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ABSTRACT

Introduction: Observational research suggests that periodontitis affects psoriasis. However,
observational studies are prone to reverse causation and confounding, which hampers drawing
causal conclusions and the effect direction. We applied the Mendelian randomization (MR)
method to comprehensively assess the potential bi-directional association between periodonti-
tis and psoriasis.

Methods: We used genetic instruments from the largest available genome-wide association
study (GWAS) of European descent for periodontitis (17,353 cases, 28,210 controls) to inves-
tigate the relationship with psoriasis (13,229 cases, 21,543 controls), and vice versa. The
Causal Analysis Using Summary Effect estimates (CAUSE) and inverse variance weighted
(IVW) MR analyses were used for the primary analysis. Robust MR approaches were used as
sensitivity analyses.

Results: Both univariable methods CAUSE and IVW MR analyses revealed neither an impact
of periodontitis on psoriasis (CAUSE odds ratio (OR)=1.00, P=1.00; IVW OR=1.02.
P=0.6247) nor vice versa (CAUSE OR=1.01, P=0.5135; IVW OR=1.00, P=0.7070). The null
association was corroborated by pleiotropy-robust methods with odds ratios close to one and
P-values > 0.59. Overall, MR analyses did not suggest an effect of periodontitis on psoriasis.
Similarily, there was no evidence to support an effect of psoriasis on periodontitis.
Conclusion: Within the limits of this MR study, the outcomes neither supported periodontitis
affecting psoriasis nor psoriasis affecting periodontitis.
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CLINICAL RELEVANCE

Scientific rational for the study: Previous observational research suggested a relationship
between periodontitis and psoriasis. Observational estimates on the association of periodonti-
tis and psoriasis might be subject to confounding or reverse causation.

Principal findings: Application of complementary Mendelian randomization approaches to
investigate causality did not indicate an effect between periodontitis and psoriasis, and vice
versa.

Practical implications: The study results do suggest that treatment for periodontal disease or
psoriasis would improve comorbid disease activity.




INTRODUCTION

Periodontitis is a microbially-associated inflammatory disease of the tooth-supporting tissue
that affects approximately 50% of the adult population, with 10% suffering from severe perio-
dontitis (Bernabe et al., 2020). Periodontitis is associated with the presence of a dysbiotic mi-
crobial community in a susceptible host (Hajishengallis, Chavakis, & Lambris, 2020). Alt-
hough bacteria are required in the pathogenesis, it is the host inflammatory response to the
microbial challenge that drives immune cell-mediated self-degradation of periodontal tissue
resulting in tooth loss (van Dyke, Bartold, & Reynolds, 2020). Psoriasis is a chronic papu-
losquamous inflammatory skin disease often accompanied with concomitant comorbidities
approximately prevalent in 2-4% of the general population (Christophers, 2001). A distinct
configuration of the skin microbiota have been shown for psoriasis patients characterized by
co-occuring bacterial communities (Fyhrquist et al., 2019). The exact role of bacteria, strepto-
cocci in particular, in the pathogenesis of psoriasis remains unresolved, an abnormal immune
response to dysbiotic skin microbiota has been proposed as mechanistic link (Langan et al.,
2018; Langan et al., 2019; Liang et al., 2021).

Whereas an imbalance in the periodontal microbiota and the inflammatory response of the
host explains local tissue destruction, it is unclear whether this imbalanced relationship can
link periodontal disease with extra-oral comorbidities such as psoriasis. Several observational
studies proposed an association between periodontitis and psoriasis, which has been substanti-
ated by meta-analyses (Ungprasert, Wijarnpreecha, & Wetter, 2017) (Zhang, Gu, Xie, & Su,
2020) estimating pooled odds ratios (OR) ranging from of 1.55 (95% confidence interval (CI),
1.35-177) to 2.87 (95% CI, 1.75-4.69). In both periodontitis and psoriasis the predominant
immune response is neutrophilic (Christophers, 2017) and further common etiopathogenesis
pathways have been hypothesized (Falcao & Bullon, 2019) Proinflammatory cytokines play
key roles in both periodontitis and plaque psoriasis. The available evidence from immunologi-
cal and genetic studies highlighted the immunological circuits that converge on adaptive im-
mune pathways involving IL-17, IL-23, TH17, TNF-alpha and TNF-gamma in psoriasis and
periodontitis (Griffiths, Armstrong, Gudjonsson, & Barker, 2021; Hawkes, Chan, & Krueger,
2017; Marchesan et al., 2020). IL-17, TNF-alpha and IL-36 contribute to amplification of
self-sustaining inflammatory circuits and influx of neutrophils in psoriasis.

