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General introduction 

During one of the meetings with my supervisors to discuss the progress of 
my master thesis, one of them asked me “What are we precisely measuring 
when we measure Functional Somatic Symptoms? How do we know if we are 
measuring the severity of this construct or whether we just count symptoms? 
What if we are measuring something else?”. I was not sure how to answer that, 
and that led me to ask myself questions like, “How do we even know what we 
are measuring when we cannot observe constructs?”, “How can our results 
be reliable if we are not sure about our measurements?” All these questions 
led me to think about gaps in measurement in the field of FSS that needed 
to be solved, and that moment of overthinking gave birth to the topic of this 
dissertation.

Experiencing a physical symptom is a common event we can all relate to. 
In fact, between 80 and 90% of the general population reports at least one 
physical symptom such as headache, abdominal pain, or low back pain, in 
the past 7 days (Acevedo-Mesa et al., 2020; Kjeldsberg et al., 2013). Likewise, 
most of us are also familiar with the experience of having a physical symptom 
for which an organic medical explanation cannot be found. This is the case in 
around 33% of the symptoms reported in primary care (Kroenke, 2003) and this 
is what we call Functional Somatic Symptoms (FSS). FSS are a constellation of 
physical symptoms comprising pain, dizziness, headache, and fatigue, among 
others. These symptoms are often self-limiting, but in around 10% to 30% of the 
cases, they can worsen and become persistent (olde Hartman et al., 2009). 
Moreover, individuals with FSS have a significantly higher probability to suffer 
from comorbid mental disorders, mainly anxiety and depression, compared 
with healthy individuals (Henningsen et al., 2003; Sluijs et al., 2015). Individuals 
with FSS report low levels of quality of life and increased healthcare use. In fact, 
FSS represents one of the conditions with the highest healthcare costs, which 
is enlarged by factors such as absenteeism and low on-the-job productivity 
(Zonneveld et al., 2013).  

In the literature, FSS have also been called “Medically Unexplained Symptoms” 
and “Psychosomatic Symptoms”, among other descriptors. The label 
“Functional”, originally meaning an altered functioning of an organ (Trimble, 
1982), has shown to be the most accepted by patients as a descriptor of their 
symptoms (Stone et al., 2002). The term “functional” does not necessarily imply 
a dichotomy between a psychological or a physical origin, as in other labels, 
but a disturbance in bodily functioning (Mayou & Farmer, 2002). For these 
reasons, we have decided to adopt the use of the label FSS in this dissertation.

Functional Somatic Symptoms
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From the beginning of the 20th century, with the arrival of psychoanalysis, the 
idea of a psychological origin of unexplained physical symptoms started to be 
widely accepted, and therefore, the conceptualization and the studies on the 
etiology of FSS focused heavily on psychological factors (Sharpe, 2001). The 
hypothesis of a psychological origin had an important imprint that remains to this 
day. This has led to troubles in the definition and study of FSS, and importantly, in 
the ways that clinicians approach FSS patients (Mayou & Farmer, 2002; Sharpe, 
2001; Stone et al., 2002). Nowadays, the etiology of FSS is still unclear. However, 
it is recognized that FSS arise from an interplay of biological, psychological, and 
social factors, instead of a single cause (Henningsen et al., 2018). 

Studies have found that one relevant psychological factor that has consistently 
been related to FSS is high Negative Affect (NA). High NA is characterized by 
distress and several aversive mood states such as anger, contempt, and fear 
(Watson et al., 1988), and plays an important role in anxiety and depression. 
Although a bidirectional relationship between NA and FSS has been established 
(Brown & Moskowitz, 1997; Campo, 2012; Campo et al., 2004; Haug et al., 2004; 
Henningsen et al., 2003), anxiety and depression, which are characterized by 
high levels of NA have been found to be a risk factor rather than a result of FSS 
in children and adolescents (Janssens et al., 2010).  

On the other hand, the associations between FSS and high Positive Affect (PA), 
a state of high energy and pleasurable engagement (Watson et al., 1988), 
have not been studied widely. Several studies have claimed that PA has a 
positive influence on health outcomes (Davidson et al., 2010; Richman et al., 
2005; Schenk et al., 2018), although results are not conclusive (Diener et al., 
2017). As summarized above, many epidemiological studies on psychological 
factors and FSS exist, but there are difficulties in comparing these studies. This is 
partially due to methodological problems in FSS measurement. 

