we suggested potential mediation of this association 
by unhealthy behaviors and low socioeconomic position. 

Methods: The study was performed in a longitudinal population-based cohort study of 895 participants 
(46.8% males). Intelligence was measured with the Generalized Aptitude-Test Battery at mean age 
52 .8 years (33-79 years, SD = 1 1 .3 ). Leukocyte telomere length was measured by PCR. Lifestyle and 
socioeconomic factors were assessed using written self-report measures. 

Results: Linear regression analyses, adjusted for age, sex, and telomere length measured at the first 
assessment wave (Tl ), showed that low intelligence was associated with shorter leukocyte telomere 
length at approximately 2 years follow-up (beta = .081 , t = 2 . 160, p = .03 1 ). Nearly 40% of this association 
was explained by an unhealthy lifestyle, while low socioeconomic position did not add any significant 
mediation. 

Conclusion: Low intelligence may be a risk factor for accelerated biological ageing, thereby providing 
an explanation for its association with poor health and mortality. 
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INTRODUCTION 

Low intelligence or low cognitive ability has been associated with poor health, including aging-related 

diseases, and mortality 1-6. Two non-exclusive pathways explaining the link between intelligence and 

health are commonly suggested. First, low intelligence individuals tend to find themselves in more 

adverse environments including psychological stress 6
-
9

• Second, low intelligence individuals engage 

themselves in more unhealthy behaviors 1 0- 1 1 • As both stress 1 2• 1 3 and unhealthy behaviors 14  are associated 

with morbidity and mortality, they are considered as possible mediators in the association between 

intelligence and health. The question arises as to which biological mechanisms mediate the association 

between intelligence and health. One possible mechanism might be the shortening of telomeres. 

Telomere length has been linked with a spectrum of ageing-related diseases and mortality 1 5•1 7_ Telomere 

length and attrition is believed to capture biological ageing above and beyond chronological age, 

such that shorter telomeres represent increased biological senescence 1 8. Therefore, telomere length 

is often considered a useful measure of biological age. Furthermore, telomere length is influenced by 

psychological stress 1 9•22 and unhealthy behaviors 23-25_ Given the associations of these two factors with 

low intelligence, low intelligence might be associated with shorter telomere length. 

Previous studies on telomere length and cognitive ability presented mixed findings 26-28• However, 

variations in findings may be due to differences in cognitive tests used, the use of cross-sectional 

data on telomere length, and the use of case-specific samples with regard to age 27• 29 and sex 28• In 

addition, these former studies focused mainly on shortened telomere length as a potential risk factor for 

cognitive decline, but ignored the possibility of reverse causality, that is the effect of cognitive ability or 

intelligence on telomere length. One recent prospective study examined the effect of general cognitive 

ability at age 1 1  and telomere length at age 70, but found no significant effect 29• However, results may 

not be applicable to other age ranges, as prospective effects of intelligence on telomere length may 

change across the lifespan. Therefore, reversed causality remains unclear and needs to be addressed 

in a longitudinal design including a broad age-range. Furthermore, reverse causality would also imply 

alternative mediating mechanisms, namely those that have been shown to play a role in the association 

between intelligence and morbidity. While candidates such as socioeconomic and lifestyle factors were 

treated as confounders in the association between telomere length and cognitive ability 27• 28, their 

potential role as mediators was ignored. 

Our aim was to study the prospective association between intelligence and telomere length in a 

general population cohort of males and females with a broad age-range. We hypothesized that low 

intelligence predicts shorter telomere length. Moreover, we hypothesized that part of the association 

between low intelligence and shorter telomere length is explained by low socioeconomic position and 

unhealthy behaviors. 
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METHODS 

Sample 

Our study has been performed in a cohort derived from Prevention of REnal and Vascular ENd stage 
Disease (PREVEND), a population cohort study investigating microalbuminuria as a risk factor for renal 
and cardiovascular disease. The recruitment of participants has been extensively described elsewhere 
30. All inhabitants of the city of Groningen between the ages of 28 and 75 yrs (85,42 1  subjects) were 
asked to send in a morning urine sample and to fill out a short questionnaire on demographics and 
cardiovascular history. A total of 40,856 subjects (47.8%) responded. After exclusion of subjects with 
insulin dependent diabetes mellitus and pregnant women, all subjects with an elevated urinary albumin 
concentration of � 10 mg/L (N = 7768) together with a randomly selected control group with a urinary 
albumin concentration of < 1 0  mg/L (N = 3395) were invited for further investigations (total N = 1 1 , 1 63). 
Finally, 8592 subjects completed the total screening program in 1 99 7- 1998  forming the PREVEND 
baseline population (T l ) . Because the PREVEND study population was enriched for albuminuria, this 
oversampling for albuminuria was counterbalanced in the current sub study. Albuminuria-negative 
participants and a random sample of albuminuria-positive participants were combined so that a 
population-representative ratio of albuminuria-positive participants was achieved. In 2001 -2003 , 
during the second screening of PREVEND, research assistants handed over invitations to 2554 subjects 
to participate in the current sub study for which additional psychiatric and psychosocial data were 
collected. Of these 2554 subjects, 1 094 (43 %) completed the additional measurements, forming the 
baseline population cohort of the current study (T2). The participants who declined to participate in 
the additional data collection did not significantly differ from those who did participate concerning 
sex or age. Follow-up measurements in the 2003 - 2004 wave (T3)  were completed by a total of 976 
participants (89% of  the cohort with additional psychiatric and psychosocial data), forming the cohort 
for the current study. Dropout participants (n = 1 1 8) were older (mean age ± SD 56.6 ± 1 1 .9 vs. 52.7 
± 1 1 .2 years, t = 3 .66, p < 0.01 ) and more often female (66 vs. 52%, x2 = 8 . 13 ,  p < 0.01 ) .  The study was 
approved by the local medical ethics committee. All subjects provided written informed consent to 
participate in the study. 

Assessment of intelligence 

General intelligence was measured at T2 using the computerized version of the General Aptitude
Test Battery (GATB) version B 1 002-B 31• The GATB consists of a combination of tests that measure nine 
aptitudes. The aptitude general intelligence is measured by three tests: 1 )  a dimensional space test, 2) a 
vocabulary test, and 3) an arithmetic reasoning test. All participants performed the intelligence test in 
groups of at most nine persons. Before the start of each test, a test assistant provided test-instructions 
and provided computer help when necessary. Tests were not started before the test assistant had 
ensured that the participants had successfully completed the practice sessions. To construct a general 
intelligence score, we summed standardized scores on each of the three subtests. From the 1 094 
participants, a total of 106 1  completed the GATB. 
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Assessment of telomere length 

Telomere length measurements were performed in a blinded fashion. To avoid any impact of variation 
in DNA extraction method on telomere length measurement, all samples analyzed in the current study 
were extracted uniformly using the same DNA extraction kit (Qlamp, Qiagen, Venlo, the Netherlands) 
from frozen full-blood samples. Telomere length was measured in leukocytes using a novel multiplex 
monochrome real time quantitative polymerase chain reaction technique 32• This technique allows 
carrying out the telomere specific amplification and the reference gene amplification in a single reaction 
well with quantification measurements at differer,t temperatures 32. All samples were measured in 
triplicate and the average of the three runs was used to provide the mean relative measure of telomere 
length for each individual. The mean telomere repeat sequence copy number (T ) was compared to a 
reference single copy gene copy number (S) in each sample. For quality control samples were checked 
for concordance between triplicate values. When the coefficient of variation (CV) was ;;:: 10% within 
the triplicate these were re-run. If the CV remained ;;:: 10% the sample was omitted from the statistical 
analyses. The intra-assay CV was 2 %  (T), 1 .9 %  (S) and 4.5 %  (T/S ratio). Reproducibility data was obtained 
for 2 16 subjects from PREVEND and good agreement between T/S ratios was observed (R2 = 0.99, P < 
0.0001,  inter-run CV 3 .9 %). Of the 1094 participants included in the population cohort at T2, 1019 had 
telomere length measurements at Tl and 982 participants at T3, 6 years apart. 

Assessment of lifestyle factors 

Lifestyle factors were measured at T2. Body mass index (BMI) was calculated as the ratio between 
weight and the square of height (kg/m2). Smoking and exercise frequency were assessed by self
report questionnaires. Smoking was categorized as non-smoker, 1-5, 6-10, 1 1-15 , 16-20 or more than 
20 cigarettes per day. Frequency of exercise was categorized as not/hardly, once per week, twice or 
more per week. We previously showed that intelligence is negatively associated with BMI, smoking, 
and positively associated with exercising 10• Since there was no linear association between intelligence 
and alcohol consumption in our former research 10, we did not include it as a potential mediator in the 
analyses. 

Assessment of socioeconomic position 

Socioeconomic position was used as a proxy for adverse environments. Information on income, 
educational level, and work situation was retrieved from questionnaires that were administered at T l .  
Income was measured through the gross monthly household income (< 1200, 1200-1799, 1800-2 199, 
2200-2 799, 2800-3 799, 3800-5800, or > 5800 guilders) divided by the square root of the number of 
people living in the household 33. One Euro equals about 2 .2 guilders. The variable educational level 
was made up of the following categories: not applicable, low, middle, or high educational level. 'Low 
educational level' was defined as: lower secondary education or less, 'middle educational level' as: higher 
secondary education, and 'high educational level as: tertiary or further education. Participants with 
educational category 'not applicable' were not dropped from the study. Work situation was categorized 
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in the fol lowing three categories: employed (i .e., currently having a job), wi l l i ng ly unemployed (i.e., 

housekeeping or retired) or unwi l l ing ly unemployed (i .e., job seeker or unable to work). We previously 

showed that inte l l igence is positively associated with educational l evel, a more favorable work situation, 

and h igher income 10. 