The emerging findings that inflammatory processes in different peripheral tissues may be in-
terlinked may improve our mechanistic understanding of comorbidities. A recent meta-analy-
sis including eight studies reported a significantly worse periodontal health among psoriasis
patients (Qiao et al., 2019)

However, both diseases share several risk factors such as smoking, alcohol consumption,
stress and immune depression (Sharma, Raman, & Pradeep, 2015) which might act as con-
founders leading to spurious correlation and are difficult to control in observational studies. In
particular, smoking and alcohol consumption have been recently reported to be causally asso-
ciated with periodontits (Baumeister et al., 2021)

Mendelian randozimation (MR) is an alternative approach to account for observational bias
(Burgess, Foley, & Zuber, 2018; Burgess et al., 2019). MR relies on the natural, random as-
sortment of genetic variants during meiosis yielding a random distribution of genetic variants
in a population. Individuals are naturally assigned at birth to inherit a genetic variant that af-
fects a risk factor or disease susceptibility, or not inherit such a variant. The natural randomi-
zation that occurs in the generation of each individual’s genetic makeup is analogous to the
design of a randomized trial. MR uses instrumental variable (IV) analysis where the genetic
variants are the instruments, analogous to the random assignment to treatment and control
groups in a randomized trial. Because the genetic variants are typically unassociated with con-
founders, differences in the outcome between those who carry the variant and those who do
not can be attributed to differences in risk factor or disease susceptibility. Thus, MR provides




a reliable understanding of the influence of modifiable exposures on the trait of interest com-
pared to traditional observational studies which are susceptible to confounding or reverse cau-
sation (Richmond & Davey Smith, 2021). We carried out a bidirectional MR study on the as-
sociation of periodontitis and psoriasis and carried out a series of sensitivity analyses to ac-
count for pleiotropic single nucleotide polymorphisms (SNPs) associated with potential con-
founding factors.

MATERIALS AND METHODS

In MR analyses, genetic variants strongly associated with an exposure will be exploited as
IVs to investigate the potential causal effect of an exposure with an outcome of interest (Bur-
gess et al., 2018). Due to the random assignment of genetic variants at conception, MR esti-
mates are not biased by confounding, reverse causation, and measurement error. Most com-
monly, inference is based on SNPs as [Vs identified by genome-wide association studies
(GWAS) (Burgess et al., 2018). For the validity of each IV, three main assumptions have to
be fulfilled: (1) robust association between the instrument and the exposure (‘relevance’), (2)
instruments affects the outcome through the exposure (‘exclusion restriction’) and the genetic
variant is not associated with confounders of the exposure-outcome association (‘exchangabil-
ity’) (Labrecque & Swanson, 2018). To satisfy the first MR assumption, we selected SNPs as-
sociated with the exposure at a significance threshold of P<5x107 for periodontitis and
P<5x10 for psoriasis. From these set of SNPs, we select only independent instruments with
the lowest p-value by calculating pairwise linkage disequilibrium (LD) and omitting SNPs
with 12>0.001 (Burgess et al., 2019). Further verification of the first assumption was made by
computing the F-statistic and the proportion of the explained phenotypic variance by all SNPs
(Burgess & Thompson, 2011).

