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Background: Prior literatures have shown inflammatory bowel disease (IBD) could increase
fibromyalgia (FM) risk. However, studies about gender and age distributions of FM risk among
patients with IBD are rare. With large study samples, this study aimed to evaluate the FM risk
among IBD patients with different gender and different age.

Objective: We aim to estimate the FM risk among male and younger IBD patients with a
large patient sample.

Study Design: A retrospective cohort study was arranged in this research.

Setting: The data used in this research were selected from the Taiwan National Health
Insurance Research Database (NHIRD).

Methods: From the Taiwan NHIRD, we selected 4,510 patients with IBD and 18,040 randomly
gender- and age-matched patients without a history of IBD from the beginning of 2000 to
the end of 2005 to analyze the development of FM over a 12-year follow-up period (2000-
2011). The Cox regression model was used to assess the effects of IBD on the risk of FM by
adjusting for gender, age, and comorbidities, including hypertension, diabetes, hyperlipidemia,
depression, anxiety, and sleep disorder.

Results: After adjusting suitable covariates, the IBD patients had a greater FM risk (adjusted
hazard ratio [aHR] 1.70, 95% confidence interval [CI] 1.59-1.83) than the controls. Male IBD
patients had a higher FM risk than female IBD patients did (aHR 2.00, 95% ClI 1.79-2.23 and
aHR 1.52, 95% Cl 1.38-1.67, respectively). The greatest age-specific FM risk occurred in the
youngest IBD subgroup (< 39 years old) (@aHR 1.92, 95% Cl 1.68-2.19).

Limitations: The information about personal behaviors was unobtainable in the Taiwan
NHIRD. Other risk factors for cardiovascular disease that might augment FM cannot be excluded
entirely in this study.

Conclusion: IBD is disclosed to be correlated with an enhanced risk to develop FM, particularly
in male and younger IBD patients. For preventing FM, it is necessary to pay more attention to
the management of the IBD patients. Future researches are needed to further confirm the
findings in this study.

Key words: Inflammation, inflammatory bowel disease, fibromyalgia, Taiwan National Health
Insurance Research Database
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ibromyalgia (FM) is a special neuropsychosomatic

condition  characterized by neurosomatic

manifestations, such as general fatigue and
chronic widespread somatic pain (1-5), and several
neuropsychiatric problems, such as sleep disorders,
depression, and anxiety (1-5). FM is more prevalent in
women than in men (2,4). Apart from some medicines
for symptom relief, no effective treatments are available
for FM (3). Because of the chronic widespread pain
and other neuropsychiatric problems, FM has become
a severe health and socioeconomic burden worldwide
(2,4). Hence, early identification of risk factors for FM
is critical for reducing this burden. Through peripheral
and central sensitizations, inflammatory mediators
(either peripheral- or central-derived) can stimulate
pain pathways in the brain and spinal cord, and through
certain pathophysiological alterations in the brain,
including dysfunctions in neuroendocrine systems and
imbalances in neurotransmitter metabolisms, FM can be
elicited (6-8). With pathophysiological effects possibly
similartothosetriggered by inflammatory mediators, FM
can also be induced by some well-known inflammation-
associated cardiovascular risk factors, including diabetes
(4,5,9,10), hyperlipidemia (4,9,10), and hypertension
(4,5,9,10), and certain neuropsychiatric conditions, such
as depression (1-5,9,10), anxiety (1-5,8-10), and sleep
disorders (1-6,8,10). Nevertheless, even after rigorous
explorations, the conventional risk factors cannot be
detected in some FM patients. Hence, unconventional
FM risk factors must be identified.

The crucial role of chronic inflammation in stimu-
lating pain pathways in the brain and spinal cord, di-
versifying metabolisms of neurotransmitters, altering
the neuroendocrine function, and kindling the further
development of FM is well-documented (6-8). The asso-
ciation of FM and chronic inflammatory diseases caused
by viral infections, such as hepatitis C virus (HCV) (11-13)
and human immunodeficiency virus (HIV) (11-13), and
autoimmune diseases, such as rheumatoid arthritis (RA)
(14,15) and systemic lupus erythematosus (SLE) (15,16),
has been well confirmed. However, the extent to which
these diseases provide the pathogenesis of FM beyond
the traditional risk factors is unclear.

