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CHAPTER 5

Somatic Symptoms measured with the CIDI
Abstract

Functional Somatic Symptoms (FSS) are physical symptoms that cannot 
be attributed to underlying pathology. Their severity is often measured with 
sum-scores on questionnaires; however, this may not adequately reflect 
FSS severity in subgroups of patients. We aimed to identify the items of the 
somatization section of the Composite International Diagnostic Interview that 
best discriminate FSS severity levels, and to assess their functioning in sex and 
age subgroups. We applied the Two Parameter Logistic Model to 19 items 
in a population-representative cohort of 962 participants. Subsequently, we 
examined Differential Item Functioning (DIF). “Localized (muscle) weakness” 
was the most discriminative item of FSS severity. “Abdominal pain” consistently 
showed DIF by sex, with males reporting it at higher FSS severity. There was no 
consistent DIF by age, however, “joint pain” showed poor discrimination of FSS 
severity in older adults. These findings could be helpful for the development of 
better assessment instruments for FSS, which can improve both future research 
and clinical care. 

Keywords: Functional Somatic Symptoms, Item response Theory, Differential 
Item Functioning, Two Parameter Logistic Model, Composite International 
Diagnostic Interview, sex, age.
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Does FSS measurement differ across sex and age? 

Introduction

Functional Somatic Symptoms (FSS) are physical symptoms that cannot be 
attributed to underlying pathology. Although they are recognized as prevalent 
in primary care and debilitating when becoming persistent (van Eck van der 
Sluijs, Jonna, et al., 2018), research is often hindered due to the difficulties of 
measuring FSS and its severity. More than 40 questionnaires have been developed 
to assess FSS (van Driel et al., 2017; Zijlema et al., 2013), but no consensus has 
been reached concerning the crucial aspects of FSS measurement, including 
which and how many symptoms should be assessed, or how to measure the 
severity of FSS. As a result, very different questionnaires are used in FSS research, 
which makes it difficult to compare the results between studies (Zijlema et al., 
2013).  

The traditional approach to measure FSS severity is based on a total sum-score 
of the severity of individual items, or a count of the presence of symptoms, 
however, this is known to be problematic. For example, even when two persons 
have the same sum-score, they may be suffering from different symptoms with 
varying severity. In the clinical setting, this hinders clinicians from grasping the 
severity of FSS in patients. Another issue in the measurement of FSS severity is 
that it is still unclear which symptoms should be included in FSS questionnaires, 
as highlighted in previous reviews (Barsky, Peekna, & Borus, 2001; Zijlema et 
al., 2013). The symptoms that have been included more frequently in FSS 
questionnaires are “headache”, “nausea”, “shortness of breath”, and “(low) 
back pain” (Zijlema et al., 2013). However, it is not certain if these symptoms 
are the most useful to discriminate between different levels of FSS severity. To 
address these issues, in a previous study Item Response Theory (IRT) was used to 
determine which items of the somatization scale of the Symptom Checklist-90 
(SCL-90) were the most discriminative for FSS severity (Acevedo-Mesa, Tendeiro, 
Roest, Rosmalen, & Monden, 2020). IRT is a very useful framework to select the 
most appropriate items to include in questionnaires. It explores the properties 
of each item by calculating its ability to discriminate between varying levels 
of severity of FSS (parameter α), and its severity level in a severity continuum 
of FSS (parameter β; Embretson & Reise, 2013). This previous study showed that 
“headache” was the least discriminative item, and that “heavy feelings in arms 
or legs” and “feeling weak in parts of your body” were the most discriminative 
and more informative items to measure the severity of FSS (Acevedo-Mesa 
et al., 2020). This finding is relevant since these two items are not frequently 
included in FSS scales. 

However, the somatization scale of the SCL-90 assesses somatic symptoms 
irrespective of their cause. The fact that this and many similar instruments include 
both symptoms caused by a chronic disease and symptoms that are medically 
unexplained might influence the items’ parameters and functioning. To further 
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improve the assessment of FSS, we need insight into the item functioning of 
instruments focusing on medically unexplained somatic symptoms (Zijlema et 
al., 2013). In addition, previous IRT studies included instruments with low numbers 
of items and identified only very few discriminative items. FSS assessment could 
thus profit from studying instruments with a wider diversity of symptoms included. 
Therefore, the first aim of the current study is to apply IRT models to an FSS 
instrument that assesses a wide variety of medically unexplained symptoms, 
namely the somatization section of the Composite International Diagnostic 
Interview (CIDI). The CIDI is a particularly relevant instrument for this aim since it 
is also capable of distinguishing FSS from symptoms caused by chronic somatic 
conditions. 

An additional issue about using sum-scores and symptom counts for measuring 
FSS is that these may not have the same meaning for different groups of persons, 
which may lead to bias in interpretation. More specifically, some factors can 
affect the probability of a person to report a specific symptom. For instance, 
in a construct such as anxiety, items related to fatigue seem to be reported 
mainly by older people, which may be due to aging processes rather than 
anxiety (Correa & Brown, 2019). When the probability of reporting an item is 
different for persons belonging to different groups, even when they possess 
the same level of the construct measured, differential item functioning (DIF) is 
considered to be present. Items with DIF systematically bias the results of one 
group compared to another. In the assessment of FSS, it seems likely that the 
sex and age of the individuals influence the probability to report a specific 
symptom. Therefore, the second aim of this study is to explore if there are 
indications of DIF regarding sex and age. 

