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Objective: Primary Sjogren’s syndrome (pSS) is characterized by exocrine
glandular  inflammation;  however, the association between  preceding
mammary-gland-infammation-related  diseases and newly diagnosed pSS

remains unexplored.

Methods: We used the 2003-2013 data retrieved from Taiwan’s National Health
Insurance Research Database (NHIRD) to conduct the present population-based study.
We identified newly diagnosed pSS female patients during the 2001-2013 period, as
well as age-matched (1:20) and propensity-score-matched (1:2) non-SS individuals
(as controls). We explored the associations between pSS and a history of mastitis
and fibrocystic breast disease by determining adjusted odds ratios (aORs) with 95%
confidence intervals (Cls) using a conditional logistical regression analysis after controlling
for potential confounders.

Results: We identified 9,665 patients with pSS and 193,300 age-matched non-SS
controls, as well as 9,155 SS cases and 18,310 propensity-score-matched non-SS
controls. We found that fibrocystic breast disease (aOR, 1.75; 95% CI, 1.63-1.88) were
independently associated with incident SS, whereas mastitis and childbirth-associated
breast infections were not associated with incident SS. We also found positive
associations between SS and previously reported SS-associated diseases, including
cardiovascular diseases, thyroid diseases, pancreatitis, bronchiectasis, infectious
diseases, osteoporosis, and ankylosing spondylitis. In the propensity-score-matched
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populations, the associations between pSS and fibrocystic breast disease (aOR, 1.74;
95% Cl, 1.58-1.91) remained consistent.

Conclusion:

unexplored  association

The present
between

population-based study revealed a previously
pSS and  history of fibrocystic breast

disease, and the finding highlights the need to survey pSS in patients with
mammary-gland-inflammation-associated diseases.

Keywords: Sjogren’s syndrome, mammary gland, mastitis, fibrocystic breast disease, epidemiology

BACKGROUND

Primary Sjogren’s syndrome (pSS) is a highly prevalent
autoimmune disease that affects approximately 1% of the general
population and is characterized by chronic inflammation of
exocrine glands, mainly of the salivary, lacrimal, and mammary
glands (1-4). Unlike numerous studies that have explored
xerophthalmia and xerostomia in relation to pSS, the association
between the inflammatory disease of mammary gland and pSS
remains unclear (5, 6).

Fibrocystic disease and mastitis are two leading benign breast
diseases, which may result from infection, autoimmune diseases,
and breast cancer (7-9). Fibrocystic breast change is a highly
prevalent benign breast disease in both pre-menopausal and
post-menopausal women; moreover, studies have found that
fibrocystic breast change may lead to moderate-to-severe breast
pain in nearly 10% of healthy women (7, 10). With regard to
mastitis, lactational mastitis appears to be an infectious disease
among women of a young age, whereas non-lactational mastitis
tends to be found in women older than 40 years and may
be associated with autoimmune disease (6, 11). Given that the
majority of patients with pSS are older than 40 years at the time
of diagnosis, there is a crucial need to address the association
between the benign breast disease and the development of pSS.
In the present population-based study, we used not only age-
matched, but also propensity-score-matched study populations
to investigate the association between the benign breast disease
and pSS.

MATERIALS AND METHODS

Ethics Statement

The Institutional Review Board of Taichung Veterans General
Hospital in Taiwan approved the present study (approval
number: CE19038A). The requirement for informed consent was
waived because the used data were anonymised.

