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Abstract

Background. It has been claimed that functional somatic syndromes share a common etiology.
This prospective population-based study assessed whether the same variables predict new onsets
of irritable bowel syndrome (IBS), chronic fatigue syndrome (CFS) and fibromyalgia (FM).
Methods. The study included 152 180 adults in the Dutch Lifelines study who reported the
presence/absence of relevant syndromes at baseline and follow-up. They were screened at base-
line for physical and psychological disorders, socio-demographic, psycho-social and behavioral
variables. At follow-up (mean 2.4 years) new onsets of each syndrome were identified by self-
report. We performed separate analyses for the three syndromes including participants free of
the relevant syndrome or its key symptom at baseline. LASSO logistic regressions were applied
to identify which of the 102 baseline variables predicted new onsets of each syndrome.
Results. There were 1595 (1.2%), 296 (0.2%) and 692 (0.5%) new onsets of IBS, CFS, and FM,
respectively. LASSO logistic regression selected 26, 7 and 19 predictors for IBS, CFS and FM,
respectively. Four predictors were shared by all three syndromes, four predicted IBS and FM
and two predicted IBS and CFS but 28 predictors were specific to a single syndrome. CFS was
more distinct from IBS and FM, which predicted each other.
Conclusions. Syndrome-specific predictors were more common than shared ones and these
predictors might form a better starting point to unravel the heterogeneous etiologies of
these syndromes than the current approach based on symptom patterns. The close relation-
ship between IBS and FM is striking and requires further research.

Introduction

The functional somatic syndromes (FSS) comprise clusters of persistent somatic (bodily) symp-
toms, which may cause considerable impairment and are associated with increased mortality, but
whose etiology is not fully understood, (Hanlon et al., 2018; Joustra, Janssens, Bültmann, &
Rosmalen, 2015; Macfarlane, Barnish, & Jones, 2017; Roberts, Wessely, Chalder, Chang, &
Hotopf, 2016; The Lancet Gastroenterology & Hepatology, 2018). Common examples are irritable
bowel syndrome (IBS), chronic fatigue syndrome (CFS) and fibromyalgia (FM). The etiology of
these syndromes is not entirely clear but they are associated with multiple biological, psycho-
logical and social factors (Enck et al., 2016; Häuser & Fitzcharles, 2018; Holgate, Komaroff,
Mangan, & Wessely, 2011). It has been suggested that IBS, CFS and FM share a similar etiology
because of similarity of symptoms, overlap of case definitions and associations with female sex,
anxiety, depression and childhood abuse (Wessely, Nimnuan, & Sharpe, 1999). Others have
argued that syndrome-specific mechanisms must be involved as no single pathophysiological
mechanism could underlie the different key symptoms of IBS, CFS and FM and there is evidence
of specificity of triggering infections (Moss-Morris & Spence, 2006). Little progress has been
made in resolving these conflicting views over the last 20 years because of the lack of prospective,
population-based studies assessing more than one syndrome.

Previous prospective population-based studies have shown that female sex, anxiety/depres-
sion, general medical disorders and frequent medical consultations have emerged as risk fac-
tors for each of the three syndromes (IBS, CFS and FM); sleep and pain disorders were risk
factors for IBS and FM (Table 1) (Chang et al., 2015; Creed, 2019; Creed, 2020; Donnachie,
Schneider, Mehring, & Enck, 2018; Sibelli et al., 2016). On the other hand, younger age
predicts IBS while older age predicts FM. Infection is more clearly established as a causal factor
in IBS and CFS than in FM; the latter is predicted by pre-existing severe regional or chronic
pain (Chang et al., 2015; Creed, 2019; Creed, 2020; Donnachie et al., 2018; Hulme, Hudson,
Rojczyk, Little, & Moss-Morris, 2017). Smoking and raised body mass index are risk factors
for FM but the evidence is conflicting with regard to IBS and CFS (Creed, 2019, 2020).
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This mixed picture suggests there may be both shared and
syndrome-specific etiological pathways into these disorders.
Previous relevant studies have used different diagnostic criteria,
a limited number of potential risk factors and rarely included
more than one functional somatic syndrome making comparisons
difficult. The conflicting views on shared v. syndrome-specific
etiological risk factors can only be resolved when consistent mea-
sures of all possibly relevant predictor variables are applied to all
three syndromes within the same sample.