Overall, males and females have been found to report different symptoms, 
with females generally reporting more numerous, intense, burdensome, and 
frequent FSS, even when gynecological symptoms are excluded (Barsky et al., 
2001). Previously, it has been found that headache, fatigue, and gastrointestinal 
symptoms, among others were more commonly related to the female sex 
(Kroenke & Price, 1993) . More recently, a study found that both biological sex 
and psychosocial gender were independently associated with symptoms of the 
SCL-90 somatization scale, with symptoms such as headache and feeling hot/
cold being more strongly associated with female sex than symptoms such as 
weakness in body parts and chest pain (Ballering, Bonvanie, Hartman, Monden, 
& Rosmalen, 2020). It has been proposed that differences in symptom reporting 
could be due to sex differences in symptom perception and pain sensitivity, a 
higher prevalence of depressive and anxiety disorders in females, which are 
also accompanied by somatic symptoms, and different types of life stressors 
linked with gender roles assigned to each sex (Barsky et al., 2001; Michael et 
al., 2005). The resulting differences in symptom reporting for males and females 
may imply that there is DIF in the assessment of FSS. Current FSS questionnaires 
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do not address this issue, which may lead to bias in the measurement of FSS 
by sex. DIF analysis for age and sex, could enrich the current approaches for 
measuring FSS.

Regarding age, according to a systematic review, most studies suggest that 
the prevalence rates of FSS decrease in older populations (Hilderink, Collard, 
Rosmalen, & Voshaar, 2013). However, this might be explained by the fact 
that most FSS questionnaires are not validated for use in the elderly. Older 
patients often attribute bodily symptoms to somatic diseases, as they tend to 
have more somatic co-morbidity than other age groups (Creed, Henningsen, 
& Fink, 2011). In addition, symptoms can also represent the aging process and/
or common geriatric syndromes, such as fatigue, tiredness, loss of energy and 
feeling weak, loss of appetite and weight loss, and insomnia, and are thus not 
considered as FSS (van Driel et al., 2017). Consequently, the measurement of FSS 
in older adults may be biased and DIF may be present in questionnaire items in 
different age groups. Indeed, DIF has been found in adolescents and younger 
adults, compared to adults, in the somatization scale of the Four-Dimensional 
Symptom Questionnaire (4DSQ; Terluin, van der Wouden, J C, & de Vet, H C W, 
2019). Small to moderate DIF was found for the items “neck pain” and “blurred 
vision”. To our knowledge, DIF has not been studied for other age groups in FSS 
questionnaires.

In this study, we aim to analyze which items are best at discriminating between 
different levels of FSS severity and to assess their functioning in relation to sex and 
age. Firstly, we aim to identify the most discriminative symptoms of FSS severity 
by applying the 2-parameter logistic model (2PLM) from IRT to the somatization 
section of the CIDI in a population cohort. Secondly, we aim to examine DIF 
between males and females, as well as between adults and older adults. The 
results of this study can provide information about which symptoms to include in 
questionnaires in order to improve the measurement of FSS severity, and about 
which items perform differentially depending on the participant’s subgroup.  

Does FSS measurement differ across sex and age? 
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Method

Participants

The participants of this study are part of a sub-cohort of the Prevention of Renal 
and Vascular End Stage Disease (PREVEND), which is a population cohort study 
with participants from the city of Groningen, the Netherlands. The PREVEND 
study aims to investigate micro-albuminuria as a risk factor for renal and 
cardiovascular disease (Pinto-Sietsma et al., 2000). The recruitment process 
and the PREVEND cohort development have been described elsewhere (Pinto-
Sietsma et al., 2000; Rosmalen, Tak, & de Jonge, 2011). From the 85,421 subjects 
contacted, 40,856 responded by sending a morning urine sample and filling out 
a questionnaire about demographics and cardiovascular history. From these, 
7,768 participants with an elevated urinary albumin concentration (≥10 mg/l), 
and a randomly selected control group of 3,395 participants with a urinary 
albumin concentration of   ≤10 mg/1, were contacted for further investigations. 
After these investigations, 8,592 participants formed the cohort for the current 
study. 

The sub-cohort data employed for the present study consists of a group of 
albuminuria-negative participants combined with a random sample of 
albuminuria-positive participants, emulating the population-representative 
ratio of albuminuria-positive cases. Initially, 2554 participants from the PREVEND 
study were contacted to form the sub-cohort, for which they were requested 
to provide additional psychiatric and psychosocial data. Finally, 1094 (42.8%) 
participants completed the additional information, forming the sub-cohort used 
for this study (Rosmalen et al., 2011). Of the 1094 participants of the sub-cohort, 
132 did not complete the somatization section of the Composite International 
Diagnostic Interview (CIDI) and were therefore excluded from the analysis. Thus, 
data from 962 participants of the PREVEND sub-cohort was used in this study. 
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Measures

Functional Somatic Symptoms. FSS were assessed with the somatization section 
of the CIDI. The CIDI is a structured instrument that was developed for the 
assessment of mental disorders according to the diagnostic criteria from the 
ICD-10 and the DSM-IV, suitable for epidemiological studies, and with validation 
in multiple languages and cultures (Andrews & Peters, 1998). For this study, a 
self-administered computerized version of the CIDI 2.1 12-month was applied. 
Inter-rater reliability for the self-administered CIDI and the CIDI delivered by an 
interviewer was good to excellent (Andrews & Peters, 1998). Interviewers were 
present during the application to solve questions and support with the use of 
the computer. 