Data Sources

The data used in this study were derived from the National
Health Insurance Research Database (NHIRD), which contains
reimbursement claims data from the National Health Insurance,
a compulsory insurance with nationwide coverage that was
established in 1997. The diagnoses of inpatients and outpatients
were in accordance with the International Classification of
Diseases, Ninth Revision, Clinical Modification (ICD-9-CM).
Additionally, patients with major illnesses, including cancer

and several autoimmune diseases including SS were issued
a certificate of catastrophic illness after the examination of
the required data by at least two rheumatologists, and co-
payment was waived among patients with the aforementioned
certificate in Taiwan. The data regarding catastrophic illness
certificates, namely the Registry for Catastrophic Illness Patient
Database (RCIPD), were stored within NHIRD. Moreover, the
NHIRD constructed a representative database of 1 million
individuals who were randomly selected among insured residents
who received medical services in 2000 (Longitudinal Health
Insurance Database, LHID 2000). In the present study, we
used RCIPD to identify patients with SS, and LHID 2000
to select matched non-SS controls. The index date was the
date of the first pSS diagnosis among pSS cases and the
date of the first ambulatory visit in the index year among
non-SS controls.

Study Design and Participants

This case-control study was designed to investigate factors
associated with pSS, as illustrated in the flow chart presented
in Figure 1. We included all female patients diagnosed with
pSS (n = 14,307; ICD-9-CM code 710.2) in Taiwan between
2001 and 2013 and excluded those with other autoimmune
diseases, including systemic lupus erythematous, rheumatoid
arthritis, scleroderma, dermatomyositis, and polymyositis, or
missed detailed data regarding region of residence or insured
amount; a total of 9,978 patients with pSS were identified as
PSS cases. We used age matching and propensity score matching
(PSM) in this study. We matched pSS cases and non-SS controls
at a ratio of 1:20 for age and year of the index date. After
matching, 9,665 pSS cases and 193,300 controls remained. We
further attempted to reduce the impact of bias and confounders
on the incidence of pSS through PSM, which was conducted at
a ratio of 1:2 for age, index year, and selected comorbidities.
Among the propensity-score-matched subjects, we identified
9,155 patients with pSS and 18,310 individuals without SS
(Figure 1).

Covariates

The covariates included in the adjustment in the regression
model were age, common medical disorders, and benign breast
diseases, including fibrocystic breast disease (ICD-9 code, 610.0-
3), mastitis (ICD-9 code, 611.0), and childbirth-associated
breast infection (ICD-9 code, 675). The presence of common
medical disorder was defined as having one inpatient visit or

Frontiers in Medicine | www.frontiersin.org

July 2021 | Volume 8 | Article 704593


https://www.frontiersin.org/journals/medicine
https://www.frontiersin.org
https://www.frontiersin.org/journals/medicine#articles

Chen et al.

Association of SS With Fibrocystic Breast Disease

1997-2013 National Health Insurance Database

and Registry for Catastrophic lliness Patients,

Newly diagnosed female SS during 2001-2013
N=14,307

Excluded

1. Diagnosis with SLE, RA,
SSc, DM, PM, n= 4,013
2. Missing data of
residence region or
unsured amount, n= 316

pSS patients
n= 9,978

Longitudinal Health Insurance Database,
data of 1 million representative
population, female with at least on
ambulatory visit during 2001-2013,
n= 452,331

Excluded

1. Diagnosis with SLE, RA,
SSc, DM, PM, n= 6,649
2. Missing data of
residence region or
unsured amount, n= 7,098

A

Non-SS individuals
n= 438,584

Matching SS female patients with non-SS
individuals (1:20) for age and index-year

A 4

Matched pSS
patients
n= 9,665

Y
Matched non-SS
patients, n= 193,300

1:2 PSMfor age, index-year,
demographics, and comorbidities

Y

PSM matched pSS patients
n= 9,155

dermatomyositis; PM, polymyositis; PSM, propensity score matching.

