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Objectives: Clinically, associations have been observed between Sjögren’s syndrome
and fibromyalgia. Nonetheless, population-based evidence evaluating the risk of
Sjögren’s syndrome in fibromyalgia patients is lacking. The main purpose of this
retrospective cohort study was to determine the association between fibromyalgia and
subsequent development of Sjögren’s syndrome.

Methods: This retrospective cohort study extracted data from the Longitudinal Health
Insurance Database (LHID) of the Taiwan National Health Insurance (NHI). During 2000-
2012, patients with newly-diagnosed fibromyalgia (International Classification of Diseases,
Ninth Revision, Clinical Modification code 729.1) were defined as the exposure cohort.
Age- and gender-matched individuals without fibromyalgia were used as the comparison
cohort. The adjusted hazard ratios (aHR) for the occurrence of Sjögren’s syndrome in
those with fibromyalgia were evaluated along with stratified analyses of different
subgroups.

Results: Of the 149,706 subjects whose data were extracted from the LHID, 74,853
subjects had coded fibromyalgia and 74,853 control subjects were without fibromyalgia.
Compared to the control group, patients with fibromyalgia had an aHR of 2.00 (95%
Confidence Interval [CI], 1.52-2.61) for developing Sjögren’s syndrome. In fibromyalgia
patients aged 20-49 years, the aHR for future Sjögren’s syndrome was 3.07 (95% CI,
1.92-4.89).

Conclusion: Patients with fibromyalgia, both males and females, have a higher risk for
developing Sjögren’s syndrome than those without fibromyalgia, especially those aged
20-49 years. While managing patients, clinicians should be aware of the bidirectional
org April 2021 | Volume 12 | Article 6406181
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association between the two diseases, which helps to understand the impact of the
association on disease activity and diagnosis.
Keywords: fibromyalgia, cohort, Sjögren’s syndrome, population based study, NHIRD
INTRODUCTION

Sjögren’s syndrome is caused by inflammation of the exocrine
glands. In response to inflammation of glandular cells,
lymphocytes of the HLA-DR immune system infiltrate the glands,
which leads to cell destruction and an imbalance of cytokines.
Glandular cell destruction and impaired secreting function together
produce symptoms such as pain, fatigue, xerophthalmia or mucosal
surface dryness (1–3). Epigenetic dysregulation and environmental
factors, including smoking or viral infections, serve as etiological
factors in Sjögren’s syndrome (1, 4). Pain in Sjögren’s syndrome is
attributed to nociceptive and neuropathic factors, and pain-related
diseases such as fibromyalgia are prevalent in patients with Sjögren’s
syndrome (2, 5).

Fibromyalgia typically causes multifocal and migratory pain,
and may be accompanied by comorbid symptoms associated
with the central nervous system, particularly fatigue and sleep
disturbances (6). Since the adopted diagnostic criteria of
fibromyalgia vary between different geographic regions,
prevalence of fibromyalgia has been difficult to identify. Häuser
et al. (7) reported that the prevalence of fibromyalgia ranged
from 2-4% in epidemiological studies. In Asia, the overall
prevalence of fibromyalgia varies from 0.8% to 8.8%, whereas
in Europe, the prevalence varies from 0.4% to 5.4%. The
occurrence of fibromyalgia will influence patients’ cytokine
levels. For instance, T helper 2 (Th2) anti-inflammatory
cytokines, including IL-4, IL-5 and IL-13, have been reported
to decrease in fibromyalgia patients, whereas inflammatory
cytokines IL-6 and IL-8 are found to elevate in fibromyalgia,
indicating a potential role in the chronic pain of fibromyalgia (8,
9). Fibromyalgia prevalence is also reported to be high in
autoimmune diseases such as ankylosing spondylitis and
rheumatoid arthritis. Such co-existence of fibromyalgia
potentially affects the severity of autoimmune diseases (10, 11).

Considering the common symptoms shared by fibromyalgia
and Sjögren’s syndrome—including fatigue, pain, sicca and
xerostomia—the association between the two has long been
discussed (2, 12, 13). Comorbidities of the two diseases overlap
widely (14), and previous research has suggested that Sjögren’s
syndrome may play a role in the pathophysiology offibromyalgia
(12). Clinically, the symptoms of the two diseases also overlap
widely. However, though the incidence of fibromyalgia in
patients with Sjögren’s syndrome has been reported, to the best
of our knowledge, large-scale studies evaluating the association
between fibromyalgia and future Sjögren’s syndrome are lacking.
Therefore, the objectives of this cohort study were to evaluate
whether fibromyalgia is associated with higher risk for
subsequent Sjögren’s syndrome and to further evaluate the risk
of Sjögren’s syndrome between different age and sex subgroups
using a Taiwanese population-based database.
org 2
MATERIALS AND METHODS

Data Source
All data analyzed in the present study were extracted from the
Longitudinal Health Insurance Database (LHID), a national
repository of health insurance claims. In 1995, the Taiwan
government launched the National Health Insurance (NHI)
program, which ensures healthcare access for more than 99%
of the nation’s residents. All medical claims such as inpatient
visits, admission records and therapy are collected and stored in
the NHI Research Database (NHIRD). The LHID, a subset of the
NHIRD containing one million randomly-selected patients from
the NHI, was utilized for all data analysis in the present study.
The distribution of age and gender in the LHID is similar to that
in the Taiwanese population.