We performed two-sample MR analysis based on summary statistics from the largest availa-
ble GWAS on periodontitis and psoriasis including 17,353 periodontitis cases and 28,210
controls (Shungin et al., 2019) based on the GLIDE consortium (Shungin et al., 2015) as well
as 13,229 psoriasis cases and 21,543 controls (Tsoi et al., 2017). Both GWAS were conducted
in people of European Caucasian descent. Periodontitis cases were classified by either the
Centers for Disease and Control and Prevention/American Academy of Periodontology case
definition (CDC/AAP) (Page & Eke, 2007) or the Community Periodontal Index (CPI)
(World Health Organization, 2013), which is based on probing depths and number of deep
periodontal pockets (Shungin et al., 2015). Psoriasis was diagnosed by experienced physi-
cians. All included GWAS obtained ethical review board approval and informed consent as
described in the respective original manuscript (Shungin et al., 2019; Tsoi et al., 2017).

For analyses, genetic variants from different studies were harmonized with regard to their ef-
fects, and palindromic SNPs (i.e. SNPs whose alleles consist of a base and its complementary
base) were excluded. In order to maintain consistency in SNPs used as I'Vs across different
analysis, we only used variants available for all examined traits and did not replace missing
variants by proxies.

Statistical analyses

Statistical Power was calculated according to Brion et al. (Brion, Shakhbazov, & Visscher,
2013), which exploits asymptotic theory and derives the power via the non-centrality parame-
ter from the respective asymptotic y>-distribution. As primary analysis we applied the Causal
Analysis Using Summary Effect estimates (CAUSE) approach (Morrison, Knoblauch, Mar-
cus, Stephens, & He, 2020), which has been demonstrated to outperform other established
methods to detect causal relationships in the presence of pleiotropy (Wang, Gao, Fan, Xue, &
Zhou, 2021). In addition, we carried out a series of sensitivity analyses including pleiotropy-
robust methods.
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First, we harmonized summary statistics results to ensure effect size alignment and to prohibit
strand mismatch. Then we carried out CAUSE, which incorporates all genetic variants after
clumping and thereby increases statistical power, with periodontitis as exposure and psoriasis
as outcome and vice versa. CAUSE used genome-wide summary statistics to disentangle cau-
sality (i.e., SNPs affect psoriasis through their effect on periodontitis) from correlated pleiot-
ropy (i.e., violation of the MR exchangeability assumption whereby SNPs are associated with
periodontitis and psoriasis through a shared heritable factor), while taking into account uncor-
related horizontal pleiotropy (an exclusion restriction violation where the SNPs associate with
periodontitis through separate mechanisms). It uses Bayesian modeling to assess whether the
sharing model (the model that fixes the causal effect at zero) fits the data at least as well as
the causal model (the model that allows a causal effect different from zero) (Morrison et al.,
2020).

To complete the picture, we carried out the standard inverse-variance weighted (IVW) MR
with the multiplicative random effects model (Burgess et al., 2019) for which valid estimates
of the exposure on the outcome are based on all three fulfilled assumptions. (Labrecque

& Swanson, 2018)Weak instrument-exposure association might reduce the plausibility of MR
relevance assumption. Therefore, we examined F statistics of the instruments and calculated
the explained phenotypic variance. Violations of assumptions (2) and (3) can occur through
horizontal pleiotropy, i.e. instruments exert an effect on the outcome independent of the expo-
sure. To investigate pleiotropy, we searched for previously reported associations of instru-
ments with the shared risk factors, in particular smoking and alcohol consumption, in PhenoS-
canner (www.phenoscanner.medschl.cam.ac.uk/) and the GWAS Catalog
(www.ebi.ac.uk/gwas/). In addition, we performed a suite of pleiotropy-robust methods
(weighted median, robust adjusted profile score (RAPS), radial regression, MR pleiotropy re-
sidual sum and outlier (MR-PRESSO)) to address the issue of pleiotropy (Slob & Burgess,
2020). Finally, we examined the heterogeneity of the ratio estimators using Cohran’s Q, I?
statistic, and the MR Egger intercept, and performed leave-one-SNP-out analysis.

