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Abstract

Background: Previous studies have indicated that patients with Sjogren’s syndrome (SS) exhibit an increased risk of
cardiovascular disease (CVD). However, the causal association between SS and CVD risk remains to be elucidated.

Objectives: This investigation explored the genetic relationship between SS and CVD risk through Mendelian
randomization (MR).

Methods: We identified the genetic association between SS and CVD incidence via two-sample MR analysis based on
summary statistics from publicly available genome-wide association studies (GWAS). The inverse-variance weighting
(IVW) method was used for the primary analysis in our study. Additionally, we conducted several sensitivity analyses to
confirm the stability and reliability of the MR results.

Results: MR analysis revealed that SS was not significantly associated with the risk of various CVDs, including atrial fibrillation
(AF) (odds ratio [OR] = 0.98, 95% confidence interval [CI] = 0.95-1.01; p = 0.22), ischemic stroke (IS) (OR = 0.99, 95%
Cl = 0.93-1.05; p = 0.68), heart failure (HF) (OR = 1.00, 95% CI = 0.96-1.04; p = 0.91), coronary artery disease (CAD)
(OR = 0.99, 95% CI = 0.94-1.04; p = 0.60), and myocardial infaion (MI) (OR = 1.01, 95% CI = 0.97-1.06; p = 0.61).

Conclusions: Our MR study did not provide genetic evidence supporting a causal association between SS and CVD incidence.
The associations reported in prior observational studies may be due to residual confounding and reverse causality.
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Introduction

Cardiovascular disease (CVD) is the foremost cause of
morbidity and mortality worldwide; every year, millions of people
are affected by conditions such as atrial fibrillation (AF), heart
failure (HF), coronary artery disease (CAD), myocardial infaion
(M), and ischemic stroke (IS). A recent epidemiological study
indicated that CVD was projected to cause approximately 19
million deaths globally in 2020, representing an 18.7% increase
from 2010." According to the Medical Expenditure Panel Survey
(MEPS), the combined annual direct and indirect costs of CVD
in the United States were estimated at $378 billion between
2017 and 2018.? Individuals with CVD typically experience a
diminished quality of life, limited physical functionality, frequent
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hospitalizations, and a need for ongoing medical care. These
factors collectively contribute to significant productivity losses and
broader economic impacts on society.** Common autoimmune
diseases, such as systemic lupus erythematosus and rheumatoid
arthritis, have been identified as risk factors for CVD.>” However,
the causal relationship between CVD and Sjogren’s syndrome
(SS) is still unclear. A meta-analysis by Beltai et al. highlighted
that patients with SS exhibited an increased risk of HF, coronary
morbidity, cerebrovascular morbidity, and thromboembolic
morbidity.®> Another meta-analysis indicated a potential link
between SS and subclinical atherosclerosis.” However, a large-
scale retrospective study revealed no association between SS and
HF'° Additionally, the consistency of the association between SS
and various types of CVD has varied across different studies. 8112
The interference of confounders and the issue of reverse causality
further complicate the interpretation of results from traditional
observational studies.” This prevailing uncertainty underscores
the imperative for methodologically robust investigations, such as
Mendelian randomization (MR) studies, to elucidate the potential
genetic underpinnings of the causal relationship between SS
and CVD outcomes. MR represents a novel epidemiological
method that employs single-nucleotide polymorphisms (SNPs)
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No casual association between SS and CVD risk through MR

as instrumental variables (IVs) to infer causal relationships
between exposures and outcomes. MR offers a significant
advantage in mitigating the influence of confounding variables
and preventing reverse causation. At conception, individuals
inherit a random assortment of genetic variants from their
parents. This random allocation mimics the random assignment
in a randomized controlled trial, which is the gold standard for
avoiding confounders." Moreover, MR helps to prevent reverse
causation by utilizing genetic variants as IVs, which are fixed
at birth and hence are not influenced by the outcomes under
study. This ensures that the direction of causation flows from the
exposure to the outcome, not the other way around.'® Therefore,
MR can be thought of as “nature’s randomized controlled trial.”

In this study, genetic variants associated with SS were
utilized as IVs to investigate potential causal links between
SS and CVD risk.

Materials and methods

Ethics statement

The data used in this analysis were obtained from
publicly available databases that had been previously
scrutinized and approved by respective ethical committees
in earlier studies or by governing institutions.