The diagnostic codes follow the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).
Individual identification numbers were encrypted to protect the
personal privacy of subjects. This study conformed to the
principles of the Declaration of Helsinki and was approved by
the Institutional Review Board of China Medical University
Hospital [CMUH-REC2-115(CR-4)].

Study Population
This cohort study included a case cohort and a control cohort.
Patients with at least two ambulatory visits or one hospital
admission for fibromyalgia (ICD-9-CM code 729.1) from 2000
to 2012 were included as subjects in the case cohort. To audit the
authenticity of fibromyalgia diagnosis, these patients also should
have been treated with fluoxetine, duloxetine, milnacipran,
pregabalin, amitriptyline or tramadol after the diagnosis of
fibromyalgia. Patients never diagnosed with fibromyalgia
served as the control subjects in this study. The index date for
patients in the case cohort was the date of the first diagnosis of
fibromyalgia; that of patients in the control cohort was a random
date between 2000 and 2012. The exclusion criteria were: aged
less than 18 years old and diagnosis of Sjögren’s syndrome before
the index date. One control subject was matched by age, gender
and index year to each case subject. All included patients were
observed from the index date to the endpoint of this study
(December 31, 2013), death or withdrawal from the NHI,
whichever came first.

Main Outcome and Covariates
The primary endpoint of this study was the diagnosis of Sjögren’s
syndrome (ICD-9-CM code 710.2). The catastrophic illness
certificate (CIC) is a requirement in Taiwan for additional
benefits associated with a catastrophic illness. In Taiwan, if a
patient would like to apply for a CIC, related clinical and
laboratory information (including physical examinations,
April 2021 | Volume 12 | Article 640618
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autoantibodies, lip biopsy and salivary scintigraphy, etc.) must be
provided by rheumatologists. For patients with Sjögren’s
syndrome, all submitted information was assessed by a review
committee in accordance with the criteria of the American-
European Consensus Group (15). Previous studies also utilized
the CIC for defining Sjögren’s syndrome (16, 17). Therefore, as
an additional criterion, we confirmed that subjects had
developed Sjögren’s syndrome if they had a CIC for Sjögren’s
syndrome. The following comorbidities were considered to be
potentially confounding: chronic urticaria (ICD-9-CM code
708), inflammatory bowel disease (ICD-9-CM code 555, 556),
hyperlipidemia (ICD-9-CM code 272), chronic obstructive
pulmonary disease (ICD-9-CM code 490–496), osteoporosis
(ICD-9-CM code 733.0), chronic kidney disease (ICD-9-CM
code 585), rheumatoid arthritis (ICD-9-CM code 714.0),
ankylosing spondylitis (ICD-9-CM code 720), sleep disorder
(ICD-9-CM codes 307.4, 780.5), hepatitis C (ICD-9-CM code
070.7) and depression (ICD-9-CM codes 296.2, 296.3, 296.82,
300.4, 311). Subjects who received more than 90 days of systemic
steroids or Non-Steroidal Anti-Inflammatory Drugs (NSAIDs)
as systemic steroid users and NSAID users, respectively.

Statistical Analysis
To compare the demographic characteristics, comorbidities and
medications of the case cohort and the control cohort, the chi-
square test was applied for categorical variables and Student t-test
Frontiers in Immunology | www.frontiersin.org 3
for continuous variables (i.e., mean age). The univariable Cox
proportional hazardmodel was utilized to estimate the hazard ratio
(HR) and 95% confidence interval (CI). HRs were adjusted by
including variables found significant in the univariable model into
the multivariable model. The cumulative incidence curves for
Sjögren’s syndrome were obtained using the Kaplan-Meier
method and examined using the log-rank test. Data analyses
were carried out using SAS software (version 9.4 for Windows;
SAS Institute, Inc., Cary, NC, USA). A p-value of less than 0.05 was
the statistical significance threshold.

Role of the Funding Source
The Funders helped this study with access to the database and
technique support in data analysis.
RESULTS

Baseline Characteristics
A total of 149,706 subjects [74,853 fibromyalgia (case) patients
and 74,853 non-fibromyalgia control patients] were included in
this cohort study. The mean follow-up time for the case cohort
was 6.88 (± 3.97) years. After matching by age and gender,
patients in the case cohort (51.2 ± 16.3 years) had a slightly older
mean age than patients in the control cohort (50.6 ± 16.7 years),
see Table 1. The proportions of male and female patients were
TABLE 1 | Baseline characteristics of individuals with and without fibromyalgia.