All analyses were performed using the packages cause (1.2.0), MendelianRandomization
(0.5.1), TwoSampleMR (0.5.6) and MR-PRESSO (1.0) in R, version 4.0.5. Reporting follows
the STROBE-MR statement (Skrivankova et al., 2021). The study protocol was not pre-regis-
tered.

RESULTS

Descriptive statistics on phenotypes from studies included in the GWAS on exposure and out-
come, including the number of individuals suffering from periodontitis classified by
CDC/AAP and CPI, are presented in Table S1.

The CAUSE analysis showed no effect of periodontitis on psoriasis (OR=1.0, 95% credible

interval (CredIn)=0.16-6.17, P=1.00). Similarily, CAUSE did not indicate an effect of psori-
asis on periodontitis (OR=1.01, 95% CredIn=0.97-1.04, P=0.5135). Similar effect estimates
were produced when the IVW method was used (Table 1, Figure 1).

Pleiotropy-robust methods corroborated the findings of no effect of periodontitis on psoriasis
(0.5918<P<0.6868) or vice versa (0.7014<P<0.9837, Table 1). The 76 and 46 SNPs selected
als I'Vs for periodontitis and psoriasis explained 3.1% and 14.6% of the variance, respec-
tively (Table S2). The F-statistics ranged between 16.5-25.1 and 29.9-918.3 for periodontitis
and psoriasis (Table S2). Both, the explained phenotypic variance and the high F-statistics of
the variants verifies MR assumption (1). No substantial heterogeneity between Wald ratios in
the IVW estimate was observed (Table 2) and leave-one-out analysis did not reveal any lev-
erage points with high influence (Table S3). Using the PhenoScanner and GWAS Catalog,
we also did not find any genetic instrument of periodontits and psoriasis to be associated
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with any potential confounder (Table S4). Pleiotropy robust MR methods showed similar re-
sults to IVW (Table 1, Figure 1). Low or no heterogeneity, no indication of potential con-
founding SNPs and similar results by pleiotropy robust analyses implicitly reassures that MR
assumptions (2) and (3) hold.

On a 5% significance level, our analyses had a power of >87% to detect a causal effect of
OR=1.2 of periodontitis on psoriasis and a power of >96% for a causal effect of OR=1.1 of
psoriasis on periodontitis (Table S5).

DISCUSSION

The results of the MR study do not support evidence for an effect of periodontitis on psoriasis
or for an effect of psoriasis on periodontitis. The MR analysis, the CAUSE in particular, was
powered to detect small effects, and produced consistent estimates using different MR tech-
niques. Our MR estimates contradict the available observational studies, which suggested a
bidirectional association of periodontitis and psoriasis (Qiao et al., 2019; Ungprasert et al.,
2017; Zhang et al., 2020). Although several pathogenic links between both diseases have been
suggested due to shared common immunologic response (Dalmady, Kemény, Antal, &
Gyulai, 2020; Griffiths et al., 2021; Hawkes et al., 2017; Marchesan et al., 2020), our MR
study does not support a causal link in either direction, as the estimated relative risks were
close to zero. One explanation could be that previously observed associations between perio-
dontitis and psoriasis is coincidental or thwarted by an unknown confounder. Moreover, a
causal link between periodontitis and psoriasis or conversely cannot be established in obser-
vational studies because most patients with periodontitis exhibit systemic health problems.
Periodontitis is often accompanied by a range of systemic diseases (Hajishengallis