The current study is the first that aimed to identify the shared
and syndrome-specific predictors for new onsets of IBS, CFS and
FM in a single prospective population-based study that includes a
wide range of predictor variables measured prior to the onset of
the syndrome.

Methods

Study design and participants

The data used in this study came from the LifeLines. Lifelines is a
multi-disciplinary prospective population-based cohort study
examining in a unique three-generation design the health and
health-related behaviors of 167 729 persons living in the North
of The Netherlands. It employs a broad range of investigative pro-
cedures in assessing the biomedical, socio-demographic, behav-
ioral, physical and psychological factors which contribute to the
health and disease of the general population, with a special
focus on multi-morbidity and complex genetics. A brief summary
of the study design is provided below and details can be found
elsewhere (Scholtens et al., 2015). The participants were recruited
between 2006 and 2013. Two-thirds (562/812) of the general prac-
titioners in this area invited their registered patients between age
25 and 50 years to join the project. In addition, family members of
the participants were recruited and additional participants were
recruited via online self-registration. In total, 53% of the partici-
pants were enrolled via their general practitioner, 32% were family
members and 14% registered online (Scholtens et al., 2015).
Persons with severe psychiatric or physical illness, those unable
to visit their general practitioner and/or not fluent in the Dutch
language were excluded from the study. The sample population
of the Lifelines study is broadly representative of the total

Dutch population (Klijs et al., 2015). Written informed consent
was obtained from all participants. The study followed the guide-
lines of the Declaration of Helsinki and all procedures involving
human subjects were approved by the Medical Ethical
Committee of the University Medical Center Groningen.

After participants signed informed consent, they received a
baseline questionnaire and were invited to a health assessment
at the Lifelines research site. The baseline questionnaire which
included demographics, previous and current specified diseases
(including IBS, CFS, FM), medication use, healthcare use,
health-related quality of life (Hays & Morales, 2001) and soma-
tization (Derogatis, Lipman, Rickels, Uhlenhuth, & Covi, 1974).
At the Lifelines research site, a trained research nurse performed
a physical examination and administered the Mini-International
Neuropsychiatric Interview (MINI) (Sheehan et al., 1998). Two
follow-up questionnaires, which included many of the baseline
items, were administered subsequently to all participants at
about 17 months and 29 months after the baseline. The data ana-
lyzed in this project all came from the questionnaire except BMI
and psychiatric diagnoses from the MINI.

The present study included respondents who were 18 years
and older at the baseline measurement (N = 152 180) and the
first and the second follow-up questionnaires were used to iden-
tify the self-reported new onsets of IBS, CFS and FM since base-
line. Because we were interested in incident cases, we excluded
respondents who reported at baseline that they had ever had a
diagnosis of IBS, FM or CFS or who currently reported any of
the key symptoms of these syndromes. The latter group was
excluded because previous studies have identified the key symp-
toms as the strongest predictors of FSS, suggesting that early or
undiagnosed cases are responsible for these associations
(Hamilton, Gallagher, Thomas, & White, 2009). To avoid this
problem, we excluded from the IBS analysis participants who, at
baseline, reported on the Symptom Check List-90 SOM question-
naire (Derogatis et al., 1974) that they experienced nausea or
upset stomach ‘quite a bit’ or ‘very much.’ Those feeling tired
‘most or all of the time’ during the past 4 weeks [RAND item
(Hays & Morales, 2001)] were excluded from the CFS analysis
and those reporting painful muscles ‘quite a bit’ or ‘very much’
[SCL-90 item (Derogatis et al., 1974)] were excluded from the
FM analysis. The resulting numbers included in each analysis