Fibromyalgia p-value

No Yes

N = 74,853 N = 74,853

n % n %

Age (years) 0.99
20−49 36,325 48.5 36,325 48.5
50−64 21,199 28.3 21,199 28.3
≥ 65 17,329 23.2 17,329 23.2
Mean (SD)⁑ 50.6 16.7 51.2 16.3 0.0001
Gender 0.99
Women 44,796 59.9 44,796 59.9
Men 30,057 40.2 30,057 40.2
Comorbidity
Chronic urticaria 7,271 9.71 12,884 17.2 <0.001
Inflammatory bowel disease 980 1.31 1,880 2.51 <0.001
Hyperlipidemia 12,914 17.3 22,067 29.5 <0.001
Chronic obstructive pulmonary disease 12,883 17.2 21,929 29.3 <0.001
Osteoporosis 4,949 6.61 8,947 12.0 <0.001
Chronic kidney disease 1,184 1.58 1,734 2.32 <0.001
Rheumatoid arthritis 121 0.16 179 0.24 <0.001
Ankylosing spondylitis 256 0.34 629 0.84 <0.001
Hepatitis C 755 1.01 1,419 1.90 <0.001
Depression 2,651 3.54 8,336 11.1 <0.001
Sleep disorder 10,413 13.9 24,392 32.6 <0.001
Medications
Systemic Steroids 5,926 7.92 15,458 20.7 <0.001
NSAIDs 16,958 22.7 32,042 42.8 <0.001
April 2021 | Volume 12 | Article
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the same in both cohorts. More patients with fibromyalgia in the
case cohort had comorbidities and took medication compared to
patients without fibromyalgia in the control cohort.

Incidence and Hazard Ratios of
Sjögren’s Syndrome
As shown in Figure 1, the cumulative incidence curve for
Sjögren’s syndrome in fibromyalgia patients was significantly
higher than that for non-fibromyalgia patients (log-rank: p-value
<0.01). Table 2 demonstrates the incidence rate and HR for
Sjögren’s syndrome. The incidence rates of Sjögren’s syndrome
in patients with and without fibromyalgia were 3.39 and 1.24 per
10,000 person-years, respectively. After adjustment, patients
with fibromyalgia had double the risk of Sjögren’s syndrome
compared to controls (adjusted HR [aHR] 2.00, 95% CI 1.52,
2.61). The relationship between age and Sjögren’s syndrome was
not significant after controlling for gender and comorbidities.
Compared to men, the risk for Sjögren’s syndrome in women
was 3.56 times (95% CI 2.53, 5.01) higher. Patients with chronic
urticaria, osteoporosis, ankylosing spondylitis, depression or
sleep disorder had an increased risk for developing Sjögren’s
syndrome compared to those without these comorbidities.

Stratification Analysis
The result of stratification analysis for Sjögren’s syndrome by age,
gender, comorbidities and medication are shown in Table 3. In
subjects aged 20-49 years, the risk of Sjögren’s syndrome for those
with fibromyalgia increased by 3.07 times (95% CI 1.92, 4.89) over
that of non-fibromyalgia controls. The HR for Sjögren’s syndrome
in patients with fibromyalgia relative to those without fibromyalgia
was 1.90 in females (95% CI 1.43, 2.52) and 2.88 in males (95% CI
1.23, 6.75). In patients with no comorbidities, the development of
Frontiers in Immunology | www.frontiersin.org 4
fibromyalgia raised the risk of Sjögren’s syndrome 3.37-fold (95%
CI 2.00, 5.67). In those with any one comorbidity, the HR for
Sjögren’s syndrome was 1.69 (95% CI 1.25, 2.28). In patients with
comorbid depression, the occurrence of fibromyalgia increased risk
of Sjögren’s syndrome development by 2.27-fold (95% CI 1.69,
3.04). The risk for developing Sjögren’s syndrome in patients with
fibromyalgia but not receiving systemic steroids was 2.43 times
(95% CI 1.79, 3.28) higher than that of patients without
fibromyalgia who used systemic steroids. Whether or not patients
took NSAIDs, fibromyalgia increased the risk of developing
Sjögren’s syndrome.
DISCUSSION

The present study is the first population-based cohort study to
evaluate the subsequent risk for Sjögren’s syndrome in adults
with fibromyalgia. Results show that patients with fibromyalgia
have a higher risk for developing Sjögren’s syndrome, especially
those aged 20-49 years.