Inflammatory bowel disease (IBD) describes a
group of idiopathic and relapsing inflammatory dis-
orders that involve gastrointestinal tracts, including
Crohn’s disease (CD) and ulcerative colitis (UC) (17-21).
CD is a relapsing transmural inflammatory disorder
that can involve the entire gastrointestinal tract from
the mouth to the anus (17,19). UC possesses a disease

process of nontransmural inflammation and is restrict-
ed to the colon (17,19). Some prior studies, with only
small sample sizes, have investigated the association
of IBD with the risk of FM development (22-27). How-
ever, the investigations about the risk of FM among
IBD patients with different gender and different age
were rare. Using the large claims database of the
Taiwan National Health Insurance (NHI) program and
with a longitudinal follow-up design, in this study, we
tried to explore the risk of FM development among
IBD patients in different genders and age with a large
cohort extracted from more than 23 million enrollees
for a 6-year interval from the beginning of 2000 to the
end of 2005.

MEeTHODS

Data Source

The Longitudinal Health Insurance Database
(LHID) was created using data from one million
enrollees of the registry of beneficiaries of the Na-
tional Health Insurance Research Database (NHIRD)
during 1996-2000 (28,29). The NHIRD comprises data
obtained from the Taiwan NHI program, which was
established in 1995 and covers more than 99% of Tai-
wan'’s population by the end of 2014. In this study, all
identification numbers of individual enrollees in the
NHIRD were unidentified before data accumulation.
Hence, informed consent from the patients included
in the study was not necessary. This investigation was
approved by the Research Ethics Committee at China
Medical University (CMUH104-REC2-115[CR-1]). The
LHID was utilized for data analysis in this study with
the agreement of the NHI administration. The disease
diagnoses were encoded in accordance with the In-
ternational Classification of Diseases, Ninth Revision,
Clinical Modification (ICD-9-CM).

Study Patients

From the LHID, we identified patients who were
20 years of age and older with newly diagnosed IBD
(ICD-9-CM codes 555 [CD] and 556 [UC]) from the start
of 2000 to the end of 2005 with no history of FM before
the diagnoses of IBD were collected, and the dates of
IBD diagnoses were defined as the index dates. The
study cohort comprised 4,510 patients with IBD. The
gender- and age-matched comparison group (in the
ratio of 4:1, compared with the IBD group), with no
history of IBD or FM, was randomly selected from the
LHID (n = 18,040).
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Outcome and Relevant Variables

In this study, the diagnosis of FM (ICD-9-CM code
729.1), which was with validity and accuracy according
to those used in previous literatures (10,30-32), during
the study period was the study end-point. In order to
keep the FM diagnoses as accurate as possible, only those
who have had the diagnoses of FM for at least 3 times
during the study period were thought to be the victims
of FM in this study. The demographic factors included
gender and age (in age groups of < 39, 40-59, and > 60
years old). We considered FM-associated comorbidities
before the index date, such as diabetes (ICD-9-CM code
250), hyperlipidemia (ICD-9-CM code 272), hypertension
(ICD-9-CM codes 401-405), depression (ICD-9-CM codes
296.2, 296.3, 300.4, and 311), anxiety (ICD-9-CM code
300.00), and sleep disorder (ICD-9-CM codes 307.4 and
780.5).

Statistical Analysis

The Student’s t-test and Pearson’s chi-square test
were employed to estimate the dissimilarities of con-
tinuous and discrete variables, respectively, in the IBD
and non-IBD groups. Person-years were computed from
the index dates to the first dates of occurrence of FM,
death, withdrawal from the insurance program, or the
end of 2011, whichever occurred first. The gender-,
age-, and comorbidity-specific incidence rates (per
1,000 person-years) of FM were measured in both
groups. Using the Kaplan-Meier method, the curves
of cumulative incidences for FM were drawn, and the
difference between the IBD and non-IBD groups (Fig.
1) was measured by utilizing the log rank test. We also
used multivariate Cox proportional hazards regression
to estimate the independent effect of IBD on the risk of
FM, which was determined by the adjusted hazard ratio
(aHR) with a 95% confidence interval (Cl). The multivari-
ate model was used to adjust for gender, age, diabetes,
hyperlipidemia, hypertension, depression, anxiety, and
sleep disorder. Moreover, we also assessed the asso-
ciation between the subgroups of IBD (CD and UC) and
the risk of FM development. Two-tailed P < 0.05 was
considered significant. The statistical work in this study
was performed using SAS Version 9.4 (SAS Institute Inc.,
Cary, NQ).

REsuLTs

In this study, we identified 4,510 patients with
newly diagnosed IBD from 2000 to 2005 as the IBD
group and 18,040 individuals without IBD as the non-
IBD group. The distributions of gender and age were

Table 1. Demographic factors and comorbidities in the IBD and
control groups.

