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ABSTRACT

Objective The aim of this study was to explore whether
patients with Sjogren’s syndrome (SS) were susceptible
to bisphosphonate (BP)-related osteonecrosis of the jaw
(BRONJ) after tooth extraction in the entire population of
Taiwan.

Design A nationwide population-based retrospective
cohort study.

Setting Data were extracted from Taiwan’s National
Health Insurance Research Database (NHIRD).
Methodology Medical conditions for both the study and
control group were categorised using the International
Classification of Diseases, 9th Revision. ORs and 95% Cls
for associations between SS and osteonecrosis of the jaw
(ONJ) were estimated using Cox regression.

Results Overall, 13398 patients diagnosed with SS were
identified from the NHIRD. An additional 53592 matched
patients formed the control group. At the 3-year follow-up,
patients with SS started to exhibit a significantly increased
cumulative risk of developing BRONJ compared with

that of patients without SS (log rank test <0.001). At the
end of the follow-up period, patients with SS exhibited

a significantly increased incidence of ONJ compared

with that of the controls (0.08%vs0.03%, p=0.017). The
Cox regression model showed that patients with SS also
exhibited a significantly increased risk of developing
BRONJ compared with that of the patients without SS
(adjusted HR=7.869, 95% Cl 3.235 to 19.141, p<0.001).
Conclusion Patients with SS exhibit an increased risk of
developing BRONJ after tooth extraction. BPs should be
used with caution in patients with SS.

INTRODUCTION

Osteonecrosis of the jaw (ON]) is detri-
mental to patients. The incidence of ON]J is
greatest in the oncology patient population
(1%-15%). In the osteoporosis patient popu-
lation, the incidence of ON]J is estimated as
0.001%-0.01%, which is marginally higher
than the incidence in the general population
(<0.001%)." Medication-related osteonecrosis
of the jaw (MRON]) is a severe side effect of
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Strengths and limitations of this study

» The strength of our study is its population-based
cohort design with a large number of patients and
long-term follow-up, which aims to evaluate the
association between Sjogren’s syndrome and 0s-
teonecrosis of the jaw (ONJ) after tooth extraction.

» The National Health Insurance Research Database
registry could not provide detailed information re-
garding laboratory results, family histories and
health-related lifestyle factors.

» We did not evaluate the association between ONJ
and other antiresorptive and antiangiogenic agents
in this study.

antiresorptive and antiangiogenic therapies
used for the management of oncological and
osteoporotic patients.” Periodic dental checks,
non-surgical treatments including antiseptic
mouth rinses and cyclic antibiotic therapy,
and surgical removal of necrotic bone might
be needed in patients with MRON]J. Bisphos-
phonates (BPs) and the more potent nitro-
gen-containing bisphosphonates (N-BPs) are
used for the treatment of cancer-related bone
metastasis, multiple myeloma and osteopo-
rosis. The risk factors for the development
of MRON]J include diabetes, tobacco use and
treatment with corticosteroids, immunosup-
pressants or radiotherapy.” Long-term use of
BPs is an important risk factor in BP-related
osteonecrosis of the jaw (BRON]).

Sjogren’s syndrome (SS) is a systemic
autoimmune disorder; patients with SS
commonly present with dry eyes and dry
mouth. The prevalence of SS could be as
high as 4.8% in some populations when
strictly defined according to the American—
European Consensus Criteria, and SS is one
of the most common autoimmune diseases.
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Outpatient and inpatient of Longitudinal Health Insurance Database in 2000-2013 in Taiwan
26,769,418 events; 989,753 individuals

Inclusion criteria Sjogren’s syndrome

19,623 individuals

Exclusion criteria

1. ONJ before tracking

2. Age <20
3. Gender unknown

6,225 individuals

1. Without Sjogren’s syndrome in study period
2. The same exclusion criteria of study cohort

3. 4-fold propensity score matching by gender, age, and index year

With Sjégren’s syndrome

13,398 individuals

/ Biphosphonate \

g -

Without Sjégren’s syndrome

53,592 individuals

A

f Biphosphonate \

With biphosphonate Without biphosphonate With biphosphonate Without biphosphonate
1,454 individuals 11,944 individuals 5,017 individuals 48,575 individuals
¢ Tracking endpoint ¢ ¢ Tracking endpoint ¢
4 individuals with ONJ 7 individuals with ONJ 2 individuals with ONJ 7 individuals with ONJ
after tooth extraction after tooth extraction after tooth extraction after tooth extraction

Figure 1 Patient selection flow chart. ONJ, osteonecrosis of the jaw.