Statistical analyses 

We performed a l l  ana lyses us ing the Statistical Package for the Socia l Sciences version 1 8.0 (SPSS I nc, 

Chicago, I L, USA) . Leukocyte telomere length was not normal ly distributed and was therefore l inear 

transformed. We performed univa riable l inear regression ana lyses between all potential predictors 

(inte l l igence, age, sex, te lomere length at Tl , l ifestyle factors, and socioeconomic) and telomere length 

at T3. In addition, we subtracted telomere length at T3 from telomere length at Tl and dichotomized 

outcome scores in '0' (n = 454, 50.7%) for all resu lts below zero ( ind icating telomere length shortening) 

and ' 1 ' (n = 441 , 49.3%) for al l resu lts higher than zero ( ind icating telomere length elongation). Both 

groups were compared on mean inte l l igence scores. Since previous research on telomere length and 

cogn ition showed d ifferences between males and females 29, we tested for potentia l  i nteraction by sex 

and i ntel l i gence in predicting telomere length, but this was not statistica l ly significant (beta = .001 , t 

= .020, p = .984). Therefore, a l l  fu rther ana lyses were performed using the whole group. Mu ltivariate 

l i near regression ana lyses were performed to test whether inte l l igence was associated with leukocyte 

telomere length at T3, whi le adjusting for age, sex, and telomere length atTl . We used a bootstrapping 

procedure developed by Preacher and Hayes 34 to test the extent to which l ifestyle factors med iated the 

association between i ntel l igence and telomere length atT3 .  Then we tested to what extent l ifestyle plus 

socioeconomic factors mediated that association. Bootstrapping is a method that involves repeatedly 

sampl ing from the orig ina l  data set and estimating the ind i rect effect in each resampled data set 34. By 

repeating this process a thousand times, an empi rica l approx imation of the sampl ing distribution is 

bu ilt and then used to construct 95% confidence i nterva ls for the total i ndirect effect of i ntel l igence on 

telomere length at T3, via l ifestyle factors and socioeconomic factors. 

RESULTS 

I n  total, 895 participants completed measurements of inte l l igence and had te lomere length 

measurements at Tl and T3. Sample characteristics are depicted in table 1 .  

Univariable associations 

Depicted in tab le 2 are the univariable associations between the potential predictors ( intel l igence, 

age, sex, tel om ere length at Tl , l ifestyle factors, and socioeconomic factors) and telomere length at T3. 

Data were explored for l inear associations. I ntel l igence, exercise frequency, educational level, and work 

situation were sign ificantly positively associated with te lomere length at T3, whi le age and BMI were 

sign ificantly negatively associated with telomere length at T3. In contrast, sex, smoking, and i ncome 
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were not significantly associated with telomere length at T3 . 
In addition, the association between intelligence and telomere length atT l  approached significance 

(p = .06). As a post hoc analysis, we looked at the change in telomere length by subtracting telomere 
length at T3 from telomere length at T l .  Figure 1 reveals that mean GATB scores of the group that 
showed telomere length shortening (n = 454, 50.7%) were significantly lower than mean GATB scores of 
the group that showed telomere length elongation (n = 441 ,  49 .3 %) (F = .049, p = .036). 

Table 1 .  Sample characteristics 

Measure (%) Mean (SD) 

Age1 52.8 ( 1 1 .3) 

Female sex 53.2 

Lifestyle factors 

BMl2 26.4 (3.9) 

Smoking 

0 cigarettes/day 76.9 
1 -5 cigarettes/day 4.5 

6-1 0  cigarettes/day 3.9 

1 1 - 1  S cigarettes/day 6.5 

1 6-20 cigarettes/day 4.7 

>20 cigarettes/day 3.4 
Exercise frequency 

No exercise 50.3 

Once/week 28.0 

Twice or more/week 2 1 .2 

Socio-economic factors 

Educational level 

Not applicable 4.2 
Low 24.1 
Middle 25.4 
High 39.2 

Work situation 

Employed 57.3 

Willingly unemployed 25.7 

Unwillingly unemployed 8.5 

lncome3 252 1 . 1  (95 1 .3) 

Morbidity 

Diabetes4 2.3 
Coronary heart disease5 4.6 

' Age in years at T2 
2 Body mass index in kg/m2 

3 Household income (in gui lders) 
4 Defined as the use of antidiabetic treatment according to self-report or pharmacy data. 
5 Defined as self-report of CHD upon inclusion in the study and/or confirmed occurrence of 

CHD between inclusion and date of psychiatric interview 
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Figure 1 .  Mean intelligence scores of participants with telomere length 

shortening and telomere length elongation 

Gtoi,p wlhtelomete shortrilg (N • 454) Gtoi,pwlhtelomere � (N • 44t) 

Difference in scores on the GATB: F = .049, p = .036 

Table 2: Univariable associations between predictors and telomere length 

Telomere length at T3 

beta 

Intelligence . 1 1 1  
Age1 -. 1 38 
Female sex .056 
Telomere length at T1 .200 
Lifestyle factors 

BMP -.1 1 6  
Smoking3 .008 
Exercise frequency" . 1 27 

Socio-economic factors 
Educational level5 .078 
Work situation6 . 1 04 
lncome7 .0 1 6  

' Age i n  years at T2 
2 Body mass index in kg/m2 

3 Smoking in number of cigarettes/day with "0" = 0, "1 " =  1 -5, "2" = 6- 1 0, "3" = 1 1 - 1 5, 
11411 = 1 6-20'; ''5"= >20 

t 

3 .3 1 9  
-4.359 
1 .755 
6. 1 77 

-3.666 
- 1 .269 
3.989 

2.346 
3 . 1 25 
.446 

4 Frequency of exercise with "0" = no exercise, "l "= once/week, "2" = twice or more/week 
5 Educational  level with "1 " =  none, "2" = low, "3"= middle, "4" = high 
6Work situation with " 1  "= unwi l l ingly unemployed, "2" = wi l l ingly unemployed, 
"3" = employed 
7 Household income divided by the square root of number of people l iving with this income 

1 00 

p 

.001 
<.001 
.080 
<.001 

<.001 
.205 
<.001 

.01 9 
.002 
.656 
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Multivariable associations between intelligence and telomere length 

The multivariable associations between intel l igence and telomere length a re presented in tab le 3. Low 

i ntel l igence s ignificantly predicted shorter telomere length at T3, with a standard ized beta somewhat 

h igher than that of age. As a sensitivity ana lysis, we examined the association between i nte l l igence 

and telomere length at T3 l imited on the g roup younger than 70 years. No substantial change in 

results was found (beta = .095, t = 2.499, p <.01 3). When l ifestyle factors were included in the model, 

the beta of inte l l igence fel l  from .08 1 (t = 2.1 60, p = .03 1 )  to .049 (t = 1 .299, p = . 1 94). Bootstrapping 

revea led that the total indirect effect of intel l igence on telomere length at T3, via l ifestyle factors, was 

statistica l ly sign ificant, with a 95% confidence i nterval ranging from .0 1 4  to .073. Therefore, 39.5 % of 

the association between inte l l igence and telomere length at T3 was statistica l ly mediated by l ifestyle 

factors. Add itional ly, we included both l ifestyle and socioeconomic factors in the model and then the 

beta of i ntel l igence fel l  from .08 1 (t = 2. 1 60, p < .05) to .002 (t = .047, p > .962). Bootstrapping revealed 

that the total ind i rect effect of inte l l igence on telomere length at T3, via l ifestyle and socioeconomic 

factors, was not statistical ly significant, with a 95% confidence i nterval ranging from -.02 1 to . 1 0 1 .  As 

a post hoc ana lysis, we tested the mediating effect of the ind ividual l ife style factors. When BMI was 

i ncluded in the model, the beta of inte l l igence fel l  from .08 1 (t = 2. 1 60, p < .03 1 )  to .07 1 (t = 1 .896, p 

> .058). Bootstrapping revealed that this indicated a significant indi rect effect, with a 95% confidence 

interva l of .00 1 to .024. When smoking was included into the model, the beta of inte l l igence fel l  from 

.08 1 (t = 2. 1 60, p < .05) to .067 (t = 1 .772, p > .077). Bootstrapping revealed that this indirect effect was 

not sign ificant. Lastly, when frequency of exercise was inc luded into the model, the beta of inte l l igence 

fel l  from .08 1 (t = 2. 1 60, p < .03 1 )  to .065 (t = 1 .755, p > .080). Bootstrapping revea led that this ind icated a 

s ignificant indi rect effect, with a 95% confidence i nterval of .001 to .025. As another post-hoc ana lysis, we 

specifica l ly looked at the role of educational leve l. Educational levels and intel l igence were s ign ificantly 

correlated (Pearson's r = .56, p < .0 1 ) . When educational level was entered in the model ( inc lud ing age, 

sex, and telomere length atTl ) instead of inte l l igence, educational level was not s ign ificantly associated 

with telomere length at T3 (beta = .038, t = 1 .069, p = .286). 
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Table 3: Multivariable associations between intelligence and telomere length 

Telomere length atT3 

beta (R2) 

(.047) 

Age1 -.098 -2.975 

Female sex .025 .784 

Telomere length at T1 . 1 80 5.459 

(.050) 

I ntelligence .081 2.1 60 

Age1 -.060 - 1 .61 7 

Female sex .043 1 .279 

Telomere length at Tl . 1 80 5.402 

(.063) 

Intell igence .049 1 .299 

Age1 -.049 -1 .289 

Female sex .036 1 .053 

Telomere length at T1 . 1 73 5.1 90 

Lifestyle factors 

BMl2 -.060 -1 .760 

Smoking3 -.041 - 1 .209 

Exercise frequency4 . 1 07 3.208 

(.072) 

Intell igence .002 .047 

Age1 -. 142 -2.935 

Female sex .022 .526 

Telomere length atT1 . 1 63 4. 1 03 

Lifestyle factors 

BMl2 -.088 -2. 1 26 

Smoking3 -.048 - 1 . 1 69 

Exercise frequency4 .084 2.078 

Socio-economic factors 
Educational level5 -.0 1 7 -.335 

Work situation6 -.Q l 8 -.404 

lncome7 .062 1 .407 

1 Age in years at T2 
2 Body mass index in kg/m2 

3 Smoking in number of cigarettes/day with "0" = 0, " l  " =  1 -5, "2" = 6- 1 0, "3" = 1 1 - 1 5, 

"4" =  1 6-20'; "5" = >20 
4 Frequency of exercise with "0" = no exercise, "l "= once/week, "2" = twice or more/week 
5 Educational level with "l " =  none, "2" = low, "3"= middle, "4" = high 
6 Work situation with " l  "= unwillingly unemployed, "2" = willingly unemployed, 

"3" = employed 
7 Household income divided by the square root of number of people living with this income 

1 02 

p 

.003 

.433 

<.001 

.03 1 

. 1 06 

.043 

<.001 

. 1 94 

. 1 98 

.293 

<.001 

.079 

.227 

.001 

.962 

.003 

.599 

<.001 

.034 

.243 

.038 

.738 

.686 

. 1 60 
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DISCUSSION 

This paper reports three key findings. Fi rst, intel l igence was positively associated with te lomere length 

at fol low-up. Second, nearly 40% of th is  association was explained by an unhealthy l ifestyle, but l ow 

socioeconomic position did not add any s ignificant mediation. Thi rd, h igh BMI and low frequency of 

exercise were independent predictors of shorter leukocyte telomere length over time. 

