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Abstract

Objectives Observational studies indicated a controversial relationship between periodontitis (PD) and Sjogren’s
syndrome (SS). To overcome restrictions in conventional observational studies, we conducted a two-sample
Mendelian randomization (MR) analysis to assess the potential bidirectional relationship between PD and SS.

Methods We utilized the largest available genome-wide association study (GWAS) of European ancestry on both PD
(17,353 cases-28,210 controls) and SS (2495 cases-365,533 controls) for MR genetic instrument selection. The random-
effect inverse-variance weighted (IVW) method complemented by Causal Analysis Using Summary Effect (CAUSE),
weighted median, weighted mode, simple mode, MR-Egger regression, and MR-pleiotropy residual sum and outlier
(MR-PRESSO) was used for MR analysis. Subsequent pleiotropy and heterogeneity tests were conducted.

Results VW analysis exhibited neither an effect of PD on SS (OR=0.939, 95%Cl=0.525-1.677, P=0.8304) nor that of
SSon PD (OR=1.007, 95%Cl=0.977-1.038, P=0.6440). The other five complementary methods further recognized the
null association with an effect size close to one. No significant pleiotropy was detected in the relationship between
PD and SS (P>0.05). Heterogeneity existed in the effect of PD on SS but not vice versa.

Conclusions No genetic causality between PD and SS or vice versa was supported by our results under MR
assumptions and limitations. The study results provided new insights into the relationship between periodontal status
and sjogren’s syndrome, highlighting the need for a more prudent medical intervention.
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Introduction

Periodontitis (PD) is a common dysbiotic inflammatory
disorder indicated by impaired integrity of periodon-
tium, including alveolar bone, cementum, gingiva, and
periodontal ligament [1-3]. The continuous breakdown
of periodontium tissue eventually leads to tooth loose-
ness and the loss of teeth if not properly treated, which
severely affects patients’ quality of life and causes enor-
mous socioeconomic burden [4, 5]. About 20-50% of the
global population suffer from PD, while severe PD affects
approximately 15% of the general population, mak-
ing it a leading prevalent chronic inflammatory disease
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worldwide [6, 7]. Notably, though PD has a complex eti-
ology at multiple levels, such as dysbiotic microbes fol-
lowed by destructive inflammation, previous studies have
shown that genetic susceptibility greatly contributes to
the etiopathogenesis of PD [1, 8].

Sjogren’s syndrome (SS) is an autoimmune disease
with unspecified etiology which primarily involves the
lacrimal and salivary glands, leading to excessive xeroph-
thalmia (dry eyes) and xerostomia (dry mouth) [9].
Moreover, SS patients can develop many systemic mani-
festations due to autoimmune-mediated involvement
in multiple organs, such as immune thrombocytopenia,
interstitial lung disease, and cardiovascular disease [10,
11]. Systemic sicca symptoms that can only be relieved by
symptomatic treatments and possibly associated fatigue,
depression, and decreased physical performance severely
jeopardize patients’ quality of life and increase their
financial burden [12].

It has long been recognized that PD might be linked
with multiple comorbidities, like cardiovascular disease,
chronic kidney disease, and diabetes [13, 14]. In terms
of PD-related autoimmune diseases, a bidirectional rela-
tionship between PD and rheumatoid arthritis was sup-
ported by many epidemiological studies [15]. However, as
for SS, this link remains controversial. Several epidemio-
logical studies highlighted that SS patients had a higher
risk of developing PD [16, 17], while patients with PD
were also more susceptible to subsequent SS develop-
ment [18]. Meanwhile, some key proinflammatory medi-
ators that might drive a higher risk of PD are elevated
in saliva extracted from patients with SS, such as IL-12,
IL-6, and IL-17, indicating the possible existence of a
shared etiopathogenesis among these two diseases [19—
22]. Several recent meta-analyses also supported these
findings [23-25]. However, there were also some studies
reporting no link between PD and SS [26, 27].