The somatization section of the CIDI assesses the presence of 43 symptoms during 
the previous 12 months. Although this section was originally developed to assess 
the outdated DSM-IV diagnosis of somatoform disorders, in this study, it was used 
because the interview structure enabled us to differentiate between functional 
symptoms and symptoms caused by chronic disease. Symptoms are classified 
as “present” when they are clinically relevant (i.e., require a healthcare visit); 
symptoms that did not lead to healthcare seeking were considered absent. 
When a symptom is considered present, the questionnaire assesses whether it 
is due to a physical illness or injury, based on patient self-report of evaluation 
by a health care professional, or whether it is caused by using a medication, 
drugs, or alcohol. When a symptom is present but is not explained by the two 
previous reasons, it is considered an FSS. Self-reported medical diagnoses from 
participants who indicated FSS were checked by the researchers to ensure 
that the symptoms were medically explained. When a symptom was due to 
a medical diagnosis of a functional syndrome (i.e., Irritable Bowel Syndrome, 
Chronic Fatigue Syndrome, and fibromyalgia), symptoms were coded as FSS. 
Thus, items are coded as “Absent/Not FSS (0)”, and “Present FSS (1)”. 

Age: For the analysis, age was dichotomized into a group of adults (<60 years 
old), and Older adults (≥60 years old). 

Does FSS measurement differ across sex and age? 
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Statistical Analysis 

All analyses were performed in R version 3.6.3 (R Core Team, 2020). For 
confidentiality reasons, the data used for this study is not available. The analysis 
code, results, and appendices are available on the Open Science Framework 
(https://osf.io/3n6fh//).

 Item selection.  For the analysis, we used 19 items of the somatization 
section of the CIDI.  We first selected 23 of the 43 original symptoms by excluding 
items related to menstrual and reproductive health and symptoms that were 
reported by less than 10 persons, to avoid bias and inaccuracy of our estimates. 
We also based these selection criteria on a previous study in which latent class 
analysis was performed with these 23 items of the CIDI (Rosmalen et al., 2011). 
After fitting the 2PLM and assessing model fit, we decided to exclude four 
additional items, given that they did not meet the assumptions of the 2PLM, 
and affected model fit (see Appendices B and C). Thus, we performed the 
analysis with the 19 remaining items. We calculated internal consistency with 
the Kuder-Richardson formula, which is suitable for dichotomous items. Kuder-
Richardson indicated an internal consistency of 0.70. More information about 
the excluded items can be found in Appendix A. 

Assumption Check. We tested four assumptions of the 2PLM: 
1) Unidimensionality: a single latent trait variable should account for a large 
proportion of the common variance among item responses (Embretson & Reise, 
2013). Given that the items were dichotomous, we first calculated a polychoric 
correlations matrix and then performed an exploratory factor analysis (EFA) with 
the “factanal” function. We extracted one factor, using the minimal residuals 
method. As a rule-of-thumb, a factor should account for at least 20% of the 
variance for the questionnaire to minimally meet the assumption and to obtain 
stable parameter estimates in the IRT model (Reckase, 1979).  

2) Local independence: Items must be independent of each other, conditional 
on the severity level, so that the probability of reporting a symptom in the 
questionnaire is strictly determined by the participant’s FSS severity level 
(Embretson & Reise, 2013). To check this assumption, we used the “residuals” 
function (Chalmers, 2012). We calculated the Cramer’s V effect sizes for each 
item. Cramer’s V calculates goodness of fit to indicate if data are independent 
of each other. A small (≤ .05) to medium (≤ .15) Cramer’s V effect size is 
interpreted as weak evidence against the local independence assumption 
(Cohen, 2013). 

3) Item fit: Significant differences between the observed and expected item-
scores indicate poor item fit to the model. We tested item fit with the Kang and 
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Chen’s signed chi-squared test (S-x^2), which is suitable for polytomous models 
(Kang & Chen, 2008). Given that p-values are very sensitive to big sample sizes, 
we observed item fit with the Root Mean Square Error of Approximation (RMSEA), 
which gives a more precise estimation of item fit. The RMSEA is a measure of 
discrepancy between the covariance matrices of the observed and expected 
parameter values. According to prior criteria, an RMSEA < 0.06 shows goodness 
of fit (Cook, Kallen, & Amtmann, 2009; Kang & Chen, 2008). We checked item 
fit with the function “itemfit” (Chalmers, 2012).  

4) Monotonicity: The relationship between the latent trait (severity of FSS) and 
the participant’s responses should respond to an increasing function. To check 
this we used the function “check.monotonicity” (Van der Ark, L Andries, 2007).

The Two Parameter Logistic model (2PLM) fitting. The 2PL model is an IRT model 
for dichotomous data. The aim of IRT models is to model the association 
between a latent construct, such as FSS, and each item of a questionnaire 
(e.g., a symptom of FSS) through the response patterns of persons to a set of 
items (Reise & Waller, 2009).  To model this relationship, the 2PL model describes 
the items by two parameters: 1) The discrimination parameter (α), and 2) the 
severity or location parameter (β). The discrimination parameter (α) is a slope 
parameter that reflects the ability of an item to distinguish between different 
levels of FSS severity. The severity or location parameter (β) reflects the location 
of the item on the FSS latent trait scale, that is, how severe a symptom is. The 2PL 
also calculates a person’s location (θ) for each person based on their patterns 
of responses and the item parameters, which indicates the level of severity of 
FSS for each person. The person and item location parameters coexist on the 
same FSS severity continuum, allowing for direct comparisons between persons 
and symptoms. Location parameters are typically standardized scores with a 
mean of 0 and a standard deviation of 1 (Embretson & Reise, 2013). 

