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Abstract: Various studies have shown that irritable bowel syndrome

(IBS) is highly associated with other pathologies, including fibromyal-

gia (FM). The objective of this study was to analyze the differences

among risk factors associated with IBS following FM in a nationwide

prospective cohort study.

We propose that a relationship exists between FM and IBS. This

article presents evidence obtained from a cohort study in which we used

data from the Taiwan National Health Insurance Research Database to

clarify the relationship between FM and IBS. The follow-up period ran

from the start of FM diagnosis to the date of the IBS event, censoring, or

December 31, 2011. We analyzed the risk of IBS using Cox proportional
Cheng-Li Lin, MS n, MD,
Chia-Hung Kao, MD

1000 person-years), with a crude hazard ratio¼ 1.69 (95% confidence

interval [CI] 1.45–1.63). After adjustment for age, sex, and comorbidities,

FM was associated with a 1.54-fold increased risk for IBS.

Mutually risk factors may influence the relationship between FM and

IBS. We recommend that physiologists conduct annual examinations of

FM patients to reduce the incidence of IBS progression.

(Medicine 94(10):e616)

Abbreviations: CFS = chronic fatigue syndrome, CI = confidence

interval, FM = fibromyalgia, HR = hazard ratio, IBS = irritable

bowel syndrome, ICD-9 = International Classification of Diseases,

Ninth Revision, NHIRD = National Health Insurance Research

Database.

INTRODUCTION

I rritable bowel syndrome (IBS) is a common functional dis-
order of the gastrointestinal tract that is characterized by

chronic abdominal pain or discomfort.1 IBS pathogenesis can
involve an altered intestinal motility,2 visceral hypersensitiv-
ity,3 altered compliance of the gut wall,4 psychological disturb-
ance,5 or any combination of these conditions. Although the
etiology of IBS remains unclear, stressors such as life events
and chronic stress, as well as a patient’s individual and genetic
background, seem to affect intestinal disease activity through
complex psychoimmunological mechanisms on both systemic
and gut mucosal levels.6

Fibromyalgia (FM) is diagnosed with numerous symptoms
of the disease, characterized by widespread musculoskeletal pain
accompanied by fatigue,7 sleep disturbance,8 and other symptoms
that persist for over 3 months. Female patients are substantially
more likely to develop FM than male patients. Currently, effec-
tive treatments for FM and IBS are still lacking; only a variety of
medications are available for controlling the symptoms.9

The incidence rate of IBS in the general population of
Taiwan is �10% to 20%, which is lower than that of Western
countries.10 The incidence rate of FM in Taiwan’s general
population is �2% to 4%.11 These 2 rare diseases can result
from diverse clinical outcomes in patients with multiple chronic
conditions, including pain,7 mental health problems,6,12 and
hormonal disorders.13,14 Determining whether people with FM
have a higher risk for IBS and whether FM and IBS share
similar pathophysiological mechanisms is crucial. We con-
ducted a study by using the National Health Insurance Research
Database (NHIRD) to examine the risk for IBS, compared with
patients with FM and those without FM.

Most of the patients studied were diagnosed with depres-
sion and other neuropathological problems and had used
specific medications according to their symptoms.1,15 The
ression drugs16–20 and other drugs used
nd patients without FM remains unde-
ed the risk for IBS associated with
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comorbidities, the aHRs for IBS in men and women were 1.49
(95% CI 1.37–1.61) and 1.60 (95% CI 1.46–1.75), respectively
(Table 2). Overall, all age groups had a significantly high risk

TABLE 1. Comparisons in Demographic Characteristics and
Comorbidities in Patient With and Without FM

FM

P
Value

No
(N¼ 134915)

Yes
(N¼ 33729)

Sex 0.99
Women 73612 (54.6) 18403 (54.6)
Men 61303 (45.4) 15326 (45.4)

Age stratified 0.99
�34 23728 (17.6) 5932 (17.6)
35–49 41716 (30.9) 10429 (30.9)
50–64 38132 (28.3) 9533 (28.3)
65þ 31339 (23.2) 7835 (23.2)