To overcome the restriction and bias of conven-
tional observational studies, including but restricted
to measurement error, reverse causality, and residual
confounding, an alternative method called Mendelian
randomization (MR) has a huge application value in
exploring the relationship between PD and SS. MR uti-
lizes exposure/outcome—associated single nucleotide
polymorphisms (SNPs) as instrumental variables (IVs)
that are distributed during meiosis at random and not
subject to reverse causation or residual confounding
[28, 29]. Hence, a bidirectional two-sample MR study
was conducted to assess the possible causal association
between PD and SS or vice versa by using statistics from
the largest genome-wide association studies (GWAS) of
PD from the GLIDE consortium and SS from FinnGen
consortiums [30, 31].
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Materials and methods

Study design

A bidirectional two-sample MR was carried out to assess
the possible causal association between PD and SS. IVs
randomly allocated during meiosis provides a good
opportunity to overcome reverse causation or residual
confounding in conventional observational studies [28,
29]. Three key assumptions of IVs must be simultane-
ously satisfied to gain reliable MR results: (1) relevance:
the genetic IVs are strongly correlated with the exposure;
(2) exchangeability: the genetic IVs have no link to any
confounders affecting the chosen exposure and outcome;
(3) exclusion restriction: the genetic IVs influence out-
come solely via the exposure [32].

All data analysis was operated in R (version 4.1.3)
through the package TwoSampleMR (0.5.6), cause (1.2.0)
and MRPRESSO (1.0). This paper followed the STROBE-
MR guideline [33]. In addition, all primary data were
derived from the largest publicly accessible GWAS, and
no independent ethical approval was necessary.

Data sources

The largest available GWAS on both PD and SS were uti-
lized to obtain proper genetic instruments in our two-
sample MR analysis [30, 31]. Twelve independent study
contributed to GWAS on PD with 17,353 PD cases and
28,210 controls, including (1) ARIC-Atherosclerosis
Risk in Communities; (2) COHRA1-The Center for Oral
Health in Appalachia cohort 1; (3) DRDR-the Dental Reg-
istry and DNA Repository of the University of Pittsburgh
School of Dental Medicine; (4) HCHS/SOL-the Hispanic
Community Health Study/Study of Latinos; (5) MDC-
the Malmo6 Diet and Cancer Study; (6) NFBC 1966-the
Northern Finland Birth Cohort 1966; (7) SHIP-the Study
of Health in Pomerania; (8) SHIP Trend-the Study of
Health in Pomerania Trend; (9) TWINGENE-a geno-
typed epidemiological study recruited from the Swed-
ish Twin Registry; (10) WGHS-the Women’s Genome
Health Study; (11) BBJ-Biobank Japan and (12) TMDU-
AGP-Tokyo Medical and Dental University Aggressive
Periodontitis Study [30]. Participants reached the criteria
of the Community Periodontal Index (CPI), Centers for
Disease Control and Prevention (CDC)/American Acad-
emy of Periodontology (AAP) definition, or self-reports
of PD diagnosis were considered as PD cases [34].

The summary statistics for the SS dataset were based
on FinnGen Release 9, managed by the University of Hel-
sinki [31]. A total of 2495 clinically diagnosed cases and
365,533 controls were accessed via phenocode ‘M13_
SJOGREN’ M35.0 (ICD-10), 7102 (ICD-9), and 73,490
(ICD-8) were included to diagnose SS patients, mainly by
ICD-10 code. Both GWAS were carried out in individuals
of European Caucasian ancestry with approvement from
the local institutional review board and ethics committee
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[30, 31]. The data description was also summarized in
Table 1.

GWAS, Genome-wide association studies; PD, Peri-
odontitis; SS, Sjogren’s syndrome; SNPs, Single nucleo-
tide polymorphisms.

