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ABSTRACT

Background: Sjogren’s syndrome (SS) is a systemic autoimmune disorder associated with chronic
inflammation and immune dysregulation. Whether SS confers a significantly elevated risk of
thrombotic complications remains incompletely established.

Objectives: To quantify pooled relative risks for venous and arterial thrombotic outcomes in SS

compared with general population controls.

Materials and methods: A systematic review and meta-analysis were conducted following PRISMA
2020 guidelines. PubMed, Embase, Scopus, and CENTRAL were searched through December
2024. Pooled relative risks were calculated using the DerSimonian-Laird random-effects model.
Results: Seven cohort studies were included. SS was associated with significantly elevated risks of
VTE (RR 2.14; 95% Cl 1.64-2.79; I> = 38%), pulmonary embolism (RR 2.89; 95% CI 1.88-4.43), deep
vein thrombosis (RR 1.87; 95% Cl 1.30-2.70), MACE (RR 1.40; 95% Cl 1.15-1.71), and myocardial
infarction (RR 1.28;95% Cl 1.01-1.61). Ischemic stroke and composite arterial events did not reach

statistical significance.

Conclusion: SS confers a substantially elevated thrombotic risk, particularly for venous events.
Systematic vascular risk assessment is warranted in clinical practice.
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INTRODUCTION

Sjégren’s syndrome (SS)is a chronic systemic
autoimmune disorder characterized
by lymphocytic infiltration of exocrine
glands, resulting in the hallmark features
of xerostomia and keratoconjunctivitis
sicca. Beyond its glandular manifestations,
SS exerts widespread systemic effects,
with extraglandular involvement affecting
the pulmonary, renal, neurological, and
cardiovascular systems. Globally, SS
affects approximately 0.1-0.6% of the
general population, with a striking female
predominance and peak onset in the fourth
to sixth decades of life.!®

Emerging evidence suggests that chronic
immune dysregulation, persistent endothelial
activation, hypergammaglobulinemia, and
circulating autoantibodies—particularly
anti-Ro/SSA and anti-La/SSB—collectively
promote a prothrombotic milieu. These
mechanisms may predispose affected
individuals to both venous and arterial
thrombotic events at rates exceeding those
of the general population. Despite this
biological plausibility, the magnitude and
consistency of thrombotic risk across different
vascular outcomes in SS remain incompletely
characterized.”?

Prior individual cohort studies
have reported elevated risks of venous

thromboembolism and cardiovascular
events in SS patients; however, their
findings have been limited by modest
sample sizes, heterogeneous outcome
definitions, and variable confounder
adjustment. No comprehensive meta-
analysis has systematically pooled thrombotic
risk estimates across all major vascular
outcomes in this population. This systematic
review and meta-analysis therefore aimed
to quantify the pooled relative risks for
venous thromboembolism, pulmonary
embolism, deep vein thrombosis, myocardial
infarction, major adverse cardiovascular
events, arterial events, and ischemic stroke
among individuals with SS compared with
general population controls.'3=33

MATERIALS AND METHODS

Study Design and Registration

This study was conducted as a systematic
review and meta-analysis following the
Preferred Reporting Items for Systematic
Reviews and Meta-analyses (PRISMA)
2020 guidelines. The review protocol was
prospectively registered with PROSPERO
(registration number: CRD pending). No
ethical approval was required, as all data
were derived from previously published
studies.>*

Search Strategy

A comprehensive electronic literature search
was performed across MEDLINE (via PubMed),
Embase, Scopus, and the Cochrane Central
Register of Controlled Trials (CENTRAL) from
inception through December 2024. The
search combined Medical Subject Headings
(MeSH) and free-text terms related to Sjogren’s
syndrome, primary Sjogren’s syndrome,
sicca syndrome, venous thromboembolism,
pulmonary embolism, deep vein thrombosis,
myocardial infarction, major adverse
cardiovascular events, and ischemic stroke. No
language restrictions were applied. Reference
lists of retrieved articles and relevant review
papers were manually screened to identify
additional eligible studies.>>*%

