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ABSTRACT

Objectives It has been suggested that infections can
trigger functional somatic disorders (FSD). However,
current evidence is limited by inconsistent findings in
smaller studies conducted in clinical settings within
selected populations and short follow-up times. We aimed
to test the hypothesis that former infections are associated
with FSD using data from nationwide registries and a
large population-based cohort study, the Danish Study of
Functional Disorders study.

Design FSD cases were identified in a cross-sectional
population-based cohort and linked retrospectively to
former hospital contacts with infections identified in the
Danish National Patient Registry. The associations between
FSD and former infections within 17 years were analysed
using logistic regressions to calculate ORs and 95% Cls
adjusted for age, sex and subjective social status.

Setting A population-based cohort in Denmark examined
between 2011 and 2015.

Participants A total of 9656 men and women aged
18-76 years.

Main outcome measures FSD measured by various
delimitations, including bodily distress syndrome

(BDS), irritable bowel (IB), chronic fatigue (CF), chronic
widespread pain (CWP), and multiple chemical sensitivity
(MCS).

Results Overall, infections were associated with
increased risk of all delimitations of FSD. The associations
were more pronounced for multisystemic FSD. The number
of prior infections increased the risk in a dose-response
manner (p<0.0001). Bacterial but not viral infections were
significantly associated with BDS (OR 1.69 (95% Cl 1.46 to
1.96)), IB (OR 1.41 (95% Cl 1.06 to 1.88)), CWP (OR 1.47
(95% Cl 1.13 to 1.90)) and CF (OR 1.62 (95% Cl 1.34 to
1.96)), but not MCS.

Conclusion Former infections leading to hospital contacts
were associated with a higher risk of having FSD. These
associations were more pronounced for bacterial than
viral infections, and more infections increased the risk in a
dose-response manner. These results tend to support the
idea that severe infections could play a role in FSD.

INTRODUCTION
Little is known about the aetiology of func-
tional somatic disorders (FSD), but it is

,! Torben Jorgensen,"’” Michael Eriksen Benros*®

STRENGTHS AND LIMITATIONS OF THIS STUDY

= Functional somatic disorder (FSD) cases were iden-
tified in a large cross-sectional population-based
cohort (N=9656) and linked retrospectively to for-
mer hospital contacts with infections identified in
the Danish National Patient Registry.

= Various infection sites and infectious pathogens
were assessed as exposures.

= Multiple delimitations of FSD were assessed as out-
comes including bodily distress syndrome, irritable
bowel, chronic fatigue, chronic widespread pain and
multiple chemical sensitivity.

= We do not know the exact time of FSD onset, and we
cannot exclude FSD preceding the infection. Thus,
the determination of causality in this study, there-
fore, remains uncertain despite the infections being
17 years prior to baseline.

generally accepted that the aetiology is highly
multifactorial,1 and environmental trig-
gers such as infections have been suggested
to initiate the symptoms in FSD. FSD is an
umbrella term for a range of conditions char-
acterised by persistent and troublesome phys-
ical symptoms fitting characteristic symptom
pattern(s) which are accompanied by impair-
ment or disability that cannot be explained
better by another physical or mental condi-
tion.! FSD encompass several delimitations
such as irritable bowel syndrome (IBS),
fibromyalgia (FM), chronic fatigue syndrome
(CFS), multiple chemical sensitivity (MCS)
and the unifying diagnostic construct bodily
distress syndrome (BDS).2?

Gastroenteritis is already considered a well-
established risk factor for IBS,*” where a system-
atic review and meta-analysis on gastroenteritis
and IBS, including 21 421 individuals, found
the strongest associations to IBS with parasitic
followed by bacterial and, lastly, viral infection,*
but no single pathogen has been identified. In
the absence of gastrointestinal (GI) infections,
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Table 2 The associations between the number of infections
in the preceding 17 years and bodily distress syndrome
(BDS) and various infection sites in the preceding 17 years
and BDS expressed as ORs and 95% Cls adjusted for sex,
age and subjective social status

% BDS (N any infections*) OR (95% ClI)