Study design

In the present study, we explored the potential
causal relationship between SS and CVD incidence
using a two-sample MR analysis of data obtained from
a publicly available database of large-scale genome-
wide association studies (GWAS). For MR to provide
unbiased causal estimates, three core assumptions
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must be satisfied."” First, the genetic variants used as an Selection criteria for genetic IVs
instrument must be robustly associated with the exposure

The following criteria were used to select SNPs for use in
of interest (SS).

this study: (1) Each chosen SNP should exhibit a significant

Second, the genetic variant must be independent of any  association with SS at the genome-wide level (p < 5x10-
confounder of the exposure—outcome relationship. Third, 8).1% (2) Individual SNPs must adhere to the condition of
genetic variants must affect outcomes (CVDs) only through  independence, as evidenced by linkage disequilibrium
their effect on the exposure variable (SS) and not through ~ with a threshold of r* < 0.001, indicating that they are
any other pathways. The principle of the design is shown  not connected with confounders affecting the exposure—
in Figure 1. outcome relationship. (3) We ensured the robustness of our

GWAS database for SS (exposure)

Assumption 1 H P < 5x10®
IVs influence risk of the outcomes i LD: r? < 0.001 :
directly throug the exposure : F-statistic :
\
20 SNPs
T T —— i
Assumption 2 : 8 SNPs associated with ~ }
IVs are not associated with i confounders were removed
confounders S T ST
A\ J
12 SNPs

Assumption 3 i ] )
IVs influence risk of outcomes directly i No SNPs directly affected the
through the exposure | outcomes '

v

12 SNPs as 1Vs

Harmonizing genetic variants within SS and CVDs
datasets (outcomes) from the respective GWAS

datasets
MR analysis
l \J l
Weighted median Inverse-variance weighted MR-Egger
Sensitivity analyses
v

Cochran’s Q test
Intercept of th MR-Egger
MR-PRESSO
Leave-one-out analysis
Funnel plot

Figure 1 - Overview of the study design. CVD: cardiovascular disease; GWAS: genome-wide association studies; IV: instrumental
variable; LD: linkage disequilibrium; MR: Mendelian randomization; MR-PRESSO: Mendelian randomization pleiotropy residual sum
and outlier; SNP: single-nucleotide polymorphism; SS: Sjégren’s syndrome.

Int J Cardiovasc Sci. 2026; 39:e20250074



Gao et al.
Genetic association of SS and CVD

Original Article

genetic instruments through the selection of SNPs based on
a minor allele frequency threshold of > 0.05. (4) Proxy SNPs
(R? > 0.8) were also used to strengthen our analysis when
SNPs were not directly genotyped in the validation datasets.
(5) To avoid bias caused by weak variants, the F-statistic
for each SNP should be greater than 10." The F-statistic
was calculated as R? X (n — 2) /(1 — R?). R? represents the
amount of variance in the exposure variable explained by a
single 1V, and n is the sample size of the exposure GWAS.?°
Additional details can be found in Supplementary Table 1.
(6) PhenoScanner V2 (www.phenoscanner.medschl.cam.
ac.uk) was used to identify and exclude SNPs associated
with confounding factors of CVD, thus ensuring the absence
of pleiotropy for each SNP.*'

Data sources

The data utilized in this study were sourced from
the largest publicly available GWAS database, and the
populations used in this study included only participants
of European ancestry. The diagnostic criteria were based
on the International Classification of Diseases codes. The
SNP information extracted included parameters such as
effect size (B), p value, effect frequency, and effect allele.

The SS data were obtained from the FinnGen consortium,
specifically from its R9 version (URL: https://www.finngen.
fi/en), which comprises 394,918 samples, including
2,495 patients and 392,423 control participants. For AF,
we selected a GWAS comprising 1,030,836 individuals,
of whom 60,620 were AF patients and 970,216 were
control participants.?> The CAD data were sourced from
a meta-analysis conducted using UK Biobank data and
supplemented with data from the CAD Genome Wide
Replication and Meta-analysis (CARDIOGRAM) plus the
CAD Genetics; in total, the meta-analysis included 122,733
patients and 424,528 control participants.?® Data concerning
HF were derived from the HF Molecular Epidemiology for
Therapeutic Targets (HERMES) consortium, which included
47,309 patients of European ancestry and 930,014 control
participants.?* The IS dataset included 34,217 patients and
406,111 control participants.?> The Ml dataset, which was
provided by UK Biobank, included 10,616 patients and
452,317 control participants (URL: https://www.ukbiobank.
ac.uk/). The GWAS data sources employed in our study are
provided in Table 1.