Studies have indicated a high prevalence of fibromyalgia in
patients with Sjögren’s syndrome (5, 18). Chronic pain or
psychological factors are associated with neuroinflammation,
which triggers immune cells in the central nervous system and
thus affects the serum levels of cytokines. Neuroinflammation is a
critical mechanism in the pathogenesis of fibromyalgia (19).
Previous studies have observed systemic activation of T
lymphocytes and the subsequent imbalance in pro-inflammatory
cytokines such as T helper 17 (Th-17) in patients with fibromyalgia
(20, 21). Immune activation of different tissues is the main trigger
for the occurrence of Sjögren’s syndrome (1). Disturbances in the
pro-inflammatory cytokines also play a critical role in the
pathogenesis of Sjögren’s syndrome. Peripherally elevated Th-17
cell activity, with the co-expression of interleukin 17 and interferon
gamma, is associated with chronic inflammation characteristic of
Sjögren’s syndrome (22). Additionally, fibromyalgia and Sjögren’s
syndrome share common symptomatic features such as fatigue and
stress. In fibromyalgia patients, decreased activity of the
hypothalamic–pituitary–adrenal (HPA) axis has been reported
(23, 24). Neuroendocrine abnormalities are also commonly
present in patients with Sjögren’s syndrome. Research has
indicated that hypo-responsiveness of the HPA axis, influencing
the neuroendocrine system, contributes to the fatigue characteristic
of Sjögren’s syndrome (25, 26). Both fibromyalgia and Sjögren’s
syndrome are associated with altered serum levels of cytokines, and
share common risk factors such as insomnia (27, 28). Additionally,
the chronic fatigue and pain caused by fibromyalgia may lead to
dysfunction of the HPA axis, which also explains abnormalities in
the neuroendocrine system in Sjögren’s syndrome patients. Finally,
in a retrospective study, one-third of fibromyalgia patients tested
positive for Sjögren’s syndrome autoantibodies (12). Nonetheless,
the relationship between fibromyalgia and the development of
Sjögren’s syndrome remains unclear. The present study takes a
first step in characterizing that relationship by showing that adults
with fibromyalgia have a greater risk for subsequent development of
Sjögren’s syndrome.
FIGURE 1 | Cumulative incidence of Sjögren’s syndrome in adults with and
without fibromyalgia.
April 2021 | Volume 12 | Article 640618
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Studies have reported the interplay between depression,
fibromyalgia and Sjögren’s syndrome, and the co-existence of
these disease has been widely observed (29, 30). In accord with
this generally known association, the present study showed that
patients with depression were more likely to have Sjogren’s
syndrome (Table 2). According to the results of stratification
Frontiers in Immunology | www.frontiersin.org 5
analysis, people with co-existing fibromyalgia and depression
showed a non-significant risk of developing Sjögren’s syndrome,
and in patients with no depression, the development of fibromyalgia
increased the risk of Sjögren’s syndrome by 2.27-fold. This result
strengthened our conclusion that fibromyalgia significantly
increases the risk of developing Sjögren’s syndrome.
TABLE 2 | Incidence of and risk factors for Sjögren’s syndrome.

Event PY Rate# Crude HR (95% CI) Adjusted HR ＆(95% CI)

Fibromyalgia
No 80 644,935 1.24 1.00 1.00
Yes 226 667,611 3.39 2.69(2.09, 3.48)*** 2.00(1.52, 2.61)***

Age (years)
20−49 127 681,892 1.86 1.00 1.00
50−64 117 375,736 3.11 1.70(1.32, 2.18)*** 1.27(0.97, 1.67)
≥ 65 62 254,918 2.43 1.40(1.03, 1.90)* 0.97(0.69, 1.37)
Gender
Women 267 811,203 3.29 4.13(2.95, 5.78)*** 3.56(2.53, 5.01)***
Men 39 501,343 0.78 1.00 1.00
Comorbidity
Chronic urticaria
No 243 1,158,045 2.10 1.00 1.00
Yes 63 1,545,02 4.08 2.12(1.61, 2.81)*** 1.56(1.18, 2.07)**

Inflammatory bowel disease
No 300 1,290,470 2.32 1.00 1.00
Yes 6 22,076 2.72 1.26(0.56, 2.82)

Hyperlipidemia
No 201 1,026,456 1.96 1.00 1.00
Yes 105 286,000 3.67 1.94(1.53, 2.46)*** 1.23(0.95, 1.59)

Chronic obstructive pulmonary disease
No 210 1,038,839 2.02 1.00 1.00
Yes 96 273,707 3.51 1.84(1.45, 2.35)*** 1.27(0.98, 1.65)

Osteoporosis
No 233 1,198,625 1.94 1.00 1.00
Yes 73 113,921 6.41 3.40(2.62, 4.43)*** 1.75(1.30, 2.35)***

Chronic kidney disease
No 301 1,294,265 2.33 1.00 1.00
Yes 5 18,281 2.74 1.30(0.54, 3.15)

Rheumatoid arthritis
No 305 1,310,191 2.33 1.00 1.00
Yes 1 2,355 4.25 1.90(0.27, 13.5)

Ankylosing spondylitis
No 300 1,305,528 2.30 1.00 1.00
Yes 6 7,018 8.55 3.89(1.73, 8.72)** 3.12(1.39, 7.02)**

Hepatitis C
No 299 1,297,558 2.30 1.00 1.00
Yes 7 14,989 4.67 2.18(1.03, 4.60)* 1.35(0.64, 2.88)

Depression
No 260 1,228,251 2.12 1.00 1.00
Yes 46 84,295 5.46 2.74(2.00, 3.75)*** 1.57(1.12, 2.18)**

Sleep disorder
No 193 1,044,180 1.85 1.00 1.00
Yes 113 268,367 4.21 2.49(1.97, 3.14)*** 1.40(1.09, 1.81)**

Medications
Systemic Steroids
No 231 1,110,496 2.08 1.00 1.00
Yes 75 202,050 3.71 1.72(1.32, 2.23)*** 1.17(0.90, 1.54)