Number of infections

1 20.7 (1248) 1.58 (1.36 to 1.84)
2 18.2 (510) 1.36 (1.07 to 1.72)
3 26.8 (224) 2.23 (1.65 to 3.04)
4 29.0 (93) 2.42 (1.53 to 3.82)
>5 32.0 (153) 2.93 (2.06 to 4.16)

Test for trend 1.26 (1.20 to

1.32) p<0.0001

% BDS (N infection

Infection sitet site*) OR (95% Cl)

Sepsis 32.3 (62) 2.65 (1.52 to
4.63)

Hepatitis 25.0 (20) 1.68 (0.60 to
4.73)

Reproductive 22.3 (130) 1.40 (0.91 to

system 2.15)

Pregnancy related  22.7 (75) 1.31 (0.74 to
2.31)

Central nervous 26.3 (38) 1.97 (0.94 to

system 4.15)

Ear 24.7 (85) 1.70 (1.02 to
2.82)

Skin 21.8 (607) 1.59 (1.29 to
1.95)

Urinary tract system 25.9 (247) 1.58 (1.17 to
2.13)

Logistic regression analyses of the association between the
number of any infections versus no record of any infection in the
preceding 17 years and BDS adjusted for sex, age and subjective
social status, and logistic regression analyses of the association
between various infections sites versus no record of specific
infection site and BDS in the preceding 17 years adjusted for sex,
age and subjective social status. Numbers marked with bold are
significant with a p-value <0.05

*N varies as analyses were done on complete cases; thus, only
participants with data on the specific functional somatic disorder
delimitation and specific infection measures were included for
analyses.

TSpecific International Classification of Diseases 10th revision
(ICD-10) codes may be found in online supplemental table S1.

N, number of participants.

the risk factors of IBS are less well-established.” Opposite,
literature remains inconclusive on the association between
infections and CFS despite intensive research. Various
viral agents as triggers of CFS have been investigated with
conflicting findings, for example, human herpesvirus, B19
virus and enterovirus,8 and similarly, various latent bacterial
infections such as Coxiella burnetii, borrelia burgdorferi and
brucella.” The relationship between infections and FM has
likewise been debated for decades,10 where bacterial infec-
tions such as borrelia burgdorferi and mycoplasma and viral

infections, for example, HIV and hepatitis C, have been asso-
ciated with FM,11 2 but no evidence of a causal link has been
established."” To our knowledge, no specific infections have
been assessed regarding MCS, but MCS has been associated
with self-reported inflammatory airway diseases.*

With the exceptions of larger cohort studies on IBS, most
of the prior studies of infections and the associations with
FSDs are limited by small sample sizes and highly hetero-
genic study designs ranging from case reports and case—con-
trol studies to fewer prospective cohort studies conducted in
highly specialised clinical settings. Furthermore, most studies
only had a short follow-up time, limiting the knowledge of
the long-term effects of infections in the development of
FSD. The indicators of infection and delimitations of FSD
vary greatly, making it difficult to analyse and compare the
current studies in a systematic and consistent manner. Most
prior studies only assessed one delimitation of FSD at a time
without taking the overlap into account, and similarly, few
specific infection sites or pathogen types at a time, thereby
lacking the broader focus on infections and FSD in general.

The present study aimed to systematically assess whether
former infections identified in nationwide registers were
associated with FSD identified in a population-based cohort.
Furthermore, we aimed to analyse if the possible association
between former infections and FSD was based on viral, bacte-
rial or other pathogens and on specific infection sites. We
hypothesised that former infections were associated with a
higher risk of FSD.

METHODS

Study population

The present population-based cohort study was part of the
Danish Study of Functional Disorders (DanFunD)."” The
participants were born in Denmark, between 18 and 76 years
of age and living in the western part of greater Copenhagen.
The participants were randomly invited from the nationwide
Danish Civil Registration System. A total of 9656 (33.7%)
out of 28 433 invited persons were included in the baseline
DanFunD cohort investigation in 2011-2015 and answered
extensive questionnaires previously described.'”