Selection of the genetic instruments

We exploited a series of standard control strategies to find
valid IVs fulfilling three core assumptions of MR. Initially,
we selected SNPs for PD that were randomly allocated
and reached a strict threshold (P<5*10~%), while a more
lenient level of P<5*10™° was applied to encompassing
enough SNPs for SS. The clumping procedure (r*<0.001
and clumping size=10,000 kb) was conducted to account
for linkage disequilibrium (LD) and thus guarantee inde-
pendence among SNPs [35]. We excluded SNPs harbor-
ing a direct association with the outcome (P<5*107%)
to reach the third MR assumption. Furthermore, we
searched for potential risk confounders in PhenoScanner
(www.phenoscanner.medschl.cam.ac.uk/) to assure that
the genetic IVs affect outcome solely via exposure.

To reduce possible weak IV bias, F-statistic for
each IV was computed via the following formula:
F=R?x(N-2)/(1-R?. R? represents the percentage of
explained variance of the IVs, and F-statistics>10 were
recognized as strong IVs [36]. Finally, we harmonized the
data to ensure that the effect sizes of exposures and out-
comes aligned to identical effect alleles using the R com-
mand “harmonize_data”,

Mendelian randomization analysis

A variety of MR approaches were used to explore the
possible causal association between PD and SS. The
major MR outcome was based on random-effect the
inverse variance weighted (IVW) method, complemented
by simple mode, weighted mode, MR-Egger regression,
and the weighted median to demonstrate causal correla-
tions [37]. The statistical power was computed through
the mRnd website (https://shiny.cnsgenomics.com/
mRnd/) [38].

To assess and address possible pleiotropy, MR-Egger
regression with an intercept test was carried out, where
P value<0.05 was recognized as significant horizontal
pleiotropy [39]. Pleiotropy-robust methods, including the
MR Pleiotropy REsidual Sum and Outlier (MR-PRESSO)
and weighted median, were performed to account for
possible pleiotropy [40, 41]. However, these two com-
plementary methods tend to provide wider confidence
intervals (CIs), thus exhibiting lower precision than IVW

Table 1 Description of GWAS used for each phenotype
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[42]. In addition, we added Causal Analysis Using Sum-
mary Effect estimates (CAUSE) approach to validate our
MR analysis, which could theoretically classify causality
from correlated pleiotropy (a compromise of the second
MR assumption, arising when variants affect both expo-
sure and outcome through a shared genetic factor) [43],
consider possible uncorrelated horizontal pleiotropy
(a compromise of the third MR assumption), and mini-
mize false positives induced by shared heritable factors
in other MR approaches [44]. To examine heterogeneity,
Cochran’s Q statistic was calculated, where a random-
effect model was conducted when the P value<0.05 [45].
A funnel plot was used to examine polymorphisms and
thus gauge the reliability of the study results. Leave-one-
out analysis eliminating one SNP at a time was conducted
to diminish bias from a single SNP and thus detect the
robustness and consistency of our results.

Results

Causal effects of PD on SS

104 SNPs in total were finally selected as IVs to investi-
gate the possible causal impact of PD on SS, where their
associated descriptive statistics were summarized in
Table S1. 12.5% of the total variance was explained by
these SNPs extracted for PD as exposure, with an average
F-statistic of 77.1. No significant causal impact of PD on
SS was detected through the IVW method (OR=0.939,
95%CI1=0.525-1.677, P=0.8304) followed by other
four conventional MR methods (Fig. 1). MR-PRESSO
(OR=1.058, 95%CI=0.617-1.817, P=0.8370) also cor-
roborated these results, with no outlier detected. The
CAUESE analysis also showed no significant impact of PD
on SS (OR=1.51, 95% CI=0.01-259.82, P=0.93). No sig-
nificant horizontal pleiotropy was detected by the MR-
Egger intercept test with scatterplot (intercept=0.0140;
P=0.3511) (Fig. 2and Table 2). Heterogeneity was identi-
fied through Cochran’s Q (P=0.0419 for IVW; P=0.0418
for MR-Egger) (Table 2), while no high-influence lever-
age SNP was exhibited in leave-one-out analysis (Figure
S1). In addition, the funnel plot was symmetrical (Figure
S3).