SS predominately affects women in the fourth decade
of life.” Dry eyes and dry mouth affect the patient’s
quality of life. Patients with SS could have impaired oral
hygiene due to dry mouth (xerostomia).®” Several molec-
ular mechanisms, including dysregulated transforming
growth factor-} (TGF-B) signalling pathways and matrix
metalloproteinase (MMP) activation, are associated with
the pathogenesis of both SS and BRON]J.*? However, the
association between SS and BRON] has not been thor-
oughly evaluated in large-scale studies.

Based on this evidence, we hypothesised that patients
with SS may be susceptible to BRON]J due to shared risk
factors and molecular pathways. Therefore, we aimed to
determine whether patients with SS exhibit an increased
risk of BRON]J after tooth extraction using the statis-
tical analysis of a nationwide healthcare insurance claim
database.

METHODS

Data source

This is a nationwide population-based retrospective cohort
study using data acquired from the Longitudinal Health
Insurance Database (LHID) from 2000 to 2013; the LHID

is a subgroup database of the Taiwan National Health
Insurance Research Database (NHIRD). The National
Health Insurance programme in Taiwan provides health-
care for 99% of the population (greater than 23 million
people) and was implemented in 1995. The LHID
contains deidentified secondary data that are available
to researchers. Individual information was protected by
encoding personal identifiers to prevent ethical viola-
tions related to the data. The LHID provides information
on medical service utilisation using a randomly selected
sample of approximately one million people receiving
benefits, representing approximately 5% of Taiwan’s
population. The accuracy of the diagnoses in the NHIRD,
particularly diagnoses of major diseases, has been corrob-
orated.!” ! The International Classification of Diseases,
Ninth Revision, Clinical Modification (ICD-9-CM) diag-
nostic and procedure codes (up to five each), gender,
birthday, dates of admission and discharge, and outcomes
are coded.

Patient and public involvement

The NHIRD encrypts patient personal information to
protect privacy and provides researchers with anonymous
identification numbers associated with relevant claims
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Table 1 Characteristics of the study participants at baseline

Sjogren’s syndrome

Total with Without

N (%) N (%) N (%) P value
Total 66990 13398 (20.00) 53592 (80.00)
Gender 0.999
Male 12530 (18.7) 2506 (18.70) 10024 (18.70)
Female 54460 (81.3) 10892 (81.30) 43568 (81.30)
Age (years) 55.68+16.03 55.85+15.81 55.63+16.08 0.164
Malignancy 7403 (11.05) 1053 (7.76) 6350 (11.85) <0.001*
DM 7457 (11.13) 907 (6.77) 6550 (12.22) <0.001*
Hypertension 9273 (13.84) 1916 (14.3) 7357 (13.37) 0.088
CKD 931 (1.39) 137 (1.02) 794 (1.48) 0.878
Osteoporosis 1466 (2.19) 503 (3.75) 963 (1.80) <0.001*
Bisphosphonates 6471 (9.66) 1454 (10.85) 5017 (9.36) <0.001*
Steroids 2775 (4.14) 2633 (19.56) 142 (0.26) <0.001*
Radiotherapy 39 (0.06) 1 (0.01) 38 (0.07) 0.004*
Chemotherapy 245 (0.37) 58 (0.48) 187 (0.35) 0.148

P value (categorical variables: y/Fisher exact test; continuous variables: t test).

CKD, chronickidney disease; DM, diabetes mellitus.

information. Therefore, patient consent is not required
to access the NHIRD. The International Research Board
also waived the consent requirement. This study complied
with the Declaration of Helsinki and relevant guidelines.