One of the major strengths of this study is that we used a large longitudina l  population based cohort 

including repeated measures of te lomere length, whi le many other studies on telomere length attrition 

a re based on cross-sectional data from specific patient groups. Th is enabled us to study inte l l igence as 

a potential pred ictor of shorter telomere length in a longitudina l  design. In add ition, we stud ied the 

mediating effect of several l ifestyle and socioeconomic factors. Despite the strengths of our fi ndings 

outl ined above, there a re a lso l imitations that shou ld be considered when interpreting our resu lts. The 

first measure of telomere length and intel l igence were not assessed at the same point in t ime. Since 

intel l igence cou ld be considered as a stable factor 35 and the time span between both assessment waves 

is relatively smal l, it is un l ikely that this has biased our  resu lts. Sti l l , it might be that performance on the 

GATB is not stable across the l ifespan. However, after repeating the ana lyses on participants younger 

than 70 years, the association between inte l l igence and telomere length d id not change significantly. 

Therefore, it is un l ikely that our  find ings were the resu lt of cognitive decli ne. Va l idations of the GATB a re 

mostly based on the va lue of this test to predict school and job performance. A d rawback of this test 

is  that two (vocabulary and a rithmetic reasoning test) of the three subtests to measure inte l l igence 

may depend largely on education. Nevertheless, a lthough intel l igence and educational level a re wel l  

correlated, they are not interchangeable and seem to play different roles in relation to  telomere length. 

I ndeed, post-hoc ana lysis showed that when educational level is entered in the model (includ ing age, 

sex, and telomere length at T1 ) instead of inte l l igence, educational level was not sign ificantly associated 

with telomere length at T3. 'Psychological stress' was hypothesized as a potential mediator, but crude 

socioeconomic ind icators for adverse environments were used. Adverse environments, such as fi nancia l  

stra in or unemployment, are recognized markers of psychologica l  stress, but may not capture the enti re 

concept. Cross-sectional data of l ifestyle factors were used, a lthough these may be subject to change 

over time. 

To our knowledge, this i s  the fi rst prospective study on the association between intel l igence and 

telomere length in a la rge population-based cohort, inc luding a broad age-range and longitudina l  data 

on telomere length. Although we cannot draw any conclusions regarding d i rect causal ity, our resu lts 

suggest that lower inte l l igence resu lt in shorter telomere length. I ntel l igence positively predicted 

leukocyte telomere length at fol low-up, independent of both predictors age and telomere length at 

Tl . In mu ltiva riable ana lysis, i ntel l igence was a stronger predictor of telomere length than chronological 

age. Overa l l, former studies lack referra l  to reverse causal ity, where lower intel l igence predicts shorter 

telomere length at fol low-u p. One recently publ ished prospective study found no significant association 

between genera l  cogn itive ab i l ity at  age 1 1  and te lomere length at  age 70 29, but did find a cross-
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sectional association between general cognitive abi l ity and te lomere length at age 70, only in females 29• 

Our interaction ana lyses did not indicate a statistica l ly significant interaction between inte l l igence and 

sex in predicting telomere length; therefore, fu rther ana lyses were performed in the whole g roup. It may 

be that the males in the previous study of only 70-year-o ld pa rticipants had longer telomeres than their 

contempora ries who died at a younger age 29• Although we cannot draw any conclusions regarding 

direct causal ity, our resu lts suggest that lower inte l l igence resu lt in  shorter te lomere length. 

An important part of the association between inte l l igence and telomere length was explained 

statistica l ly by lifestyle factors. More specific, BMI and physical inactivity were independent pred ictors of 

tel om ere length. Previous studies, a lthough particu larly in women, a lso found an inverse re lation between 

BMI and telomere length 23• 36• 37, whereas a study that focused only on men 38 found no association 

between BMI and te lomere length. Moreover, a positive association between exercise and telomeres 

has been described in former research 24• 25. Different mechanisms have been suggested to expla in the 

association between BMI and exercise frequency and te lomere length. H igh BMI has been associated 

with inflam mation 39, a process marked by increased white blood cel l  tu rnover and consequently lower 

leukocyte telomere length 23• Furthermore, telomerase activity, a reverse transcriptase enzyme that 

adds telomeric DNA to shortened telomeres 40, has been suggested to be augmented after exercise 25. 

Unfortunately, we did not have data on te lomerase activity. In addition, both l ifestyle and socioeconomic 

position attenuated the association between intel l igence and telomere length at fol low up, but did 

not add any significant mediation. Although we did observe corre lations between the individual 

socioeconomic factors and telomere length, when inte l l igence was added to the model ,  the association 

between socioeconomic factors and telomere length did not hold. The previous prospective study 29 

found no association between both social class and lifestyle and te lomere length. However, the relatively 

homogeneous cohort, at least concerning socia l class, may not be va ried enough to detect significant 

associations. Former stud ies focusing on socioeconomic inequa l ities in health show that inte l l igence 

indeed explains some of the socioeconomic gradient in health 4 1 · 42, including mortal ity, which in itself 

is l inked to shorter telomere length 17. It is possible that the association between socioeconomic status 

and telomere length was removed by including age in the model, s ince age is a strong correlate of 

socioeconomic factors. We found no significant association between educational level and te lomere 

length. Previous studies showed positive associations as wel l  as no associations 43• It could be specu lated 

that associations between educational level and telomere length reflect those between inte l l igence and 

telomere length. The mixed results could be caused by differences between cohorts in the strength of 

the relation between inte l l igence and educational level, g iven the fact that this relation is infl uenced by 

sociocultura l factors. As an additional remark, it should be kept in mind that the explained variances of 

the models tested are smal l  (5-7%). 

In conclusion, low intell igence may be a risk factor of accelerated biological ageing and this could 

explain part of the l ink between low intel l igence and poor health and mortal ity. A substantia l part of the 

association between inte l l igence and telomere length over time was explained by an unhea lthy l ifestyle. 
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General discussion 

A substantive body of literature on intel l igence in relation to health is avai lable 1 , which relatively 

ignores the association between intel l igence and functional somatic symptoms (FSS) and functional 

somatic syndromes or disorders (FSD) .  The main a im of this thesis, therefore, was to examine the role  of 

intel l igence as a risk factor for FSS and FSD. 

The effect of intel l igence on disease can be considered as rather aspecific; i.e. intel l igence is prospectively 

associated with several d ifferent d iseases such as ca rdiovascular disease 2, stroke 3, and diabetes 4• 

However, a clear chain of causation from inte l l igence to health outcomes and eventua l ly to d eath has 

not emerged from avai lab le evidence 5• Com mon explanations for the l ink between inte l l igence and 

morbid ity and mortal ity a re the effects of unhealthy environments and unhealthy behaviours 5• 6• I t  is 

unknown whether s imi lar pathways account for the l ink between intel l igence and FSS. 

OVERVIEW OF M AIN FINDINGS 

Our findings showed a prospective association between lower intel l igence and FSS in a cohort of adu lts 

aged 33 to 79 years (chapter 2). Higher inte l l igence was associated with FSD in adults with persistent 

FSS (chapter 3). Lower chi ldhood intel l igence measured at a round 1 1  years of age was associated with 

FSS during adolescence (chapter 5), and with somatic symptoms in adu lthood at age 23, 33, and 42 

years (chapter 6). Overa l l, no clear association was found between chi ldhood intel l igence measured at 

the age of 1 1  years and FSD at the age of 42 years (chapter 6). 

We were the first to investigate the association between inte l l igence and different types of FSS in 

men and women from the genera l  population (chapter 2). During the realization of this thesis, other 

studies were publ ished that reported s imi lar  resu lts of the association between intel l igence and FSS. 

For example, men with lower inte l l igence scores on conscription into mi l itary service were more l i kely 

to report having g lobus sensation: the persistent sensation of having a lump in one's throat with no 

detectable physica l cause 7• They were also more l ikely to be admitted to the hospita l with somatoform 

d isorders during a 22-year fol low-up period 8
• More recently, a longitudinal study showed that lower 

intel l igence scores in chi ldhood were associated with chronic widespread pa in at the age of 45 years 9• 

To our knowledge, there a re no stud ies that report a lack of an association between intel l igence on FSS. 

Thus, lower inte l l igence predicts FSS over the l ife course and in  different types of populations, ind icating 

a robust relationship between lower intel l igence on FSS. 

POTENTIAL PATHWAYS FOR THE LINK BETWEEN INTELLIGENCE AND FSS 

To integrate ou r  fi ndings with cu rrent knowledge, potential pathways for the l i n k  between intel l igence 

and FSS wi l l  be discussed in the fol lowing section. Some l ight wi l l  be shed on whether factors l inking 

the association between intel l igence and FSS cou ld  be regarded as predisposing, precipitating, or 

perpetuating factors. Based on our findings, the fol lowing pathways for the l ink between inte l l igence 

and FSS wi l l  be discussed (Figure 1). Suggestions for future research wi l l  be integrated in this paragraph. 

Additional ly, two alternative pathways wi l l  be discussed, that were not investigated in this thesis. 
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Figure 1 .  Potential pathways for the link between intelligence and FSS 

!Socio-

I ntel l igence 

Unhealthy 
lifestyle 

FSS/FSD 

Pathway 1: socioeconomic status 

A first pathway that might expla in the l ink between intel l igence and FSS is low socioeconomic status 

(SES). People with lower inte l l igence may be more l i kely to experience socioeconomic disadvantage, 

making them more susceptib le to develop FSS 10• 1 1 • I n  chapter 2 severa l measures of  SES were included, 

and results showed that lower inte l l igence was associated with an unfavorable work situation (such as 

being unwi l l ing ly unemployed), lower educational level, and lower income. I ncluding SES factors as 

potential med iators in  the ana lyses attenuated both associations between inte l l igence and FSS, and 

intel l igence and medica l ly explained symptoms (MES) (chapter 2). This indicates that SES accounted 

for part of the association between inte l l igence and somatic symptoms (FSS and MES). Interesting ly, 

specific to the intel l igence-FSS association, an unfavorable work situation might be a poss ib le mediator 

of this association. Adults with lower intel l igence are more often unwi l l ing ly unemployed which could 

predispose them to develop FSS.  Perhaps unemployed adults do not have normal day-to-day d istractions 

and therefore pay more attention to their somatic sensations. I ncreased attention to somatic sensations 

plays a ro le in the development of FSS 12. 