. N(“;‘:;LI;D TBD Group
Variable n = 18,040 n = 4,510 P-Value
n % n %
Gender 0.99
Women 9,312 51.6 2,328 51.6
Men 8,728 48.4 2,182 48.4
Age (yrs) 0.99
<39 6,920 38.4 1,730 38.4
40-59 6,764 37.5 1,691 37.5
=60 4,356 24.2 1,089 24.2
Mean (SD)# 46.8 (16.6) 47.0 (16.5) 0.48
Comorbidity
Diabetes 1,363 7.56 319 7.07 0.28
Hyperlipidemia 2,090 11.6 616 13.7 <0.001
Hypertension 3,749 20.8 1,149 25.5 <0.001
Depression 369 2.05 141 3.13 <0.001
Anxiety 420 2.33 209 4.63 <0.001
Sleep disorder 1,412 7.83 637 14.1 <0.001

IBD = inflammatory bowel disease; SD = standard deviation
Chi-square test and #t-test

similar in both groups. Women accounted for 51.6%
of the individuals for both groups. The mean ages of
group with and without IBD were 47.0 years (standard
deviation [SD] = 16.5 years) and 46.8 years (SD = 16.6
years), respectively. Patients with IBD had a higher
prevalence of comorbidities, including hyperlipidemia,
hypertension, depression, anxiety, and sleep disorder,
compared to individuals without IBD (P < 0.001 for all
above) (Table 1). The Kaplan-Meier analyses in the IBD
group vs. non-IBD group revealed that FM risk elevated
during the follow-up period in both groups, with a sig-
nificantly higher cumulative incidence of FM in the IBD
group than in the non-IBD group (log-rank P < 0.001)
(Fig. 1).

There were 1,106 patients that developed FM in
the IBD group, with an incidence rate of 32.7 per 1,000
person-years, and 2,606 patients developed FM in the
non-IBD group, with an incidence rate of 18.2 per 1,000
person-years. After adjusting for gender, age, and co-
morbidities, patients with IBD were associated with an
increased risk of FM compared with individuals without
IBD (aHR 1.70, 95% ClI 1.59-1.83) (Table 2). Stratified
by gender, the result showed that the incidence rates

www.painphysicianjournal.com
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Fig. 1. The curves plotted with the Kaplan-Meier model demonstrate the
cumulative incidences of fibromyalgia for groups with and without IBD.

1
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of FM in women and men with IBD were
34.6 and 30.8 per 1,000 person-years, re-
spectively, which was higher than in the
non-IBD group (21.7 and 14.5 per 1,000
person-years,  respectively). However,
men with IBD showed a higher risk of FM
than women with IBD (aHR 2.00, 95% ClI
1.79-2.23 and aHR 1.52, 95% Cl 1.38-1.67,
respectively) compared with their coun-
terparts (Table 2). With age stratification,
the results showed that the incidence rates
of FM increased with age in both groups.
However, patients with IBD had a higher
risk of FM than individuals without IBD
in all age groups. The aHRs of FM were
1.92, 95% Cl 1.68-2.19 in the age group
of < 39 years old, 1.71, 95% Cl 1.54-1.90
in the age group of 40-59 years old, and
1.48, 95% Cl 1.29-1.71 in the age group
of > 60 years old, respectively (Table 2).
Either with or without comorbidity, the
results remained consistent that patients
with IBD were significantly associated with
an increased risk of FM compared to those
without IBD (aHR 1.83, 95% Cl 1.66-2.01

Table 2. Incidence rates and hazard ratios of fibromyalgia between the IBD and control groups, stratified by gender, age, and

comorbidity.
IBD
No Yes HR (95% C1) P for
Variables P _ P _ Interaction
Event ?j:: IR Event Q:Yrj;): IR Crude Adjusted}

Overall 2,606 142,980 18.2 1,106 33,779 32.7 1.78 (1.66-1.91)*** 1.70 (1.59-1.83)***
Gender <0.001
‘Women 1,600 73,632 21.7 608 17,584 34.6 1.58 (1.44-1.73)*** 1.52 (1.38-1.67)***
Men 1,006 69,347 14.5 498 16,195 30.8 2.10 (1.89-2.34)*** 2.00 (1.79-2.23)***
Age (yrs) 0.009
<39 691 58,169 11.9 335 14,087 23.8 1.99 (1.75-2.27)%** 1.92 (1.68-2.19)***
40-59 1,152 54,595 21.1 493 12,621 39.1 1.83 (1.64-2.03)*** 1.71 (1.54-1.90)***
> 60 763 30,216 25.3 278 7,070 39.3 1.54 (1.34-1.76)*** 1.48 (1.29-1.71)*%*
Comorbidity Status# 0.11
No 1,481 102,949 14.4 563 21,700 26.0 1.80 (1.63-1.98)*** 1.83 (1.66-2.01)***
Yes 1,125 40,031 28.1 543 12,079 45.0 1.58 (1.43-1.76)*** 1.58 (1.42-1.75)***