Table 1 - Details of the GWAS included in the MR

Statistical analysis

In our MR study, we employed three methods: inverse-
variance weighting (IVW), weighted median (WM), and
MR-Egger. These analytical methods assist in determining
more accurate causal effect estimates by mitigating various
potential biases and errors. The IVW method combines the
estimates from multiple genetic variants into a single estimate
of the causal effect. It assumes that each genetic variant is
a valid instrument and weights each estimate according to
its precision. This method is most efficient when all genetic
variants are valid instruments.?*?” The WM method provides
a median-based estimate of causal effects, which allows for up
to 50% of the weight to come from invalid instruments. This
method is more robust to invalid instruments than VW, as long
as the majority of the weight comes from valid instruments. It
complements IVW by offering a more robust estimate when
some genetic variants are invalid instruments, providing useful
sensitivity analysis.?® The MR—Egger method allows for the
detection and adjustment of pleiotropic effects, where genetic
variants affect the outcome through pathways other than the
exposure pathway. It includes an intercept term that provides
a test for directional pleiotropy. MR—Egger is particularly useful
when there is suspicion of pleiotropy. It complements the IVW
and WM methods by providing a means to assess and correct
for pleiotropy at the cost of reduced precision and power.’

Sensitivity analyses are essential for assessing the
robustness of MR results and identifying potential violations
of IV assumptions. Cochran’s Q test was used to assess the
heterogeneity of the causal effect estimates for individual
genetic variants. A statistically significant Q statistic (p <
0.05) indicates heterogeneity in causal estimates derived
from individual SNPs.** The MR-Egger intercept can indicate
horizontal pleiotropy. A significantly different intercept from
zero suggests the presence of horizontal pleiotropy. The
MR pleiotropy residual sum and outlier (MR-PRESSO) test
is a method for detecting and correcting pleiotropy and
heterogeneity by identifying outlier SNPs. The global p test
within MR-PRESSO assesses the overall presence of pleiotropy
by testing the null hypothesis that all genetic instruments are
valid and free from pleiotropy. A significant global p value
indicates horizontal pleiotropy, suggesting that some genetic
instruments are likely invalid due to pleiotropic effects.’’
Leave-one-out analysis is a cross-validation method in which
MR analysis is repeated multiple times with one of the SNPs

Trait Population Cases Controls Sample size Consortiums/DOI

Sjogren’s syndrome 2,495 392,423 394,918 FinnGen R9

atrial fibrillation 60,620 970,216 1,030,836 DOI: 10.1038/s41588-018-0171-3

coronary artery disease 122,733 424,528 547,261 DOI: 10.1161/CIRCRESAHA.117.312086
European

heart failure 47,309 930,014 977,323 DOI:10.1038/s41467-019-13690-5

ischemic stroke 34,217 406,111 440,328 DOI: 10.1038/s41588-018-0058-3

myocardial infaion 10,616 452,317 462,933 UK Biobank
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removed each time. This approach helps to determine
whether the MR results are driven by a single SNP. 32 Funnel
plots were used to assess the presence of pleiotropy or other
biases among the IVs.

Results

Genetic instruments for SS

In this study, we extracted SNPs that were both significantly
and independently associated with SS from the most
extensive GWAS database available, initially identifying 20
viable SNPs. Follow-up selection using the PhenoScanner V2
tool resulted in the exclusion of 8 of those SNPs because they
were found to be associated with immunological diseases,
such as rheumatoid arthritis, systemic lupus erythematosus,
and ankylosing spondylitis. Finally, 12 SNPs were included in
our study, as detailed in Table 2. The F-statistics of all included
SNPs were greater than 10, indicating that our study did not
suffer from weak instrument bias. The harmonized data on
SS and CVD incidence are detailed in Table S1.

MR estimates and sensitivity analyses
The results of the MR analysis are shown in Figure 2.