Table 1. Risk factors for irritable bowel syndrome, chronic fatigue syndrome and fibromyalgia shown by the number of times each has been reported in previous
studies, with most frequent at the top (Creed, 2019, 2020)

Irritable bowel syndrome Chronic fatigue syndrome Fibromyalgia/Chronic widespread pain

Female 19 Female 7 Female 12

Anxiety & depression 16 Mid-life/Older 8 Other medical disorders 20

G-I disorders 13 Anxiety/depression 8 Older age 11

Gastroenteritis 12 Other medical disorders 10 Prior pain/ musculo-skeletal disorders 13

Younger age 11 Glandular fever 4 Anxiety/depression 11

Non-GI disorders 10 Fatigue 4 Sleep disorder 13

Older age 9 Gastroenteritis 3 Raised BMI 7

Pain disorders 9 Frequent consultations 3 Smoking 8

Frequent consultations 9 High SES 2 Illness behavior 5

Life events/stress 6 Negative health perception 2

Sleep disorders. 5
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are shown in Table 2(A). Each of the resulting samples was
randomly divided into a training set (80% of the sample) and a
test set (20% of the sample) (Table 2 (B)).

Measures

Predictors
The candidate baseline predictors for new onset of the relevant
syndromes were chosen from those associated with IBS, CFS
and/or FM in the existing literature; these have been thoroughly
reviewed and the results are shown in Table 1 (Creed, 2019,
2020). In total, 102 variables were chosen from the Lifelines ques-
tionnaire as candidate predictors, which are grouped in the online
Supplementary Table S1 as follows: socio-demographic variables,
general medical conditions, over the counter and prescribed med-
ications (using ATC code), healthcare use, health behaviors and
related variables, psychosocial variables and psychiatric disorders.
The complete list of included candidate predictors is provided in
online Supplementary Table S1.

The Lifelines questionnaire asks participants whether they have
had each of 42 medical disorders. For the purpose of analysis,
these were reduced to 20 (online Supplementary Table S1).
Participants were also asked about any (prescription) medication
they used at baseline. While the onset of the syndromes was
assessed at the follow-up assessments, the medication use
was assessed at the baseline. Only drug use recorded at baseline
was used in the analysis. The ATC codes and generic names of
these medications were recorded, and medications were grouped
using the ATC code 3rd level resulting in 27 clusters that were
used in the analyses. Healthcare use and health behaviors were
recorded using the questions on the Lifelines database (https://
catalogue.lifelines.nl/). Personality variables were measured using
the NEO personality questionnaire (Costa & McCrae, 1992).

Current health status was assessed using the RAND 36-Item
Health Survey General Health scale (Hays & Morales, 2001)

and the somatization scale of the Symptom Check List-90 SOM
questionnaire (Derogatis et al., 1974).

Life events were measured using the Long-term Difficulties
Inventory (LDI) and the List of Threatening Experiences (LTE)
(Brugha & Cragg, 1990; Rosmalen, Bos, & De Jonge, 2012). The
events and difficulties were split into events involving illness-
related and non-illness-related experiences, as we wished to assess
separately the experience of recent illness and stress arising from
non-illness life events and chronic (social) difficulties. Psychiatric
disorders were measured using the MINI interview (Sheehan
et al., 1998).

Outcomes
Each analysis used the onset of one syndrome (IBS, CFS or FM)
during the follow-up period as an outcome. For each syndrome, a
new onset was considered present if a participant reported the
development of the syndrome at one or both of the two follow-up
assessments.

Missing data handling
Missing values occurred in 2.4% of the data and were imputed 20
times, using the Amelia II R-package (Honaker, King, & Blackwell,
2011) running in RStudio version 1.1.383. If missing values were
present on aggregate sum scores (e.g. questionnaire scores), the
data were imputed on the disaggregated item data to achieve
imputed values of optimal quality (Eekhout et al., 2014).