Causal effect of SS on PD

Six SNPs explaining 5.01% of the variance of SS were
extracted as exposure for SS (Table S2). The average
F-statistic was 3099.6. Similarly, we found no significant
causal impact of SS on PD by IVW method (OR=1.007,
95%CI1=0.977-1.038, P=0.6440) complemented by four
other MR methods. MR-PRESSO did not find any outliers

Phenotype Data sources Cases Controls Sample size SNPs(n) Ancestry
PD GLIDE consortium 17,353 28,210 45,563 396,701 European
SS FinnGen 2495 365,533 368,028 20,170,011 European
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Outcome Exposure

Periodontitis Sjogren’s syndrome

Sjogren’s syndrome Periodontitis

Method
Inverse variance weighted
MR-Egger
Weighted median
Simple mode
Weighted mode
MR-PRESSO
Inverse variance weighted
MR-Egger
Weighted median
Simple mode
Weighted mode

MR-PRESSO
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OR (95% Cl) P value

- 0.939 (0.525-1.677) 0.8304
F— 0.527 (0.138-2.011) 0.351
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i { 2.033(0.523-7.897) 0.3079
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Fig. 1 Mendelian randomization estimates for the relationship between genetically instrumented periodontitis and Sjégren’s syndrome, and vice versa.
OR, odds ratio; Cl, confidence interval; IVW, inverse-variance weighted; MR-PRESSO, MR Pleiotropy RESidual Sum and Outlier

(OR=1.007, 95%CI=0.977-1.038, P=0.6634). CAUSE
indicated no causal effect for SS on PD (OR=0.852, 95%
CI=0.01-90.92, P=0.86). Neither heterogeneity between
individual SNPs nor horizontal pleiotropy was found
according to Cochran’s Q (P=0.6602 for IVW; P=0.0418
for MR-Egger) and MR-Egger intercept test with scatter-
plot, respectively (intercept=0.0037; P=0.1420) (Fig. 3).
Leave-one-out analysis indicated a robust result where
there was no single SNP strongly affecting the overall
causal estimation (Figure S2). Due to the small number of
SNPs for SS, the interpretation of funnel plot (Figure S4)
should be cautious.

Discussion
Up to now, this is the first bidirectional two-sample MR
study based on the largest available GWAS to explore
the potential causal association between PD and SS. No
causal link between PD and SS or vice versa was found on
the basis of mendelian randomization assumptions.
Previous researches assessing the relationship between
PD and SS seemed very contradictory. Our findings are
in line with several previous studies that found no signifi-
cant association between PD and SS, while those studies
solely focused on the possible risk of PD or unfavorable
periodontal status among patients with SS without con-
sidering whether PD patients have a different likelihood

of developing SS versus the general population [26, 27].
However, there were also several studies in contrast with
our results. Two systematic reviews with meta-analysis
similarly reported that SS patients were more likely to
suffer from PD or worse periodontal status, which was
not in line with our results [23, 25]. However, these two
studies still did not examine the risk of developing SS
among PD patients, and as kindly figured out by their
authors, the reliability of these results was impaired by
unsatisfied methodological quality of the primary stud-
ies in meta-analysis, high statistical heterogeneity with
no explicit source, or selection and cofounding bias in
observational studies. Only two studies considered that
PD patients might have a different likelihood of develop-
ing newly diagnosed SS comparing to the general popula-
tion, both of which reported that PD patients had higher
risk of developing SS [18, 46]. Another systematic review
without meta-analysis further recognized that current
evidence about the association between PD and SS or
vice versa was still inconclusive [47]. Possible explana-
tions for the discordance among these observational
studies included but are not restricted to potential con-
founders, such as smoking and other environmental fac-
tors, different population settings, and misdiagnosis of
early-stage SS with only minor clinical manifestations.
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Fig. 2 Scatterplot of the genetic association between periodontitis and Sjogren’s syndrome. Genetic association of periodontitis with Sjégren’s syndrome