Sampled patients

The primary outcome of the study was to determine
whether patients with SS exhibit an increased risk of devel-
oping BRON]J after tooth extraction. This study used study
and comparison cohorts. Using the LHID (2000-2013),
we enrolled adult patients aged >20 years who were newly
diagnosed with SS. The date of SS diagnosis was used as
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Figure 2 Kaplan-Meier curve of the cumulative risk of
osteonecrosis of the jaw (ONJ) due to Sjogren’s syndrome.

the index date. Tooth extraction significantly increased
the risk of BRON]J."*™"* Patients who developed ONJ after
tooth extraction, including other specified diseases of
the jaw, ON]J, osteomyelitis of the jaw, osteonecrosis and
osteomyelitis, were then identified as having BRON]J. We
excluded patients who had a follow-up time <6 months
and patients who received the abovementioned diag-
nosis prior to the index date. Radiotherapy and medical
treatments, including the use of steroids, BPs and chemo-
therapy, were analysed for associations with ON]J. Rele-
vant comorbidities, including malignancy, osteoporosis,
diabetes mellitus (DM), chronic kidney disease (CKD)
and hypertension, were also identified. The relevant
ICD-9CM codes are summarised in online supplemen-
tary table 1. Control candidate sampling comparisons
were selected from individuals in the LHID who did not
have a history of SS. The patient and control cohorts
were selected by 1:4 matching according to the following
baseline variables: age, sex and index year. The index
year for control patients was the same as the year for the
corresponding patients with SS. Propensity-matching
analysis was performed in the logistic regression model.
The potential confounders were index year, gender, age
and comorbidities. The match tolerance was 0.15 with the
nearest neighbour method. The study comparison cohort-
matching ratio was fourfold (study:comparison=1:4).

Statistical analysis

Continuous variables, which are presented as the mean
and SD, were compared using t tests. Categorical vari-
ables, which are presented as percentages, were compared
using y%* or Fisher’s exact test. The associations between
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Table 2 Incidence rates of osteonecrosis of the jaw (ONJ) and other characteristics in the enrolled study participants at the

end of the 13-year follow-up period

Sjogren’s syndrome

Total With Without
N (%) N (%) N (%) P value
Total 66990 13398 (20.00) 53592 (80.00)
ONJ 28 (0.04) 11 (0.08) 17 (0.03) 0.017*
Gender 0.999
Male 12530 (18.70) 2506 (18.7) 10024 (18.7)
Female 54460 (81.30) 10892 (81.30) 43568 (81.30)
Age (years) 59.63+17.54 57.40+16.88 60.19+17.66 <0.001*
Malignancy 10825 (16.16) 1616 (12.06) 9209 (17.18) <0.001*
DM 9794 (14.62) 1292 (9.64) 8502 (15.86) <0.001*
Hypertension 10984 (16.4) 2171 (16.20) 8813 (16.44) 0.506
CKD 2115 (3.16) 218 (1.63) 1897 (3.54) <0.001*
Osteoporosis 1268 (1.89) 425 (3.17) 843 (1.57) <0.001*
Bisphosphonates 6471 (9.66) 1454 (10.85) 5017 (9.36) <0.001*
Steroids 2775 (4.14) 2633 (19.65) 142 (0.26) <0.001*
Radiotherapy 46 (0.07) 4 (0.03) 42 (0.08) 0.063
Chemotherapy 526 (0.79) 152 (1.06) 384 (0.72) <0.001*

P value (categorical variable: y ?/Fisher exact test; continuous variables: t test).

CKD, chronic kidney disease; DM, diabetes mellitus.

those outcomes (prognoses) and clinical characteristics
were investigated using the Cox regression model. The
results are presented as adjusted HRs with corresponding
95% ClIs. The threshold for statistical significance was
p<0.05. All data analyses were conducted using SPSS soft-
ware V.22 (SPSS).