Age, mean�SD
�

51.0 (16.5) 51.5 (16.3) <0.001
Comorbidity

Chronic liver disease
and cirrhosis

21031 (15.6) 6962 (20.6) <0.001

Chronic kidney disease 1720 (1.27) 490 (1.45) 0.01
Depression 4710 (3.49) 1789 (5.30) <0.001
Anxiety 6740 (5.00) 2726 (8.08) <0.001
Sleep disorder 20145 (14.9) 7575 (22.5) <0.001
tramadol, antidepression drugs (such as amitriptyline, fluoxe-
tine, duloxetine, milnacipran, and moclobemide), tropisetron,
pramipexole, and pregabalin.

MATERIALS AND METHODS

Study Design
We constructed a nationwide prospective cohort study,

which was based on the healthy insurance claims data of 1
million beneficiaries randomly sampled from the national
health insurance system of Taiwan. All personal identification
data were encrypted from data released from National Health
Research Institutes. We have obtained the Institutional Review
Board of China Medical University Hospital’s approval (CMU-
REC-101-012). Previous articles have already introduced the
information regarding NHIRD and verified the diagnostic data
accuracy and validity.

Study Population
We used the diagnostic codes of the International Classi-

fication of Diseases, Ninth Revision (ICD-9) to identify IBS
(ICD-9-CM Code 564.1) and FM (ICD-9-CM Code 729.1)
patients, excluding those whose IBS was at the baseline and
those for whom information on sex or age was missing. Patients
who were diagnosed with FM for at least 3 months and were
>20 years were included in the study. We identified 33,729
patients with newly diagnosed FM and 134,915 patients without
FM between 2000 and 2011 from the claims data of ambulatory
registry and general patients. The IBS diagnosis date was
defined as the index date. Each FM patient was randomly
frequency-matched with 4 study patients according to age
(every 5 years), sex, and index year. The cases were monitored
until diagnosis of IBS or until the patients were censored, which
followed reasons such as loss to follow-up, withdrawal from the
insurance system, or the end of 2011.

Variables of Comorbidity and Medication
Prescription

Baseline comorbidity history of each patient was examined,
and the following diseases were considered potential confound-
ing factors in the inferring of association between FM and IBS:
chronic liver disease and cirrhosis (ICD-9-CM Codes 571),
chronic kidney disease (ICD-9-CM Codes 585), depression
(ICD-9-CM Codes 296.2–296.3, 300.4, 311), anxiety (ICD-9-
CM Code 300.00), and sleep disorder (ICD-9-CM Codes 307.4
and 780.5). The medications used were tramadol, antidepression
drugs (including amitriptyline, fluoxetine, duloxetine, milnaci-
pran, and moclobemide), tropisetron, and pramipexole.

Statistical Analysis
We demonstrated the difference of distributions of age,

sex, and comorbidities between the FM and non-FM groups by
conducting the x2 test. The IBS incidence rates were calculated
from the time of follow-up until December 31, 2011, the
diagnostic date of IBS, loss to follow-up, or death. We employed
the Kaplan–Meier method to plot the cumulative incidence
curves of IBS, which were stratified by FM and non-FM groups,
and examined whether these curves differed statistically
between the FM and non-FM groups using log-rank test. Cox

Yang et al
proportional hazard regression analysis was conducted to
measure the risk of patients with FM relative to that of patients
without FM. The hazard ratio (HR) and 95% confidence

2 | www.md-journal.com
intervals (CIs) were also calculated in the model. All of the
statistical analyses were performed by using the SAS statistical
package (version 9.4 for Windows; SAS Institute, Inc, Cary,
NC). The P values <0.05 were shown to have significant
difference, and survival curves were graphed using R program
(version 2.14.1 for Windows, R Development CT, Vienna,
Austria).