& Chavakis, 2021; Holmstrup et al., 2017; Teles, Wang, Hajishengallis, Hasturk, &
Marchesan, 2021) and most psoriatic patients suffer from numerous comorbidities (Pearce et
al., 2005) including rheumatological, cardiovascular and psychiatric complications (Greb et
al., 2016). Therefore, it is possible that these comorbidities, and in particular those sharing in-
flammatory pathways, contribute to the association between periodontitis and psoriasis.
Nevertheless, the applied complementary MR approaches yielded homogeneous results with
point estimates slightly above and below 1 for both hypotheses - psoriasis influencing perio-
dontitis and vice versa - with highly overlapping confidence intervals. Consequently, it is un-
likely that periodontitis and psoriasis are causally related. If this is the case, the strength of the
effects are unlikely to be of clinical significance. The study had limitations. MR based on ge-
netic summary statistics limits the range of analyses. However, based on the observed and
consistent negative results from several complementary approaches with effect estimates
close to one, it is unlikely that the finding is distorted by any form of bias. MR analyses are
less susceptible to bias involving violation of MR assumptions and provide robust evidence
when effects are very small or absent (VanderWeele et al., 2014). The CAUSE analysis ex-
ploits the full range of genetic variants with no evidence for a causal relationship between
periodontitis and psoriasis. The wide credible intervals for these estimates may suggest low
power to rule out very small effects. However, the null association was corroborated by uni-
variable and pleiotropy-robust MR approaches. The genetic instruments explained 3.4% and
14.6% of the phenotypic variance of periodontitis and psoriasis with minimum F statistics of
16.48 and 29.94, consistent with the absence of weak instrument bias. One should keep in
mind that MR studies are located at the interface between observational and interventional
studies and therefore in the evidence-based pyramid below randomized clinical trials (RCTs)
and systematic reviews of RCTs (Davies, Holmes, & Davey Smith, 2018). Another limitation
is that the partial CPI commonly underestimates severe periodontitis and overestimates less-
severe periodontitis (Baelum, Fejerskov, Manji, & Wanzala, 1993), which miss-identified the
numerator of the MR Wald ratio estimator.




CONCLUSION

In conclusion, our study does not indicate that periodontitis causally affects psoriasis or con-
versely. However, caution is warranted before generalization of the findings and further stud-
ies are needed to finally clarify the subject. We stress on the importance of combining evi-
dence from multiple lines of observational and experimental research that align to strengthen
causal inference (Munafo, Higgins, & Smith, 2021). In-vivo studies of animal models would
thus further strengthen the evidence on putative bidirectional causation between periodontitis
and psoriasis.
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Table 1 Mendelian randomization estimates for the relationship between genetically in-
strumented periodontitis and psoriasis and vice versa
Outcome Exposure Method OR (95% CI) P value
psoriasis periodontitis  Inverse variance weighted 1.017  (0.95-1.088) 0.6247
Weighted median 1.020 (0.926-1.123) 0.6868
Robust adjusted profile score  1.019 (0.947-1.098) 0.6098
IVW radial 1.017 (0.956-1.082) 0.5918
MR-PRESSO 1.017  (0.956-1.082) 0.5935
Ez“‘)doml psoriasis Inverse variance weighted 0.995 (0.967-1.023) 0.7070
Weighted median 1.000 (0.959-1.044) 0.9837
Robust adjusted profile score ~ 0.995 (0.965-1.026) 0.7471
IVW radial 0.995 (0.967-1.023) 0.7014
MR-PRESSO 0.995 (0.967-1.023) 0.7033

IVW, inverse variance weighted; OR, odds ratio; CI, confidence interval; MR-PRESSO, MR Pleiotropy RESid-

ual Sum and Outlier.
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Table 2 Heterogeneity of Wald ratios and MR-Egger test for directional pleiotropy
Heterogeneity
Exposure Outcome Q df I? p value
periodontitis psoriasis 59.1 71 0.20 0.8424
psoriasis periodontitis 42.3 44 0.04 0.5443
MR-Egger test for directional pleiotropy
Exposure Outcome Intercept se p value
periodontitis psoriasis -0.0082 0.0079 0.3060
psoriasis periodontitis -0.0009 0.0054 0.8680

Q, heterogeneity statistic Q; df, degree of freedom; se, standard error
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Figure 1 Mendelian randomization estimates for the relationship between genetically in-
strumented periodontitis and psoriasis and vice versa. IVW, inverse variance weighted;
RAPS, Robust adjusted profile score; MR-PRESSO, MR Pleiotropy RESidual Sum and Out-
lier; OR, odds ratio; CI, confidence interval.
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