RESULTS

A flow diagram of the patient enrolment procedure is
shown in figure 1. In total, 13398 patients diagnosed
with SS were identified in the NHIRD, which contains a
total of 989753 individuals. An additional 53 592 propen-
sity score-matched patients were designated as controls.
After matching, compared with the controls, patients
with SS had fewer malignancies and lower incidence
rates of DM and CKD but more frequent use of BPs
and treatment with radiotherapy and steroids (table 1).
After 3 years of follow-up, patients with SS started to
exhibit a significantly increased cumulative risk of devel-
oping ON]J after tooth extraction in subsequent years
compared with that of patients without SS (log rank
test <0.001, figure 2). Table 2 presents the incidence of
ON] during the 13-year follow-up period. At the end of
the follow-up period, patients with SS exhibited a signifi-
cantly increased incidence of ONJ compared with that of
the controls (0.08% vs 0.03%, p=0.017), with increased
exposure to BPs (10.85% vs 9.36%, p<0.001), chemo-
therapy (1.06% vs 0.72%, p<0.001) and steroids (19.65%
vs 0.26%, p<0.001). Patient with SS had lower incidences

of malignancy (12.06% vs 17.18%, p<0.001), DM (9.64%
vs 15.86%, p<0.001) and CKD (1.63% vs 3.54%, p<0.001)
than the controls. The Cox regression model showed that
independent of the effects of gender and age, patients
with SS also exhibited a significantly increased risk of
developing ONJ compared with that of patients without
SS (adjusted HR=7.635, 95% CI 3.126 to 18.649, p<0.001,
table 3). Use of BPs (adjusted HR=2.488, 95% CI 1.005
to 6.156, p=0.045) and male gender (adjusted HR=2.573,
95% CI 1.115 to 5.556, p=0.020) but not chemotherapy,
radiotherapy or the use of steroids was associated with an
increased risk of ON]J (table 3). Figure 3 shows the interac-
tive effects of SS and BPs after adjusting for other factors.
The risk of BRONJ in SS patients without BP treatment
was 5.316-fold higher than that of patients without SS and
BP treatment. The risk of BRON] in patients with SS was
19.475-fold higher than that of patients without SS and
BP treatment (p<0.001). There were no differences in the
incidence of tooth extraction between patients with SS
and without SS (9% vs 9%, respectively).

DISCUSSION
We found that patients with SS were more susceptible to
ON]J than patients without SS. Patients with SS were even
susceptible to BPs, with a nearly ninefold increased risk
of BRON]J after tooth extraction compared with those
without SS.

There is a high risk of underdiagnosis of ON]J due to a
lack of awareness and the absence of unified diagnostic

4
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Figure 3 Interaction between the risk of osteonecrosis
of the jaw due to Sjégren’s syndrome and the use of
bisphosphonates.

criteria.'” Although the incidence of ONJ is rare, the
development of ONJ can be devastating. Recognition of
patients who are at higher risk is therefore crucial. Risk
factors for BRONJ include DM, cancer and the use of
corticosteroids, immunosuppressants and radiotherapy. A
significant association between ONJ and SS was observed
in a recent study analysing the Food and Drug Adminis-
tration (FDA’s) Adverse Event Reporting System.'® In this
study, we further confirmed that patients with SS were
susceptible to BRON] after tooth extraction. We specu-
late that impaired oral health due to dry mouth could
increase susceptibility to ONJ in patients with SS. Dry
mouth could result in increased tooth wear, high rates
of caries and repeated failure of dental restoration.’ 7 '®
In the current study, there were no differences in tooth
extraction between patients with and without SS. Low
saliva flow combined with acid reflux could lead to a low
pH in the oral cavity and overgrowth of acidophilic patho-
gens, which promote tooth decay and mucosal erosion.'®
Even when patients with cancer were excluded, the use
of BPs, suppuration and extractions remained associated
with ONJ."Y Changes in immune cell function and inflam-
mation, with an increased risk of chronic infection, predis-
pose patients with DM to the development of MRON]J.*
Rats with diabetes were also more susceptible to experi-
mental BRONJ than rats without diabetes.”' Steroids may
be used to treat SS-induced joint and muscle pain.** *
Whether the use of steroids increases the risk of ON]J is
still controversial. However, one study found that the use
of steroids did not increase the risk of ONJ in patients
with DM.** We further found that exposure to steroids,
radiotherapy or chemotherapy does not increase the risk
of ONJ in patients with SS. In this regard, we recommend
caution with regard to the use of BPs in patients with SS.
In the current study, we also found that patients with
SS were even more susceptible to BRON]J. Dysregulation
of the TGF-B/Smad signalling pathway and MMPs is asso-
ciated with both BRONJ and SS. Even low doses of BPs
can significantly affect the expression of genes involved
in osteoblast growth and differentiation through the
production of TGFE.?* Potent N-BPs, such as zoledronate,
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can inhibit ischaemia-induced neovascularisation by
impairing the mobilisation of endothelial progenitor cells
and angiogenic functions, as well reducing bone miner-
alisation within tooth extraction sockets, with impaired
bone healing.”*” Zoledronate suppresses TGF-B-induced
fibrous tissue through the inhibition of Smad-dependent
signal transduction.”® Increased TGF-B signalling was
observed in salivary glands with increased Smad2 phos-
phorylation and concomitant increases in extracellular
matrix deposition. In a murine model of SS, aberrant
TGF-B overexpression caused salivary gland hypofunc-
tion.* While many studies indicated that zoledronate
could reduce the expression or activity of MMPs, zoledro-
nate had been shown to increase the amount and enzy-
matic activity of MMP-9 during oral wound healing after
tooth extraction in a rat model.”” Activation of the innate
immune system and the production of interferons could
be the first stages of primary SS pathogenesis.” In human
salivary gland cells, interferons modulate and increase
the expression of MMP-2 and MMP-9.”' The circulating
levels of MMP-9 were increased in patients with SS.*