The association between intel l igence, work situation, and FSS, and the consequences in terms of 

symptom chronicity and work absence, deserves fu rther attention. Whi le chapter 2 revealed evidence 

for a pathway from being unwi l l ingly unemployed to FSS, the reverse may a lso occur. The presence of 

FSS may increase the risk of a bsence because of i l l ness or unemployment. People who a re under h igh 

pressure at work are at r isk of psychological stress and of work absence because of i l l ness. The reporting 

of FSS, together with concentration difficu lties and being nervous, were found to be predictive of future 
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work absence 1 3. To link this with intelligence: a recent study showed that lower childhood intelligence 

was more strongly associated with long-term sick leave in adulthood 14• Authors theorized that low 

educational attainment might lead to more insecure jobs or more manual jobs that could be more 

difficult to sustain in the context of disability 1 4. For example, jobs that involve repetitive movements or 

postures are risk factors for pain 1 5. These occupational exposures may be predisposing or precipitating 
factors for FSS. As mentioned before, former research found a relation between lower intelligence and 

chronic widespread pain 9• Once persons with pain or other FSS are on sick leave, intelligence may 

influence the pathway to chronicity, suggesting a perpetuating role. An unfavorable work situation is 

a broad concept and exact mechanisms in relation to intelligence and FSS should be further studied, 

using more precise measures of the work situation. 

Other measures on SES included in this thesis concerned childhood SES which is mostly determined 

by parental SES or parental social class. The association between lower childhood intelligence and 

common somatic symptoms was moderated by low parental SES at age 23, but not at age 33 or 42 

years (chapter 6). Young adulthood is a period of social transition; that is the transition from social class 

of origin to one's own social class 1 6• It is the major life stage during which psychological and general 

health status can influence a persons further career trajectory 1 7• 1 8• Whereas parental SES influences the 

association between intelligence and somatic symptoms in this transitional phase, the individuals own 

SES may become more important after this phase. 

To explain the association between SES and health, two main explanations have been suggested in 

research: 'social causation' and 'health selection' 1 6• When applied to the association between SES and FSS, 

'social causation'indicates that persons from low SES report more FSS, potentially through the experience 

of more psychological distress. By means of 'health selection; persons with more FSS might be more 

likely to move down the social hierarchy. A previous study investigated differences in psychosomatic 

symptoms and SES over time from adolescence to young adulthood 1 9. The authors reported evidence 

for both of the above hypotheses 1 9• We only examined the 'social causation hypothesis' and found that 

especially lower intelligence adolescents from lower parental SES are at increased risk of developing FSS 

in young adulthood, potentially through higher risk of experiencing psychological distress. However, 

the 'social causation hypothesis' does not offer a full explanation since our findings showed that in 

the subjects from high parental SES as well, lower childhood intelligence was associated with somatic 

symptoms at age 23 years (chapter 6). This implies that the relationship between childhood intelligence 

and somatic symptoms in adulthood is only partly influenced by SES factors. This is in line with recent 

research that demonstrated that childhood intelligence predicted chronic pain later in life, independent 

of educational level 9• Other explanations for the link between childhood intelligence and FSS in 

adulthood remain to be investigated. Still, the transitional phase in young adulthood may be a critical 

time-period where risk factors for FSS change from those in early life to those in later life. 
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In conclusion, SES factors influence the association between intelligence and FSS, but the influence 
may differ across life stages. Children with lower intelligence from low parental SES may be especially 
predisposed for developing somatic symptoms (potentially FSS) until young adulthood. Thereafter, the 
subjects' own SES factors might play important roles in the etiology of FSS. Perhaps, children from low 
parental SES are already predisposed for FSS in adulthood and these FSS can subsequently be precipitated 
by specific factors in adulthood, including an unfavorable work situation. 

Pathway 2: psychosocial stress 

A second potential pathway linking intelligence and FSS is that of psychosocial stress. As mentioned 
before, stress comprises of two components: the presence of a stressor (i.e. demand from an individual's 
environment) and the subjective experience of stress (i.e. the appraisal that the stressor exceeds the 
coping abilities) 20• This definition includes a distinction between external aspects of psychosocial stress 
(presence of a stressor) and internal aspects of psychosocial stress (coping abilities). Intelligence could 
be linked to both aspects of stress. 

Pathway 2.1: presence of a stressor 

This thesis showed a link between lower intelligence and the presence of a stressor. Adults with lower 
intelligence are more likely to be in a stressful environment, such as an unfavorable work situation 
(chapter 2). In adolescence, those with lower intelligence were at risk for FSS when they perceived 
high parental expectations (chapter 5). Perhaps adolescents with lower intelligence are predisposed to 
develop FSS through the experience of distress from these high expectations or high pressures applied. 
Other explanations may be involved as well. It is possible that adolescents that experience distress or FSS 
more often stay home from school. School absenteeism perpetuated FSS in adolescents 21, but whether 
this is influenced by intelligence is unknown. The association with high parental academic expectations 
did not extend into adulthood (chapter 6). Although children with lower intelligence are predisposed for 
later life FSS, this is through different pathways than high parental expectations. Findings in chapter 4 

showed a significant positive association between sum scores of lifetime adverse life events and FSS 
in a population-based cohort of adults. These results suggested a time-lag between the occurrence of 
life events and FSS. Perhaps an accumulation of life events is necessary to detect any effect, indicating 
that adverse life events are more likely predisposing factors in the etiology of FSS instead of precipitating 
factors. Intriguingly, adverse life events in early life were associated with FSS in women but not in men. 
At least for women, the effect of adverse life events on FSS involves a critical time-period, which is in 
early life. It has to be kept in mind that we did not include all potential stressors in this thesis. 

Pathway 2.2 Coping abilities 

Intelligence may also be linked to better coping abilities. Coping concerns the way people react to 
environmental factors that require adjustment of a person's actions 22. Coping abilities or coping strategies 
are commonly divided into active and passive coping strategies. In relation to chronic difficulties, active 
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coping strategies rely on the person's own resources; passive coping strategies rely more on the help from 
others 23• Applying more active coping strategies may require a more internal locus of control. I ndividuals 
with an internal locus of control believe that they can influence events through their own actions 24. 

This has been positively associated with subsequent health. Children with high intelligence had a more 
internal locus of control as well as a reduced risk of psychological distress 25. Previous studies showed that 
children with higher intelligence are more resilient to stress 26• 27• Being more stress resilient or having an 
internal locus of control could make children with higher intelligence better able to cope with potentially 
stressful situations, reducing the risk for FSS. Future research should focus on children's coping abilities 
and on ways to teach them to apply appropriate coping strategies to deal with psychosocial stress. 

A longitudinal study showed that lower pre-morbid intelligence was a risk factor for a whole range of 
mental disorders, including somatoform disorders, and also for greater clinical severity 8• It was suggested 
that this might be due to inappropriate coping strategies when faced with potential stressors. Among 
healthy adults, a more active coping strategy was associated with higher education level 28 and perhaps 
with higher intelligence. In a case-control study, patients with psychogenic disorders, i.e. functional 
neurological disorders, had lower intelligence and lower active coping strategies compared to healthy 
controls, but not compared to patients with other neurological disorders 22• From these results, lower 
active coping strategies appear not to be specific to functional disorders, but rather linked to having a 
disease in general. A study in a small group of patients with multiple FSS showed that symptom severity 
was related to a more avoidant coping style associated with an increase in behavioral activities 29• This 
coping style does not involve active problem solving and was related to poor verbal and executive 
abilities 29• Whether the inverse association between intelligence and FSS is explained by better coping 
strategies in high intelligence persons from the general population remains to be studied. Also, 
when people with lower intelligence are faced with symptoms, inappropriate coping strategies may 
predispose them to develop chronic symptoms 9• 

In conclusion, part of the association between intelligence and FSS may be explained by psychosocial 
stress. Lower intelligence is linked to the increased presence of stressors that may predispose or 
precipitate the development of FSS, but sources of psychosocial stress differ over the life course. Early life 
may be a critical time-period for predisposing individuals to develop FSS over the life course. Potentially, 
children or adults with lower intelligence more often apply inappropriate coping strategies to deal with 
psychosocial stress. When faced with FSS, inappropriate coping may play a perpetuating role. Besides a 
critical time-period, this thesis showed evidence of an accumulating effect of psychosocial stress on FSS: 
the more psychosocial stress over a lifetime, the more FSS are reported. 

Pathway 3: unhealthy lifestyle 

A third potential pathway for the link between intelligence and FSS may be an unhealthy lifestyle. 
Several lifestyle factors were included in chapter 2 to compare the effects on the association between 
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intelligence and FSS to the association between intelligence and MES. Persons with lower intelligence 

were overall more likely to smoke, have a higher BMI, and a lower frequency of exercise. Lifestyle 

factors accounted for part of both the intelligence-FSS and intelligence-MES association, but no 

evidence was found for a specific mediating effect in relation to FSS. It could be argued that smoking, 

being overweight, and a more sedentary lifestyle could co-occur with all kinds of physical ailments, 

both medically explained and functional. An unhealthy lifestyle might lead to premature 'wearing' or 

premature aging and the subsequent experience of somatic symptoms. Research showed evidence 

for unhealthy lifestyles in relation to the aging process, by linking lifestyles to shorter telomere length. 

Telomeres are the protective caps at the ends of our chromosomes that typical ly erode over time to 

protect against irreversible chromosomal damage 30. This progressive shortening of telomeres has 

made telomere length an appealing measure of biological age. Shorter telomere length is linked to 

ageing-related diseases and mortality 31 -33_ A link between unhealthy lifestyles and shorter telomere 

length could reflect the potential of these lifestyles to accelerate the ageing process 34-37_ Unhealthy 

lifestyles and shortening of telomeres might be linked through inflammation or decreased telomerase 

activity. Inflammation is a process marked by increased white blood cell turnover and consequently 

lower leukocyte telomere length 34, and has been associated with high BMI 38. Telomerase, a reverse 

transcriptase enzyme that adds telomeric DNA to shortened telomeres 39, has been associated with 

exercise. The augmenting effect of exercise on telomerase activity in human leukocytes explains the 

association between more exercise and longer telomeres 36• 

In chapter 7 we proposed shortening of telomeres as a potential biological mechanism linking lower 

intelligence to disease. A prospective association was found between lower intelligence and shorter 

telomere length at about two years follow-up in a general population of adults with a broad age

range. Findings were consistent with previous studies that found significant associations between low 

cognitive ability and shorter telomere length 40-44. We found that nearly 40% of the association between 

intelligence and telomere length was explained by an unhealthy lifestyle. More specifically, high BM! 

and low frequency of exercise seemed to be independent predictors of shorter telomere length. 