Statistical analyses

Least Absolute Shrinkage and Selection Operator (LASSO) logis-
tic regression was applied to identify the most important predic-
tors for each of the syndromes. LASSO is a statistical technique
that has specifically been developed to select predictors from a
large set of variables while effectively improving the predictive
accuracy and interpretability of the selected set of predictors

Table 2. Derivation of the samples of new onset IBS, CFS and FM

(A) IBS CFS FM

Sample size of Lifelines (age ⩾18) 152 180 152 180 152 180

Lifetime diagnosis of the syndrome at baselinea 14 365 1983 4710

Participants with missing data on lifetime diagnosis at baseline 175 175 175

Participants without lifetime diagnosis of the syndrome but with marked key 1778 10 123 7387

Symptom at baseline

Sample included in the analysis 135 862 139 899 139 908

Female (%) 55 57 57

Mean baseline age (S.D.) 44.8 (13.1) 44.9 (13.2) 44.5 (13.2)

Number of new onsets 1595 296 692

Female % in new onset group 77 56 89

Mean baseline age in the onset group (S.D.) 44.1 (13.9) 48.0 (13.0) 46.3 (11.7)

(B) Training Test Training Test Training Test

Sample size 108 898 26 964 112 146 27 753 112 151 27 757

Female% 55.9 56.3 57.3 57.6 57.0 57.3

Number of the onset (female %) 1272 (77) 323 (77) 233 (58) 63 (49) 579 (90) 113 (86)

Subjects who reported lifetime diagnosis of the corresponding disorder.
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(Tibshirani, 1996). Importantly, the method allows for the estima-
tion of prediction models based on large numbers of candidate
predictors, while avoiding overfitting to the study data by apply-
ing a penalization/shrinkage process (Tibshirani, 1996). This pro-
cess consists of constraining the sum of the absolute values of the
regression coefficients, which forces the coefficients of unimport-
ant predictors to zero while coefficients of important predictors
are regularized upward. LASSO was chosen in favor of other pen-
alizing/shrinkage methods since it can handle highly correlated
predictors and will yield a parsimonious model including only
the most important predictors for an outcome, which is import-
ant for interpretability and potential generalizability.

In the current study, we implemented LASSO for logistic
regression, using the ‘glmnet’ R-package (Friedman, Hastie, &
Tibshirani, 2010) for each of the imputed training sets. The 102
predictors were included in each of the LASSO logistic regression
analyses to predict the onset of IBS, FM and CFS, respectively.
Standardized predictors were used to enable comparison between
different predictors’ effects. During model estimation, the optimal
LASSO model was selected based on the lowest prediction error
(squared error deviance) in 10-fold cross-validation.

After estimation of the penalized beta-coefficients for a given
outcome in the training set, the model’s predictive performance
was evaluated in the test set to check replicability and potential
model overfitting. Because the numbers of new onset cases for
each syndrome were extremely low (<2%) compared to the non-
onset cases, the area under the recall-precision curve was used
as a measure of prediction accuracy. This method was more suit-
able than a traditional area under the receiver operator curve,
which tends to be biased in the case of data with low incidence
outcomes (Davis & Goadrich, 2006). For this, the ‘PRROC’
R-package (Grau, Grosse, & Keilwagen, 2015) was used.

The mean and standard deviations of the estimated coeffi-
cients were calculated to verify the frequencies of the coefficients
receiving non-zero values and the stability of the estimated coeffi-
cients across 20 imputed datasets. In this study, we selected pena-
lized beta coefficients that received non-zero coefficients in more
than 17/20 (85%) of the imputed datasets to retain the most stable
predictors.

Results

Descriptive information

Table 2(A) shows the numbers of participants excluded because
they already had a prior diagnosis of the relevant syndrome, or
they had missing data on baseline diagnosis, or they reported
marked symptoms of that syndrome. Since this was different for
each syndrome, Table 2(B) shows the size of each of the datasets
used in the analyses; they were comparable in terms of sex ratio
and baseline age. The numbers of new onsets are shown in
Table 2(A); these translate into the following incidence rates:
48.9, 8.8 and 20.6 per 10 000 person years for IBS, CFS and
FM, respectively. Few participants developed more than one
syndrome during the 2.4 years follow up (Fig. 1).