Table 2 Heterogeneity test and pleiotropy test of genetic variants

Exposure Heterogeneity Pleiotropy
Outcome MR Egger VW MR Egger
Cochran’s Q P value Cochran’s Q P value Egger intercept P value
Periodontitis Sjogren’s syndrome 127.9803 0.0418 129.0815 0.0419 0.0140 0.3511
Sjogren’s syndrome Periodontitis 7.8305 0.0980 8.2702 0.1420 0.0037 0.6602

Q, heterogeneity statistic Q

These shortcomings in conventional observational stud-
ies could lead to significant heterogeneity [48].

Our study possesses multiple strengths. Initially, this
is the first MR research derived from the largest GWAS
on both PD and SS currently available, complying with
the STROBE-MR statement [33]. Prudential MR design
with the IVW method complemented by four traditional
MR methods, CAUSE analysis, and sensitivity analy-
ses has great potential in avoiding reverse causality and
residual confounding in traditional observational stud-
ies. In addition, there was no evidence for any IV of both
PD and SS being correlated to potential confounding fac-
tors by searching the PhenoScanner. The IVs in this study
are strong enough (F statistic much greater than 10) to
diminish potential bias from sample overlap.

Although the MR design gives us a valuable opportu-
nity to explore possible causality between PD and SS,
there are still some limitations. Although we tried to
extract genetically similar cohorts, the genetical differ-
ence between GLIDE consortium on European popula-
tions and FinnGen on Finnish samples could introduce
bias in our study. However, the GLIDE consortium on
the European comprises a subset of participants of Euro-
pean Caucasian ancestry from Finland, which partially
intersected with participants from FinnGen database for
Sjogren’s syndrome and reduced bias. The subsequent
heterogeneity could be further improved by valid mea-
sures of the oral disease or endpoint and IVW method
with random effects as the major analysis [49, 50]. More-
over, both two GWAS on PD and SS were derived from
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Fig. 3 Scatterplot of the genetic association between Sjogren’s syndrome and periodontitis. Genetic association of Sjégren’s syndrome with periodontitis

individuals of European ancestry, which might cause
potential overlap in the exposure and outcome cohorts
and hinder the generalizability of our study. To encom-
pass enough SNPs for SS as IV, a more lenient threshold
(P<5*107°) was applied [51]. A total of 104 SNPs were
extracted for PD as exposure and expressed 12.5% of
the variance, while only 6 SNPs were selected for SS as
exposure, explaining only 5.01% of the variance. Since 5
of 6 SNPs for SS had low effect allele frequency (<0.05)
(Table S2), we have to reserve these SNPs instead of dele-
tion. Although a satisfied statistic power (100% to yield
an OR of 1.20) was established to explain an impact of PD
on SS, a lower power existed in the effect of SS on PD
(13% power to yield an OR of 1.20). Inherent heterogene-
ity was found with the effect of PD on SS, which is likely
to influence results. Fortunately, it could be accepted
since we utilized IVW method with random effects as
the major analysis [32]. Regarding the interpretation and
future practice of our MR analysis, its evidence quality is
below that of standard randomized clinical trials (RCTs)
and systematic reviews of RCTs according to the evi-
dence-based pyramid [43, 52]. Last, deidentified GWAS
data without specific personal information impeded

us from performing a more detailed subgroup analysis
based on more specific population settings, where future
studies can be improved as the GWAS database expands
and is refined.

Conclusions

No genetic causality between PD and SS or vice versa was
supported by our results under MR assumptions and lim-
itations. The study results provided new insights into the
correlation between periodontal status and SS, highlight-
ing the need for a more prudent medical intervention.
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