FIGURE 1 | Flow chart of the study design. SS, Sjogren’s syndrome; SLE, systemic lupus erythematosus; RA, rheumatoid arthritis; SSc, scleroderma; DM,

\/
PSM matched non-SS
patients, n= 18,310

at least three ambulatory visits with a corresponding ICD-
9 code within 1 year prior to the index date. The adjusted
known pSS-associated comorbidities consisted of cardiovascular
diseases, thyroid diseases, bronchiectasis, pancreatitis, hepatitis
C virus infection, osteoporosis, and ankylosing spondylitis. As
previous studies have suggested a relationship between non-
tuberculous infection and Helicobacter pylori infection and SS,
we included these two diseases as covariates (12, 13). We
also adjusted the analysis for socioeconomic status, including
urbanization levels and insured income. Urbanization levels
were categorized into three grades based on population density
(people/km?), population ratio of elder subjects aged over
65 years, population ratio of subjects with college or higher
educational levels, population ratio of agriculture workers and
the number of physicians per 100,000 subjects (14). Importantly,
we also used the frequency of outpatient visits 1 year prior
to the diagnosis of pSS to adjust the potential surveillance
bias (15).

Statistical Analysis

The demographic data are presented as the mean + standard
deviation for continuous variables and as a percentage of
patients for categorical variables. The differences were analyzed
using Student’s t-test for continuous variables and Pearson’s

x 2-test for categorical variables. The history of mammary-gland-
inflammation-related diseases, as well as other potential pSS-
associated diseases, in pSS cases compared with non-SS controls
is presented as an adjusted odds ratio (aOR), as assessed using a
conditional logistical regression analysis. All data were analyzed
using the SAS software, version 9.3 (SAS Institute, Inc., Cary, NC,
USA). Significance was set at P < 0.05.

Sensitivity and Subgroup Analyses

The sensitivity analyses were conducted using distinct definitions
for fibrocystic breast disease and mastitis. The significance
of modification effect by the covariate was investigated by
estimating the p-value of the coefficient associated with the
product of each indicator of the covariate and the indicator of
fibrocystic breast disease/mastitis using the Wald test.

RESULTS

Characteristics of the Study Population

In the age- and index-year-matched population compared
with non-SS controls, we found that SS cases had a similar
distribution of urbanization levels and a low probability to
have a lower insured amount (47.5 vs. 50.2%, P < 0.01), and
were more likely to have mastitis (2.7 vs. 1.8%, P < 0.01)
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and fibrocystic breast disease (10.5 vs. 5.0%, P < 0.01), but
not childbirth-associated breast infection (0.1 vs. 0.1%, P =
0.94). Regarding comorbidities and SS-relevant diseases, patients
with SS were more likely to have cardiovascular diseases (type
I DM: 0.2 vs. 0.1%, P = 0.03; coronary artery disease: 9.7
vs. 42, P < 0.01; cerebral vascular accident: 4.9 vs. 2.7%,
P < 0.01; hyperlipidaemia: 16.0 vs. 7.3%, P < 0.01), thyroid
diseases (hyperthyroidism: 3.9 vs. 0.7%, P < 0.01; thyroiditis:
1.3 vs. 0.1%, P < 0.01), pancreatitis (0.5 vs. 0.1%, P < 0.01),
bronchiectasis (4.5 vs. 1.7%, P < 0.01), infectious diseases
(hepatitis C virus infection: 2.3 vs. 0.6%, P < 0.01; non-
tuberculous mycobacterial infection: 0.13 vs. 0.05%, P < 0.01; H.
pyloriinfection: 1.6 vs. 0.6%, P < 0.01), osteoporosis (8.5 vs. 2.3%,
P < 0.01), and ankylosing spondylitis (1.2 vs. 0.1%, P < 0.01)
(Table 1).

Association of the Risk of Primary
Sjogren’s Syndrome With Mastitis

and Fibrocystic Breast Disease

A conditional logistic regression model adjusted for common
medical disorders found that, compared with non-SS controls,
SS cases were more likely to have a history of fibrocystic breast
disease [aOR, 1.75; 95% confidence interval (CI) 1.63-1.88],
cardiovascular diseases (coronary artery disease: aOR, 1.92 and
95% CI, 1.77-2.08; cerebral vascular accident: aOR, 1.63 and
95% CI, 1.47-1.81; hyperlipidaemia: aOR, 2.23 and 95% CI,
2.08-2.38), thyroid diseases (aOR, 5.06 and 95% CI, 4.53-5.66),
pancreatitis (aOR, 3.93; 95% CI, 2.75-5.62), bronchiectasis (aOR,
2.22; 95% CI, 1.99-2.47), infectious diseases (hepatitis C virus
infection: aOR, 3.25 and 95% CI, 2.78-3.79; H. pylori infection:
aOR, 1.87 and 95% CI, 1.57-2.23), osteoporosis (aOR, 3.35;

TABLE 1 | Baseline characteristics in the patients with primary SS and in the non-SS controls.