Limitations

Although we adjusted for confounding factors extensively
using multivariate logistic regression models, there were
several limitations and unmeasured confounders in our
study. Although this is a nationwide population-based
study, there was a limited number of BRONJ cases. The
NHIRD contains up to five ICD-9-CM diagnostic codes
for each medical utilisation. Some minor diseases and
inactive medical problems could be lost thereafter. The
NHIRD registry is not able to provide detailed informa-
tion on laboratory results, family histories and health-re-
lated lifestyle factors, such as alcohol consumption and
tobacco use. In this study, we used chronic obstruc-
tive pulmonary disease as a surrogate for tobacco use.
However, other confounders, such as alcohol consump-
tion, that lack suitable ICD-9CM coded surrogates could
still influence the results. The identification of BRON]
by using tooth extraction could also cause selection bias.
The relative risk of BRON]J after tooth extraction in
patients with cancer who are receiving BP is reported to
be up to 50 times higher than that in patients receiving
BP who have not undergone tooth extraction.'? 12333 We
did not address the association between ONJ and other
antiresorptive and antiangiogenic agents since there
were limited treatment periods and only small amounts
prescribed. Although our study identified the association
between SS and BRON], the cohort study design did not
enable the determination of a cause—effect relationship.
Further prospective follow-up studies, mechanistic studies
and animal experiments should be performed.

CONCLUSION

Patients with SS exhibit an increased risk of developing
BRON]J. BPs should be used with caution in patients with
SS.

Author affiliations

"Department of Pediatrics, Taoyuan Armed Forces General Hospital, Taoyuan, Taiwan
%Department of Pediatrics, Tri-Service General Hospital, National Defense
MedicalCenter, Taipei, Taiwan

®Department of Medical Research, Tri-Service General Hospital, National Defense
Medical Center, Taipei, Taiwan

“School of Public Health, National Defense Medical Center, Taipei, Taiwan
STaiwanese Injury Prevention and Safety Promotion Association, Taipei, Taiwan
®Department of Emergency Medicine, Tri-Service General Hospital, National Defense
Medical Center, Taipei, Taiwan

Taiwanese Injury Prevention and Safety Promotion Association, Taipei, Taiwan
®Division of Rheumatology, Immunology and Allergy, Department of Internal
Medicine, Tri-Service General Hospital, National Defense Medical Center, Taipei,
Taiwan

°Department of Physiology and Biophysics, Graduate Institute of Physiology,
NationalDefense Medical Center, Taipei, Taiwan.