RESULTS

FM-Related IBS Risk
We analyzed the demographic factors and characteristics

of the patients in the FM and non-FM groups (Table 1). A
significant difference between the FM and non-FM cohorts
emerged among comorbidities, including chronic liver disease
and cirrhosis, chronic kidney disease, depression, anxiety, and
sleep disorder (Table 1). In Table 2, the overall incidence rate of
IBS in non-FM and FM cohorts were 4.42 and 7.47 per 1000
person-years. The incidence rate of IBS in men and women
were present: 4.23 and 4.57 per 1000 person-years in non-FM
cohort, 7.61 and 7.36 per 1000 person-years in FM cohort. With
increase in age, the incidence rates were shown 2.21 to 6.85 per
1000 person-years in non-FM cohort and 4.59 to 9.64 per 1000
person-years in FM cohort. The overall crude HR for IBS was
1.69 (95% CI 1.59–1.79), achieving significance, and the
adjusted HR (aHR) was 1.54 (95% CI 1.45–1.63) after we
adjusted for age, sex, and comorbidities. An elevated signifi-
cance in the aHR for IBS was observed in the FM when
compared with non-FM groups (Table 2). The crude HRs for
IBS in women and men were 1.80 (95% CI 1.64–1.96) and 1.61
(95% CI 1.49–1.74), respectively. After we adjusted for age and

Medicine � Volume 94, Number 10, March 2015
FM¼fibromyalgia, SD¼ standard deviation.
Most analysis conducted using Chi-square test, only "�" meant using

t test.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.



TABLE 2. Comparison of Incidence Densities of IBS and HR With and Without FM by Demographic Characteristics and
Comorbidity

FM

No Yes

Event PY Rate§ Event PY Rate§ Crude HRjj (95% CI) aHRy (95% CI)

All 3702 837356 4.42 15747 207128 7.47 1.69 (1.59, 1.79)
���

1.54 (1.45, 1.63)
���

Sex
Women 2151 481085 4.57 860 116805 7.36 1.61 (1.49, 1.74)

���
1.49 (1.37, 1.61)

���

Men 1551 366272 4.23 687 90323 7.61 1.80 (1.64, 1.96)
���

1.60 (1.46, 1.75)
���

Stratify age
�34 339 153274 2.21 177 38538 4.59 2.08 (1.73, 2.49)

���
1.76 (1.46, 2.12)

���

35–49 988 275892 3.58 448 68284 6.56 1.83 (1.64, 2.05)
���

1.60 (1.43, 1.79)
���

50–64 1207 237680 5.08 514 57985 8.86 1.74 (1.57, 1.93)
���

1.60 (1.44, 1.77)
���

65þ 1168 170510 6.85 408 42320 9.64 1.41 (1.26, 1.57)
���

1.33 (1.19, 1.49)
���

Comorbidityz

No 1974 619069 3.19 681 127556 5.34 1.67 (1.53, 1.83)
���

1.67 (1.53, 1.82)
���

Yes 1728 218288 7.92 866 79572 10.9 1.38 (1.28, 1.50)
���

1.41 (1.30, 1.53)
���

aHR¼ adjusted HR, CI¼ confidence interval, FM¼fibromyalgia, HR¼ hazard ratio, IBS¼ irritable bowel syndrome, PY¼ person-year.
y aHR: multivariable analysis including age, sex, and comorbidities of chronic liver disease and cirrhosis, chronic kidney disease, depression,

anxiety, and sleep disorder.
zComorbidity: patients with any one of the comorbidities, chronic liver disease and cirrhosis, chronic kidney disease, depression, anxiety, and sleep

disorder were classified as the comorbidity group.
§ Rate: incidence rate, per 1000 person-years.
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for IBS in both cohorts; however, those aged�34 years, 35 to 49
years, 50 to 64 years, and �65 years had 1.41-fold to 2.08-fold
increased risks for IBS. After we adjusted for sex and comor-
bidities, the aHRs indicated that patients aged �34 years, 35 to
49 years, 50 to 64 years, and �65 years had 1.76-fold (95% CI
1.46–2.12), 1.60-fold (95% CI 1.43–1.79), 1.60-fold (95% CI
1.44–1.77), and 1.33-fold (95% CI 1.19–1.49) increased risks
for IBS (Table 2). In patients without comorbidities, a signifi-
cantly high risk for IBS (1.67, 95% CI 1.53–1.83) emerged and
remained high even after we adjusted for age and sex (Table 2).
Patients with comorbidities had a significantly high crude HR

jjCrude HR: relative HR;
���

P< 0.001.
(1.38, 95% CI 1.28–1.50), and after we adjusted for age and sex,
the aHR (1.41, 95% CI 1.30–1.53) remained significant for both
the FM and non-FM groups.