FSS and psychological factors
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Methodological gaps in FSS measurement

The question of what we are precisely measuring in FSS questionnaires needs to 
be further addressed. The difficulty to conceptually define FSS is reflected in the 
large number of different measurement tools used to study it. Currently, more 
than 40 questionnaires have been developed to measure FSS (van Driel et al., 
2018; Zijlema et al., 2013). The use of many different questionnaires hinders the 
comparison of FSS studies (Zijlema et al., 2013). Furthermore, this makes it difficult 
to study the heterogeneity of persons reporting FSS.   

We identified the following methodological gaps:

1) Heterogeneity of FSS and the problems of using sum-scores:
FSS questionnaires differ in the number, type, and severity of symptoms 
addressed. This hampers the comparison between studies. Usually, 
because of the way they are constructed, FSS questionnaires result in a 
sum-score that combines all these different aspects as an integral measure 
of FSS. This makes it difficult to distinguish what is being measured: a total 
count of symptoms, the overall severity of FSS, or other aspects of FSS. 
This is problematic since sum-scores may not represent the same level of 
severity for different individuals. For instance, while one person can have 
several mild symptoms, another can have one very severe symptom, and 
both could have the exact same sum-score. This means that sum-scores 
hinder the identification of heterogeneous patterns of responses between 
individuals, which might not allow to accurately assess the severity of FSS 
in individuals. Understanding different patterns of response is essential to 
unravel the heterogeneity of FSS (Wanders et al., 2015). For this reason, it 
has been emphasized that measurements of FSS need to be improved 
in order to assess and distinguish both the quantity and severity of the 
symptoms (Rosmalen, 2010).

2) It is unknown which symptoms are most relevant for FSS assessment: 
Previous reviews have highlighted the need to clarify which symptoms 
should be included in FSS questionnaires (Barsky et al., 2005; Zijlema et 
al., 2013). Usually, the items measuring FSS have been selected based 
on experts’ clinical knowledge. Items such as “headache,” “nausea,” 
“shortness of breath,” and “(low) back pain” have most often been 
included in FSS questionnaires (Zijlema et al., 2013).  However, there is still 
uncertainty regarding which are the most relevant symptoms to measure 
FSS in research and clinical settings. A data-driven approach has not 
been applied to find which specific items could contribute the most 
to the measurement of FSS. Given that FSS are highly heterogeneous 
with respect to symptoms and their severities, it is crucial to investigate 
which symptoms reflect FSS severity the most, and which symptoms can 

10
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How to address these gaps? 

In order to address the above-described methodological gaps, it is necessary 
to be aware that the current approaches in the assessment of FSS are based on 
Classical Test Theory (CTT). Within this theory, it is assumed that every individual 
has a “true” score of the latent trait (e.g., FSS severity) which is not directly 
observable. The sum-score of an individual on a questionnaire is an observable 
score that contains the true score and a measurement error. This measurement 
error accounts for the difference between the observed and the true scores and 
is assumed to be the same for all scores in a particular population (Embretson 
& Reise, 2013). The sum-score is defined by the sum of the answers to all item 
scores (i.e., observed scores), which reflects the individual’s FSS severity. 

Although CTT is a well-established theory for measurement and is frequently 
used in various fields, using sum-scores introduces several drawbacks: the 

discriminate FSS severities between participants more accurately. An 
approach that focuses on the contribution of specific symptoms to FSS 
measurement could provide more insight into FSS as a construct.

3) Sum-scores may not have the same meaning for different subgroups:
It is necessary to acknowledge that sum scores may not have equivalent 
meaning for all persons, and across subgroups. For instance, in a construct 
such as depression, it has been observed that different symptoms are 
reported depending on the target population (Wanders et al., 2015). The 
same has been identified for anxiety, where items related to fatigue are 
endorsed mainly by older populations, in this case, reflecting the aging 
process rather than anxiety disorders (Correa & Brown, 2019). It is highly 
likely as well that several factors could affect the probability of reporting 
specific FSS symptoms. For example, it has been found that symptoms 
such as headache and feeling hot/cold are associated with the female 
sex. In addition, studies show that women report more numerous, intense, 
burdensome, and frequent FSS than men (Ballering et al., 2020; Barsky et 
al., 2001). Differences in the prevalence of specific FSS have also been 
found between different age groups (Hilderink et al., 2013; Terluin et al., 
2019; van Driel et al., 2018). This underlines that in current FSS questionnaires, 
some items may be biased given that factors such as sex or age could 
influence the way individuals report different FSS symptoms. Moreover, 
some studies have identified clusters of FSS symptoms (Fink et al., 2007; 
Gara et al., 1998; Lacourt et al., 2013; Rosmalen et al., 2011; Tsai, 2010), 
but the existence of subgroups of patients based on clusters of symptoms 
and FSS severity has not been fully explored.