According to the IVW results, no significant causal
relationship was found between SS and AF risk (odds ratio
[OR] = 0.98, 95% Cl = 0.95-1.01; p = 0.22). Moreover,
the MR-Egger (OR = 0.99, 95% Cl = 0.88-1.13; p = 0.93)
and WM (OR = 0.98, 95% Cl = 0.93-1.02; p = 0.32)
results were also consistent (Figure STA, Figure S2A).
Cochran’s Q statistic showed no significant heterogeneity
in the estimates of the included SNPs (p = 0.23) (Table S3).
In addition, leave-one-out analysis also showed that the
MR estimates were stable (Figure S3A). MR-Egger intercept
(intercept = —0.041; p = 0.80) and MR-PRESSO (global
p = 0.21) did not show significant horizontal pleiotropy in
our study (Figure S2A, Table S2).

For CAD, Cochran’s Q test demonstrated significant
heterogeneity (p = 0.01) (Table S3). Consequently, we
employed the random-effects model of IVW, which did
not reveal any evidence of a potential causal relationship
between SS and CAD risk (OR = 0.99, 95% Cl = 0.94-1.04;
p = 0.60). The MR-Egger (OR = 1.11, 95% CI = 0.93-1.34;
p = 0.30) and WM (OR = 0.98, 95% Cl = 0.94-1.03;
p = 0.39) results were consistent (Figure S1B, Figure S2B).
MR-PRESSO analysis identified two outliers. We removed
those SNPs and found that the results were still not statistically
significant. The adjusted MR-PRESSO results suggested that
our original IVW results were robust (global p value = 0.32)
(Table S2). In addition, the leave-one-out test and funnel
plot confirmed that our results were stable (Figure S3B,
Figure S4B).

For HF, we did not find a significant causal association
between SS and HF risk (OR = 1.00, 95% CI = 0.96-1.04;
p = 0.91). Moreover, the MR-Egger (OR = 1.00, 95%
Cl = 0.85-1.18; p = 0.98) and WM (OR = 1.00, 95%
Cl = 0.96-1.04; p = 0.97) results supported that finding
(Figure S1C, Figure S2C). Cochran’s Q test indicated no
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significant heterogeneity in the estimates of the included
SNPs (p = 0.17) (Table S3). In addition, leave-one-out
analyses showed that the MR estimates were stable (Figure
S3C). The MR-Egger intercept (—0.0010; p = 0.96) and MR-
PRESSO (global p = 0.24) results indicated that no significant
horizontal pleiotropy existed in the analysis (Figure S2C, Table
5$2). The symmetry of the funnel plot showed that the results
were reliable (Figure S4C).

For IS, no statistically significant genetic association was
found (OR = 0.99, 95% CI = 0.93-1.05; p = 0.68). MR-
Egger (OR = 0.99, 95% Cl = 0.83-1.18; p = 0.92) and WM
(OR =0.96,95% Cl = 0.89-1.03; p = 0.29) showed similar
results (Figure S1D, Figure S2D). The results of Cochran’s Q
test, MR—Egger regression, the MR-PRESSO test, the leave-
one-out test, and the funnel plot indicated that the MR
estimates were relatively robust (Figure S2D, Figure S4D,
Table S2, Table S3).

For MI, we did not detect a genetic causal association
between SS and Ml risk according to the IVW (OR = 1.01,
95% Cl = 0.97-1.06; p = 0.61), MR—Egger (OR = 1.09,
95% Cl = 0.95-1.26; p = 0.27), or WM (OR = 1.01, 95%
Cl = 0.95-1.07; p = 0.77) analyses (Figure 2, Figure STE,
Figure S2E). Cochran’s Q statistic showed no significant
heterogeneity in the estimates of the SNPs we included
(p = 0.52) (Table S3). Leave-one-out analyses also showed
that the MR estimates were stable (Figure S3E). The MR-Egger
intercept (—0.02; p = 0.31; Figure S2E) and MR-PRESSO
(global p = 0.24; Table S2) results indicated that there was no
significant horizontal pleiotropy. The symmetry of the funnel
plot indicated the robustness of our results (Figure S4E).

Discussion

We used a two-sample MR approach with the largest
publicly available GWAS database to investigate potential
genetic causal associations between SS and various CVDs.
Our findings did not indicate any significant associations
of SS with AFE HF, CAD, MI, or IS, as shown in the Central
Illustration. Thus, it can be inferred that SS does not
genetically predispose individuals to an elevated risk of
developing CVD.