We calculated the item parameters of the 19 selected items, with the “ltm” 
function. We plotted the item parameters and their Standard Error (SE). It is 
necessary to check the SEs of item parameters to ensure that the IRT model is 
well estimated (Tay, Meade, & Cao, 2015). Additionally, we plotted the Item 
Characteristic Curves (ICCs). Each curve represents the probability to report 
an item as a function of the level of FSS severity (θ). The item severity is the θ at 
which an individual has a .50 probability to report an item. Steeper curves reflect 
higher discrimination (Coulacoglou & Saklofske, 2017). Furthermore, we plotted 
the Test Information Function (TIF) which shows the amount of psychometric 
information, or preciseness, that a test provides, in relationship to the level of 
FSS severity (θ; Reise & Waller, 2009). 

 Complementary analysis: Zero-Inflated IRT. To explore the robustness of 
our item parameter estimations, we also fitted the zero-inflated IRT (ZI IRT) model 

Does FSS measurement differ across sex and age? 
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to the 19 items of the CIDI. Given that psychiatric constructs are often skewed, 
an important part of general population samples may not report any symptom 
(i.e., zero inflation), leading to floor effects. As the estimation of IRT model 
parameters almost always operates under the assumption that the underlying 
trait is normally distributed (Wall, Park, & Moustaki, 2015) it is necessary to use 
IRT models that can handle these kinds of data in order to obtain unbiased 
estimates. The ZI IRT model addresses this problem, by identifying a group 
with a unique response pattern (i.e., zero responses) based on latent class 
analysis and allowing the latent trait to follow a mixture of normals, instead of a 
normal distribution. The model detects a pathological and a non-pathological 
group in the sample, and then estimates, and scales the discrimination and 
severity parameters only for the pathological group (Wall et al., 2015). Since 
approximately 95% of the symptoms were reported as absent/non-FSS (see 
results), and more than 50% of the sample did not report any symptoms (see 
results), we decided to explore a ZI IRT to avoid bias in our estimations. We 
performed the ZI IRT analysis using Mplus, with the example code provided by 
Wall, Park, and Moustaki (2015). 

Differential Item Functioning. Firstly, we fitted the 2PLM for each sex and age 
subgroup with the function “itemParEst”. Secondly, we plotted the ICCs 
for each of these subgroups to have a visual exploration of DIF. Thirdly, we 
obtained the DIF statistics with three different methods, given that it is relevant 
to rely on at least two indicators when testing for DIF (Tay et al., 2015). This 
allowed us to compare the results and accrue more robust evidence of DIF. 
The methods used were: 1) Lord’s chi-square: this is a DIF detection model that 
requires a pre-estimation of an IRT model. It tests the null hypothesis of equal 
item parameters in both groups of subjects. It is based on a test statistic with a 
chi-square distribution under the null hypothesis. 2) Raju’s method: it computes 
the area between the ICCs of both groups. The null hypothesis is that the area 
is zero. 3) Mantel Haenszel (MH): this is a non-IRT method for detecting DIF. It 
tests if there is an association between group membership and item response, 
conditional on the total sum-score (Tay et al., 2015). When the difference of the 
probabilities for both groups to report an item are independent of the common 
severity, we talk about uniform DIF. This is shown graphically in ICCs that do not 
intersect. When the difference between the probabilities to report an item are 
not constant across the severity levels but depend on them, we talk about non-
uniform DIF. This is reflected in intersecting ICCs curves (Magis, Béland, Tuerlinckx, 
& De Boeck, 2010). Lord and Raju’s methods allow for the identification of both 
uniform and non-uniform DIF, whereas the Mantel-Haenszel method only allows 
for the identification of uniform DIF.

Given that we did not pre-specify anchor items, we used item purification 
for the analyses, on each of the used methods. Item purification refers to an 
iterative elimination of the items with DIF, while the model rescales the item 
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parameters of both groups to a common metric. This is important since the 
presence of a DIF for one item could influence the results of tests for DIF in other 
items. To have an indication of the effect size of DIF, we calculated the Delta 
scale (Δ_MH), based on the Mantel Haenszel odds-ratio method, which has 
been used as the standard for DIF effect size assessment (Cervantes, 2017; Suh, 
2016). The scale usually ranges from 3 and – 3, and classifies the effects as A = 
negligible (-1<Δ_MH<1), B = moderate (1 ≤Δ_MH<1.5 or-1 ≥Δ_MH>-1.5 ), and C 
= large (Δ_MH≥1.5 or  Δ_MH≤-1.5)  The Δ_MH is negative when the focal group 
odds of reporting an item are less than the reference group odds (Zwick, 2012). 

Sex: After fitting the 2PLM for both sex groups, we found that three items showed 
large SEs in their item parameters (see results), which resulted in an inaccurate 
reflection of DIF in their ICC plots.  We excluded those items from the DIF analysis 
since they could influence the DIF estimation in other items. We used female 
sex as the reference group for sex analyses.

Age: After fitting the 2PLM, we found that one item had a very large SE in the 
severity parameter (see results), reflecting an unusual ICC. We decided to 
exclude this item from the DIF analysis to avoid its influence on the DIF estimation 
of other items. We used the adult age group as a reference group for age 
analyses. 