TABLE 3. Incidence and HR of IBS Compared Among FM Patien

Variables N Event PY

Non-FM controls 134915 3702 837356
FM
Without treatment 30344 1450 183787
Treatment with tramadol 2529 39 16608
Treatment with antidepression 778 57 6202
Treatment with tropisetron 45 0 273
Treatment with pramipexole 33 1 258

aHR¼ adjusted HR, CI¼ confidence interval, FM¼fibromyalgia, HR¼
yRate: incidence rate, per 1000 person-years.
zCrude HR: relative HR.
§ aHR: multivariable analysis including age, sex, and comorbidities of c

anxiety, and sleep disorder;
���

P< 0.001.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
Treatments That Possibly Reduce the Risk for IBS
in the FM and Non-FM Cohorts

Table 3 was shown the results of an analysis of the effects
of FM-related treatments on the risk for IBS compared with the
risk among non-FM controls. The patients with FM who did not
receive treatment had a significant 1.97-fold (95% CI 1.90–
2.05) increased risk for IBS compared with the non-FM con-
trols. After adjustment for age, sex, and comorbidities, the risk
for IBS was significantly 1.84-fold higher than that of the
control patients (95% CI 1.76–1.91). FM patients who received
tramadol exhibited a significant 0.47-fold increased risk (95%

CI 0.38–0.59) for IBS; after adjustment, the risk was signifi-
cantly 0.34-fold higher than that of the control patients (95% CI
0.28–0.43). In the patients receiving antidepression drugs, the

ts With and Without Treatment and Non-FM Controls

Ratey Crude HRz (95% CI) aHR§ (95% CI)

4.42 1 (Reference) 1 (Reference)

7.89 1.78 (1.67, 1.89)
���

1.66 (1.56, 1.77)
���

2.35 0.54 (0.39, 0.73)
���

0.40 (0.29, 0.54)
���

9.19 2.16 (1.66, 2.80)
���

1.66 (1.28, 2.16)
���

0.00 — —

3.38 0.90 (0.13, 6.41) 0.50 (0.07, 3.55)

hazard ratio, IBS¼ irritable bowel syndrome, PY¼ person-year.

hronic liver disease and cirrhosis, chronic kidney disease, depression,

www.md-journal.com | 3



risk for IBS was significantly 2.53-fold higher than that of the
control patients (95% CI 2.15–2.97), and the risk after adjust-
ment was increased 1.99-fold (95% CI 1.70–2.34). The aHRs in
patients receiving tropisetron or pramipexole showed nonsigni-
ficant 0.34- to 0.74-fold risks for IBS.

Interaction between FM and its Comorbidities
FM was associated with several morbidities such as

chronic liver disease and cirrhosis, chronic kidney disease,
depression, anxiety, and sleep disorder. Table 4 shows the
interactions between FM and these morbidities; significant
interactions were evident except for FM and chronic kidney
disease. Patients with FM and any other morbidity demonstrated
2.74- to 3.46-fold risks for IBS. Significant syndemic inter-
actions of diseases were evident in patients with FM and any of
the following: chronic liver disease and cirrhosis (3.33, 95% CI
3.14–3.54), depression (3.46, 95% CI 3.09–3.87), anxiety
(3.24, 95% CI 2.94–3.57), and sleep disorder (2.74, 95% CI
2.56–2.93).

Cumulative Incidence Rate Ratio of FM-Related
IBS Risk

The overall incidence rate of IBS in non-FM and FM
cohorts were 4.42 and 7.47 per 1000 person-years from 2000 to

Yang et al
2011. We observed a significant difference in the cumulative
incidence rate of IBS (log-rank test, P< 0.001) between the FM
and non-FM groups, as shown in Figure 1.