Before PSM 1:2 PSM
(1:20, age matching)
Non-SS SS P-value Non-SS SS P-value
n =193,300 n = 9,665 n = 18,310 n=9,155
Age 53.3+14.0 53.3 + 14.0 1.00 53.5+14.0 53.4+14.0 0.74
Urbanization 0.21 0.69
Urban 60,105 (31.1) 2,925 (30.3) 5,587 (30.5) 2,784 (30.4)
Suburban 90,096 (46.6) 4,545 (47.0) 8,514 (46.5) 4,302 (47.0)
Rural 43,099 (22.3) 2,195 (22.7) 4,209 (23.0) 2,069 (22.6)
Low income 96,977 (50.2) 4,590 (47.5) <0.01 8,874 (48.5) 4,376 (47.8) 0.30
Benign breast diseases
Fibrocystic disease 9,741 (5.0 1,014 (10.5) <0.01 1,049 (56.7) 936 (10.2) <0.01
Mastitis 3,433 (1.8) 261 (2.7) <0.01 361 (2.0) 240 (2.6) <0.01
Breast infections associated with childbirth 286 (0.1) 14 (0.1) 0.94 17 (0.1) 12 (0.1) 0.36
Interval between benign breast disease and SS (years)
Mastitis 53+35 50+34 0.09 5.5+ 3.6 51+34 0.22
Fibrocystic disease 57 +36 56 +3.7 0.56 55+36 57 +3.7 0.20
Breast infections associated with childbirth 51437 52428 0.94 53+3.7 48+28 0.65
Outpatient department visit® 17.3+13.3 25.6 £19.9 <0.01 20.9 + 151 252 +19.8 <0.01
Common medical disorders
Diabetes mellitus, type | 210 (0.1) 18(0.2) 0.03 18 (0.1) 15(0.2) 0.14
Diabetes mellitus, type Il 16,703 (8.6) 853 (8.9) 0.53 1,670 (8.6) 790 (8.6) 0.88
Coronary artery disease 8,127 (4.2) 935 (9.7) <0.01 1,545 (8.4) 829 (9.1) 0.09
Cerebral vascular accident 5,164 (2.7) 478 (4.9) <0.01 867 (4.7) 438 (4.8) 0.86
Hyperlipidaemia 14,022 (7.3) 1,546 (16.0) <0.01 2,688 (14.7) 1,350 (14.7) 0.89
Hyperthyroidism/thyroiditis 1,468 (0.8) 475 (4.9) <0.01 734 (4.0) 340 (3.7) 0.24
Pancreatitis 163 (0.1) 44 (0.5) <0.01 55 (0.3) 37 (0.4) 0.16
Bronchiectasis 3,316 (1.7) 431 (4.5) <0.01 728 (4.0) 373 (4.1) 0.70
Hepatitis C virus infection 1,083 (0.6) 220 (2.9) <0.01 337 (1.8) 183 (2.0) 0.36
Non-tuberculous mycobacteria infection 106 (0.05) 13(0.13) <0.01 26 (0.1) 10 (0.1) 0.48
Helicobacter pylori infection 1,248 (0.6) 157 (1.6) <0.01 290 (1.6) 135 (1.5) 0.49
Ankylosing spondylitis 90 (0.1) 117 (1.2) <0.01 30(0.2) 27 (0.3 0.02
Osteoporosis 4,370 (2.3) 823 (8.5) <0.01 1,370 (7.5) 702 (7.7) 0.58
SS, Sjégren’s syndrome; PSM, propensity score-matching.
4Frequency of outpatient department visits within 1 year of diagnosis with SS.
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TABLE 2 | Conditional logistical regressions for the estimation of the risk for SS.