Patient and public involvement
Patients or the public were not involved in this study’s
design, conduct, reporting or dissemination plans.

Exposure: infections

All inpatient and outpatient hospital contacts with a primary
or secondary diagnosis of any infection occurring 0-17 years
(subdivided into 0-2 years, 2-9 years and 9-17 years) before
the individual date of inclusion in DanFunD were identified
in the Danish National Patient Registry,'® '” which contains
complete information on all Danish citizens regarding both
inpatients and outpatients treatment since 1995. The longest
period in this registry available for each individual in the
population was 17 years, which was applied for all partici-
pants to ensure equal period of observation.
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Infections were subcategorised into pathogen type
(bacteria, virus and others (parasites, fungi and unspeci-
fied)), infection site (respiratory, G, skin, urological, sepsis,
genital, pregnancy-related, central nervous system and otitis)
and the number of hospital contacts with an infection (1, 2,
3, 4, 25) within the preceding 17 years. See online supple-
mental table S1 for specific International Classification of
Diseases 10th revision (ICD-10) codes applied.

Outcome: FSD

Multiple delimitations of FSD based on self-reported
symptom questionnaires at DanFunD baseline were
included as outcomes.'

The BDS concept’ is based on four symptom clus-
ters: cardiopulmonary, GI, musculoskeletal and general
symptoms. The 25-item BDS checklist was used'” to iden-
tify BDS cases. Oligo-organ BDS was assigned to partic-
ipants with at least four symptoms within one or two of
the symptom clusters. Multi-organ BDS was assigned to
participants with at least four symptoms from at least
three symptom clusters.

Irritable bowel (IB) was defined using the definition
by Kay and Jgrgensen.”” Chronic widespread pain (CWP)
was defined using the American College of Rheuma-
tology Criteria®" and the definition by White et al,** and
chronic fatigue (CF) was defined using the definition by
Chalder et al.*® MCS was defined as an abridged adapta-
tion of the 1999 consensus definition®* with modifications
by Lacour et al.*®*® Due to disagreements on terminology
and criteria, we will use broader symptom criteria: the
term irritable bowel (IB) is used to describe IBS, chronic
fatigue (CF) is used for describing CFS,and chronic wide-
spread pain (CWP) is used for describing FM when refer-
ring to our findings. See online supplemental table S2 for
diagnostic criteria.

As IB, CF, CWP and MCS show a significant overlalp,18
‘pure’’ delimitations, including individuals without
comorbid FSD (ie, IB, CWP, CF and MCS), were assessed
in individual analyses (ie, pure IB, pure CF, pure CWP
and pure MCS).

Subjective social status

Subjective social status was based on the individual’s eval-
uation of social status.”” In the DanFunD baseline ques-
tionnaire, participants were asked to rate their social
status on a scale from 1 to 10, 10 being the highest and
1 being the lowest. Subjective social status was included
as a categorical variable with four levels: low,'* average,”
high®” and highest.*"

Data analysis
Participant characteristics were presented using percent-
ages or mean and SD and were stratified by any infection
versus no infection. Differences in age and sex were anal-
ysed using a t-test and y” test.

The associations between preceding infections and FSD
at baseline were analysed using logistic regression anal-
ysis and expressed as ORs with 95% CIs. All analyses were

adjusted for sex, age and subjective social status at the
DanFunD baseline examination. The exposures were any
infection versus no infection and infection with a specific
pathogen/site vs no record of infection with the specific
pathogen/site.

All individual analyses were conducted on complete
samples; thus, participants had complete data on both
individual exposure and outcome. The same individual
could be included in more than one analysis, as individ-
uals could qualify for multiple delimitations of FSD and
may be exposed to several different infections in various
periods.

The associations between any infection and FSD were
analysed separately for each delimitation of FSD and in
subdivided periods. However, we did not have enough
cases to assess the association between any infection 0-2
years before baseline and pure MCS.