Results

Sample descriptive statistics

Of the 962 participants, 502 (52%) were females and 460 (48%) were males. The 
mean age was 55.8 (Standard Deviation = 11.1), with a minimum age of 35.9 
and a maximum age of 82.3. Regarding the age groups, 644 (67%) participants 
were grouped as “adults”, while 313 (33%) participants were grouped as “older 
adults” (60+). 

When calculating the number of symptoms reported, almost 50% of the 
participants reported having at least one symptom unexplained by physical 
pathology, out of the 19 symptoms included. The maximum number of symptoms 
was 13, reported by one participant. Figure 1 shows the number of unexplained 
symptoms reported by the participants.  

Does FSS measurement differ across sex and age? 
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Figure 1.  Percentage of unexplained symptoms reported by the participants 
from the 19 selected items of the somatization section of the Composite 
International Diagnostic Interview.

Distribution of response choices

Table 1 shows the percentage of participants who reported each item as an FSS 
present in the past 12 months. As it is expected with symptom-based constructs, 
our data was extremely skewed. On average, 94.8% of the responses in all FSS 
items signaled an absent/not FSS symptom, whereas 5.2% of the answers on 
average reflected the presence of an FSS symptom. Given that the application 
of the CIDI was computerized, there was no missing data. 
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 Note. CIDI = Composite International Diagnostic Interview; FSS = Functional 
Somatic Symptoms.

Does FSS measurement differ across sex and age? 

Table 1.  Distribution of response choices per item of the CIDI somatization 
section 
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Model assumption check

Regarding the unidimensionality check, the EFA with a one-factor solution 
explained 34% of the total variance and all items had medium to high 
factor loadings (between 0.47 and 0.80). Regarding local independence, 
small to medium Cramer’s V effect sizes were observed in all items 
(between -0.07 and 0.14), which indicates that there is weak evidence for 
the violation of the local independence assumption. All the RMSEA values 
of the S - x^2 test were lower than 0.06, indicating that the items showed a 
good fit to the model. There were no strong indications of violations of the 
monotonicity assumption. The results from these analyses can be found in 
Appendix B. 

The 2PLM 

Item parameters. Table 2 shows the estimated item parameters from the 2PL in 
the 19 selected items. These are listed from the least to the most severe item 
according to their β value. The severity parameter (β) ranged from 2.03 to 3.72. 
If we take into account that the mean θ score is 0, this means that these items 
are best at measuring levels of severity of FSS that deviate from 2.03 standard 
deviations from the mean, that is, these are best when measuring people with 
relatively high levels of severity of FSS. The item with the highest discrimination 
is 17 “Localized (muscle) weakness”. This means that this item is the ablest to 
distinguish between people with different levels of FSS, in comparison to the rest 
of the items. This is followed by item 8 “Nausea”. The least discriminative item 
was 7 “Pain in additional sites”, followed by 11 “Blurred vision”. 
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 Note. 2PL = two-parameter logistic, SE = Standard Error. Numbers in bold 
represent the highest discrimination parameters.

Does FSS measurement differ across sex and age? 

Table 2.  2PL IRT parameters of the 19 items
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Person parameters. Regarding person location (θ), the mean score was 0.12 
(Standard Deviation = 0.68), the minimum score was -0.41 and the maximum 
score was 3.02. The median was -0.41. From the 962 participants, 53% (510) had 
a score below 0, 34.8% (335) had a score between 0 and 1, 10.5% (101) had a 
score between 1 and 2, 1.6% (15) had a score between 2 and 3, and only 0.1% 
(1) had a score of 3 or more. This indicates that most of the participants had a 
low severity of FSS.  

 Test Information Function (TIF): The TIF peaks at around a θ score of 3 
and provides information in a θ range between 0 and 6 (see Appendix D). 
This means that this set of items as a whole can provide some information for 
participants with lower to large FSS levels, but that the preciseness is higher for 
participants who show a θ score of approximately 3, that is the participants 
with the highest FSS severity levels in this sample (around 1% of the participants). 

 Complementary analysis: Zero-Inflated IRT.  The parameters from the ZI 
IRT and the 2PLM had a correlation of 0.99, meaning that both models showed 
almost the same results (see Appendix E). 

Differential Item Functioning

2PLM model fitting by groups. Regarding sex, the severity parameters (panel 
A, Figure 2), indicate that items 7 “Pain in additional sites (other pain)” and 
12 “Impaired balance” show large SEs for the males’ group. This results in ICC 
curves that inaccurately reflect DIF for these items between males and females. 
This is also the case for item 17 “Localized (muscle) weakness”, which shows 
a very large SE for males’ in the discrimination parameter (panel C). For this 
reason, these three items were excluded from the DIF analysis by sex, given 
that they inaccurately show DIF in the ICCs, and influence the estimation of DIF 
in the rest of the items. 