NSAIDs
No 191 820,132 2.33 1.00 1.00
Yes 115 492,415 2.34 0.93(0.74, 1.17)
April 2021 | Vo
CI, confidence interval; CKD, chronic kidney disease; CLD, chronic liver disease and cirrhosis; HR, hazard ratio; PY, person-years; NSAIDs, non-steroidal anti-inflammatory drugs.
#Incidence rate per 10,000 person-years.
&Multivariable analysis, including age, gender, and comorbidities of diabetes mellitus, CKD, CLD, rheumatic disease, stroke, cancer and malnutrition.
*p <0.05, **p <0.01, ***p <0.001.
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Females have a higher risk than males of developing
fibromyalgia (6). Correspondingly, the present study had more
female fibromyalgia patients than male fibromyalgia patients, and
females had a risk about 3.5 times higher than males of developing
Sjögren’s syndrome. This result corresponds to previous reports of
Sjögren’s syndrome occurring predominantly in women (1).
However, the aHR for developing Sjögren’s syndrome in males
both with and without fibromyalgia was higher than that for
females, implying that in fibromyalgia patients, the difference
between genders may also influence the risk of Sjögren’s
syndrome. However, Sjögren’s syndrome has been regarded as a
disease occurring mainly in females with a female/male ratio of 10:1
(1). In one study, males with fibromyalgia showed a higher tendency
for quality of life to be affected, particularly factors such as
masculine identity (31). In the present study, the association
between fibromyalgia and subsequent Sjögren’s syndrome was
significant among patients not taking steroids rather than those
taking steroids, with a more than two-fold higher risk for Sjögren’s
syndrome development. For fibromyalgia patients, chronic pain and
inflammation play a role in the development of Sjögren’s syndrome
(12, 32). The use of steroids may be beneficial in relieving chronic
inflammation, which may support results of the present study.
Nevertheless, steroid-related mechanisms influencing the
development of Sjögren’s syndrome have not been investigated in
previous studies, and further studies are needed to further elucidate
the mechanisms and potential interplay between steroid use,
fibromyalgia and Sjögren’s syndrome.
Frontiers in Immunology | www.frontiersin.org 6
STRENGTHS AND LIMITATIONS

The primary strength of the present study is that it offers the first
observational association between fibromyalgia and the risk for
Sjögren’s syndrome. Previous studies investigating the relationship
between these two diseases either lacked a control group or were
subject to potential selection bias (12, 33, 34). However, these
problems are overcome in the present study by utilizing the
NHIRD to construct case-control cohorts. Nevertheless, this
study has some limitations. First, the ICD-9-CM codes may not
beprecise enoughtodefine thediagnosisoffibromyalgia, since these
codes are classified as administrative data rather than prospective
medical records. To avoid misclassification, six drugs commonly
used to treat fibromyalgia were included as an extra criterion in the
study design. Furthermore, previous studies confirmed the validity
of using the ICD-9-CM code 729.1 as a basis for fibromyalgia
diagnosis (35, 36). Second, residual confounders may exist. Some
included patients may have an increased susceptibility for Sjögren’s
syndromebecause of confounders that couldnot be identified in the
database, including psychological or infection status and individual
biochemical data. However, we did attempt to match both cohorts
by common comorbidities, comedications, related medical
treatments and significant risk factors, including age and gender.
Given the available risk factor information, we tried to minimize
potential biases asmuch as possible. Future studies should focus on
understanding the mechanism by which fibromyalgia affects the
pathogenesis of Sjögren’s syndrome.
TABLE 3 | Incidence and hazard ratios of Sjögren’s syndrome for individuals with and without fibromyalgia.

Fibromyalgia Crude HR (95% CI) Adjusted HR ＆(95% CI)

No Yes

Event PY Rate# Event PY Rate#

Age
20−49 24 339053 0.71 103 342839 3.00 4.23(2.71, 6.60)*** 3.07(1.92, 4.89)***
50−64 34 186001 1.83 83 189735 4.37 2.36(1.58, 3.52)*** 1.50(0.98, 2.30)
≥ 65 22 119881 1.84 40 135037 2.96 1.56(0.92, 2.62) 1.49(0.87, 2.57)
Gender
Women 73 398968 1.83 194 412235 4.71 2.54(1.94, 3.32)*** 1.90(1.43, 2.52)***
Men 7 245967 0.28 32 255377 1.25 4.35(1.92, 9.85)*** 2.88(1.23, 6.75)***
Comorbidity§

No 22 391194 0.56 46 223965 2.05 3.43(2.06, 5.72)*** 3.37(2.00, 5.67)***
Yes 58 253741 2.29 180 443646 4.06 1.72(1.28, 2.32)*** 1.69(1.25, 2.28)***

Depression
No 70 626381 1.12 190 601871 3.16 2.77(2.11, 3.65)*** 2.27(1.69, 3.04)***
Yes 10 18554 5.39 36 65741 5.48 0.97(0.48, 1.96) 0.78(0.38, 1.61)

Medications
Systemic Steroids
No 63 592000 1.06 168 518496 3.24 3.03(2.27, 4.06)*** 2.43(1.79, 3.28)***
Yes 17 52935 3.21 58 149116 3.89 1.14(0.67, 1.96) 0.83(0.47, 1.45)