The associations between specific pathogen types
(bacteria, virus and other pathogens) and GI and
respiratory infections were analysed separately for
each period of BDS, IB, CWP and CF. We did not have
enough cases to assess the association between viral
infection 0-2 years before baseline and IB. The periods
were not subdivided for the associations with MCS due
to few cases, nor was BDS assessed as oligo/multi-organ
BDS due to few cases.

Analyses of pure IB, pure CWP, pure CF and pure MCS
were conducted for a period of 0-17 years. We did not
have enough cases to assess the association between viral
and Gl infections and pure MCS. Additionally, analyses of
the remaining infection sites (sepsis, reproductive system,
hepatitis, pregnancy-related, central nervous system, ear,
skin and urinary tract system) were only conducted for
BDS for the entire period of 0-17 years, as this outcome
had the most cases.

The dose-response associations between the number of
infections and BDS were assessed. BDS was chosen as the
outcome because of the high number of cases. The associ-
ation was assessed by including the number of infections
as a categorical variable in the model and as a continuous
variable (test for trend). Only linear associations were
assessed.

RESULTS

Participant characteristics

A total of 9656 were included in the study, among which
the prevalence of FSD was 16.1% for BDS, 3.6% for IB,
4.6% for CWP, 8.6% for CF and 2.0% for MCS. Partici-
pants who had hospital contact with any infection in the
preceding 17 years numbered 2253 (23.4%). Participants
with any infection in the preceding 17 years were younger
(mean 51.0 years) than participants without any infection
(mean 53.0 years, p<0.0001), whereas there was no differ-
ence regarding sex (p=0.699) and subjective social status
(online supplemental table S3).
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Overall associations between infections and FSD

Overall, any infection in the preceding 17 years was
significantly associated with all delimitations of FSD
except pure MCS (table 1). The associations were more
pronounced for multi-organ BDS (OR: 2.74; 95% CI 1.81
to 4.16). The number of infections in the preceding 17
years was associated with BDS in a dose-response associa-
tion both when the number of infections was included as
a continuous and categorical variable (linear association
and test for trend (p<0.0001)) (table 2).

INFECTION SITES

GI infections in the preceding 17 years were signifi-
cantly associated with all delimitations except pure CWP
(table 3, table 4). Respiratory infections in the preceding
17 years were significantly associated with all delimitations,
except MCS, pure IB, pure CWP and pure MCS (table 3,
table 4). Sepsis, ear infections, skin infections and urolog-
ical infection in the preceding 17 years were significantly
associated with BDS, whereas hepatitis, genital infections,
pregnancy-related infections and infections in the central
nervous system were not (table 2).

Pathogen type

We found bacterial infections in the preceding 17 years
to be significantly associated with all FSD delimitations
except MCS, pure IB and pure MCS (table 4, table 5),
whereas viral pathogens were not significantly associated
with any FSD delimitation at any time (table 4, table 5).
Infections with other pathogens in the preceding 17 years
were significantly associated with all delimitations except
pure IB and pure CWP (table 4, table 5).

Temporal associations

Any infection was significantly associated with BDS (oligo-
organ and multi-organ type), CWP, CF and pure CF in
all subdivided periods (table 1), while the associations
between infections in the preceding 0-2 years and 2-9
years and IB and MCS were not significant. Concerning
the pure types, no significant associations between any
infections and pure IB and pure MCS were seen in any
subdivided periods and with pure CWP in the time 2-9
years and 9-17 years.

The associations between GI infections and BDS, IB,
CWP and CF were significant in all subdivided periods
except for IB in the time 0-2 years and 9-17 years, and
CWP in the time 0-2 years (table 3).

Respiratory infections 0-2 years before baseline were
significantly associated with BDS, IB, CWP and CF, but not
9-17 years before baseline. Further, the associations with
BDS and CF in the time 2-9 years were also significant,
but the associations with IB and CWP were not (table 3).

Bacterial infections were significantly associated with
BDS, CWP and CF in all subdivided periods except 2-9
years with CWP and 9-17 years with CF (table 5). Bacte-
rial infections were not significantly associated with IB in
any subdivided time.