TABLE 4. Cox Proportional Hazard Regression Analysis for the Ri

Variables Event

FM Chronic liver disease and cirrhosis
No No 2658 7
No Yes 1044 1
Yes No 1023 1
Yes Yes 524
FM Chronic kidney disease
No No 3647 8
No Yes 55
Yes No 1521 2
Yes Yes 26
FM Depression
No No 3443 8
No Yes 259
Yes No 1405 1
Yes Yes 142
FM Anxiety
No No 3382 8
No Yes 320
Yes No 1346 1
Yes Yes 201
FM Sleep disorder
No No 2853 7
No Yes 849 1
Yes No 1108 1
Yes Yes 439

aHR¼ adjusted HR, CI¼ confidence interval, FM¼fibromyalgia, HR¼
yRate: incidence rate, per 1000 person-years.
z aHR: adjusted for age and sex.
§ P for interaction.

��
P< 0.01,

���
P< 0.001.
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DISCUSSION
Pregabalin21 was listed as a beneficial prescription in the

National Health Insurance system in Taiwan from 2012 to the
present, which was impossible to survey the effect via coex-
isting similar conditions, such as subsequent risk for IBS
following FM, is indeed efficacy and extending application
for these coexisting similar diseases through NHIRD.22

FM and IBS impair patients’ abilities to carry out daily
activities and diminish their quality of life for months. These 2
diseases are socioeconomic burdens to Taiwanese health care
institutions. Despite considerable progress in recent decades, a
major gap in the knowledge on the pathogenesis of FM and IBS
remains and has prevented the development of effective treat-
ments.23,24 Moreover, no biological marker of FM and IBS has
been identified; therefore, diagnosis is problematic.25–27

We collected the claims data from a nationwide and
population-based database: the NHIRD. There are still some
study limitations: lack of individual laboratory data and related
exposure history; the records in the NHIRD were primarily for
insurance requests and not be completely validated for
researches; there may have been some uncontrolled confound-
ing factors and potential biases in this retrospective cohort
study, which is usually of lower statistical quality than a
prospective and double-blinded controlled randomized trial.

Medicine � Volume 94, Number 10, March 2015
However, the advantage of this study are the use of
population-based data and NHIRD records with an extra-large
sample size including FM and non-FM cohorts. Moreover,

sk of IBS-Associated FM With Interaction of Comorbidity

PY Ratey aHRz (95% CI) P Value§

0.05
14939 3.72 1 (Reference)
22417 8.53 2.08 (1.93, 2.23)

���

65089 6.20 1.65 (1.54, 1.78)
���

42039 12.5 3.13 (2.85, 3.44)
���

0.61
30073 4.39 1 (Reference)

7284 7.55 1.24 (0.95, 1.63)
04790 7.43 1.68 (1.58, 1.78)

���

2338 11.1 1.91 (1.30, 2.80)
��

0.03
14056 4.23 1 (Reference)
23301 11.1 2.28 (2.01, 2.59)

���

97398 7.12 1.67 (1.57, 1.78)
���

9730 14.6 3.19 (2.70, 3.78)
���

0.15
05447 4.20 1 (Reference)
31909 10.0 1.96 (1.75, 2.20)

���

93109 6.97 1.65 (1.55, 1.76)
���

14019 14.3 3.02 (2.62, 3.48)
���

<0.001
35803 3.88 1 (Reference)
01553 8.36 1.83 (1.69, 1.98)

���

66490 6.66 1.71 (1.59, 1.83)
���

40638 10.8 2.48 (2.24, 2.75)
���

hazard ratio, IBS¼ irritable bowel syndrome, PY¼ person-year.