NSAIDs
No 59 475679 1.24 132 344453 3.83 3.15(2.32, 4.28)*** 1.93(1.37, 2.71)***
Yes 21 169256 1.24 94 323158 2.91 2.28(1.42, 3.67)*** 2.24(1.38, 3.64)***
April 2021 | Vo
CI, confidence interval; HR, hazard ratio; PY, person-years.
#Incidence rate per 10,000 person-years.
&Multivariable analysis including age, gender, and comorbidities of diabetes mellitus, CKD, CLD, rheumatic disease, stroke, cancer, and malnutrition.
§Individuals with any comorbidity of diabetes mellitus, CKD, CLD, rheumatic disease, stroke, cancer, and malnutrition were classified into the comorbidity group.
***p <0.001.
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CONCLUSION

In conclusion, both males and females with fibromyalgia are at
higher risk of developing Sjögren’s syndrome than the general
population without fibromyalgia, especially adults aged 20-49
years. For clinicians managing patients with either fibromyalgia
or Sjögren’s syndrome, the potential association between these
two diseases should be considered.
DATA AVAILABILITY STATEMENT

Datasets from the Longitudinal Health Insurance Database
(LHID) 2000 were retrieved in this retrospective cohort study,
and the data are available from the Taiwan National Health
Insurance (NHI) Bureau. The data areis not publicly available
because of legal restrictions regarding the “Personal Information
Protection Act” in Taiwan. However, requests for data can be
formally sent to the NHI bureau (https://dep.mohw.gov.tw/
DOS/cp-2516-3591-113.html).
ETHICS STATEMENT

This study conformed to the principles of the Declaration of
Helsinki and the protocol was approved by the Institutional
Review Board of China Medical University, with the IRB permit
Frontiers in Immunology | www.frontiersin.org 7
number CMUH104-REC2-115(CR-4). Individual identification
numbers were encrypted to protect the personal privacy of
subjects. Since data in NHIRD were de-identified, patient
consent was exempted.
AUTHOR CONTRIBUTIONS

All authors contributed to the article and approved the submitted
version. H-KT is the corresponding author. He takes
responsibility for the integrity of the data and data analysis
accuracy. Study conception and design: S-YG, JC-CW, C-LL,
P-YL, and H-KT. Acquisition of data: JC-CW, C-LL, and H-KT.
Analysis and interpretation of data: S-YG, JC-CW, C-LL, and
H-KT. Writing (original draft preparation): S-YG, JC-CW, C-LL,
and P-YL.
FUNDING

This study is supported in part by the Taiwan Ministry of Health
and Welfare Clinical Trial Center (MOHW109-TDU-B-212-
114004), MOST Clinical Trial Consortium for Stroke (MOST
108-2321-B-039-003), and the Tseng-Lien Lin Foundation,
Taichung, Taiwan. The funders helped this study with access
to the database and technique support in data analysis.
REFERENCES
1. Brito-Zeron P, Baldini C, Bootsma H, Bowman SJ, Jonsson R, Mariette X,

et al. Sjogren syndrome. Nat Rev Dis Primers (2016) 2:16047. doi: 10.1038/
nrdp.2016.47

2. Omdal R, Mellgren SI, Norheim KB. Pain and fatigue in primary Sjogren’s
syndrome. Rheumatol (Oxford) (2019). doi: 10.1093/rheumatology/kez027

3. Fox RI. Sjogren’s syndrome. Lancet (2005) 366(9482):321–31. doi: 10.1016/
S0140-6736(05)66990-5

4. Nocturne G, Mariette X. B cells in the pathogenesis of primary Sjogren
syndrome. Nat Rev Rheumatol (2018) 14(3):133–45. doi: 10.1038/
nrrheum.2018.1

5. Choi BY, Oh HJ, Lee YJ, Song YW. Prevalence and clinical impact of
fibromyalgia in patients with primary Sjogren’s syndrome. Clin Exp
Rheumatol (2016) 34(2 Suppl 96):S9–13.

6. Clauw DJ. Fibromyalgia: a clinical review. JAMA (2014) 311(15):1547–55.
doi: 10.1001/jama.2014.3266

7. Hauser W, Ablin J, Fitzcharles MA, Littlejohn G, Luciano JV, Usui C, et al.
Fibromyalgia. Nat Rev Dis Primers (2015) 1:15022. doi: 10.1038/nrdp.2015.22

8. Mendieta D, De la Cruz-Aguilera DL, Barrera-Villalpando MI, Becerril-
Villanueva E, Arreola R, Hernandez-Ferreira E, et al. IL-8 and IL-6
primarily mediate the inflammatory response in fibromyalgia patients.
J Neuroimmunol (2016) 290:22–5. doi: 10.1016/j.jneuroim.2015.11.011

9. Sturgill J, McGee E, Menzies V. Unique cytokine signature in the plasma of
patients with fibromyalgia. J Immunol Res (2014) 2014:938576. doi: 10.1155/
2014/938576

10. Almodovar R, Carmona L, Zarco P, Collantes E, Gonzalez C, Mulero J, et al.
Fibromyalgia in patients with ankylosing spondylitis: prevalence and utility of
the measures of activity, function and radiological damage. Clin Exp
Rheumatol (2010) 28(6 Suppl 63):S33–39.