The associations between other pathogens and all
delimitations of FSD were significant in all subdivided
periods except for infections in the preceding 2-9 years
and 9-17 years with IB (table 5).

DISCUSSION

Statement of principal findings

Opverall, we found that any infection in the preceding 17
years was significantly associated with all delimitations of
FSD except pure MCS. Moreover, the association with
prior infections was strongest for multisystemic FSD
(multi-organ BDS), and there was a dose-response associ-
ation between the number of infections and FSD. Bacte-
rial and other pathogens and respiratory and Gl infection
sites were associated with most FSD delimitations.

Strengths and limitations

To our knowledge, this is the first larger population-based
study investigating the long-term associations between
various infection sites and pathogens with various delimi-
tations of FSD, and the largest period assessed regarding
infections and FSD. Furthermore, this is the first study to
investigate a possible dose-response association between
the number of infections and FSD.

The cohort being population-based limits the selection
bias and strengthens the external validity. However, the
lack of clinically diagnosed FSD is an important limita-
tion, as the FSD delimitations in this study were based
on self-reported symptoms and did not consider comor-
bidities or differential diagnoses.27 However, the FSD
delimitations were based on internationally recognised
criteria and thereby comparable to other studies. Infec-
tions and pathogens were clinically diagnosed during
hospital admittance, including only severe cases. Unless
only severe infections are associated with FSD, this might
lead to a general underestimation of the associations, as
infections treated in primary care are not included. This
might also explain our study’s lack of association between
viral infections and FSD. A low number of observations
could also explain the lack of associations with other pure
profiles. Future studies are needed to assess milder infec-
tions’ associations with FSD.

The validity of national registers is generally high,'® and
infections were defined using ICD-10 codes, making the
exposures valid and reliable. Nonetheless, some misclas-
sification in the type of infection may be expected, espe-
cially in the category ‘other’, where we were unable to
subgroup into parasites, fungi and unspecific infections
due to small numbers of observations. Therefore, our
findings of associations with other pathogens might be
additional support that infections, in general, are associ-
ated with FSD. The lack of subgrouping of other patho-
gens is a significant limitation; for example, specific
associations between the parasite Giardia and IBS (prev-
alence=292/733) and CF (prevalence=226,/733) up to 6
years after the infection have been found.*
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It could be argued that adjustment for only sex, age and
subjective social status is inadequate, making the associa-
tions vulnerable to underlying confounding factors, for
example, personality types. However, more adjustments
would increase the risk of over-adjustment, as the aeti-
ology and risk factors for FSD are still poorly understood.

It could also be argued that subjective social status
measured simultaneously with FSD might be affected
by, for example, the occurrence of infections and FSD,
making it an unstable confounder. Nevertheless, subjec-
tive social status ‘involve[s] cognitive averaging of stan-
dard markers of socioeconomic position, while taking
into account one’s assessment of current and future pros-
pects’,* hence providing a more global measurement of
social status, making it a stable and valid measurement of
social status.

The time dimensions of this study are essential to
consider. First, due to the 17-year time span, we lack
information on outpatient treatment regarding a small
number of participants included in DanFunD in 2011,
as outpatient treatment was recorded only from 1995.
However, the associated risk of information bias is
considered minimal, as we expect this to involve a very
small number of cases, and we have information on all
severe infections as inpatient treatments. Second, infec-
tions might affect the risk of FSD differently over a life
course, for example, infections in childhood versus adult-
hood, which our study does not investigate. Third, we
do not know the exact time of FSD onset, so we cannot
exclude FSD preceding the infection. This is important
as the determination of causality in this study, therefore,
remains uncertain. Assessing infections 17 years prior to
the DanFunD baseline limits the risk of misinterpretation,
yet future studies with incident FSD cases are needed to
confirm our findings.