Predictors of IBS, CFS and FM onset

We identified 26, 7 and 19 stable predictors for the onset of IBS,
CFS and FM, respectively. All estimated coefficients are presented
in the online Supplementary Table S1, and the penalized coeffi-
cients with nonzero values in more than 17/20 (85%) imputed
datasets are presented in Table 3. Standard deviations of the coef-
ficients across the 20 imputed datasets were smaller than 0.25,
indicating high stability of the estimates across 20 imputed data-
sets. The mean AUC of the recall-precision curve across 20
imputed datasets for IBS, CFS and FM were 0.03, 0.01 and 0.02,
respectively, indicating low predictive accuracy for all syndromes,
reflecting either the low incidence rates in this large population or
the complexity of the onset mechanisms.

Shared predictors of IBS, CFS and FM onset

Four predictors were shared by all three syndromes. Disturbed
sleep (PSQI score), greater stress related to chronic ill health,
higher somatization score (SCL-90 SOM) and poor perception
of general health (RAND scale) were associated with an increased
probability of syndrome onset. However, with the exception of
stress related to chronic ill health, the coefficients for these predic-
tors were rather small. Four predictors were shared by the IBS and

Fig. 1. Venn diagram to show overlap of new onset of
multiple syndromes.
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Table 3. Odds ratios of predictors of IBS, CFS and FM obtained from a LASSO penalized logistic regression analysis

Predictors

IBS CFS FM

OR(β) %a OR(β) %a OR(β) %a

General information predictors

Sex (female) 1.88 100 3.16 100

Work status (student)b 1.12 95

Work status (paid work)b 0.90 100

Health predictors

Lifetime diagnosis of irritable bowel syndrome 1.77 100

Lifetime diagnosis of fibromyalgia 1.49 100

Lifetime diagnosis of gastrointestinal disordersc 1.23 100 1.15 95

Lifetime diagnosis of kidney diseasesd 1.17 100

Lifetime diagnosis of musculoskeletal disorderse 1.75 100

Lifetime diagnosis of psychiatric disordersf 1.11 100

Lifetime diagnosis of high cholesterol 1.19 85

Having allergyg 1.28 100 1.06 85

Body mass index 0.98 100 1.01 95

Medication use (ATC code)

Drugs for peptic ulcer and gastro-esophageal reflux disease (A02B) 1.95 95

Drugs for functional gastrointestinal disorders (A03A) 5.21 100

Drugs for functional gastrointestinal disorders/propulsives (A03F) 1.34 90

Alimentary tract and metabolism; drugs for constipation (A06A) 2.92 100

Genito urinary system and sex hormones/sex hormones and modulators of the genital
system/ hormonal contraceptives for systemic use (G03A)

0.77 85

Genito urinary system and sex hormones/sex hormones and modulators of the genital
system/Antiandrogens (G03H)

1.67 100

Systemic hormonal preparations, excl. sex hormones and insulins, thyroid therapy, thyroid
preparations (H03A)

1.15 90

Musculoskeletal system/anti-inflammatory and antirheumatic products, non-steroids
(M01A)

1.09 90

Respiratory system/nasal preparations/decongestants and other nasal preparations for
topical use (R01A)

1.30 90

Respiratory system/drugs for obstructive airway diseases/adrenergics, inhalants (R03A) 1.19 100

Sensory organs/Ophthalmologicals/other ophthalmologicals (S01X) 1.36 100

Healthcare use

No contact with GP nor specialists in the past 5 years 1.16 85

Contact with GP more than 4 times per year in the past 5 years 1.35 100

I have/had contact with several specialists in the past 5 years 1.13 85

Lifestyle and environment variables

Smoke now or in the past month? 0.91 95

Sleep disturbance 1.04 100 1.14 100 1.08 100

Low alcohol consumption 1.05 95 1.12 95

Psychosocial parameters

Serious illness, injury or assault to subject in the last past year according to the List of
Threatening Experiences (LTE)

0.76 90

Serious life-events in the past year according to the List of Threatening Experiences (LTE) 1.03 95 1.03 90

(Continued )
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FM onset groups: female sex, allergy, gastrointestinal disorders
and low alcohol consumption. BMI also predicted both IBS and
FM onset, but the effects were in the opposite direction, with
higher BMI predicting lower onset probability for IBS and higher
onset probability for FM. One predictor was shared by CFS and
IBS: high negative life events score (not involving serious illness,
injury or assault to the participant) in the year prior to baseline.