Contributors M-TL and S-HT wrote the manuscript. J-CW and S-HT conceived
and designed the study. W-CC and C-HC provided the materials and analysis tools
for the study. C-HC and S-JC analysed the data. All the authors approved the
manuscript.

Funding This study was supported by grants from the Taoyuan Armed Forces
General Hospital (AFTYGH-10706 and 10707), the Tri-Service General Hospital
of the National Defense Medical Center in Taipei, Taiwan (TSGH-C107-004,
TSGHC107- 045, TSGH-C107-047) and the Ministry of Science and Technology
(MOST 106-2314-B-016-031 and MOST 106-2314-B-016-008-MY3).

Competing interests None declared.
Patient consent for publication Not required.

Ethics approval This study protocol was approved and carried out by the
Institutional Review Board of the Tri-Service General Hospital, National Defense
Medical Center, Taipei, Taiwan.

Provenance and peer review Not commissioned; externally peer reviewed.
Data sharing statement No additional unpublished data from the study.

Open access This is an open access article distributed in accordance with the
Creative Commons Attribution Non Commercial (CC BY-NC 4.0) license, which
permits others to distribute, remix, adapt, build upon this work non-commercially,
and license their derivative works on different terms, provided the original work is
properly cited, appropriate credit is given, any changes made indicated, and the use
is non-commercial. See: http://creativecommons.org/licenses/by-nc/4.0/.

REFERENCES

1. Khan AA, Morrison A, Hanley DA, et al. Diagnosis and management
of osteonecrosis of the jaw: a systematic review and international
consensus. J Bone Miner Res 2015;30:3-23.

2. Favia G, Tempesta A, Limongelli L, et al. Medication-related
osteonecrosis of the jaw: Surgical or non-surgical treatment? Oral Dis
2018;24(1-2):238-42.

3. Aljohani S, Fliefel R, Ihbe J, et al. What is the effect of anti-
resorptive drugs (ARDs) on the development of medication-related
osteonecrosis of the jaw (MRONJ) in osteoporosis patients: A
systematic review. J Craniomaxillofac Surg 2017;45:1493-502.

4. Vitali C, Bombardieri S, Jonsson R, 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;61:554-8.

5. Mavragani CP, Moutsopoulos HM. The geoepidemiology of Sjogren’s
syndrome. Autoimmun Rev 2010;9:A305-A310.

6. Critchlow D. Part 3: Impact of systemic conditions and medications
on oral health. Br J Community Nurs 2017;22-181-90.

7. Fisselier F, Comut AA. Contemporary management and full mouth
rehabilitation of a patient with Sjégren syndrome. J Prosthet Dent
2018;120:5-8.

8. Soejima K, Nakamura H, Tamai M, et al. Activation of MKK4 (SEKT1),
JNK, and c-Jun in labial salivary infiltrating T cells in patients with
Sjogren’s syndrome. Rheumatol Int 2007;27:329-33.

9. Nakamura H, Kawakami A, Yamasaki S, et al. Expression of mitogen
activated protein kinases in labial salivary glands of patients with
Sjogren’s syndrome. Ann Rheum Dis 1999;58:382-5.

Liao M-T, et al. BMJ Open 2019;9:6024655. doi:10.1136/bmjopen-2018-024655

“ybuAdoo Aq parosroid 1sanb Aq 20z ‘0T |Mdy uo ywod fwg uadolway/:dny wouy papeojumoq "6T0Z Arenigad €T U0 G59120-8T02Z-uadolwa/9eTT 0T Se paysignd isiy :uado NG


http://creativecommons.org/licenses/by-nc/4.0/
http://dx.doi.org/10.1002/jbmr.2405
http://dx.doi.org/10.1111/odi.12764
http://dx.doi.org/10.1016/j.jcms.2017.05.028
http://dx.doi.org/10.1136/ard.61.6.554
http://dx.doi.org/10.1136/ard.61.6.554
http://dx.doi.org/10.1016/j.autrev.2009.11.004
http://dx.doi.org/10.12968/bjcn.2017.22.4.181
http://dx.doi.org/10.1016/j.prosdent.2017.10.015
http://dx.doi.org/10.1007/s00296-006-0229-x
http://dx.doi.org/10.1136/ard.58.6.382
http://bmjopen.bmj.com/

10. Cheng CL, Kao YH, Lin SJ, et al. Validation of the national health
insurance research database with ischemic stroke cases in Taiwan.
Pharmacoepidemiol Drug Saf 2011;20:236-42.