Interpretation and comparison with related studies
The findings of significant associations with FSD across
multiple delimitations of FSD, various pathogen types
and infection sites may indicate that not one specific
pathogen trigger FSD, but rather having a severe infec-
tion, in general, may function as a trigger of FSD. This
is further supported by our finding of a dose-response
association where a number of infections are associated
with a higher risk of fulfilling the criteria for BDS. This
is also supported in the literature; for example, Hickie
et al’ investigated the associations between Epstein-Barr
virus, the bacterium Coxiella burnetii and Ross River
virus and CFS (n=28/253) with a 12-month follow-up and
found the severity of the infection, not the type of infec-
tion to predict CFS, as the different pathogens were asso-
ciated with the same risk of CFS. Additionally, a recent
meta-analysis reported that different bacteria bring with
them the same risk of IBS,’ thus limiting the hunt for one
specific pathogen.

A systematic review and meta-analysis found the highest
rates of IBS after protozoal/parasitic infectious enteritis,
followed by bacterial and, lastly, viral infections. The study
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was based on 45 cohort studies comprising 21 421 indi-
viduals with infectious enteritis followed from 3 months
to 10 years port infection. The risk of IBS decreased to
that of the general non-diseased population 1 year post
viral exposure.* Similarly, we found GI infections, bacte-
rial infections and other pathogens in the preceding 17
years to be significantly associated with IB but not viral
infections. As our shortest time span was 0-2 years post
infection, the lack of an association between IB and viral
infections might reflect the decrease identified in the
meta-analysis.*

In a 10-year population-based follow-up study, an
elevated risk of IBS after bacterial infection was insignif-
icant b years post infection and was similar to controls
at 10-year follow-up.”" In contrast, another study found
bacterial infections to be associated with subsequent
IBS 8 years post infection in another population-based
study.” We did not find consistent associations with 1B
when subdividing the periods. This might be due to fewer
cases but may also be explained by our periods having
large time spans, thus reflecting a decrease in the risk of
IB with time.

Multiple infections were associated with CWP. In
contrast to previous studies,' ' we do not find a signifi-
cant association with viral infections. However, our find-
ings support previous studies'' '* on associations between
bacterial agents and CWP, with bacterial infections being
significantly associated with both CWP and pure CWP.

Supporting the findings of Hickie et al,* we consistently
find multiple types of infection associated with CF and
pure CF, indicating infection in general, not merely the
pathogen type, to be important. Larger overlaps between
the delimitations have previously been found.” When
assessing the pure profiles and thus eliminating FSD
comorbidity, we notice CF standing out by still being asso-
ciated with other pathogens, respiratory infections and
Gl infections. This indicates CF comorbidity might play a
partin the association between these infections and other
FSD delimitations.

Meaning of the study and unanswered questions

Former infections have previously been associated with
subsequent mood disorders.* ** Direct consequences of
infection and inflammation such as dysregulation of the
immune system®®*” and altering the microbiota® ™ could
explain the association between infections and FSD, but
indirect consequences, for example, treatment with anti-
biotics* or the interpretation and experience of being
sick might also play part in the development of specific
FSDs. Psychological factors, that is, personality, mental
state and illness-related behaviour, have previously been
associated with FSD*!' *? and might affect the association,
for example, as effect modifiers or even mediators. Thus,
infections could act as a precipitating factor, which ‘may
initiate a process of sensitization in predisposed individ-
uals, which is then maintained and reinforced by perpet-
uating factors’,* such as health-expectations, personality
or coping strategies.

Importantly, a common vulnerability to infections or
diseases in general could also explain the association.
As such, a genetic predisposition has been proposed in
the development of IBS,* but the common vulnerability
could also be psychological or social for example through
illness-related behaviour. Future studies assessing the
association of other severe physical diseases (eg, cardio-
vascular disease, diabetes mellitus, cancer) with the
development of FSD would be valuable in understanding
infections compared with other severe physical diseases
in general.

Conclusion and perspectives

Previous severe infections were associated with a higher
risk of having FSD showing more pronounced associa-
tions with multisystemic FSD. Higher numbers of infec-
tions were associated with a higher risk of FSD, and
former bacterial, but not viral, infection was consistently
significantly associated with FSD. These results tend to
support the idea that infections could play a role in FSD,
but further prospective population-based studies are
needed to confirm our findings.
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