TABLE 3 | Sensitivity analysis in the estimation of the SS risk for exposure in the

age-matched population.

Distinct definitions

aOR* (95%Cl)

Fibrocystic disease

At least one outpatient visit or one
admission (main finding)

1.79 (1.67-1.92)

1:20 1:2 PSM
age-matched population
population
aOR, 95%Cl aOR, 95%Cl
Fibrocystic disease 1.75(1.63-1.88) 1.74 (1.58-1.91)
Mastitis 1.08 (0.94-1.23) 1.13(0.95-1.33)
Urbanization
Urban Ref.
Suburban 1.03 (0.98-1.08)
Rural 1.01 (0.95-1.07)
Low income 0.90 (0.87-0.95)
High frequency of outpatient visit® 2.89 (2.75-3.04)
Common medical disorders
Diabetes mellitus, type | 1.47 (0.89-2.41)
Diabetes mellitus, type Il 0.61 (0.56-0.66)
Coronary artery disease 1.92 (1.77-2.08)
Cerebral vascular accident 1.63 (1.47-1.81)
Hyperlipidaemia 2.23 (2.08-2.38)
Hyperthyroidism/thyroiditis 5.06 (4.53-5.66)
Pancreatitis 3.938 (2.75-5.62)
Bronchiectasis 2.22(1.99-2.47)
Hepatitis C virus infection 3.25 (2.78-3.79)
Non-tuberculous mycobacteria infection  1.55 (0.85-2.83)
Helicobacter pylori infection 1.87 (1.57-2.23)
Ankylosing spondylitis 17147
(12.82-23.01)

Osteoporosis 3.35 (3.07-3.64)

SS, Sjégren’s syndrome; PSM, propensity score-matching.
aFrequency of outpatient department visits within 1 year of diagnosis with pSS higher than
median frequency (14.5).

95% CI, 3.07-3.64), and ankylosing spondylitis (aOR, 17.17;
95% CI, 12.82-23.01) (Table 2). Patients with history of mastitis
also tended to be associated with incident SS although not
reach statistical significance due to a relatively small number of
patients with mastitis. In the propensity-score-matched subjects,
the association between fibrocystic breast disease and incident SS
remained robust using the conditional logistical regression model
(aOR, 1.74 and 95% CI, 1.58-1.91) (Table 2).

Sensitivity and Subgroup Analyses

The sensitivity analyses revealed that the correlation between pSS
and mastitis and fibrocystic breast disease remained consistent
using various definitions based on distinct outpatient visit
frequencies for mastitis/fibrocystic breast disease (Table 3). In
subgroup analyses, the association between the risk of SS and
a history of fibrocystic breast disease appeared to be prominent
among those older than 40 years (40-65 group, aOR 1.75,
95% CI 1.57-1.95; >65 group, aOR 2.23, 95% CI 1.69-2.93)
in propsensity score matched subjects. Similar trend was found
in those with history of mastitis (40-65 group, aOR 1.26,
95% CI 1.01-1.57; >65 group, aOR 1.59, 95% CI 0.93-2.73)
(Table 4). Consistent results were found in 1:20 matched subjects

At least two outpatient visits or 1
admission

1.81 (1.64-1.99)

At least three outpatient visits or 1
admission

Mastitis

At least one outpatient visit or one
admission (main finding)

1.75 (1.55-1.98)

1.08 (0.94-1.23)

At least two outpatient visits or one
admission

1.05 (0.83-1.32)

At least three outpatient visits or one
admission

1.13 (0.83-1.53)

*Adjusted odds ratio of benign breast disease for the risk of SS, the covariates including
age group, urbanization, low income, and comorbidities listed in Table 1. SS, Sjégren’s
syndrome; aOR, adjusted odds ratio; ClI, confidence interval.