Further research should focus more exactly on how these lifestyle factors influence telomere length. 

Longitudinal within-person analysis would be helpful to investigate the exact effect of BM! and exercise 

frequency on telomere attrition. 

The association between lower intelligence, unhealthy lifestyles, shorter telomere length, and risk of 

mortality would fit in the discussions that took place on the subject of self-rated health (SRH). SRH is 

also known as self-assessed health, self-evaluated health, and subjective health 45. Besides the increased 

likelihood of engaging unhealthy lifestyles, individuals with lower intelligence are more likely to have 

poor SRH 25. Poor SRH has repeatedly been shown to predict mortality, even after controlling for a variety 

of health-related measures 45. Among the different explanatory mechanisms between poor SRH and 

mortality is the pathway of adopting unhealthy lifestyles. Moreover, poor SRH was correlated with bodily 
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sensations and symptoms that could reflect disease in clinical and pre-clinical stages 45. Higher symptom 

scores, explained or functional, associated with poor SRH might reflect a physically older aged body. 

In conclusion, unhealthy lifestyles accounted for part of the link between intelligence and FSS, but our 

findings did not reveal specific mediating effects in relation to FSS. Although an unhealthy lifestyle may 

be regarded as a more generic risk factor for poor health, exact mechanisms may still be disease specific. 

Findings on the association between unhealthy lifestyles and shorter telomere length indicate that 

unhealthy lifestyles may be specifically involved in the biological mechanism explaining part of the link 

between lower intelligence and disease. 

Pathway 4: anxiety and depression 

Aspects of anxiety and depression may be involved in the association between intelligence and FSS. 

First, lower intelligence has been associated with an increased risk of developing anxiety and depression 
46-49, and high comorbidity exists between both anxiety and depression and FSS 50•55_ Several explanations 

can be suggested for this association. Lower childhood intelligence may be a marker of neuroanatomical 

deficits that make an individual more vulnerable for affective disorders. Also, lower intelligence may 

be associated with psychosocial stress, thereby increasing the risk for affective disorders. Questions 

arise whether FSS represent a primary psychological phenomenon, or a consequence of anxiety or 

depression 56• 57• Research in a general population of adolescents showed that both ways are possible 58. 

However, anxiety and depression had a strong and immediate effect on FSS, while a weaker and delayed 

effect was found for FSS on anxiety and depression 58• 

Although this thesis did not include diagnoses of depression and anxiety, self-report data on a symptom 

level were included. The GHQ-12 is a measure of current psychological distress 59, including psychiatric 

symptoms. Psychological distress measured with the GHQ-1 2 was not related to intelligence in a general 

population of adults (chapter 2). I t is plausible that the GHQ-1 2 may be more a measure of daily hassles, 

making it difficult to detect significant differences in intelligence. Our findings are in agreement with a 

previous study that did not find an association between intelligence and the GHQ-30 in British middle

aged men and women 60. However, lower childhood intelligence was significantly associated with the 

GHQ-28 in middle-aged women 61  and with symptoms of psychological distress in young adulthood 62• 

The difference in findings may be caused by a difference in the age at which intelligence was measured, 

the latter two studies measuring intelligence in early life. Nevertheless, a previous study showed that 

the association between intelligence in early life and chronic widespread pain in midlife was also not 

mediated by symptoms of psychological distress 9. In addition, the association between childhood 

intelligence and somatic symptoms in adulthood (chapter 6) was virtually unaffected by childhood 

internalizing problems. In summary, the association between intelligence and FSS is not likely to be 

mediated by anxiety and depression. 
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Pathway 5: labeling 

Whereas FSD can be defined as clusters of related FSS, and lower intelligence is a risk factor for FSS, it 

may be expected that lower intelligence is also a risk factor for FSD. However, our findings showed the 

opposite: higher intelligence was associated with self-reported FSD in adults with persistent FSS (chapter 

3). However, overall, we found no significant association between childhood intelligence and self

reported chronic fatigue syndrome (CFS) and irritable bowel syndrome (IBS) at age 42 years (chapter 6) . 

Persons that meet the criteria for an FSD do not uniformly receive an FSD diagnosis 63• 64 and risk factors for 

FSD could be more related to the process of labeling than to the development of FSS. Highly intelligent 

patients with FSS may be more capable of labeling their symptoms themselves or may be more likely to 

receive a label from their doctor. With regard to the non-significant findings in chapter 6, an association 

between high intelligence and FSD may have been masked by an association between low intelligence 

and FSS. That no association was found between low intelligence and FSD in adulthood confirmed the 

discrepancy between the intelligence-FSS and intelligence-FSD association. 

Our findings in chapter 3 were somewhat in line with a study of persons who all met the criteria for CFS 
63

. It showed that from these persons, those who previously received an FSD label differed from those 

who did not 63. Despite a lack of statistical significance, women, older persons, and persons with more 

education were more likely, perhaps through seeking help, to report a diagnosis of CFS 63• Whether 

higher intelligence increases the chance of receiving an FSD label for their symptoms is explained by 

differences in health care-seeking warrants further investigation. It would be interesting to investigate 

in what way a patient's intelligence influences the route through the health care system. Some common 

cancers, such as prostate and breast cancers, were more prevalent in people with high SES 65• 66
. People 

with high SES may be more likely to participate in screening programs; therefore it is more likely that the 

disease is detected 67• Although Dutch health care is intended to be equally accessible, research reported 

socioeconomic treatment disparities for breast, colon, pancreas, prostate, and esophageal cancer 68-71 . 

These examples could probably not be directly applied on FSD, since no screening instruments are 

available for these disorders. However, it could be that patients with higher intelligence may be more 

likely to be referred to specialist care when presenting symptoms. Perhaps this increased referral plays 

a role in increasing the likelihood of receiving an FSD diagnosis. Furthermore, it would be interesting 

to investigate whether patient's intelligence influences the amount of additional examinations for FSS. 

The discrepancy between intelligence and FSS versus intelligence and FSD deserves further attention. 

Our findings stress the difficulties in investigating the etiology of FSD, as they are limited by the lack 

of objective diagnostic criteria for determining the presence of an FSD. Whether a person receives or 

reports an FSD may be more likely based on subjective aspects related to the process of labeling 72• 

Having an FSD label may determine further trajectories through the health care system, because doctors 

may be negatively prejudiced when a patient presents an FSD diagnosis in their medical history. 
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Concluding remarks on pathways 

Different pathways for the link between intelligence and FSS have been discussed, indicating that 
intelligence may be linked to predisposing, precipitating, and perpetuating factors in the etiology of FSS. As 
discussed, the most plausible pathways are pathway 1 (low SES) and 2 (psychosocial stress) and to some 
degree pathway 3 (unhealthy lifestyle). Pathway 4 (anxiety and depression) is less plausible. Pathway 5 
(labeling) might be especially important in the link between intelligence and FSD. Most importantly, all 
potential pathways are non-exclusive and are likely to interact in the association between intelligence 
and FSS. Especially pathway 2 and 5 may be modifiable by doctors. When children do not develop 
appropriate coping skills, they may be predisposed to develop FSS throughout their lives or become at 
risk of developing chronic FSS. Besides, doctors should be more aware of the labeling process of FSD 
and how it affects the prognosis. 

6: Alternative pathways for the link between intelligence and FSS 

In addition to the potential pathways investigated in this thesis, two additional pathways for the link 
between intelligence and FSS, 'the system-integrity hypothesis' and 'the Barker hypothesis; that have not 
been investigated in this thesis will be discussed. These hypotheses are among the several pathways 
that have been advanced to explain the link between intelligence and morbidity and mortality, none of 
which are mutually exclusive. It has to be kept in mind that these pathways are speculative. 

6.1: The system-integrity hypothesis 

A possible explanation for the association between intelligence and death, is the idea that intelligence 
is a marker of system-integrity 5• 6• It was hypothesized that higher intelligence may indicate a well
functioning body 73 that responds more efficiently to environmental challenges 74. The suggested goal 
for research was to find other markers for system-integrity that could explain the association between 
intelligence and death. This hypothesis is not well studied. One potential mechanism proposed was 
reaction time, that is regarded a measure of efficiency of information processing in the central nervous 
system 75• Reaction time explained a large part of the association between high intelligence and reduced 
mortality 76. It was proposed that system-integrity might equally well account for associations between 
low intelligence and other health outcomes, such as poorer self-rated health and psychological distress 
73• Both these outcomes could be linked to FSS. Psychomotor coordination was proposed as a marker 
of system integrity that could explain the link between intelligence and both poorer self-rated health 
and psychological distress 73. Lower childhood psychomotor coordination was associated with lower 
childhood intelligence and with psychological distress and poorer self-rated health in adulthood 73. 

However, psychomotor coordination did not explain the association between childhood intelligence 
and the health outcomes studied 73. Thus, intelligence and psychomotor coordination were more or less 
independent predictors of the health outcomes studied. It is unknown whether this is similar for FSS 
as an outcome measure. It would be interesting to further study the extent to which system integrity 
underlies the link between intelligence and health. 
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6.2: The Barker hypothesis 

The a lternative mechanism for the l ink  between intel l igence and FSS that wi l l  be proposed here is 

speculative and somewhat inspired by the 'Barker hypothesis'. The 'Ba rker hypothesis' states that adverse 

influences during early development can permanently change physiology and metabol ism in  ways 

that lead to d isease in later l ife 77• 78. This hypothesis refers to the process of 'programming' 78• Common 

markers for feta l  development, such as low birth weight, have been associated with several diseases in  

later l ife, including coronary heart d isease, stroke, type 2 d iabetes, and mortality 79-s2. Besides, low birth 

weight predicted poorer i ntell igence scores in  subsequent l ife 83• 84• These find ings would fit wel l  in a 

proposed explanation for the l ink between intel l igence and mortal ity risk, that is, early l ife insults might 

be the cause of both lower intel l igence scores and r isk of mortal ity 5. Perhaps this explanation could be 

appl ied to the inte l l igence-FSS association. A case-control study showed that ch i ldren with very low 

bi rth weig ht had h igher risk of somatization than healthy fu l l -term controls 85 . Recently, a study showed 

that very l ow birth weight and preterm birth both predicted chronic pain in later l ife 86, although the 

associations were modest and the latter was completely expla ined by further adjustment for behavioral 

problems at age 1 1  years and adult psychiatric d isorder  86• Previous studies showed that preterm born 

chi ldren have a ltered sensory and pa in  processing compared to age-matched controls 87• 88. They a lso 

have an i ncreased risk of HPA axis dysregu lation 89 that is  associated with FSS 90
. Fetal and infancy periods 

a re critical for development of intel lectual abi l ities 84 and perhaps for development of FSS. Whether both 

lower inte l l igence scores and FSS a re the resu lt of early l ife factors should be fu rther studied. 