IBD = inflammatory bowel disease; IR = incidence rate per 1,000 person-years; HR = hazard ratio; CI = confidence interval
‘tMutually adjusted for gender, age, diabetes, hyperlipidemia, hypertension, depression, anxiety, and sleep disorder.
#Patients with any of the following diseases, including diabetes, hyperlipidemia, hypertension, depression, anxiety, and sleep disorder, formed the

comorbidity group.
P <0.001
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for those without comorbidity and
aHR 1.58, 95% Cl 1.42-1.75 for those
with comorbidity) (Table 2).

Regarding FM risk among the
IBD subgroups and the non-IBD
group, both the UC and CD sub-
groups exhibited a higher risk of FM
than in the non-IBD group (aHR 1.89,
95% ClI 1.57-2.26 for UC group and
aHR 1.68, 95% Cl 1.56-1.81 for CD
group) (Table 3).

Discussion

Studies have revealed that apart
from traditional inflammation-relat-
ed cardiovascular risk factors, such as
diabetes (4,5,9,10), hyperlipidemia
(4,9,10), hypertension (4,5,9,10),
depression (1-5,9,10), anxiety (1-5,8-
10), and sleep disorders (1-6,8,10),
diseases characterized by inflamma-
tory processes (e.g., RA (14,15) and
SLE (15,16)), and infectious courses
(such as HCV (11-13) and HIV (11-13))
can also enhance the risk of FM. In
addition to these well-known inflam-
matory sources, other less-notified
inflammatory diseases (e.g., IBD)
should be considered as possible
causes of FM. Prior studies, which in-
cluded only small sample sizes, have
investigated the association of IBD
with the risk of FM development (22-
27). By using the large population
of patients in the Taiwan NHI claims
dataset and employing a longitudi-
nal follow-up period, in this study,
we tried to explore whether IBD, a
condition with persistent long-term
inflammation, enhances FM risk in
patients with or without traditional
FM-associated comorbidities.

Similar to prior studies, in the
present study, we found that IBD
incidence is relatively equal between
both genders (21,33-36) and that
IBD was more prevalent in patients
younger than 50 years (18,19,21,33-
36) (Table 1). These discoveries sug-
gest that IBD patients selected from

Table 3. Incidence rates and hazard ratios of FM in different subgroups of I1BD.

Subgroups n Event | Person-Year IR | aHRf¥ (95% CI)
Non-IBD group 18,040 2,606 142,980 18.2 1.00
IBD group#
Ulcerative colitis 441 122 3,228 37.8 | 1.89 (1.57-2.26)***
Crohn’s disease 4,069 984 30,551 32.2 | 1.68 (1.56-1.81)***

IBD = inflammatory bowel disease; IR = incidence rate per 1,000 person-years; aHR = ad-

justed hazard ratio; CI = confidence interval

#ICD-9-CM codes: 556 for ulcerative colitis, 555 for Crohn’s disease.

‘tMutually adjusted for gender, age, diabetes, hyperlipidemia, hypertension, depression, anxi-
ety, and sleep disorder.

P <0.001

the Taiwan NHIRD are valid. IBD was associated with a higher overall FM
risk with an aHR of 1.70, 95% Cl 1.59-1.83 (Table 2). Nevertheless, the
risk was slightly higher among men (Table 2).

Because FM-associated comorbidities were more commonly seen
among the older population (2,4,10,13), the most important risk factor
for FM was age, especially old age (2,4,10,13). The age-related effect
on FM development was also reflected in the FM incidences in both the
IBD and non-IBD groups (Table 2). Because the FM-related comorbidities
were relatively less commo among younger patients, IBD played a more
important role in FM development among younger patients than among
older patients in this study (Table 2). Regarding the FM risk among the
2 IBD subgroups and the non-IBD group, both the CD and UC subgroups
exhibited higher FM risk than the non-IBD group did (CD: aHR 1.68, 95%
Cl 1.56-1.81; UC: aHR 1.89, 95% ClI 1.57-2.26) (Table 3). These findings
fortified the correlation of IBD with FM development.