Syndrome-specific predictors of IBS, CFS and FM onset

For IBS onset, 16 syndrome-specific predictors were observed,
including a lifetime diagnosis of FM, taking medications for
gastrointestinal problems, antiandrogens and frequent contact
with the GP. Additional smaller positive associations were medi-
cation for obstructive airway diseases, and lifetime diagnoses of
kidney disease and psychiatric disorders. Use of hormonal contra-
ceptives predicted a lower risk of the onset of IBS.

For CFS onset, there were only two syndrome-specific predic-
tors: high cholesterol showed the largest effect and reduced vitality
(RAND) showed a small association. For FM onset, syndrome-
specific predictors with the strongest association were prior IBS,
prior musculoskeletal disorders and taking medication for peptic
ulcer or gastro-esophageal reflux disease. Additional predictors
were the use of ophthalmological treatments (artificial tears),
nasal decongestants and thyroid therapy. Having had no contacts
with a GP or specialist for 5 years predicted FM onset whereas a
serious illness, injury or assault in the year prior to baseline was
associated with decreased onset probability of FM.

Discussion

Two important findings emerged from this first population-based
study identifying the predictors of new onsets of IBS, CFS and
FM. First, we found that three-quarters of predictors were
syndrome-specific and only a quarter was shared by two or
more syndromes. Second, we found that baseline IBS predicts

new onset FM and vice versa but CFS was not predicted by either
and was not itself a predictor of IBS or FM onset.

This study has strengths and limitations that must be recog-
nized. The strengths include the large size of the population-based
cohort followed over 2.4 years. We included three functional
somatic syndromes, a much wider range of relevant potential pre-
dictors than any comparable study, and we excluded participants
who might have had an early or undiagnosed syndrome at base-
line. Furthermore, we used a sophisticated statistical analysis to
avoid over fitting and this enabled us to handle strongly inter-
dependent data. We enhanced the models’ predictive performance
by estimating the coefficients in training sets and estimating
predictive accuracy in test sets.

The main limitation was the reliance on self-report for our
main outcome. We cannot be certain that our new onset cases
did not include people whose symptoms were caused by an unrec-
ognized general medical disorder or participants who did not
fulfil the diagnostic criteria. Unfortunately, no gold standard
exists for the FSS diagnoses and self-reported diagnoses may be
unreliable. For example in a population-based study, most parti-
cipants reporting a clinical diagnosis of fibromyalgia did not fulfil
the diagnostic criteria (Walitt, Katz, Bergman, & Wolfe, 2016).
Asking whether a doctor had made the diagnosis may not
improve validity as self-report of physician diagnosis does not
appear to identify most people with CFS, FM and IBS (Warren
& Clauw, 2012). Even clinician-based fibromyalgia diagnoses in
a university clinic did not correspond to diagnosis according
to the criteria in one study (Wolfe et al., 2019). For CFS, many
different diagnostic criteria exist and there is little consensus on
which is preferred (Haney et al., 2015). Another limitation is
that, for the sake of interpretability and comparability, we have
used broader categories as predictors, rather than specific medica-
tion use or disorders.

As this project was based on the large Lifelines database, we
had to rely on the way these diagnoses had been recorded on
the Lifelines questionnaire. It would have been preferable to use

Table 3. (Continued.)