Limitations of the present thesis 

Some methodological and practical l im itations need to be d iscussed. The instruments used to assess 

FSS differed between the cohorts, potentia l ly  making the fi ndings less comparable. First, whereas the 

assessment of FSS in the adult cohort (CIDI somatization section) includes the criteria that symptoms 

provoked a health care visit, the assessment of  FSS in  the adolescent (YSR) and i n  the 1 958 birth cohort 

(somatic symptom sca le of the Mala ise I nventory) were based on self-report. Factor ana lyses showed 

that the YSR 58 and the CIDI  91 indeed measure a s ingle underlying construct. Somatic symptoms of the 

Malaise Inventory form a sca le of moderate rel iab i l ity i n  previous ana lyses 92, although deleting any of 

the items d id not resu lt in h igher interna l consistencies. The second d ifference between the instruments 

is that not all sca les i ncluded an expl icit statement whether symptoms are indeed functional .  The CIDI 

somatization section expl icitly asks if somatic symptoms a re not due to a physical cause or caused by 

d rugs, medicine, or a lcohol, and the YSR explicitly states that the FSS had to occur without medical 

cause or without obvious reason. However, the somatic symptom sca le of the Mala ise I nventory cou ld 

not d iscrim inate between FSS and MES. The measure used in chapter 6 did not enable us to determine 

whether t hese somatic symptoms were functional, but former research showed that higher somatic 

symptom scores l i kely represent FSS 93· 94. 
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With intelligence as a study subject, some issues need to be addressed. First, in all cohorts, intelligence 
was measured at one time point; therefore, no information on stability of intelligence scores was 
present. Especially with regard to further unraveling the association between intelligence and telomere 
length, it would be informative to include longitudinal data on intelligence. For example, longitudinal 
data on intelligence may be useful in order to investigate whether cognitive decline may be influenced 
by shortening of telomeres. Nevertheless a considerably large part of intelligence is stable across most of 
the human life course 1 • When the same intelligence test is administered at age 1 1  years and again when 
the individuals are in their late seventies, correlations are between 0.6 and 0.7 95· 9

6
. Second, intelligence 

may be considered to be a complex subject to study. Intelligence is influenced by, and related to many 
factors, such as SES factors. SES factors seem to adjust the association between intelligence and FSS at 
least in some way, but not always. Alternatively, SES factors, especially educational level, may represent 
a partial proxy for individual differences in intelligence 97. Adjusting for these factors could therefore be 
regarded as overadjustment. With regard to research on intelligence and health in general, it was often 
suggested that the association between health and SES is caused by intelligence 98. This hypothesis 
has some merit, but former studies showed that intelligence could not fully explain the effects 50, 

99. Thus, intelligence and SES may have an overlapping effect on health outcomes, but they are not 
interchangeable, and have independent effects on health outcomes. Because intelligence might be 
related to many factors, there are potentially more pathways for the link between intelligence and FSS 
that go beyond the scope of this thesis. 

Concluding remarks 

This thesis offers insight into the association between intelligence and both FSS and FSD. It reveals 
that lower intelligence is a risk factor for FSS, but factors influencing this association (i.e. sources of 
psychosocial stress or SES factors) differ throughout the life course. Contrarily, a positive association 
between intelligence and FSD was found in patients with FSS. Receiving an FSD diagnosis may not 
only depend on the presence of FSS, but also on personal characteristics, such as higher intelligence. 
Further research should focus on what exact internal mechanisms, such as the cognitive interpretation 
of bodily sensations, underlie the increased presence of FSS in persons with lower intelligence or how 
external aspects, such as communication and interaction with others, influence the development and 
persistence of FSS. Thus, the role of intelligence in health deserves further study, especially with regard 
to the mechanisms responsible for the intelligence-FSS association. 
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Summary in English 

The aim of this thesis was to examine the association between intelligence and functional somatic 

symptoms (FSS) and functional somatic syndromes or disorders (FSD). FSS are somatic symptoms that 

cannot be conclusively explained in terms of conventionally defined organic pathology. FSD are clusters 

of related FSS. Over time, many different FSD have been described; almost every medical specialty has 

at least one FSD. The main three FSD a re irritable bowel syndrome (IBS), chronic fatigue syndrome (CFS), 

and fibromyalgia (FM). Both FSS and FSD are presented by a substantial portion of the patients that are 

seen in almost all health care sectors. FSS and FSD involve considerable health care costs. 

The still poorly understood etiology urges the need for research on factors that a re associated with 

the development of FSS. It is widely agreed that underlying processes leading to the development of 

FSS are multifactorial, including factors that predispose, precipitate, and perpetuate the development 

of FSS. One of the factors contributing to the etiology of FSS might be low intelligence. Intelligence 

or general cognitive ability is 'an ability to understand complex ideas, to adapt effectively to the 

environment, to learn from report, and to engage in various forms of reasoning, to overcome obstacles 

by taking thought'. Although a substantive body of literature on intelligence as a predictor of disease is 

available, the association between intelligence and FSS and FSD is relatively ignored. Intelligence may 

operate through several mechanisms leading to the development of FSS. Intelligence may influence 

an individual's cognitive interpretation that is responsible for experiencing benign bodily sensations 

as somatic symptoms. Besides, high intelligence may be preventive for precipitating factors such as 

exposure to psychosocial stress. We aimed to investigate the association between intelligence and FSS 

in three large population cohorts including people from different age groups. 

First, we investigated the association between intelligence and FSS in a population-based cohort of 

947 adults (chapter 2). In this prospective study we investigated whether intelligence measured at 

baseline was associated with the number of FSS measured at follow-up, approximately two years later. 

We simultaneously studied the association between intelligence and conventional somatic symptoms 

referred to as 'medically explained symptoms' (MES). Common explanations for, at least part of, the link 

between intelligence and disease and mortality are the effects of unhealthy environments and unhealthy 

behaviors. It is unknown whether similar pathways account for the link between intelligence and FSS. 

Findings in this chapter showed comparable prospective associations between lower intelligence 

and FSS and lower intelligence and MES. Considering the influence of unhealthy environments, 

socioeconomic status explained part of the association between intelligence and somatic symptoms 

(FSS and MES). Specific to the intelligence-FSS association, an unfavorable work situation might be a 

possible mediator. Adults with lower intelligence are more often unwillingly unemployed, which could 

predispose them to develop FSS. We found no evidence for a specific mediating effect of lifestyle factors 

in the association between intelligence and FSS. In addition, psychological distress measured with the 

General Health Questionnaire was not related to intelligence in this general population of adults, but 

was much more strongly associated with FSS than with MES. 

129 



Summary in English 

Next, we stud ied the association between intel l igence and FSD (chapter 3). Former research showed 

that not a l l  persons that fu lfi l l  the criteria for an FSD report or receive a formal diagnosis. Whether people 

with FSS receive an FSD diagnosis may depend on different factors such as the du ration or number 

of symptoms, but a lso on personal factors associated with health ca re-seeking. Chapter 3 dealt with 

the question whether i ntel l igence was associated with syndrome labe l ing with an FSD diagnosis in 

participants that a l ready have FSS. Hypotheses were tested in the before mentioned cohort of adu lts 

from the genera l  population. 289 participants reported at least one persistent FSS and these subjects 

were included in the main ana lyses. Our  findings showed that hig her i ntel l igence, female sex, and higher 

number of FSS i ncreased the chance of reporting an FSD in  persons with persistent FSS. 

In chapter 4, we aimed to get more i ns ight into the role of psychosocia l  stress i n  the development of 

FSS. I n  the before mentioned cohort of adults from the genera l  population, pa rticipants were questioned 

about the occurrence of adverse l ife events during their l ives and in specific age-categories. F indings in 

chapter 4 showed a s ignificant positive association between sum scores of l ifet ime adverse l ife events 

and FSS, independent of age, socio-economic status, and a stress-sensitive personal ity. We d id not find 

an association between adverse l ife events in the previous year and FSS. Perhaps an accumulation of l ife 

events is necessa ry to detect any effect of these events on the development of FSS. I ntriguing ly, adverse 

l i fe events in early l ife were associated with FSS in women but not in men.  At least for women, the effect 

of adverse l ife events on FSS seems to involve a critical time-period, which is in early l ife. 

Chapter 5 concerned the association  between chi ldhood inte l l igence and FSS in  adolescents, incl ud ing 

the role of the adolescents' school performance as potential mediator. We used longitud inal  data from a 

general cohort of 2230 adolescents, in whom intel l igence was measured at an average age of 1 1  years. 

We used trait and state models to examine FSS measured at three waves during adolescence. Lower 

i ntel l igence was associated with tra it FSS, but no mediating role was found for school performance. 

Additional ly, adolescents with lower i ntel l igence were especia l ly  at risk for FSS when they perceived 

h igh pa renta l expectations of their ach ievements (chapter 5). 

In chapter 6, we studied the association between chi ldhood intel l igence and somatic symptoms in 

adulthood. Data originated from a la rge British birth-cohort study fol lowing the l ives of approximately 

1 7,000 individua ls. One of the a ims was to study whether factors infl uencing the association between 

intel l igence and FSS in chi ldhood, a re sti l l  relevant in adu lthood. Whereas in chapter 5 we focused 

only on perceived parenta l expectations, chapter 6 incl uded academic expectations from mu ltiple 

informants. Lower chi ldhood inte l l igence measured at the age of around 1 1  years was associated with 

somatic symptoms in adu lthood at age 23, 33, and 42 years (chapter 6) . These associations were largely 

independent of sex, somatic symptoms at a previous sweep, and internalizing problems in chi ldhood. 

Associations between chi ldhood inte l l igence and somatic symptoms in  adu lthood were not moderated 

by high pa rental academic expectations as subjectively perceived by the chi ld, by the parents, or by the 

teacher. The association between lower chi ldhood intel l igence and somatic symptoms was moderated 

by low parenta l socioeconomic status at age 23, but not at age 33 or 42 years. 
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In addition, we also investigated the association between childhood intelligence and FSD in this 

British birth-cohort (chapter 6). Overall, we found no significant association between higher childhood 

intelligence and self-reported CFS and IBS at age 42 years. The finding that also no association was found 

between low intelligence and FSD in adulthood confirmed the discrepancy between the intelligence

FSS and intelligence-FSD association. 