Regarding age, panels B and D of Figure 2 show the parameters of the 19 
items by age. As it is shown, item 11 “Blurred vision”, has a very large SE (4.37) 
in the severity parameter of the older adults (Panel B). This also results in a very 
inaccurate ICC, for which we decided to remove this item from the DIF analyses. 
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DIF by sex. The left section of Table 3 shows the statistics for the DIF tests by sex 
with the three selected methods. The three methods provided different results; 
however, item 1 “Abdominal pain” was consistently highlighted as a DIF item in 
all of them. A slight difference in the ICCs of males and females in this item can 
be seen in Figure 3 (Panel A) with males reporting this item at higher levels of 
FSS severity than females, and with this item being slightly more discriminative 
for females than for males. Four other items were signaled as DIF items by only 
two methods. According to Lord’s and Mantel Haenszel’s tests, items 5 “chest 
pain”, 15 “double vision”, and 16 “shortness of breath” showed an indication 
of DIF. When inspecting the ICCs of these items, it can be seen that item 5 
(Figure 3, Panel B) shows that males tend to report chest pain when having 
higher FSS severity levels than females, although this item does not seem to be 
very discriminative for any sex. Item 15 (Figure 3, Panel D) shows an indication 
of uniform DIF, with the item showing almost the same discrimination for both 
males and females, but with females reporting this item at higher FSS severity 
levels. Item 16 (Figure 3, Panel E) on the other hand, does not seem to show 
important differences between males and females according to the ICCs, 
although it shows a large DIF effect size difference according to the Δ_MH . 
Item 13 was flagged as a DIF item by Lord’s and Raju’s method, showing a 
non-uniform DIF according to the ICCs (Figure 3, Panel C), where the likelihood 
to report this item is slightly higher for females at lower severity of FSS, and it 
becomes lower when females have higher severity levels of FSS. This item shows 
higher discrimination for males than for females. According to the Δ_MH, all the 
items signaled with DIF by more than two methods showed a large positive DIF 
effect size, meaning that males have a higher chance to report these items as 
FSS at lower severity levels than females. 
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Figure 3.  Item characteristic curves of the items detected as DIF items for 
sex, by more than one method. 

DIF by age. The right section of Table 3 shows the statistics of the DIF analysis by 
age with the three methods. There is no consistent evidence of DIF for age with 
these methods. Regarding Lord’s chi-square test, adults and older adults show 
a significant difference in the parameters of item 3 “Joint pain”. When exploring 
the ICCs of this item, a difference between the curves of adults and older adults 
can be seen, reflecting a non-uniform DIF (Figure 4, panel A), with older adults 
reporting this item more frequently than adults when having lower FSS severity 
levels, and less frequently than adults when having higher FSS severity levels. 
Moreover, this item does not show good discrimination for the older adults’ 
group. However, the Δ_MH shows that this item has a negligible DIF effect. No 
item was detected as a DIF item with Raju’s method. Regarding the Mantel 
Haenszel’s method, items 5 “Chest pain”, 6 “Headache”, and 16 “Shortness of 
breath” show DIF. All of these items show a large negative Δ_MH DIF effect size, 
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Figure 4.  Item characteristic curves of the items selected as DIF for age, by 
at least one method. 

meaning that older adults have a lower chance to report these symptoms as 
FSS when adjusting for the FSS severity levels of both groups.  When exploring 
the ICCs (Figure 4), item 5 seems to have a large difference in the ICC curves, 
showing a mostly uniform DIF, with older adults reporting this item when having 
less FSS severity levels than adults, and with this item being more discriminative 
for older adults. Items 6 and 16 seem to show smaller differences in their curves 
and a non-uniform DIF.
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Discussion

This study aimed to identify the most discriminative symptoms of FSS from a set 
of 19 items of the somatization section of the CIDI in a general population. In 
addition, we examined DIF related to the sex or the age of the respondents. 
To this end, the 2PLM was fit to the data, followed by an inspection of the 
ICCs and three DIF indicators (Lord’s Chi-square, Raju’s, and Mantel Haenszel’s 
methods). 

On average, the answer option “absent/not FSS symptom” received 94.8% of 
the answers on each symptom, which resulted in a large fraction of the sample 
(53%) having a very low level of severity of FSS (θ < 0), and only 1.7% presenting 
a high level of severity of FSS (θ ≥ 2). However, this is expected since the data 
was collected from a non-clinical sample, and since it was dichotomous data. 
The severity (β) indicated that the tested items are best suited to measure 
participants with higher levels of FSS severity (θ ≥ 2.03). The item with the highest 
discrimination parameter was item 17 “Localized (muscle) weakness”, which is 
consistent with previous studies where the item “feeling weak physically” was 
found to be the most discriminative item from the somatization scale of the 
SCL-90 in a clinical psychiatric population (Paap et al., 2011), neuromuscular 
diagnosed patients (Hart, Werneke, George, & Deutscher, 2012) and a general 
population cohort without somatic conditions (Acevedo-Mesa et al., 2020). 
These results suggest that, even in different questionnaires (i.e., CIDI and SCL-90), 
items related to “weakness” are especially discriminating in the measurement 
of the severity of FSS, both in clinical and non-clinical populations. 

According to experts’ opinion, the most relevant symptoms to measure FSS 
severity include headache, nausea, shortness of breath, dizziness, and low back 
pain (Kroenke & Mangelsdorff, 1989; Zijlema et al., 2013). However, the current 
study showed that “headache”, “dizziness” and “back pain” had rather low 
discrimination parameters (α =1.17 ~ 1.20), which is consistent with previous 
results (Acevedo-Mesa et al., 2020). In contrast, the item “nausea” (α = 1.87) 
had the second-highest discrimination parameter, which shows agreement 
with experts’ opinion, but not with previous results (α = 1.16; Acevedo-Mesa 
et al., 2020). In our previous work, it was not possible to identify if symptoms 
were unexplained by pathology, and since nausea is a common symptom with 
many causes, it did not appear to be discriminative. However, the present study 
focused on unexplained symptoms, based on patient self-report of evaluation 
by a health care professional. This could suggest that specifically unexplained 
nausea is a discriminative symptom of FSS. In addition to the different assessment 
instruments, population characteristics could explain discrepancies between 
the previous (Acevedo-Mesa et al., 2020) and the current study. The mean age 
of the population in the previous study was considerably lower (42 years versus 
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55 years in the current study), which might also have influenced the IRT results. 
The inconsistencies between experts’ opinions and empirical data highlight 
the relevance of studying the properties of the individual items to improve the 
construction of FSS questionnaires. These discrepancies may be due to the fact 
that according to experts’ experience, the above-mentioned symptoms are 
observed in many FSS patients, but those items are also frequently reported 
in the general population and therefore not informative when it comes to 
measuring the severity of FSS. 