Comorbidities for Fibromyalgia

Several FM-associated comorbidities have been established in the
literature (1-6,8-10). Among them, female (2,4,10-13), age (2,4,10,13),
diabetes (4,5,9,10), hyperlipidemia (4,9,10), hypertension (4,5,9,10),
depression (1-5,9,10), anxiety (1-5,8-10), and sleep disorders (1-6,8,10)
have been demonstrated to exert differential effects. The results of the
present investigation indicate that the NHIRD is suitable to seek ad-
ditional FM risk factors such as IBD. IBD patients without any of the
well-known FM-associated comorbidities had higher FM risk (aHR 1.83,
95% ClI 1.66-2.01) than did the members of the non-IBD group without
any of the abovementioned comorbidities (Table 2), implying that IBD,
either UC or CD, is an independent risk factor for FM, with a relatively
larger influence in the younger age groups (Table 2).

Strengths and Limitations

The strengths of this investigation using a population-based cohort
are as follows. First, we extracted patients with IBD and gender- and age-
matched comparison from a database containing more than 23 million
individuals of a national insurance program that covers more than 98%
of all Taiwan indwellers. The reimbursement claims for outpatient and

www.painphysicianjournal.com
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inpatient medical services are subjected to rigorous NHI
surveillance to avoid healthcare fraud. The diagnoses of
diseases without the valid supports of clinical findings
may be thought to be medical frauds by the NHI, with
a penalty of 100-fold of the payment claimed by the
treating physicians or hospitals. This NHI monitoring
program fortifies the reliability of using disease diagno-
ses recorded in the insurance claims. The stratifications
of demographic factors disclosing relatively higher
female incidences and the profiles of age distributions
are in agreement with those described in previous re-
ports (2,4,10-13). Second, the large sample size yielded
sufficient control for subgroup stratifications for statis-
tical analyses and enabled us to determine the impact
of IBD on FM development—especially in the relatively
younger age group, in which the cause of FM devel-
opment is less evident. The follow-up period demon-
strating time-dependent effects on FM risk in both IBD
subgroups fortifies the role of IBD in FM development.
Third, the enhanced prevalence of comorbidities, such
as hyperlipidemia and hypertension, which are well-
known FM risk factors among IBD patients, increases
the possibility that the underlying associated chronic
inflammations accelerate IBD, a chronic inflammatory
disorder per se, to develop FM.

However, this study has some limitations. First, we
could not avoid the combined potentiality that other
risk factors for cardiovascular diseases, such as physical
inactivity, changes in immunity, and medications given
for IBD, might make the patients susceptible to FM.
Hence, the risks estimated in the present study might
not account for underlying confounding factors derived
from IBD. Second, certain individual health and lifestyle
habits, such as alcohol drinking and cigarette smoking,
are unavailable in the Taiwan NHIRD; thus, their influ-
ences on FM development in the IBD group cannot be
evaluated. Nonetheless, IBD increased the FM risk in
both men and women (Table 2), and the extremely low
rate of cigarette smoking (< 4.3%) among adult Taiwan
women (37) implies that cigarette smoking is less likely
to be a confounder for the observed enhancement in
FM risk in the IBD group. Relatively high risks of FM in
younger patients with IBD (Table 2), who have essential-
ly lesser cumulative exposure to cigarette smoking than
the older population does, also imply that cigarette
smoking is not a critical factor for FM development in
patients with IBD. Third, the assessments of risks and in-
cidences of FM in the both IBD and non-IBD groups only
depict the risks and incidence rates of FM among those
who have utilized the medical services. Thus, with this

bias, the FM risk in this investigation might be under or
overestimated. Fourth, the measurements of the risk of
subclinical FM are crucial for FM exploration. However,
because the laboratory data, such as pain scores and
neuroendocrinological studies, are unavailable in the
NHIRD, we could not perform such measurements. The
results of the current study indicate that even among
patients who did not have any FM risk factors, IBD
still increased the risk for FM development (Table 2).
Nevertheless, whether a causal relationship subsists
between IBD and FM remains unclear and hence must
be addressed in future investigations.

ConcLusION

Our study showed that IBD, either UC or CD, is a
risk factor for FM. Patients with IBD display significantly
more prevalent FM-associated comorbidities. Although
the incidence rates of FM were higher in the older
patients in both IBD and non-IBD groups, the relative
risks were higher among younger patients. With gen-
der stratification, men with IBD showed a higher risk to
develop FM than women with IBD did. Therefore, for
preventing FM, a chronic afflicting disorder prevalent
in the general population, patients with IBD, especially
of the male gender and younger age, must be treated
more comprehensively, and future study is needed to
uncover the role of IBD in the development of FM.
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