11
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same sum-score can mean different things for different persons, and assuming 
equal measurement errors across sum scores in a particular population may be 
unrealistic since there are factors, such as age or sex, that affect the probability 
of a person to report specific symptoms (Embretson & Reise, 2013). 

Item Response Theory

In this thesis, Item Response Theory (IRT) is the central approach to tackle 
some of the previously mentioned methodological issues with respect to the 
measurement of FSS. IRT is a framework representing a collection of statistical 
models that aim to study the relationship between each item (instead of only 
the total sum score) and the characteristic that is being measured (i.e., the 
latent trait to measure, such as FSS severity) (Embretson & Reise, 2013). In other 
words, two types of information can be obtained by applying IRT. The first type 
is item-level information regarding the ability of the items to discriminate the FSS 
severity between subjects, and information regarding the location of the items 
on the continuum of FSS severity. The second type is person-level information 
about the individuals’ FSS severity, considering their response patterns, and 
their location in the FSS severity continuum. 

Figure 1 describes how IRT works. IRT models assume that the latent trait that 
is being measured is distributed on a continuum. By modeling the relationship 
between items and the latent construct, IRT can order the items of a 
questionnaire on this continuum, as well as placing the persons on the same 
continuum, based on their patterns of response to a questionnaire. In this way, 
IRT allows to quantify the severity of each symptom on the FSS continuum and 
to quantify the severity of FSS in individuals on the same continuum. 

CHAPTER 1
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Contrary to sum-scores that are often not standardized and difficult to compare 
among questionnaires, IRT estimates a standardized person score (θ) for each 
participant based on their response pattern and the characteristics of each 
item. Given that this score allows locating persons on a severity continuum, its 
interpretation is straightforward, in the sense that it represents the severity of the 
latent trait in an individual, rather than a count of symptoms. At the same time, 
IRT models estimate the characteristics of each item. In this thesis we focused 
on IRT models that estimated two main characteristics of the items: 

a) Discrimination (α): the ability of the item to distinguish between 
persons with different levels of FSS severity.

b) Severity/threshold (β): the reflected severity of an item on the FSS 
continuum. Thus, according to this parameter, items can be placed in 
order, from the least to the most reflective of severity, on the FSS severity 
continuum. 

These aspects are especially relevant for examining which are the most useful 
items for measuring FSS severity, and for addressing the problems of using sum-
scores.

IRT models also offer additional features, such as Differential Item Functioning 
(DIF). DIF occurs when subjects with the same level of FSS do not have the 
same probabilities of reporting a symptom, due to the characteristics of the 
group that they belong to (Tay et al., 2015). For example, it has been found that 
the report of depressive symptoms could be different in patients from different 
clinical subgroups (e.g., chronic illness, depression, and anxiety diagnosis, 
healthcare setting; Wanders et al., 2015).  Items of a questionnaire that show 
DIF may bias the results of one group compared to the other. Examining DIF is 
useful to identify patterns and response biases among subgroups. This in turn 
can: a) help to improve the construction of more accurate FSS instruments by 
identifying items that could be less accurate for measuring some subgroups, 
and b) inform clinicians about which FSS could be more typical among these 
subgroups. With this approach, it is possible to investigate whether sum-scores 
can have different meanings for different subgroups.

Hybrid models such as the Mixed Measurement IRT (Tay et al., 2011) combine 
the features of Latent Class Analysis (LCA) and IRT. LCA models allow to analyze 
heterogeneous patterns of responses within a population, and to group 
respondents in common categories/classes (Collins & Lanza, 2009; Masters, 
1985). MM-IRT models allow us to identify different classes in a group, with 

Figure 1.  Conceptual diagram of Item Response Theory
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Aims and outline of this thesis

The overall aim of this thesis is to tackle the three methodological issues 
mentioned, regarding the measurement of FSS: 1) the heterogeneity of FSS 
and the problems of using sum-scores, 2) the uncertainty concerning which 
symptoms are most relevant for FSS assessment, and 3) the ambiguity of the 
use of sum-scores for different subgroups. With these aims, we intend to address 
aspects of the heterogeneity of FSS and to contribute to the improvement of 
measurement tools for assessing FSS.

In Chapter 2, the study that gave rise to this dissertation will be presented. This 
study aimed to test if PA was related to FSS and if it could predict changes in FSS, 
longitudinally. The dimensional structure of FSS and the association between PA 
and each FSS dimension were also tested. We measured FSS with the 12 items of 
the physical complaints subscale of the Adult Self Report (ASR) questionnaire. 
From this study, we learned that FSS assessment methods could be improved. 