In chapter 7 we further explored the role of intelligence in health, by studying a potential biological 

mechanism, namely telomere length. Telomeres are the protective caps at the ends of our chromosomes 

that typically erode over time to protect against irreversible chromosomal damage. Telomere length and 

attrition is believed to capture biological aging above and beyond chronological age, making telomere 

length an appealing measure of biological age. Shorter telomere length is associated with increased 

morbidity and mortality. A prospective association was found between lower intelligence and shorter 

telomere length at about two years follow-up in a general population of men and women aged 33 to 79 

years with a mean age of 53 years. We found that nearly 40% of the association between intelligence and 

telomere length was explained by an unhealthy lifestyle, more specifically, high BMI and low frequency 

of exercise seemed to be independent predictors of shorter telomere length. 

In the final chapter, the main findings were summarized and further discussed (chapter 8). Lower 

intelligence predicted FSS over the life course and in different types of populations, indicating a robust 

relationship between lower intelligence and FSS. Based on our findings, different pathways for the link 

between intelligence and FSS were discussed. Plausible pathways indicate a role for low socioeconomic 

status and psychosocial stress, but the nature of these pathways seems to differ over the life course. 

In early life, individuals with lower intelligence are especially at risk for FSS when perceived academic 

expectations are high or parental socioeconomic status is low. Thereafter, other socioeconomic or stress

related factors play important roles in the etiology of FSS, such as an unfavorable work situation. Lifestyle 

factors could be linked to both FSS and MES, but no evidence was found for a specific mediating 

effect in the association between intelligence and FSS in adulthood. It could be argued that smoking, 

being overweight, and a more sedentary lifestyle could co-occur with all kinds of physical ailments, 

both medically explained and functional. Findings on the association between unhealthy lifestyles and 

shorter telomere length indicate that unhealthy lifestyles may be specifically involved in the biological 

mechanism explaining part of the link between lower intelligence and disease. Our findings revealed 

that the association between intelligence and FSS is not likely to be mediated by anxiety and depression. 

Most importantly, all potential pathways are non-exclusive and are likely to interact in the association 

between intelligence and FSS. In contrast to the negative association between intelligence and FSS, we 

found positive and null-associations between intelligence and FSD. The association between higher 

intelligence and FSD may imply that receiving an FSD diagnosis may not only depend on the presence of 

FSS, but also on personal characteristics, such as higher intelligence. Highly intelligent patients with FSS 

may be more capable of labeling their symptoms themselves. Additionally, we discussed two alternative 

potential pathways for the link between intelligence and FSS: 'the system-integrity hypothesis' and a 

pathway somewhat inspired by 'the Barker hypothesis'. The role of intelligence in health deserves further 

study, especially with regard to the mechanisms responsible for the intelligence-FSS association. 
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Lekensamenvatting 

Voor lichamelijke klachten kan niet altijd een duidelijke onderliggende lichamelijk oorzaak warden 

gevonden. Er bestaan veel verschillende term en voor deze klachten, maar in dit proefschriftwordt gebruik 

gemaakt van de term 'functioneel somatische symptomen (FSS)'. FSS komen vaak samen voor en dan 

kan men spreken van 'functioneel somatische syndromen; met de Engelse afkorting 'FSD'. Voorbeelden 

van FSD zijn chronisch vermoeidheidsyndroom, prikkelbare darm syndroom en fibromyalgie. 

FSS vormen een groat probleem voor de gezondheidszorg. Bij de huisarts blijft 30-50% van de k lachten 

onverklaard en binnen de medische specialismen warden percentages gezien tussen de 40 en 60%. 

Meestal zijn deze klachten van korte duur, maar een dee I gaat niet spontaan over en leidt tot herhaalde 

bezoeken aan huisarts of specialist. Deze bezoeken zijn vaak frustrerend voor artsen omdat ze weinig 

kunnen bieden. Daarnaast kunnen de klachten frustrerend zijn voor patienten omdat ze zich niet serieus 

genomen voelen. Het is belangrijk om meer inzicht te krijgen in het ontstaan van FSS, zodat er gerichtere 

behandelingen ontwikkeld kunnen warden. 

FSS ontstaan door een combinatie van factoren, waarvan sommige factoren klachten 

veroorzaken en andere factoren klachten in stand houden. Biologische, psychologische en 

omgevingsfactoren kunnen een persoon kwetsbaar maken voor het ontwikkelen van FSS. Wij wilden 

onderzoeken of de intelligentie van een persoon de kans op het ontstaan van FSS be'i'nvloedt. lntelligentie 

is veel omvattend, maar kan gedefinieerd warden als ' het vermogen doelgericht te handelen, rationeel 

te den ken en effectief met de omgeving om te gaan'. In eerdere studies kwam naar voren dat een lagere 

intel ligentie geassocieerd is met allerlei lichamelijke ziekten en tevens met een verhoogde sterfte. Er 

zijn meerdere redenen voor deze associatie, maar twee veelbesproken redenen zijn via de weg van 

een ongezonde leefomgeving en ongezonde leefstijl. De rol van intelligentie in relatie tot FSS was nag 

niet duidelijk in kaart gebracht. Het hoofddoel van dit proefschrift was daarom het onderzoeken van 

de associatie tussen intelligentie en FSS en FSD. We hebben hiervoor gebruik gemaakt van meerdere 

grate studies, bestaande uit relatief gezonde mensen van uiteenlopende leeftijden waarin intelligentie 

is gemeten en waarna de ontwikkeling van hun gezondheid is gevolgd. 

Allereerst hebben we in hoofdstuk 2 de relatie tussen intelligentie en FSS onderzocht in een groep 

van 947 volwassenen. Op twee tijdsmomenten werden metingen gedaan, waarbij we konden kijken 

of intelligentie gemeten tijdens het eerste meetmoment geassocieerd was met FSS gemeten tijdens 

het tweede meetmoment. In dit hoofdstuk vergeleken we de relatie tussen intelligentie en FSS met 

de relatie tussen intelligentie en 'medisch verklaarde klachten' (met de Engelse afkorting MES). Hierbij 

onderzochten we het effect van de twee eerder genoemde verklaringen voor de associatie tussen 

intelligentie en lichamelijke ziekte: ongezonde leefomgeving (gemeten aan de hand van socio

economische factoren) en ongezonde leefstijl. We toonden aan dat volwassenen met een lagere 

intelligentie gemiddeld genomen meer FSS en MES ervaren dan volwassenen met een hogere 

intelligentie. Een deel van de associatie tussen een lagere intelligentie en FSS kon warden verklaard door 

een ongunstige werksituatie. Volwassenen met een lagere intelligentie zijn gemiddeld vaker ongewild 

1 35 



Lekensamenvatting 

werkloos dan volwassenen met een hogere intel l igentie wat de kans op FSS vergroot. Tevens vonden we 

in deze populatie geen verband tussen i nte l l igentie en psychiatrische symptomen; deze psychiatrische 

symptomen waren wel veel sterker gere lateerd aan FSS dan aan MES. 

In hoofdstuk 3 werd de associatie tussen inte l l igentie en FSD onderzocht in  het eerder beschreven 

cohort van volwassenen. U it eerder onderzoek bleek dat niet iedere persoon die voldoet aan de criteria 

voor een FSD ook daadwerke l ij k  een FSD d iagnose rapporteert. Of mensen met FSS een FSD diagnose 

krijgen kan afhangen van verschi l lende factoren, zoals de duur  van klachten of het aantal klachten, maar 

ook van persoonl ijke factoren die be'i'nvloeden of iemand hu lp  zoekt voor klachten. Omdat een FSD 

per definitie bestaat uit FSS, hebben we gekeken in de g roep met minstens 1 aanhoudende FSS (289 

mensen). We toonden aan dat b innen deze g roep een hogere inte l l igentie, vrouwel ij k  geslacht en een 

hoger aantal FSS de kans op het rapporteren van een FSD diagnose vergroot. 

Psychosociale stress is een veelbesproken factor in het ontstaan van FSS, maar de precieze aard van dit 

verband moet nog verder worden opgehelderd. I n  hoofdstuk 4 hebben we in  het eerder besproken 

cohort van volwassenen gekeken naar stressvol le gebeurtenissen ervaren gedu rende het hele leven, 

a ls  ook in  specifieke leeftijdscategorieen. We toonden aan dat stressvol le  gebeurten issen gedurende 

het !even geassocieerd zijn met FSS. H ierbij h ielden we rekening met l eeftijd, socio-economische status 

en stress gevoel ige persoonl ijkheid van de deelnemer. We vonden geen associatie tussen FSS en het 

aanta l stressvol le gebeurten issen in het jaar  dat daar aan voorafgaat. Mogel ijk  is er een opstapel ing van 

stressvol le  gebeurtenissen nodig om het risico op FSS te verhogen. Een andere opva l lende bevinding 

was dat stressvol le gebeurtenissen vroeg in  het leven geassocieerd zijn met FSS later in  het leven in  

vrouwen, maar  niet in mannen. Bij vrouwen is  er mogel ijk  sprake van een zogenaamde kritische periode 

vroeg in  het !even voor het ontstaan  van FSS later in  het leven. 

I n  vervolg op de bevindingen in  hoofdstuk 2 wilden we i n  hoofdstuk 5 kij ken naar de associatie 

tussen inte l l igentie en FSS in  jongeren .  Gegevens waren afkomstig van een studie d ie 2230 jongeren 

vanaf hun  tiende levensjaar volgt. Wij maakten gebruik van de eerste d rie meetrondes, waarbij de 

jongeren opvolgend gemiddeld 1 1 , 1 3 .5 en 1 6  jaar waren. De inte l l igentie werd gemeten tijdens de 

eerste meetronde en FSS tijdens de eerste, tweede en derde meetronde. We toonden aan dat jongeren 

met een lagere intel l igentie gemiddeld genomen meer FSS ervaren dan jongeren met een hogere 

intel l igentie. Deze associatie was voora l aanwezig bij jongeren d ie den ken dat hun  ouders veel van hun  

verwachten a ls  het gaat om school prestaties. 