Atherosclerosis serves as the primary etiology of CVD, and
chronic immune-mediated diseases (IMDs) play a significant
role in mediating the processes underlying coronary
atherosclerosis.’* Recent research conducted by Yuetian
Yu et al.** in 2023, which analyzed data from 414,495 UK
Biobank participants over a period of 12.1 years, indicated
that individuals with IMDs were at a significantly increased
risk of developing CVD. Complementary evidence from
another extensive study involving 991,546 participants
underscores the strong association between certain IMDs
and elevated cardiovascular risk in the broader population.*
Specific IMDs, such as rheumatoid arthritis and systemic
lupus erythematosus, contribute to increased cardiovascular
morbidity and mortality, predominantly through the
acceleration of atherosclerosis.?>3® Nevertheless, it is
crucial to note that most of the existing related research has
focused primarily on IMDs such as rheumatoid arthritis and
systemic lupus erythematosus. The relationship between
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MR estimates sensitivity analysis
atrial fibrillation heterogeneity pleiotropy
nSNPs Method OR 95%CT Forest plots P value QP value Egger intercept (P value) global P value
1 MR-Egger 09947 08787 -1.1259 —— 0.9345 017 -0.0041 (0.80) 021
1 WM 09772 09338 -1.0225 —.— 03197
1 W+ 09788 0.9458 - 1.0130 e 0.2221 023
coronary artery disease LY a0y & heterogeneity pleiotropy
nSNPs Method OR 95%C1 Forest plots P value QP value Egger intercept (P value) global P value
7 MR-Egger 11141 09288 -1.3364 r 0.2968 0.02 -0.0307 (0.23) 001
7 WM 09803 09369 - 1.0258 . 0.3897
7 W+ 09859  0.9352-1.0394 5 0.5980 001
heart failure 0s0 100 150 heterogeneity pleiotropy
nSNPs Method OR 95%CI Forest plots P value QP value Egger intercept (P value) global P value
8 MR-Egger 10017 0.8521-1.1777 * 0.9839 011 -0.0010 (0.96) 024
8 WM 09991 09553 - 1.0449 == 0.9686
8 ww* 09978 09582 -1.0390 ——— 09149 017
ischemic stroke 080 100 120 heterogeneity pleiotropy
nSNPs Method OR 95%CI Forest plots P value Q P value Egger intercept (P value) global P value
12 MR-Egger 09903  08300-1.1816 +———4———— 09160 046 -0.0010 (0.97) 0.20
12 WM 09618 0.8949 -1.0337 ——— 0.2898
12 W= 09870 0.9285-1.0492 —a— 0.6752 044
myocardial infarction 25D LED L2 heterogeneity pleiotropy
nSNPs Method OR 95%CT Forest plots P value QP value Egger intercept (P value) global P value
10 MR-Egger 10918 09451 -1.2613 — 02671 054 0.0203 (0.31) 053
10 WM 10090 09517 - 1.0694 e 0.7673
10 W+ 10114 0.9687 - 1.0560 v 0.6063 052
050 100 150

Figure 2 — MR estimates and sensitivity analysis for association of AF, CAD, HE IS, and MI with the risk of Sjégren’s syndrome. IVW:
inverse-variance weighting; MR: Mendelian randomization; SNP: single-nucleotide polymorphism; WM: weighted median. *Main MR

analysis method.

SS and CVD incidence remains a topic of limited research and
inconsistent findings. ) Mofors et al. analyzed a sample of 9,995
Swedish patients and control participants and reported significant
associations of SS with an increased risk of CVD (OR = 1.6,
95% Cl = 1.2-2.1) and stroke (OR = 1.2, 95% CI = 0.9-1.7)."
However, Yong et al. observed in their meta-subgroup analysis
that, while SS was linked to an elevated risk of CAD, no significant
association with stroke risk was noted.** Furthermore, Bartoloni’s
research team found no statistical relationship between the risk
of SS and that of HE* which is consistent with our findings. In
addition, other studies have revealed similar findings.’**' In
contrast, Fosbgl et al. utilized the Danish national registry system
to compare 5,092 newly diagnosed SS patients with the general
population. They found that SS patients had a significantly greater
risk for CVD, including HF (hazard ratio = 1.42, 95% Cl = 1.20-
1.68), than did participants in the general population.* Beltai et al.
conducted a meta-analysis of 14 studies including 67,124 patients
with SS, and they reported significantly greater incidences of CAD
(relative risk = 1.34, 95% Cl = 1.06-1.38; p = 0.01; I> = 95%)
and HF (OR = 2.54, 95% Cl = 1.30-4.97; p < 0.01;1> = 85%)
in patients with SS than in control participants.® However, the
significant heterogeneity in that meta-analysis may be due to the
disparate diagnostic criteria employed across numerous studies or
from limited data, which precluded the evaluation of significant
cardiovascular risk factors such as smoking, hypertension,
hyperlipidemia, diabetes, and corticosteroid usage. This might
have resulted in an exaggerated estimation of the correlation
between SS and CVD incidence.™