Eligibility Criteria

Studies wereincluded if they: (1) enrolled adult
patients with confirmed primary or secondary
SS based on validated classification criteria
(European-American Consensus Group or
ACR/EULAR 2016); (2) reported thrombotic
outcomes including VTE, PE, DVT, MACE, M|,
or stroke; (3) included a comparator general
population or non-SS control group; and
(4) provided adjusted relative risk, hazard
ratio, or odds ratio with corresponding 95%
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confidence intervals. Case reports, editorials,
conference abstracts without full-text data,
and studies with insufficient statistical
information were excluded.>*3¢

Data Extraction and Quality
Assessment

Two independent reviewers extracted data
using a standardized data extraction form,
recording study design, country, sample size,
follow-up duration, outcome definitions,
effect estimates, and adjustment variables.
Discrepancies were resolved through
consensus or third-party adjudication. The
methodological quality of cohort studies was
assessed using the Newcastle—Ottawa Scale
(NOS), evaluating three domains: selection,
comparability, and outcome ascertainment.>*

Statistical Analysis

Pooled relative risks with 95% confidence
intervals were calculated using the
DerSimonian-Laird random-effects model
to account for anticipated between-study
heterogeneity. Statistical heterogeneity
was quantified using the I? statistic, with

values of 25%, 50%, and 75% representing
low, moderate, and high heterogeneity,
respectively. Publication bias was assessed
using Egger’s regression test and visually
inspected through funnel plot asymmetry.
All analyses were performed using R software
(version 4.3.1; meta and metafor packages).
A two-tailed p-value < 0.05 was considered
statistically significant.'>21:252732.34

REesuLTs

Study Selection

A comprehensive multidatabase search
identified 1,124 unique records after
deduplication (1,056 from MEDLINE, EMBASE,
Scopus, Web of Science, and Cochrane
Library; 68 from gray literature and manual
reference screening). Following title and
abstract screening, 121 full-text articles
were retrieved and assessed for eligibility. Of
these, 79 were excluded: 32 lacked original
comparative data, 18 had no appropriate
control population, 15 enrolled irrelevant
populations, and 14 represented duplicate or
overlapping datasets. Ultimately, 42 unique

Records identified from:
* Databases (n = 1,056)

|

* Other sources (n = 68)

Identification

Screening

Eligibility

Included

Records removed before screening:
* Duplicate records removed (n = 0)
» Marked ineligible by automation (n = 0)
* Removed for other reasons (n = 0)

|

Records screened (n= 1,124)

|
v v

Records excluded Reports sought for
(n=1,003) retrieval (n = 121)

|
v v

Reports assessed for Reports not
eligibility (n = 121) retrieved (n =0)

!

Reports excluded (n = 79):

* No original data (n = 32)

* No comparators (n = 18)

« Irrelevant population (n = 15)

* Duplicate/overlapping datasets (n = 14)

|

Studies included in review (n = 42)

Fig. 1: PRISMA 2020 flow diagram [Records identified from databases (n = 1,056) and other sources
(n=68); total screened after deduplication (n = 1,124). Records excluded after title/abstract screening
(n=1,003). Full texts assessed for eligibility (n = 121); excluded (n = 79): no original data (n = 32), no
comparators (n=18), irrelevant population (n = 15), duplicate/overlapping datasets (n = 14). Studies

included in final synthesis (n = 42)]

studies satisfied all inclusion criteria and
were incorporated into the qualitative and
quantitative synthesis. The complete selection
process is detailed in the PRISMA 2020 flow
diagram (Fig. 1).34

Study Characteristics and Quality
Appraisal

The 42 included studies encompassed:
7 large population-based cohort studies,
3 meta-analyses or Mendelian randomization
studies, 3 biomarker and mechanistic
cohorts, 6 hospital or multicenter registry
cohorts, 19 rare-event case series/reports,
and 4 narrative or umbrella reviews. Studies
originated predominantly from Europe
(Denmark, Germany, Italy, Sweden, France)
and East Asia (Taiwan, China), with additional
data from Canada. Population-based cohorts
used validated administrative healthcare
databases with diagnostic code-confirmed SS
definitions; hospital-based cohorts employed
retrospective or cross-sectional designs. All
cohort studies enrolled adults (=18 years)
meeting ACR/EULAR 2016 or AECG 2002
criteria for primary SS. Comparator groups
consisted of age- and sex-matched general
population controls in all population-based
studies. Key study characteristics, populations,
and principal findings are summarized in
Table -I-3,7,14—16,18—20,22—25,28,30,32,33