11. Zhao SS, Duffield SJ, Goodson NJ. The prevalence and impact of comorbid
fibromyalgia in inflammatory arthritis. Best Pract Res Clin Rheumatol (2019)
33(3):101423. doi: 10.1016/j.berh.2019.06.005
12. Applbaum E, Lichtbroun A. Novel Sjogren’s autoantibodies found in
fibromyalgia patients with sicca and/or xerostomia. Autoimmun Rev (2019)
18(2):199–202. doi: 10.1016/j.autrev.2018.09.004

13. Giles I, Isenberg D. Fatigue in primary Sjogren’s syndrome: is there a link with
the fibromyalgia syndrome? Ann Rheum Dis (2000) 59(11):875–8.
doi: 10.1136/ard.59.11.875

14. Pego-Reigosa JM, Restrepo Velez J, Baldini C, Rua-Figueroa Fernandez de
Larrinoa I. Comorbidities (excluding lymphoma) in Sjogren’s syndrome.
Rheumatol (Oxford) (2019). doi: 10.1093/rheumatology/key329

15. Vitali C, Bombardieri S, Jonsson R, Moutsopoulos HM, Alexander EL, Carsons
SE, et al. Classification criteria for Sjogren’s syndrome: a revised version of the
European criteria proposed by the American-European Consensus Group. Ann
Rheum Dis (2002) 61(6):554–8. doi: 10.1136/ard.61.6.554

16. Lee CP, Hsu PY, Su CC. Increased prevalence of Sjogren’s syndrome in where
soils contain high levels of chromium. Sci Total Environ (2019) 657:1121–6.
doi: 10.1016/j.scitotenv.2018.12.122

17. Weng MY, Huang YT, Liu MF, Lu TH. Incidence and mortality of treated
primary Sjogren’s syndrome in Taiwan: a population-based study.
J Rheumatol (2011) 38(4):706–8. doi: 10.3899/jrheum.100883

18. Kang JH, Lin HC. Comorbidities in patients with primary Sjogren’s syndrome:
a registry-based case-control study. J Rheumatol (2010) 37(6):1188–94.
doi: 10.3899/jrheum.090942

19. Littlejohn G. Neurogenic neuroinflammation in fibromyalgia and complex
regional pain syndrome. Nat Rev Rheumatol (2015) 11(11):639–48.
doi: 10.1038/nrrheum.2015.100

20. Carvalho LS, Correa H, Silva GC, Campos FS, Baiao FR, Ribeiro LS, et al. May
genetic factors in fibromyalgia help to identify patients with differentially
altered frequencies of immune cells? Clin Exp Immunol (2008) 154(3):346–52.
doi: 10.1111/j.1365-2249.2008.03787.x

21. Andres-Rodriguez L, Borras X, Feliu-Soler A, Perez-Aranda A, Angarita-
Osorio N, Moreno-Peral P, et al. Peripheral immune aberrations in
fibromyalgia: A systematic review, meta-analysis and meta-regression. Brain
Behav Immun (2020) 87:881–9. doi: 10.1016/j.bbi.2019.12.020
April 2021 | Volume 12 | Article 640618

https://dep.mohw.gov.tw/DOS/cp-2516-3591-113.html
https://dep.mohw.gov.tw/DOS/cp-2516-3591-113.html
https://doi.org/10.1038/nrdp.2016.47
https://doi.org/10.1038/nrdp.2016.47
https://doi.org/10.1093/rheumatology/kez027
https://doi.org/10.1016/S0140-6736(05)66990-5
https://doi.org/10.1016/S0140-6736(05)66990-5
https://doi.org/10.1038/nrrheum.2018.1
https://doi.org/10.1038/nrrheum.2018.1
https://doi.org/10.1001/jama.2014.3266
https://doi.org/10.1038/nrdp.2015.22
https://doi.org/10.1016/j.jneuroim.2015.11.011
https://doi.org/10.1155/2014/938576
https://doi.org/10.1155/2014/938576
https://doi.org/10.1016/j.berh.2019.06.005
https://doi.org/10.1016/j.autrev.2018.09.004
https://doi.org/10.1136/ard.59.11.875
https://doi.org/10.1093/rheumatology/key329
https://doi.org/10.1136/ard.61.6.554
https://doi.org/10.1016/j.scitotenv.2018.12.122
https://doi.org/10.3899/jrheum.100883
https://doi.org/10.3899/jrheum.090942
https://doi.org/10.1038/nrrheum.2015.100
https://doi.org/10.1111/j.1365-2249.2008.03787.x
https://doi.org/10.1016/j.bbi.2019.12.020
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles


Gau et al. Fibromyalgia Increases Risk of SJS
22. Verstappen GM, Corneth OBJ, Bootsma H, Kroese FGM. Th17 cells in
primary Sjogren’s syndrome: Pathogenicity and plasticity. J Autoimmun
(2018) 87:16–25. doi: 10.1016/j.jaut.2017.11.003

23. Adler GK, Geenen R. Hypothalamic-pituitary-adrenal and autonomic
nervous system functioning in fibromyalgia. Rheum Dis Clin North Am
(2005) 31(1):187–202, xi. doi: 10.1016/j.rdc.2004.10.002