In hoofdstuk 6 hebben we gekeken naar de associatie tussen inte l l igentie gemeten op 1 1  jarige 

leeftijd en l ichamel ijke symptomen op volwassen leeftijd (23, 33 en 42 jarige leeftijd) . We maakten 

daarbij gebru ik  van gegevens uit een Brits cohort bestaande uit ruim 1 7,000 mensen die geboren 

zijn in een week in 1 958. We toonden aan dat personen met een lagere i nte l l igentie op kinderleeftijd 
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gemiddeld meer l ichamel ij ke symptomen gedurende het volwassen leven ervaren dan personen 

met een hogere inte l l igentie op kinderleeftijd. We hebben hierbij rekening gehouden met mogel ijke 

verstorende factoren zoals geslacht, i nternal iserende emotionele problemen op kinderleeftijd en 

eerdere l ichamel ijke symptomen. Tevens werd gekeken of de gevonden associaties be'i'nvloed werden 

door hoge academische verwachtingen. We keken d it keer n iet a l leen naar de ervaren verwachtingen 

gerapporteerd door de deelnemer zelf, maar ook vanu it het perspectief van de ouders en  d e  leraar. 

We vonden geen effect van hoge academische verwachtingen op de kinderleeftijd op l ichamel ijke 

symptomen op volwassen leeftijd. Waar deze hoge academische verwachtingen op jonge leeftijd een 

rol spelen, werkt dit mogel ijk n iet door tot in volwassen leeftijd. De associatie tussen inte l l igentie en 

l ichamel ijke symptomen op 23 jaar was het sterkst wanneer de ouders van de deelnemers u it een lage 

socio-economische klasse kwamen. Ook onderzochten we in d it cohort de associatie tussen inte l l igentie 

gemeten op 1 1  jarige leeftijd en FSD op volwassen leeftijd. Op 42 jarige leeftijd werd gevraagd of mensen 

de diagnose chronisch vermoeidheidsyndroom of prikkelbare darm syndroom hadden. In tegenste l l ing 

tot hoofdstuk 3 werd er  geen verband gevonden tussen hogere intel l igentie en FSD, maar er werd ook 

geen verband gevonden tussen lagere inte l l igentie en FSD. 

Tot slot hebben we in hoofdstuk 7 verder gekeken naar een mogelijke verklaring van het eerder 

genoemde verband tussen lagere intel l igentie en ziekte en sterfte. We keken hierbij naar een mogel ijk  

biologisch mechanisme: korte telomeerlengte. Telomeren zijn de u iteinden van chromosomen en de 

telomeerlengte kan warden gezien a ls een maat voor biologische veroudering. I n  een groep van 895 

relatief gezonde volwassenen vonden we dat een lagere inte l l igentie een kortere telomeerlengte over 

de tijd voorspelde, onafhankel ijk van leeftijd, geslacht en eerder gemeten telomeerlengte. Bij na 40% van 

d it verband werd verklaard door een ongezonde leefstij l, waarbij met name een hoog BMI en wein ig 

bewegen onafhankel ij ke voorspel lers waren van een kortere telomeerlengte. 

I n  hoofdstuk 8 hebben wij de bevind ingen uit dit proefschrift besproken en in een breder perspectief 

geplaatst, waarbij verschi l lende paden tussen inte l l igentie en FSS zijn bel icht. Vroeg in het !even zijn 

individuen met een lagere inte l l igentie vooral kwetsbaar voor FSS wanneer ze hoge academische 

verwachtingen van hun  ouders ervaren of wanneer hun ouders afkomstig zijn u it een lage socio

economische klasse. Op volwassen leeftijd lijkt er een specifieke rol voor socio-economische of stress 

gerelateerde factoren, zoa ls ongewi lde werkloosheid. Een ongezonde leefstijl kan gepaard gaan met 

a l lerlei soorten l ichamel ijke klachten, maar we vonden geen specifieke rol in het verklaren van de relatie 

tussen intel l igentie en FSS. Onze bevindingen laten zien dat de associatie tussen inte l l igentie en FSS 

waarsch ijn l ijk  niet via psychische stoornissen gaat. De associatie tussen hogere intel l igentie en FSD zou 

verklaard kunnen warden doordat een hogere inte l l igentie het makkelij ker maakt om hu lp  te zoeken of 

om zelf een diagnose te passen bij de klachten. Vervolg onderzoek za l verder moeten u itwijzen welke 

onderl iggende mechan ismen ten grondslag l iggen aan de associatie tussen inte l l igentie en FSS/FSD. 
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Als je regelmatig de draak steekt met andermans dankwoorden, dan is het een onmogelijke taak om zelf 

een dankwoord te schrijven. Graag verwerp ik deze hypothese. 

Allereerst wil ik mijn promotoren bedanken. Beste Judith, Hans en Peter. Een unieke combinatie van 

drie verschillende personen die samen een goed team vormen. Beste Judith, jij hebt mij voor het 

grootste deel begeleid bij het schrijven van dit proefschrift. Je bent kritisch, innovatief en oprecht. Of 

deze eigenschappen resulteren in een betere plek op intercontinentale vluchten, laat ik even in het 

midden. Oat het jou een goede begeleider maakt, is een feit. Bedankt voor a lies wat je me hebt geleerd. 

Beste Hans, bedankt voor de feedback die je me hebt gegeven. Jouw eigenzinnigheid voegde zeker 

een extra dimensie toe aan mijn promotiecommissie. Beste Peter, bedankt dat ik altijd bij je terecht kon 

met vragen. Je humor en de rust die je kunt uitstralen waardeer ik enorm. Grap pig dat jij dingen vaak 

als eerste door hebt. De leden van de leescommissie, prof. dr. Berger, prof. dr. Stolk en prof. dr. Passchier, 

hartelijk dank voor het beoordelen en kritisch lezen van mijn proefschrift. 

Beste collega's, een verzameling leuke mensen die alien zorgen voor een goede sfeer op de afdeling, 

bedankt! Lieve kamergenoten, ik heb een geweldige tijd gehad met onnoemelijk veel momenten van 

gelach. Eerst samen met Jerry, Anna, Marij en Petra, op kamer 6.20. Alles kon, "er werden geen grenzen 

aangegeven'; heel gevaarlijk. Jerry, heerlijk hoe we nieuwelingen in de kamer konden afschrikken met 

rare uitspraken en (jouw) vieze geluiden. Anna, zowel op het werk als daarbuiten keuvelden wij wat af. 

Bedankt voor het verbeteren van mijn Engels, maar ook bedankt voor alle grappige cartoons die mij 

vooral in de laatste fase van het promotietraject erg motiveerden en opvrolijkten. Marij, een mix van 

prettig gestoord en bloed serieus, houden zo! Daarna 'de panic room' samen met Hanna, Maaike, Wilma, 

Sonja, Anne en wederom Petra. Hanna, wat was het altijd gezellig. Helaas voor jou is het je niet gelukt 

mij over te halen om de psychiatrie in te gaan. Maaike, was leuk he, South park imiteren tot we geen pap 

meer konden zeggen, "pap!''. Wilma, nekje achterover en lachen maar. Heerlijk om zo'n vrolijke noot op 

de kamer te hebben gehad! Sonja, tijdens je experimentele onderzoek heb ik je nooit horen zeiken, daar 

heb ik bewondering voor. Anne, de laatste kamergenoot, ook jij bedankt voor de gezelligheid. Maar ook 

buiten de kamer was er altijd het nodige vermaak. Henk-Jan, ook al draag je altijd zwart, je gaf toch kleur 

aan de afdeling. Elske, jouw lach werkt aanstekelijk! Hester, de pittige inval uit het Westen, altijd gezellig 

als jij langs kwam. Rob, bedankt voor de leuke en inspirerende gesprekken in het bijzijn van de eendjes. 

Ook wil ik alle co-auteurs bedanken voor de bijdrage die zij leverden. In het bijzonder Lineke en Karin. 

Karin, bedankt voor het beantwoorden van alle 'kleine vraagjes' tussendoor. Lineke, fijne gok-maat en 

uiterst prettig persoon. Leuk dat je langs bent gekomen in Landen, wanneer gaan we weer? 

Dear London friends, it was great meeting you all during and after my stay in London! Let's meet again at 

Distillers or in Groningen. Charlotte, Stephen, and Peter, thank you for giving me the opportunity to work 

under your supervision. Our collaboration resulted in a nice chapter, hopefully in a nice publication as well. 
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Li eve Petra en El ise, daar gaan we weer. Sam en met col lega Roze hebben we met z'n vieren a l le paranimf

posities kunnen bekleden, dat is toch wel heel bijzonder! Lieve Petra, wat was het leuk samen. Onder het 

genot van thee of rose konden we a l les bespreken en (waar nodig) relativeren. Je bent een bijzonder 

persoon, met a l  je positiviteit. Vanzelfsprekend ben jij mijn paranimf. Lieve El ise, mijn col lega Verhagen, 

mijn logeetje u it Den-Haag. Jouw gedrevenheid en vrol ijkheid stimuleerden mij enorm. lk ben bl ij dat 

wij e lkaar hebben leren kennen. Lieve paranimfen, laat me niet stru ikelen tijdens de ganzenpas. 

Lieve vrienden en fami l ie, bedankt voor a l  ju l l ie interesse en afleiding wanneer ik  dat nodig had! Lieve 

Nie ls, ik vind het fijn om te zien dat nu we ouder warden we wat meer naa r e lkaar toe groeien. Twee 

verschi l lende personen, maar toch op veel vlakken heel gel ij k. Lieve pap, bedankt voor je nuchtere kijk 

en je relativeringsvermogen. Lieve mam, bedankt voor je l ieve woorden en d ikke knuffel. 

Eva 
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(prof RL Diercks, prof K van der Meer, dr M Stevens, dr JC Winters) 

Lonkhuijzen LRCM van. Delay in safe motherhood 

(prof PP van den Berg, prof J van Roosmalen, prof AJJA Scherpbier, dr GG Zeeman) 

Bartels A. Auridory hallucinations in childhood 

(prof D Wiersma, p rof J van Os, dr JA Jenner) 

Qin L. Physical activity and obesity-related metabolic impairments: estimating interaction from an additive 

model 

(prof RP Stolk, dr ir E Corpeleijn)  

Tomcikova Z. Parental divorce and adolescent excessive drinking: role of parent - adolescent relationship 

and other social and psychosocial factors 

(prof SA Reijneveld, dr J P  van Dijk, dr A Madarasova-Geckova) 

Mookhoek EJ. Patterns of somatic disease in residential psychiatric patients; surveys of dyspepsia, diabetes 

and skin disease 

(prof AJM Loonen, prof JRBJ Brouwers, prof JEJM Havens) 

Netten JJ van. Use of custom-made orthopaedic shoes 

(prof K Postema, prof JHB Geertzen, dr MJA Jannink) 

Koopmans CM. Management of gestational hypertension and mild pre-eclampsia at term 

(prof PP van den Berg, prof JG Aarnoudse, prof BWJ Mol, d r  MG van Pa m pus, d r  H Groen) 

For 2010 and earlier SHARE-theses see our website. 
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