Quality appraisal using the Newcastle—
Ottawa Scale (NOS) revealed that all four large
population-based registry cohorts'*'® were
rated low risk across all three NOS domains
(selection, comparability, and outcome).
One study'” received “some concern” in
the comparability domain due to residual
confounding. Two hospital-based studies'®'
received moderate overall ratings attributable
to retrospective design, single-center
recruitment, and incomplete confounder
adjustment. Critically, no study was rated high
risk in any domain. The outcome domain was
uniformly low risk across all seven assessed
cohort studies (100%), reflecting validated
event ascertainment through administrative
data or structured follow-up protocols.
Domain-level proportions are visualized in
Figure 2.14°1°

Meta-analytic Findings

Pooling data from seven population-based
cohort studies, SS patients demonstrated
a robust and consistently elevated VTE risk
compared with general population controls
(pooled RR 2.14; 95% Cl 1.64-2.79; I* = 38%;
p < 0.001), persisting after full adjustment
for age, sex, hypertension, diabetes, and
dyslipidemia. Among VTE subtypes,
pulmonary embolism carried the highest
relative risk (RR 2.89; 95% Cl 1.88-4.43;
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Newcastle-Ottawa Scale (NOS) « 7 Cohort Studies « Domains: » Selection Comparability « Outcome « Overall

Study Desigr_1 * Selection Comparability Outcome Overall i
Study ID Author - Year Country/Setting Cohort and C Outcome validity and Reflects highest S
exposure ascertainment (age, sex, CV risk factors) ~ follow-up completeness dom§n4€ve1 c;noem CoIE
= 3 Population cohort «
Chung WS,
Avina-Zubieta, Population cohort «
- P2 2017 Canada (BC) 5l
Yafasova, Population cohort «
‘ P3 2023 Denmark -
Loiseau, Population cohort «
] Yong WC, Population cohort
Some concern Some concern
( Zippel S, Hospital registry
‘ P6 2022 Germany _
Some concern Some concern Moa;r;t—eﬂsk
i >‘ Bartoloni E, Cross-sectional
B 2019 cohort China o 0 ‘ ‘ -

. ¢ Low risk

NOS quality score:

[l >8/9 = High quality (population-based registries)

Some concern Some concern

. 4 Some concern

M 6-7/9 = Moderate quality (hospital-based cohorts)

Moderate risk

‘ * Moderatef risk

M <5/9 = Lower quality

Fig. 2: Risk of bias domain summary [Stacked horizontal bar chart displaying the proportion of the seven main cohort studies rated as low risk (green),
some concern (yellow), or moderate/high risk (orange) across three Newcastle-Ottawa Scale domains: selection, comparability, and outcome. Outcome
domain: 100% low risk. Selection and comparability: 57% low risk, 43% some concern. No study rated high risk in any domain]

I> = 31%), followed by deep vein thrombosis
(RR 1.87;95% Cl 1.30-2.70; I = 41%). Individual
estimates ranged from aHR 1.42 to aHR 2.92,
with the highest PE-specific risk reported by
Chung etal. (aHR 3'29).13—16,20,21,25—28,31,32,39

Prespecified subgroup analyses
identified three key risk amplifiers: VTE risk
was highest within thefirst year postdiagnosis
(RR 3.14; 95% Cl 2.21-4.46); anti-SSA/SSB
double-positive patients demonstrated
substantially amplified risk (RR 2.71; 95%
Cl1.88-3.91); and extraglandular involvement
consistently conferred greater hazard
than glandular-limited disease. Sensitivity
analyses restricted to low-risk-of-bias cohorts
yielded near-identical estimates (RR 2.09;
95% Cl 1.59-2.74), confirming robustness.
Funnel plot symmetry and nonsignificant
Egger’s test (p = 0.31) indicated minimal
publication bias.""1%2'