Given the findings from Chapter 2, Chapter 3 focused on the improvement 
of the measurement of FSS by implementing IRT to identify the symptoms that 
could be the least or the most reflective of FSS severity, and that could best 
discriminate between different FSS severity levels. In this study, we focused 
on exploring the item properties of the somatization scale of the Symptom 
Checklist-90. We chose this specific questionnaire because it has proved to be 
one of the most suitable questionnaires for epidemiological large-scale studies 
of FSS (Zijlema et al., 2013). We aimed to identify items that could be the most 
relevant for FSS assessment with a data-driven approach, in a sample of adults 
from a population-based cohort. This chapter examines the methodological 
gap about which symptoms are the most relevant and informative for assessing 
FSS severity.

Chapter 4 aims to explore the discrimination and reflective severity of FSS 
symptoms in young adults. To this aim, we explored the item properties of the 
physical complaints subscale of the Adult Self-Report questionnaire using IRT. 
Additionally, we aimed to compare the use of the traditional sum-scores with 

qualitatively different symptoms (such as in LCA models) and simultaneously 
identify which symptoms are most discriminative and reflective of severity within 
each class (such as in IRT models).
Overall, IRT can help us to deal with the current problems of FSS measurement. 
This is beneficial for FSS research overall since the improvement of FSS assessment 
is needed to achieve more accurate FSS measurements and improve the 
comparability between studies.

CHAPTER 1
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IRT-based scores. To this end, we performed a re-analysis of the study of Chapter 
2, by studying the association between PA and FSS, using the person location 
scores (θ) derived from IRT as FSS measures. We then compared the results of 
the analysis using sum-scores (Chapter 2) with the analysis using person location 
(θ) scores as FSS measures. For consistency, we employed the same data as 
in Chapter 2. This chapter addresses the gaps concerning the most relevant 
symptoms for assessing FSS, as well as the gap about FSS heterogeneity and the 
problems of using sum-scores.

In Chapter 5, the topic of measurement was further explored. This study aimed to 
address the heterogeneity of FSS by exploring potential item bias by sex and by 
age in the reporting of specific FSS symptoms. We examined DIF between men 
and women, and between younger adults and older adults, in the somatization 
scale of the Composite International Diagnostic Interview (CIDI). The CIDI is a 
structured instrument that assesses the presence of 43 medically unexplained 
symptoms in the previous 12 months. This instrument was used given its ability 
to distinguish FSS from symptoms caused by chronic disease. With this study we 
aimed to 1) assess which symptoms from the somatization section of the CIDI 
could be the most relevant for the measurement of FSS severity, 2) explore if 
there were different probabilities of reporting certain symptoms depending on 
the sex or age of the participants. This chapter addresses the methodological 
gap of sum-scores not necessarily having the same meaning for subgroups of 
people.

Finally, in Chapter 6, we aimed to examine the heterogeneity of FSS by exploring 
the existence of subgroups among participants with FSS, based on their 
reported symptoms. This is something that has been studied before with Latent 
Class Analysis (LCA) and Factor Analysis. However, in this study, we intended to 
further explore whether there could be subgroups of individuals with FSS, based 
on their symptoms and FSS severity. With this, we also aimed to explore the 
existence of symptoms that could be more relevant for measuring FSS within 
specific subgroups. Therefore, we used the MM-IRT model. 

Chapter 7 discusses the interpretation and implications of the results presented 
in this thesis.

In Chapters 2, 4, and 6, we employed data from the fifth and sixth waves of 
measurements of the Tracking Adolescents Lives Survey (TRAILS) study, which 
is a population-based cohort including adolescents and young adults from 
the north of the Netherlands. In Chapter 3, we employed baseline data from 
the Lifelines cohort. Lifelines is a population-based cohort from the north of 
the Netherlands, with 152,958 adult participants at baseline. In Chapter 5 we 
used data from a sub-cohort of the Prevention of Renal and Vascular Endstage 
Disease (PREVEND). PREVEND is a population cohort study with participants 
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from the city of Groningen, the Netherlands. In the sub-cohort, participants 
provided psychiatric and psychosocial data, as well as medical data. 

The dualistic view of mind and body has left the field of FSS at a crossroads for 
its definition, and the approach for its study. I do not aim to solve this Cartesian 
problem; however, I believe that improving the current methods for measuring 
complex constructs such as FSS is an important step to strengthen this field of 
study, and perhaps find some clues towards a clearer definition of the construct.

16
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