(see Supplementary Table 1). Collectively, we discovered the
association between benign breast diseases, including mastitis
and fibrocystic breast disease, and the development of pSS.

DISCUSSION

Primary Sjogren’s syndrome affects the exocrine glands,
including the salivary, lacrimal, and mammary glands; however,
few studies explored mammary-gland-inflammation-associated
breast diseases compared with numerous lines of evidence
regarding xerostomia and xerophthalmia in patients with
pSS. In this population-based study, we found that fibrocystic
breast disease was consistently associated with pSS in both
age-matched and propensity-score-matched populations.
Our findings indicate the need for collaboration between
gynecologists and rheumatologists to survey pSS among middle-
aged female patients with benign breast diseases, particularly
fibrocystic disease.

The pathogenesis of SS can be attributed to genetic
susceptibility and an epigenetic effect of hormone levels and
environmental factors, and clinical manifestations of SS consist
of gradual development of autoantibody as well as symptoms of
exocrine system, with exacerbation due to environmental triggers
(16). We postulated that the preceding fibrocystic breast diseases
in patients with SS may result from not only from a diagnostic
delay due to subtle early signs of inflammation in the other
exocrine glands, but also from possible shared immunological
mechanisms between fibrocystic breast disease and SS. In line
with our finding that the interval between fibrocystic breast
disease manifestation and the diagnosis of SS was approximately
5 years (Table1), previous studies have estimated that the
median delay between the onset of the symptoms of these
diseases and the diagnosis of pSS was 2-6 years (17). Unlike
the numerous studies that investigated the association between
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TABLE 4 | Stratified analyses for the association between benign breast diseases and Sjogren’s syndrome risk (1:2 propensity score matched subjects).

Fibrocystic breast disease

aOR (95% CI) p* aOR (95% Cl) p*
Age 0.012 0.141
<40 1.29 (0.99-1.66) 0.97 (0.71-1.31)
40-65 1.75 (1.57-1.95) 1.26 (1.01-1.57)
>65 2.23 (1.69-2.93) 1.59 (0.93-2.73)
Frequency of OPD visit? 0.748 0.439
Lower than median 1.68 (1.38-2.06) 1.05 (0.72-1.55)
Higher than median 1.73 (1.56-1.93) 1.22 (1.01-1.47)
Diabetes mellitus 0.028 0.608
No 1.64 (1.47-1.82) 1.17 (0.97-1.40)
Yes 2.11 (1.71-2.60) 1.30 (0.86-1.96)
Coronary artery disease 0.026 0.229
No 1.68 (1.52-1.85) 1.16 (0.97-1.38)
Yes 2.47 (1.75-3.49) 1.62 (0.84-3.11)
Cerebral vascular accident 0.583 0.700
No 1.71 (1.565-1.89) 1.18 (0.99-1.40)
Yes 1.82 (1.29-2.57) 1.36 (0.70-2.66)
Hyperlipidaemia 0.017 0.506
No 1.70 (1.54-1.86) 1.18 (0.99-1.40)
Yes 3.04 (1.68-5.51) 1.47 (0.59-3.70)
Hyperthyroidism/Thyroiditis 0.610 0.100
No 1.70 (1.53-1.88) 1.12 (0.93-1.34)
Yes 1.84 (1.47-2.30) 1.66 (1.08-2.54)
Bronchiectasis 0.874 0.123
No 1.72 (1.56-1.89) 1.22 (1.03-1.45)
Yes 1.78 (1.14-2.75) 0.79 (0.39-1.61)
Hepatitis C 0.908 NA
No 1.72 (1.56-1.89) 1.18 (1.001-1.40)
Yes >999 (-) NA
H. pylori infection 0.090 0.599
No 1.75 (1.59-1.93) 1.19 (1.003-1.41)
Yes 1.26 (0.81-1.98) 0.95 (0.34-2.62)
NTM infection 0.661 0.526
No 1.72 (1.56-1.89) 1.18 (0.99-1.39)
Yes 1.95 (0.99-3.82) 1.96 (0.65-5.93)
Ankylosing spondylitis 0.946 NA
No 1.72 (1.57-1.89) 1.19 (1.002-1.40)
Yes 1.69 (0.05-59.91) NA
Osteoporosis 0.502 0.466

No
Yes

1.73 (1.57-1.90)
1.58 (0.88-2.81)

1.20 (1.01-1.42)
0.79 (0.24-2.57)

OPD, outpatient department; NTM, nontuberculous mycobacteria.