11. Mao CT, Tsai ML, Wang CY, et al. Outcomes and characteristics of
patients undergoing percutaneous angioplasty followed by below-

knee or above-knee amputation for peripheral artery disease. PLoS

One 2014;9:e111130.
12. Kyrgidis A, Vahtsevanos K, Koloutsos G, et al. Bisphosphonate-

related osteonecrosis of the jaws: a case-control study of risk factors

in breast cancer patients. J Clin Oncol 2008;26:4634-8.

13. Vahtsevanos K, Kyrgidis A, Verrou E, et al. Longitudinal cohort
study of risk factors in cancer patients of bisphosphonate-related
osteonecrosis of the jaw. J Clin Oncol 2009;27:5356-62.

14. Yuh DY, Chang TH, Huang RY, et al. The national-scale cohort study

on bisphosphonate-related osteonecrosis of the jaw in Taiwan. J
Dent 2014;42:1343-52.

15. Fusco V, Santini D, Armento G, et al. Osteonecrosis of jaw beyond
antiresorptive (bone-targeted) agents: new horizons in oncology.
Expert Opin Drug Saf 2016;15:925-35.

16. Seneff S, Swanson NL, Koenig G, et al. Is GERD a factor in
osteonecrosis of the jaw? evidence of pathology linked to gépd
deficiency and sulfomucins. Dis Markers 2016;2016:1-14.

17. Fisselier F, Comut AA. Contemporary management and full mouth
rehabilitation of a patient with Sjogren syndrome. J Prosthet Dent
2018;120.

18. Christensen LB, Petersen PE, Thorn JJ, et al. Dental caries and
dental health behavior of patients with primary Sjégren syndrome.
Acta Odontol Scand 2001;59:116-20.

19. Barasch A, Cunha-Cruz J, Curro FA, et al. Risk factors for
osteonecrosis of the jaws: a case-control study from the CONDOR
dental PBRN. J Dent Res 2011;90:439-44.

20. Peer A, Khamaisi M. Diabetes as a risk factor for medication-related

osteonecrosis of the jaw. J Dent Res 2015;94:252-60.

21. Berti-Couto SA, Vasconcelos AC, Iglesias JE, et al. Diabetes
mellitus and corticotherapy as risk factors for alendronate-related
osteonecrosis of the jaws: a study in Wistar rats. Head Neck
2014;36:84-93.

22. Amialinei C, Caruntu ID, Giusca SE, et al. Matrix metalloproteinases
involvement in pathologic conditions. Rom J Morphol Embryol
2010;51:215-28.

23.

24.

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

Sholter DE, Armstrong PW. Adverse effects of corticosteroids on the
cardiovascular system. Can J Cardiol 2000;16:505-11.
Manzano-Moreno FJ, Ramos-Torrecillas J, Melguizo-Rodriguez L, et
al. Bisphosphonate modulation of the gene expression of different
markers involved in osteoblast physiology: possible implications

in bisphosphonate-related osteonecrosis of the jaw. Int J Med Sci
2018;15:359-67.

Tsai SH, Huang PH, Chang WC, et al. Zoledronate inhibits ischemia-
induced neovascularization by impairing the mobilization and
function of endothelial progenitor cells. PLoS One 2012;7:e41065.
Soares MQS, Van Dessel J, Jacobs R, et al. Zoledronic acid induces
site-specific structural changes and decreases vascular area in the
alveolar bone. J Oral Maxillofac Surg 2018;76.

Basi DL, Hughes PJ, Thumbigere-Math V, et al. Matrix
metalloproteinase-9 expression in alveolar extraction sockets

of Zoledronic acid-treated rats. J Oral Maxillofac Surg
2011;69:2698-707.