Predictors

IBS CFS FM

OR(β) %a OR(β) %a OR(β) %a

Experience difficulties and stress related to your health (e.g. regularly ill, long-term
disorders) in the past year according to the Long-term Difficulties Inventory (LDI)

1.21 100 1.35 100 1.13 100

Long-term difficulties in the past year according to the Long-term Difficulties Inventory
(LDI)

1.01 90

Self-discipline (NEO) 1.02 90

Somatization scale sum score (SCL-90) 1.03 100 1.02 100 1.04 100

Health-related quality of life scale scores (RAND)

Bodily pain 0.99 100

General Healthh 0.99 100 0.99 100 0.99 85

Vitality 0.98 100

aFrequency of the predictor being estimated with non-zero β across 20 imputed datasets.
bNot working as a reference.
cIncluding Stomach ulcer, Ulcerative colitis, Crohn’s disease, hepatitis, liver cirrhosis, celiac disease, gallstones.
dIncluding kidney stones, chronic cystitis, incontinence.
eIncluding osteoarthritis, joint inflammation, osteoporosis, back or neck hernia, RSI, hip fracture, fractures other than a hip fracture.
fIncluding burnout, depression, social phobia, agoraphobia, panic disorder, anxiety disorders, bipolar, schizophrenia, eating disorder, obsessive/compulsive, ADHD, dizziness with falling.
gIncluding dust, animals, pollen, foods, medication, contact allergy and insects.
hMeasured using the items of the RAND −36 General Health scale.
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standardized diagnostic criteria of IBS, CFS and Fibromyalgia but
this was not possible since these were not included in the
LifeLines follow-up questionnaires available to us; we did not
have access to GP records. This disadvantage has to be balanced
against the advantages of much more extensive medical data,
including medication, than most population-based questionnaire
studies and we were able to use the widest range of predictors
of any study of this type. Self-report diagnosis of all three syn-
dromes has been used in previous studies, notably birth cohort
studies; they have shown moderate agreement with medical
records (Creed, 2019, 2020; Ehlin, Montgomery, Ekbom,
Pounder, & Wakefield, 2003; Marrie et al., 2012). In addition,
this limitation applies across all three disorders, and the main
aim of this paper was to compare predictors between disorders,
which is potentially less influenced by this limitation. The low
number of new onsets made it difficult to achieve accurate predic-
tion for the three syndromes, especially CFS; a younger sample
might have been preferable as the first onset of CFS is usually
early in adult life (Bakken et al., 2014). We had no measure of
childhood adversities or psychological trauma which has been
mentioned in previous reports as a possible predictor. The
Lifelines database has very few emotional, cognitive and behav-
ioral items, which might be regarded as specifically relevant to
these syndromes so this project cannot compare the cognitive-
behavioral model of FSS.

The interpretation of the results is complex. We performed a
LASSO regression as we wished to include many potentially
highly correlated predictors in one model, which would have
led to multicollinearity and thus a violation of the assumptions
of classical regression analyses. In LASSO regression, if a variable
does not contribute to the predictive value of the model, it is
forced (penalized) to zero. On the other hand, variables that
have predictive value are inflated. This aspect of LASSO allowed
us to include many predictors in a model and still obtain inter-
pretable results in terms of comparing predictors across diseases.
Since all predictors were tested in exactly the same way we would
have expected far greater similarity of predictors across the three
syndromes if they were all driven by the same underlying illness
process(es). The method is not well suited to interpreting the
association between individual variables and a particular syn-
drome and this is a limitation of our method.

Incidence rates were comparable to those recorded in the
systematic reviews, which showed median incidence rates of
physician-diagnosed IBS, CFS and FM as 38.5, 2.5 and 24 per
10 000 person-years, respectively. Our higher rate for CFS may
reflect the use of self-reported syndromes rather than physician
diagnosis but the difference could also reflect the great variability
in CFS diagnostic criteria (Haney et al., 2015; Jason et al., 1999).
We found the predictors of IBS mirrored those in the literature
(see Table 1); this was largely so for FM but not for CFS.