Our study revealed no causal association between SS
and CVD incidence, for several possible reasons. Initially, SS
manifests with a broad spectrum of clinical presentations and
varying degrees of severity, complicating the task of delineating a

Int J Cardiovasc Sci. 2026; 39:e20250074

direct causal association with CVDs.** Additionally, patients with
SS frequently exhibit comorbidities, such as hypertension,*#>
diabetes,* and hyperlipidemia, which are also independent risk
factors for CVD. Inevitably, those observational studies could
not control for all residual confounders. This lack of causality
could be attributed to the inability of observational studies to
fully control for residual confounders.*” Finally, the use of specific
pharmaceutical agents, including glucocorticosteroid therapy, to
ameliorate SS or its associated symptoms can potentially exert
adverse effects on cardiovascular health, influencing factors
such as blood pressure and cholesterol levels and thereby
escalating the risk for CVD.*® All of these factors may lead to
an overestimation of the association between SS and the risk
of CVD in the clinical setting. Our findings enable patients and
clinicians to prioritize the management of modifiable CVD
risk factors, including hypertension, diabetes status, smoking
status, and hyperlipidemia status, rather than focusing on SS
itself. These results can also inform healthcare providers about
the effective monitoring and management of SS patients. In
the absence of a direct causal link to CVD, emphasis should
remain on addressing the primary symptoms of SS and any
coexisting conditions. Furthermore, individuals with SS may
experience reassurance from the knowledge that SS may not
increase their risk of CVD.

To our knowledge, this is the first MR study to systematically
investigate the genetic causality between SS and CVD
incidence. Our study has several advantages. The use of an
MR design allowed for the mitigation of reverse causation and
the influence of confounding variables, which are limitations
inherent in observational studies. Moreover, this methodology
proved to be more cost-effective than that of an . Furthermore,
we executed a rigorous selection process for Vs, enhancing
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the precision of our MR estimates. However, our study has
several limitations. First, the SS data were obtained from the
FinnGen consortium, comprising exclusively individuals from
Finland, thereby limiting the generalizability of the findings.
Consequently, caution is warranted when extrapolating these
results to diverse populations. Second, even though we used
the most extensive GWAS database, the SS population included
only 2,495 patients; this is a small sample size for the context of
an MR study, as gene variants typically yield only small changes
in the exposure variable. Third, our MR analysis was limited by
the nature of the genetic instruments available to us. Specifically,
we had access only to GWAS summary-level data, which limited
our ability to conduct in-depth subgroup MR analyses that could
consider factors such as age, sex, subtypes and clinical symptoms
of SS. Fourth, one critical assumption underlying MR analysis
is the absence of horizontal pleiotropy. We employed several
methods, including MR-Egger regression and global tests, to
identify and adjust for potential pleiotropic effects. However, the
possibility of undetected pleiotropy remains, and the potential
impact on our findings cannot be entirely ruled out. Finally,
we selected SNPs associated with SS based on the latest and
largest publicly available GWAS. However, we acknowledge
that these SNPs might not encompass all genetic determinants
of SS. The multifactorial nature of SS, involving immune system
dysfunction, environmental factors, and possibly other unknown
genetic factors, suggests that our findings need to be viewed
within the broader context of the disease etiology.

Conclusions

In conclusion, our MR study revealed no significant causal
association between SS and CVD incidence. This insight
enhances our understanding of the pathophysiological
underpinnings of SS and implies that cardiovascular risk
management for SS patients could mirror general population
strategies. Future updated MR studies are crucial for
validating our findings, especially when more extensive and
comprehensive GWAS data become available.

Moreover, further research should include validation
in independent cohorts and investigation into potential
biological mechanisms underlying SS and CVD incidence.
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