Regarding the study of bias in symptom reporting using DIF for sex subgroups, 
item 1 “abdominal pain” showed consistent evidence of DIF across the three 
methods, with females being more likely to report abdominal pain than males 
at lower levels of FSS severity. Previously, it has been shown that females tend to 
report gastrointestinal symptoms more often than males  (Kroenke & Price, 1993), 
and that chronic functional abdominal pain tends to be more common in girls 
(Korterink, Diederen, Benninga, & Tabbers, 2015; Rajindrajith, Zeevenhooven, 
Devanarayana, Perera, & Benninga, 2018). According to our results, it could 
be the case that males reporting this item have higher FSS severity levels than 
females reporting this item, implying that it is important for clinicians to pay 
differential attention to this symptom. Item 13 “loss of touch or pain sensation” 
showed an indication of non-uniform DIF according to the ICCs, with females 
reporting this symptom more frequently at lower levels of severity of FSS, and less 
frequently than males at higher levels of severity of FSS. This item was detected 
as a DIF item by Lord’s and Raju’s methods, but not by Mantel Haenszel’s 
method, however, the Δ_MH showed a large DIF effect. This discrepancy could 
be explained because of the lack of ability of the Mantel Haenszel method to 
detect non-uniform DIF. In clinical practice, this means that this item could be 
a relevant symptom to discriminate FSS severity in males, but not in females, 
and that if females report it, they will generally have higher FSS severity levels 
than males who report it. It has been reported before that estrogen may have 
a role in pain sensitivity, with females being more sensitive to pain in periods 
of low estrogen such as menopause, and that the experience of pain differs 
by sex (Nikolov & Petkova, 2010; Sun et al., 2019), which may explain why the 
perception of loss of touch or pain sensation could not be a discriminative 
symptom of FSS in females.

Items 5 “chest pain”, 15 “double vision”, and 16 “shortness of breath” were 
flagged as DIF items by Lord’s and Mantel Haenszel methods. The ICCs show 
that males report chest pain at slightly higher levels of FSS severity, however, 
this item is not very discriminative for any sex. This item has also been previously 
reported as one of the few symptoms that is more frequent in males than in 
females (Ballering et al., 2020). In clinical practice, this could mean that males 
presenting this symptom have higher FSS severity levels than females presenting 
this symptom. There are very small differences in the ICCs of males and females 
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in item 15 “double vision”, and almost no visible differences in the ICCs of males 
and females in item 16 “shortness of breath”, although the Δ_MH indicate large 
DIF effects. One of the reasons for the discrepancy between the different DIF 
methods and ICCs could be that Lord’s DIF method is generally more sensitive 
than other methods (Lee & Suh, 2018; Özdemir, 2015). It has been reported that 
this method may detect DIF even with small differences in the area between 
two ICCs (Lee & Suh, 2018; Millsap & Everson, 1993). On the other hand, the 
Mantel Haenszel method has been reported to indicate DIF inaccurately when 
complex IRT models are used (Lee & Suh, 2018), especially in short questionnaires 
(e.g., less than 20 items). This means that due to the different assumptions of 
each method, there could be important discrepancies in the detection of DIF, 
which reinforces the need to use more than one method when studying DIF 
(Tay et al., 2015), and to also perform a visual exploration of the ICCs to contrast 
the statistics with the plots. Given these discrepancies, the evidence of DIF for 
these items is rather inconclusive, however, given that effect sizes indicated 
large effects, apparently small differences could have clinical relevance. 

Regarding DIF for age, there was no consistent indication of DIF for any item. Four 
items were flagged as DIF items, namely, item 3 “joint pain”, 5 “chest pain”, 6 
“headache, and 16 “shortness of breath”. However, all of them were detected 
by only one of the three tested methods. Nonetheless, when inspecting the 
ICCs, the item 3 “joint pain” showed that older adults (60+) have a higher 
probability to report this item at lower severity levels of FSS, but a low probability 
of reporting it at higher levels of severity of FSS. This may be because it is more likely 
that joint pain is explained by a pathology (e.g., osteoarthritis) in older adults, 
hence, this age group may attribute their joint pain to a physical cause and 
thus report it less frequently than adults as an FSS. This can also explain why this 
item has very low discrimination for older adults, as shown in the ICCs. In clinical 
practice, this means that this symptom would not provide much information 
about an older adult’s FSS severity level, given that it is a common symptom in 
the elderly. Overall, although there is no consistency in the results of DIF for age, 
most of the items signaled with DIF such as musculoskeletal symptoms (e.g., 
joint pain), chest pain, and shortness of breath are often reported by older 
adults (Michael et al., 2005). Even though these symptoms may not be typical 
for older populations (van Driel et al., 2017), our results show that the reporting 
of these symptoms may differ between adults and older adults. This means that 
these symptoms may not provide enough information for the assessment of FSS 
in older patients in the clinical setting as well as in research. 