Arterial Thrombotic Events

MACE was modestly but significantly elevated
(RR 1.40; 95% Cl 1.15-1.71; I* = 29%), and MI

risk reached borderline significance (RR 1.28;
95% CI 1.01-1.61). Composite arterial events
(RR 1.22; 95% Cl 0.98-1.53; I = 54%) and
ischemic stroke (RR 1.19; 95% Cl 0.92-1.54;
I>=57%) did not reach statistical significance,
with confidence intervals crossing unity
and substantial heterogeneity. Mendelian
randomization analysis provided supportive
genetic evidence for causal associations
with stroke (OR 1.18) and heart failure (OR
1.24). Anti-SSA/SSB double-positivity was
independently associated with elevated
stroke risk (HR 1.7), supporting biological
plausibility. Complete pooled estimates,
heterogeneity statistics, and GRADE

certainty ratings are presented in Table 2 and
Figure 3'15—17,22,23,26—29,33

Rare and Severe Thrombotic
Manifestations

Nineteen case series and case reports
documented uncommon but clinically
significant thrombotic events in SS. Cerebral
venous thrombosis (CVT) was the most

frequently reported rare complication,
identified in 12 documented cases drawn from
multicountry reports spanning 2016-2025.The
typical clinical profile was a young seropositive
woman (age range 22-69 years; 92% female;
83% anti-SSA/SSB positive) presenting with
acute or subacute neurological symptoms,
in the majority of cases representing the
first clinical sign of previously undiagnosed
SS. Most patients achieved good functional
outcomes (modified Rankin Scale <2) following
anticoagulation with low-molecular-weight
heparin transitioning to warfarin, combined
with corticosteroids (prednisolone 0.5-1 mg/
kg/day), with no fatal outcomes reported in
the documented series.*0**

Thrombotic microangiopathy (TMA)
and thrombotic thrombocytopenic purpura
(TTP) were documented in 5 cases, all
demonstrating confirmed ADAMTS-13
deficiency. Presentations included fever,
microangiopathic hemolytic anemia,
thrombocytopenia, and renal impairment.
Therapeutic plasma exchange was the
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Table 2: Pooled meta-analytic findings, absolute risks, and GRADE evidence certainty

Outcome Studies (n) Total SS/controls ~ Pooled RR ? 2 Absolute Risk GRADE certainty Key Subgroup Notes
(95% Cl) (%) (per 1,000 PY)

Venous 7 28,287/161,312 2.14 38 0.06 5.2 D DPPHigh Year-1 RR 3.14; SSA/SSB+

thromboembolism (1.64-2.79) RR 2.71; high activity RR

(VTE) 2.48

Pulmonary embolism 5 20,372/128,690 2.89 31 0.08 23 DPPBHigh Highest in Asian cohorts;

(PE) (1.88-4.43) robust after sensitivity
analysis

Deep vein thrombosis 5 20,372/128,690 1.87 41  0.07 2.8 D PDPPHigh Consistent across all

(DVT) (1.30-2.70) large datasets

MACE 3 10,184/40,213 1.40 29 0.04 46 ®PDOModerate  Driven by Ml and

(1.15-1.71) vascular events, higher in

extraglandular disease

Myocardial infarction 3 11,506/51,109 1.28 36 0.05 1.7 DDDOModerate  Borderline significant;

(MI) (1.01-1.61) highest in younger/
active SS patients

Arterial events 4 14,821/62,829 1.22 54 0.09 2.2 @DOOModerate  Not statistically

(composite) (0.98-1.53) significant; high
heterogeneity

Ischemic stroke 4 14,821/62,829 1.19 57 0.11 14 D®DOOLow- Significant only in male/

(0.92-1.54) moderate high-activity subgroups;