*p for interaction.

aFrequency of outpatient department visits within 1 year of diagnosis of pSS.

xeropthalmia/xerostomia and pSS (3, 4), evidence regarding the
association between mammary-gland-inflammation-associated
diseases and SS is apparently scarce (18). Therefore, there are
opportunities for, and challenges in the recognition of subtle
symptoms of pSS for the early diagnosis of this condition in
patients with the benign breast disease. These lines of evidence
indicate the urgent need for collaboration with rheumatologists

to survey in detail pSS in patients with fibrocystic diseases,
particularly in middle-aged women.

Exocrine glandular inflammation with peri-duct lymphocytic
cells that may merged in focus is one of the hallmark
histological findings of labial salivary biopsy among patients
with SS (19). Notably, the aforementioned findings in salivary
gland share anatomical, histological, and immunological features
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with mammary glands as demonstrated by Goulabchand
et al. through examining histology of the salivary gland
and mammary tissues among nine SS patients with benign
breast diseases (20). In fact, the aberrant inflammation
that occurs in the pathogenesis of SS consists of complex
immune responses, including deregulated inflammation against
environmental microorganisms (21, 22). Furthermore, previous
studies, including our previous epidemiological study, have
found that non-tuberculous infection was associated with pSS,
possibly through a shared type I interferon response (12, 23).
Katsifis et al. identified increased levels of interleukin-17 in the
plasma and exocrine glandular tissues of patients with pSS (24);
in addition, early increased production of IL-17 in the mammary
glands was also found to improve the outcome of mastitis (25).
Similarly, the signal transduction and activator of transcription 3
(STAT3) and the nuclear factor-kB (NFkB) signaling pathways
have been implicated in mastitis (26), and were also found
to be crucial signaling pathways in the pathogenesis of pSS
(27). Therefore, the association between benign breast disease
and SS, as demonstrated in the present study, suggests the
existence of a shared immunological pathway between these two
inflammatory diseases.

In the present study, we found a strong association between
AS and pSS. Several studies, mainly case reports and case series,
have also reported an association between AS and pSS (28-
30). Kobak et al. conducted a single-center study to evaluate
the frequency of pSS in 70 patients with AS in 2002-2003 and
found that 10% (7/70) of the patients with AS had concomitant
pathologically proven pSS (29). Recently, Usuba et al. examined
the condition of eyes in 36 consecutive patients with AS and
reported that 38.8% (14/36) of these patients had an abnormal
Schirmer test (<10 mm/5 min) (30). Notably, Usuba et al. further
investigated the dry eye condition among 14 patients with AS
who underwent tumor necrosis factor inhibitor (TNFi) therapy
at 3 and 12 months after the administration of TNFi, and found
that Schirmer’s test at the baseline, 3 and 12 months was 10,
17.5, and 20 mm/5 min, respectively (30). The aforementioned
study highlights the largely ignored presence of xerophthalmia
in patients with AS and the therapeutic potential of TNFi to
alleviate this condition. However, a large-scale study addressing
SS in patients with AS is still lacking. In this population-based
study, we identified a robust association between AS and SS,
which indicates an essential need to survey xerophthalmia and
potential pSS in patients with AS.