This study has several strengths. Firstly, we employed data from a reasonably 
large sample, from which symptoms were ensured to be medically unexplained. 
This is an important advantage compared to other studies since it is often 
unclear whether the symptoms reported are explained by a physical pathology. 
Secondly, it is the first time, to our knowledge, that sophisticated psychometric 
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methods such as IRT are employed to analyze the somatization section of the 
CIDI. The psychometric properties of the CIDI have been studied before, but 
the analysis on the item level of this instrument could provide more insightful 
information. It is important to highlight that although the CIDI was constructed 
based on the criteria of the outdated somatoform disorder diagnosis, its 
strength for the present study is that it can distinguish between symptoms that 
are explained by a chronic condition, and symptoms that despite medical 
examination cannot be attributed to an underlying somatic condition. 
Furthermore, to ensure that the symptoms were adequately classified as FSS, 
medical diagnoses were checked by the researchers. Thirdly, we not only used 
the 2PL model to explore item parameters, but we also explored the robustness 
of such parameters by using the ZI IRT model. Given that a large majority of 
the answers indicated the absence of FSS symptoms, it was necessary to use a 
model that could take this into account to make sure that the estimates were 
accurate. The fact that the results of the 2PLM and ZI IRT models are consistent, 
provides robustness to our results. Finally, the use of three different methods to 
explore DIF, in addition to the visual exploration of the ICCs, also provides more 
robust results. Additionally, our dataset had no missing data given that the CIDI 
was completed digitally. 

It is important to consider several limitations of this study when interpreting 
the results. Firstly, given that the items were dichotomous, information about 
the severity of the symptoms was lost. This may have also influenced the DIF 
results because there may have been items that were not reported as “present 
FSS” highly enough for the models to be able to detect DIF. Secondly, we only 
used 19 items from the original 43 items of the somatization section of the CIDI. 
Although we were careful to select the most appropriate items theoretically 
and statistically, our selection may not resemble the original factor structure 
intended when constructing this scale. However, our EFA shows evidence of 
unidimensionality. Thirdly, in the Lord’s test for DIF analysis by sex, 50% of the 
items were detected as DIF items. This is problematic since it might be the case 
that there are non-DIF items appearing as DIF because true DIF items could 
have been inadvertently used as anchor items between groups, given that we 
did not choose anchor items a priori (Tay et al., 2015). However, in all our DIF 
analyses we used item purification to avoid problems with linking, given that we 
did not know which items to use as anchor beforehand. With item purification, 
we hope we have avoided the influence of DIF items in the results of tests of 
other DIF items. Finally, although the CIDI interview uses an extensive algorithm 
to classify a symptom as an FSS, it should be emphasized that this decision was 
based on patients’ self-report on evaluation of a health care professional, and 
thus subject to various sources of bias on the side of the clinician (e.g., diagnostic 
bias) and the patient (e.g., recall bias). Thus, some symptoms reported as FSS 
could have been explained by an unknown underlying pathology. It has been 
previously found that 19.1% of the participants in this study reported one or more 
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chronic somatic diseases (Ockenburg et al., 2015) and that 11.8% fulfilled the 
criteria for a depression or anxiety disorder (Rosmalen, et al., 2011). Although 
we cannot rule out that these or other comorbidities have influenced our results, 
we showed in a previous study that there were no differences in IRT results when 
excluding participants with somatic conditions (Acevedo-Mesa et al., 2020). 

The symptoms identified by this study as most discriminative and reflective of 
severity could be included in future FSS questionnaires given their precision 
to measure FSS compared to other items. Future studies could examine the 
clinical implications of using person location scores generated by IRT models as 
measures of FSS. Further analyzing DIF among FSS patients with clinical samples 
may reveal systematic report biases. The results of such a study could contribute 
to the assessment of FSS severity in clinical patients. Future studies must consider 
that dichotomous FSS data tends to be highly skewed (i.e., zero-inflated), which 
could impact the estimates and conclusions of FSS studies. For this reason, the 
use and development of methods that consider the nature of FSS data, such as 
ZI IRT, are important to this field of study.
 
 In conclusion, we found that the item “Localized (muscle) weakness” is the 
best at discriminating between FSS severity levels. The items “Abdominal pain” 
and “Loss of touch or pain sensation” show evidence of DIF by sex, for which 
clinicians should pay differential attention to these symptoms when reported. 
Regarding age, the item “joint pain” was not good at discriminating FSS severity 
in older adults, meaning that this symptom may not provide useful information 
for the assessment of FSS in this age group. The characteristic of these items 
could be considered when constructing FSS questionnaires in order to obtain 
improved assessments of FSS severity in research and clinical practice. 
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Appendix A

Table S1.  Items from the somatization section of the CIDI that were excluded 
from the statistical analyses. 
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Appendix B

Table S2. Factor analysis and item fit of the 23 items of the CIDI somatization 
section
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Table S3.  Factor analysis and item fit of the 19 items of the CIDI somatization 
section
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Appendix C
Table S4.  The estimated item parameters from the 2PL in the 23 items selected 
from the CIDI somatization section. 
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Appendix D

Figure S1.  Test Information Function (TIF) of the 19 selected items from the 
somatization scale of the CIDI
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Appendix E

Table S5.  Zero Inflated item parameters  

 Note: The ZI model classified the whole sample in the pathological group. 
Table S5 shows the estimated item parameters from the 2PL ZI model for the 19 
selected items in the pathological group.
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