24. Singh L, Kaur A, Bhatti MS, Bhatti R. Possible Molecular Mediators Involved
and Mechanistic Insight into Fibromyalgia and Associated Co-morbidities.
Neurochem Res (2019) 44(7):1517–32. doi: 10.1007/s11064-019-02805-5

25. Tzioufas AG, Tsonis J, Moutsopoulos HM. Neuroendocrine dysfunction in
Sjogren’s syndrome. Neuroimmunomodulation (2008) 15(1):37–45.
doi: 10.1159/000135622

26. Nocturne G, Mariette X. Advances in understanding the pathogenesis of
primary Sjogren’s syndrome. Nat Rev Rheumatol (2013) 9(9):544–56.
doi: 10.1038/nrrheum.2013.110

27. Kok VC, Horng JT, Hung GD, Xu JL, Hung TW, Chen YC, et al. Risk of
Autoimmune Disease in Adults with Chronic Insomnia Requiring Sleep-
Inducing Pills: A Population-Based Longitudinal Study. J Gen Intern Med
(2016) 31(9):1019–26. doi: 10.1007/s11606-016-3717-z

28. Choy EH. The role of sleep in pain and fibromyalgia. Nat Rev Rheumatol
(2015) 11(9):513–20. doi: 10.1038/nrrheum.2015.56

29. Vitali C, Tavoni A, Neri R, Castrogiovanni P, Pasero G, Bombardieri S.
Fibromyalgia features in patients with primary Sjogren’s syndrome. Evidence
of a relationship with psychological depression. Scand J Rheumatol (1989) 18
(1):21–7. doi: 10.3109/03009748909095399

30. Loganathan M, Ladani A, Lippmann S. Fibromyalgia, Sjogren’s & depression:
linked? Postgrad Med (2020) 132(7):575–80. doi: 10.1080/00325481.2020.1758426

31. Conversano C, Ciacchini R, Orru G, Bazzichi ML, Gemignani A, Miniati M.
Gender differences on psychological factors in fibromyalgia: a systematic
review on male’s experience. Clin Exp Rheumatol (2020).
Frontiers in Immunology | www.frontiersin.org 8
32. Giacomelli C, Talarico R, Bombardieri S, Bazzichi L. The interaction between
autoimmune diseases and fibromyalgia: risk, disease course and management.
Expert Rev Clin Immunol (2013) 9(11):1069–76. doi: 10.1586/
1744666X.2013.849440

33. Bonafede RP, Downey DC, Bennett RM. An association of fibromyalgia with
primary Sjogren’s syndrome: a prospective study of 72 patients. J Rheumatol
(1995) 22(1):133–6.

34. Barton JC, Bertoli LF, Barton JC, Acton RT. Fibromyalgia in 300 adult index
patients with primary immunodeficiency. Clin Exp Rheumatol (2017) 35
(Suppl 105(3):68–73.

35. Wang JC, Sung FC, Men M, Wang KA, Lin CL, Kao CH. Bidirectional
association between fibromyalgia and gastroesophageal reflux disease: two
population-based retrospective cohort analysis. Pain (2017) 158(10):1971–8.
doi: 10.1097/j.pain.0000000000000994

36. Yang TY, Chen CS, Lin CL, Lin WM, Kuo CN, Kao CH. Risk for Irritable
Bowel Syndrome in Fibromyalgia Patients: A National Database Study.
Med (Baltimore) (2017) 96(14):e6657. doi: 10.1097/MD.00000000
00006657

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Copyright © 2021 Gau, Leong, Lin, Tsou and Wei. This is an open-access article
distributed under the terms of the Creative Commons Attribution License
(CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that
the original publication in this journal is cited, in accordance with accepted
academic practice. No use, distribution or reproduction is permitted which does
not comply with these terms.
April 2021 | Volume 12 | Article 640618

https://doi.org/10.1016/j.jaut.2017.11.003
https://doi.org/10.1016/j.rdc.2004.10.002
https://doi.org/10.1007/s11064-019-02805-5
https://doi.org/10.1159/000135622
https://doi.org/10.1038/nrrheum.2013.110
https://doi.org/10.1007/s11606-016-3717-z
https://doi.org/10.1038/nrrheum.2015.56
https://doi.org/10.3109/03009748909095399
https://doi.org/10.1080/00325481.2020.1758426
https://doi.org/10.1586/1744666X.2013.849440
https://doi.org/10.1586/1744666X.2013.849440
https://doi.org/10.1097/j.pain.0000000000000994
https://doi.org/10.1097/MD.0000000000006657
https://doi.org/10.1097/MD.0000000000006657
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/immunology
http://www.frontiersin.org/
https://www.frontiersin.org/journals/immunology#articles

	Higher Risk for Sj&ouml;gren’s Syndrome in Patients With Fibromyalgia: A Nationwide Population-Based Cohort Study
	Introduction
	Materials and Methods
	Data Source
	Study Population
	Main Outcome and Covariates
	Statistical Analysis
	Role of the Funding Source

	Results
	Baseline Characteristics
	Incidence and Hazard Ratios of Sj&ouml;gren’s Syndrome
	Stratification Analysis

	Discussion
	Strengths and Limitations
	Conclusion
	Data Availability Statement
	Ethics Statement
	Author Contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages false
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages false
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages false
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