Komatsu Y, Ibi M, Chosa N, et al. Zoledronic acid suppresses
transforming growth factor-B-induced fibrogenesis by human gingival
fibroblasts. Int J Mol Med 2016;38:139-47.

Hall BE, Zheng C, Swaim WD, et al. Conditional overexpression of
TGF-betal disrupts mouse salivary gland development and function.
Lab Invest 2010;90:543-55.

Nocturne G, Mariette X. Advances in understanding the pathogenesis
of primary Sjogren’s syndrome. Nat Rev Rheumatol 2013;9:544-56.
Wu AJ, Lafrenie RM, Park C, et al. Modulation of MMP-2 (gelatinase
A) and MMP-9 (gelatinase B) by interferon-gamma in a human
salivary gland cell line. J Cell Physiol 1997;171:117-24.

Hulkkonen J, Pertovaara M, Antonen J, et al. Matrix
metalloproteinase 9 (MMP-9) gene polymorphism and MMP-

9 plasma levels in primary Sjogren’s syndrome. Rheumatology
2004;43:1476-9.

Saad F, Brown JE, Van Poznak C, et al. Incidence, risk factors, and
outcomes of osteonecrosis of the jaw: integrated analysis from three
blinded active-controlled phase lll trials in cancer patients with bone
metastases. Ann Oncol 2012;23:1341-7.

Hoff AO, Toth BB, Altundag K, et al. Frequency and risk factors
associated with osteonecrosis of the jaw in cancer patients

treated with intravenous bisphosphonates. J Bone Miner Res
2008;23:826-36.

Liao M-T, et al. BMJ Open 2019;9:6024655. doi:10.1136/bmjopen-2018-024655

“ybuAdoo Aq parosroid 1sanb Aq 20z ‘0T |Mdy uo ywod fwg uadolway/:dny wouy papeojumoq "6T0Z Arenigad €T U0 G59120-8T02Z-uadolwa/9eTT 0T Se paysignd isiy :uado NG


http://dx.doi.org/10.1002/pds.2087
http://dx.doi.org/10.1371/journal.pone.0111130
http://dx.doi.org/10.1371/journal.pone.0111130
http://dx.doi.org/10.1200/JCO.2008.16.2768
http://dx.doi.org/10.1200/JCO.2009.21.9584
http://dx.doi.org/10.1016/j.jdent.2014.05.001
http://dx.doi.org/10.1016/j.jdent.2014.05.001
http://dx.doi.org/10.1080/14740338.2016.1177021
http://dx.doi.org/10.1155/2016/8376979
http://dx.doi.org/10.1016/j.prosdent.2017.10.015
http://dx.doi.org/10.1080/000163501750266684
http://dx.doi.org/10.1177/0022034510397196
http://dx.doi.org/10.1177/0022034514560768
http://dx.doi.org/10.1002/hed.23260
http://www.ncbi.nlm.nih.gov/pubmed/20495735
http://www.ncbi.nlm.nih.gov/pubmed/10787466
http://dx.doi.org/10.7150/ijms.22627
http://dx.doi.org/10.1371/journal.pone.0041065
http://dx.doi.org/10.1016/j.joms.2018.03.007
http://dx.doi.org/10.1016/j.joms.2011.02.065
http://dx.doi.org/10.3892/ijmm.2016.2582
http://dx.doi.org/10.1038/labinvest.2010.5
http://dx.doi.org/10.1038/nrrheum.2013.110
http://dx.doi.org/10.1002/(SICI)1097-4652(199705)171:2<117::AID-JCP1>3.0.CO;2-R
http://dx.doi.org/10.1093/rheumatology/keh369
http://dx.doi.org/10.1093/annonc/mdr435
http://dx.doi.org/10.1359/jbmr.080205
http://bmjopen.bmj.com/

	Increased risk of bisphosphonate-related osteonecrosis of the jaw in patients with Sjögren’s syndrome: nationwide population-based cohort study
	Abstract
	Introduction ﻿﻿
	Methods
	Data source
	Patient and public involvement
	Sampled patients
	Statistical analysis

	Results
	Discussion
	Limitations

	Conclusion
	References