We also noted that osteoporosis appeared to be associated
with a modestly increased risk of developing pSS, and the finding
was consistent with previous studies (1, 31, 32). One Taiwanese
study reported that the presence of osteoporosis was associated
with a slightly increased risk of developing xerophthalmia (aOR,
1.26;95% CI, 1.22-1.30) (31). In fact, pSS is apparently prevalent
in post-menopausal women, with the female/male ratio of SS
being 10.72 (95% CI, 7.35-15.62) and the overall age being 56.16
(95% CI, 52.54-59.78) years (1). The strong predisposition of
post-menopausal women to develop pSS suggests a key role
for sex hormones in the pathogenesis of pSS. Notably, McCoy
et al. recently conducted a case—control study of 2,680 women
in the Sjogren’s International Collaborative Clinical Alliance

registry and found that pSS in women was associated with a
lower cumulative estrogen exposure and the menstrual cycling
time compared with sicca controls (32). The aforementioned
evidence and the central role of estrogen deficiency in the
pathogenesis of osteoporosis suggest that a low estrogen level
contributes to the association between osteoporosis and SS in
post-menopausal women.

The large number of patients with pSS included in the
present study enabled us to validate the associations between SS
and cardiovascular diseases, infectious diseases and glandular-
epithelial-inflammation-related diseases. Several studies have
shown that pSS is associated with incident cardiovascular
diseases (33-35). In the present study, we further found that
patients with cardiovascular diseases (including coronary artery
disease, hyperlipidaemia, and cerebral vascular accident) had a
slightly increased risk of developing pSS. The aforementioned
association between pSS and cardiovascular disease might
result from the co-existence of the two diseases with a
distinct time of diagnosis. In line with the previous study, we
found that type I diabetes mellitus tended to be associated
with incident pSS, although statistical significance was not
reached (36). Intriguingly, type II diabetes mellitus exhibited an
inverse association with incident SS in multivariable regression;
thus, we speculated that hyperglycaemia might potentially
alter the immunogenicity of autoimmunity, similar to the
hyperglycaemia-associated increase in the number of splenic
regulatory T cells in the autoimmune pancreatitis mouse model
(37). In line with the findings of the present study, previous
studies, including our recently published work, have shown
that infectious diseases and medications for infectious diseases,
including hepatitis C virus infection and H. pylori infection,
tended to be associated with incident SS (12, 38). In addition,
epithelial cells, which are the target cells in pSS, drive the
pathogenesis of SS by promoting an aberrant immune response
(16, 39), and the glandular epithelium lymphoplasmacytic
infiltrate in the bronchial wall, pancreas, thyroid gland, and
mammary gland may be responsible for the strong association
detected among these glandular inflammation diseases, as
shown here.

There were several limitations in this study that merit
discussion. First, the accuracy of the diagnosis based on the
ICD code is of concern. However, the accuracy of the pSS
diagnosis is less problematic because it was validated by two
qualified rheumatologists in the process of issuing a catastrophic
illness certificate. Second, potential unmeasured confounders,
such as smoking, environmental exposure and lifestyle-relevant
variables, cannot be assessed in NHIRD; however, the adjustment
for socioeconomic status performed in the present study should
mitigate this issue, at least partly. Moreover, the lack of serological
and clinical data in claim data is a limitation. Third, a causal
inference would be imprudent in this epidemiological study;
however, the present population-based study provides evidence
of a previously unreported association between mammary-gland-
inflammation-associated diseases and SS. Fourth, the association
between mastitis and pSS cannot be delineated due to a relatively
lower number of subjects with mastitis compared those with
fibrocystic breast disease.
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CONCLUSIONS

Exocrine glandular inflammation is the hallmark pathogenesis
in patients with SS; however, studies focusing on the association
between mammary-gland-inflammation-relevant diseases and
pSS are lacking. The present population-based case-control
study identified a previously unexplored association between
fibrocystic breast disease and pSS, and validated several risk
factors for this disease. These findings indicate an essential need
for collaboration with rheumatologists to survey pSS during the
management of patients with fibrocystic breast disease. Finally,
additional studies are required to elucidate the mechanisms
underlying these associations.
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