There are several reasons why we found so few predictors of
CFS; the low number of participants with new onset CFS may
be the main reason but, in addition, the lack of appropriate emo-
tional, cognitive and behavioral measures relevant to CFS is
important. Risk factors for CFS have been shown to differ when
there is a concurrent psychiatric disorder and it is possible that
by excluding participants with marked fatigue at baseline, we
may have excluded participants with a psychiatric disorder, a
common cause of fatigue (Harvey, Wessely, Kuh, & Hotopf,
2009). We needed to exclude participants with fatigue at baseline,
however, to exclude early or undiagnosed CFS from our sample of
new onsets. Others have found that the strongest predictors of

CFS and IBS are fatigue and abdominal pain, respectively but
this suggests that early or undiagnosed cases may have been
included in their sample (Hamilton et al., 2009).

The shared predictors of IBS and FM are remarkable since the
diagnostic criteria of these syndromes do not overlap, unlike those
of FM and CFS. These shared predictors have not been demon-
strated in previous population-based studies. Not only were IBS
and FM mutual risk factors for each other, unlike CFS, but gastro-
intestinal diseases and their treatment were predictors of both IBS
and FM. The mechanisms underlying this finding are not clear,
but these two syndromes shared a cluster of predictors related
to allergy (including having an allergy for both IBS and FM,
medication for obstructive airway diseases for IBS, and nasal
decongestants for FM). This is interesting, given recent findings
suggesting local mast cell activation in IBS (Boeckxstaens,
2018). In addition, IBS and FM often co-occur in prevalent
cases and the number of tender points is strongly associated
with the severity of IBS but not the type (diarrhea- or
constipation-predominant), suggesting a common abnormality
of pain perception (Lubrano et al., 2001; Slim, Calandre, &
Rico-Villademoros, 2015). Studies of prevalent cases have sug-
gested that alterations in the gut microbiota (dysbiosis or small
intestinal bacterial overgrowth, including long term use of proton
pump inhibitors) may explain this change in the gut-brain axis
but, to our knowledge, these changes in the gut have not previ-
ously been shown to precede the onset of IBS (Slim et al., 2015).

Three of the four predictors shared by all three syndromes
(somatic symptoms, disturbed sleep and negative health percep-
tion) had relatively low coefficients and are unlikely to reflect spe-
cific etiological pathways into new onsets of IBS, CFS and FM.
Rather, they may be regarded as aspects of general ill health,
which may be a predisposing factor for all syndromes. The fourth
shared predictor, concerning stress related to chronic ill health,
highlights one of the novel aspects of this study. In line with
our systematic reviews, we found that many medical disorders
and their relevant medications were important predictors of IBS
and FM. Such disorders have been studied previously only as sin-
gle disorders or as covariates so their overall importance has not
been recognized. It seems that the inclusion of previous medical
disorders and an extensive list of medications has led to psycho-
logical and social predictors becoming less prominent predictors.
The high rate of medical comorbidity explains, in part, the high
mortality of FM (Macfarlane et al., 2017).

The suggestion that IBS, CFS and FM have a shared etiology
was based on their frequent coexistence, the similarity of their
symptoms, the overlap of case definitions and similar correlates
of prevalent cases (female sex, high prevalence of the emotional
disorder, reported sexual abuse) (Wessely et al., 1999). Our
study suggests that research should now move beyond mere
descriptions of the syndromes and focus on risk factors and etio-
logical pathways that are syndrome-specific or shared. For
example, we need to be more specific about the medical disorders
and medications that are predictors of the functional somatic syn-
dromes and identify the syndrome-specific and shared etiological
pathways into FM and IBS. We need to understand why is it so
difficult to identify predictors of CFS. Further analysis of the
Lifelines and similar data may answer some of these questions
and generate more specific hypotheses that can be tested in clin-
ical and laboratory studies. Such studies can be designed in the
knowledge that there are probably a variety of different etiological
pathways into each syndrome, a few of which may be shared
between two or more syndromes.
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In conclusion, our results indicate that syndrome-specific
predictors are more relevant than shared predictors and do not
support the notion of shared etiology among IBS, CFS and FM.
These specific predictors might form a better starting point to
unravel the heterogeneous etiologies of these syndromes than
the current approach based on symptom patterns. The close rela-
tionship between IBS and FM is striking and warrants further
investigation.
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