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
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NHIRD reflected Taiwan’s general population because the
reimbursement of health insurance system is all-embracing
and operated by single government organization of Taiwan.
All insurance claims would be investigated by medical reim-
bursement specialist physicians and peer-review of relative
physicians. Therefore, the ICD-9 codes for the diagnoses of
IBS, FM, chronic liver disease, cirrhosis, and chronic kidney
disease in the Taiwan’s NHIRD should be highly reliable.28–31

This limitation is typical when employing NHIRD data,
and further investigation through a large-scale cohort study,
such as a multicenter cohort study or a study using the Taiwan
Biobank, must be conducted to clarify the relationships between
IBS and other similar diseases, such as FM and chronic fatigue
syndrome (CFS), even to identify attributed risk factors. FM and
IBS might be associated with similar risks and etiological
factors in clinics; we recommend defining more detailed criteria
to facilitate managing FM/IBS until efficient biomarkers
are identified.

FM and IBS were separately defined using numerous
symptoms and diagnosed following ruling out of other well-
known reasonable disorders, which have persisted for >3 to 6
months. IBS is typically associated with abnormal gastrointes-
tinal tract symptoms that keep for >3 to 6 months. Moreover,
most gastrointestinal tract symptoms of FM or IBS patients
were abdominal pain and changed bowel habits.32,33 A previous
study found out that FM/CFS patients were prone to existing
diagnosis of IBS and usually accompanied IBS-related symp-
toms.34–36 Although a comprehensive pathophysiological
mechanism of FM or IBS is yet to be developed, the high
frequency of morbidities coexisting with FM or IBS suggests
that the underlying mechanisms cannot be confined to a single
organ but instead must affect the brain–gut axis37 or autonomic
nervous system.38 A previous study indicated that inflammatory
bowel disease,39 upregulated the expression of most cytokine
genes in colons, whereas electroacupuncture downregulated the
expression of trinitrobenzene sulfonic-induced cytokine
genes.40

FIGURE 1. Cumulative incidence of IBS for patients with (dashed
line) or without (solid line) FM. FM¼fibromyalgia, IBS¼ irritable
bowel syndrome.
Previous studies have shown that FM and IBS coexist41,42

and that 30% to 40% of patients with FM and IBS have
numerous symptoms such as severity, especially regarding

Copyright # 2015 Wolters Kluwer Health, Inc. All rights reserved.
pain.42–44 However, these studies had limitations involving
small sample sizes and a lack of long-term follow-up. Hence,
we used NHIRD to prove that a relationship exists between FM
and IBS. The relationship between FM and IBS may partially
reflect disorders in gut permeability because altered gut micro-
biota and a disrupted mucosal barrier were observed in patients
with IBS. Further investigation of the Taiwan Biobank is
warranted to clarify the association between FM and IBS.45

Moreover, we recommend that physicians annually observe
their FM/IBS patients to monitor disease progression.

CONCLUSION
It was generally considered that FM and IBS exist with

similar symptoms and without valid biomarkers or effective
standard medical procedures for curing. Thus, we considered
that to clarify the relationship of these 2 diseases would be
conducted for clueing etiologies in the future. We found that FM
and IBS are associated, according to data retrieved from the
Taiwan NHIRD. FM was associated with a 1.54-fold increased
risk for IBS after adjustment for age, sex, and comorbidities;
and patients with FM and any comorbidities had a 1.67-fold risk
for IBS.

In addition, the results indicated that certain medications,
including tramadol and antidepression drugs, might reduce the
risks for IBS following FM. These results are consistent with the
findings that support increased risk for IBS for FM patients. As
mentioned, IBS and FM coexist and elevate the risk for other
diseases. This study showed that tramadol was a protective
factor; patients who used tramadol had an�0.4-fold risk for IBS
after adjustment for confounding factors. Users of antidepres-
sion drugs had a similar risk for IBS, which was a 1.66-fold
higher than that of non-FM controls.

Furthermore, when FM coexisted with any morbidity,
including chronic liver disease and cirrhosis, chronic kidney
disease, depression, anxiety, and sleep disorder, a significantly
high risk for IBS compared with that of patients without FM and
other morbidities was observed. The interactions between FM
and chronic liver disease and cirrhosis, depression, anxiety, and
sleep disorder had significant syndemic interactions of diseases
for increasing risks for IBS.
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