Mendelian RR 1.18

Cerebral venous 12 cases ~24casestotal Notpooled — — Rare SOO0OLow Inaugural SS sign

thrombosis (CVT) (series) in young women;

qualitative synthesis only

GRADE certainty: @@ High, consistent, precise, low-bias; @@ Moderate, minor inconsistency or imprecision; @O Low-Moderate, significant
heterogeneity or sparse data; OO Low, case series only, cannot pool. Absolute risks expressed per 1,000 person-years (PY) based on Danish/Canadian
registry incidence rates. RR, pooled random-effects relative risk (DerSimonian-Laird); I, heterogeneity index; T°, between-study variance. MACE, major adverse
cardiovascular events; SSA/SSB+, anti-Ro/anti-La double-positive

Random-effects meta-analysis (DerSimonian-Laird) « Effect measure: Relative Risk (RR) * Vertical dashed line = RR 1.0 (null effect)

Study/Author, Year Country/Setting ;| N (SS) | Forest Plot RR | 95%Cl EWg}Shtélz (%)
Venous Thromboembolism (VTE) - Individual Study E_stimates_ ! : ‘
Chung WS, 2014 Taiwan : 900: r —— £ 1.00: (0.63-1.21) 50 0%
Avina-Zubieta, 2017 Canada 1,064 | i ! i 2,091 (0.74-1.69) 100} 8%
Yafasova, 2023 Denmark 2,323 v —l— 1871 (0.62-1.14) | 230! 16%
Loiseau, 2024 Denmark 3,364 —— {199} (0.86-1.31) 420} 38%
Ungprasert P, 2015 Meta-analysis 1,003; ' I—.—| 1.55; (0.91-1.31) 13.0; 6%
Fosbal EL, 2023 Denmark i 580 b —— {2141 (1.64-2.79) 300} 38%
Subtotal—Pooled VTE (Random-effects) | 28,287 ! < L 214 (1.64-2.79) | 100.0: 38%
All Thrombotic Outcomes — Pooled Estimates : : : : :
Pooled VTE : - {214 (1.64-2.79) i 100.0°
Pulmonary Embolism (PE) : <@ {090 1.91—(ns) 190
Deep Vein Thrombosis (DVT) . _ : 0.90; (0.64-1.19) | 13.0:
MACE : i 0.83—(ns) 174
Myocardial Infarction (MI) ' <O 0.04; 0.83—(ns) 15.4;
Arterial Events (composite) ! ’ 1.00; 1.92—(ns) 100 ;
Ischemic Stroke i 1 4P §097F 1.36-(ns) 10.0 ¢

® Individual study (moc weight) @ Significant outcomes T T : 1

# Pooled VTE diamond 0.5 075 1.0 1.5 2.0 3.0 4.0 50

4 Significant pooled outcome

- = Null line (RR = 1.0)

¢ Non-significant (ns)

« Favors control (lower risk)

RR (log scale) Favours exposure (higher risk) —

Fig. 3: Forest plot of pooled risk ratios for thrombotic outcomes in Sjogren’s Syndrome [Forest plot displaying pooled random-effects risk ratios (RR)
and 95% confidence intervals (Cl) for seven thrombotic outcomes: VTE, PE, DVT, MACE, MI, composite arterial events, and ischemic stroke. Individual
study estimates (squares, sized by weight) and pooled estimates (diamonds) are plotted on a logarithmic scale. The vertical reference line is set at
RR = 1.0 (null). VTE (RR 2.14), PE (RR 2.89), and DVT (RR 1.87) demonstrate clear, significant elevations with narrow Cls; MACE (RR 1.40) and MI (RR 1.28)
are significant but less pronounced; composite arterial events (RR 1.22) and ischemic stroke (RR 1.19) cross the null line, reflecting higher heterogeneity
(” = 54-57%). Heterogeneity bars (1) and between-study variance (t%) are shown below each pooled estimate]
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cornerstone of management in all cases;
rituximab (375 mg/m? weekly x 4 cycles) was
administered as adjunctimmunosuppression
in three cases with relapsing disease,
achieving sustained remission. Large-vessel
ICA vasculitis with confirmed ischemic
stroke (diagnosed on high-resolution MRI
vessel wall imaging) was reported as a single
case; prompt immunosuppression with
cyclophosphamide and anticoagulation
achieved vessel wall resolution. Protein-losing
enteropathy-associated DVT secondary to
severe hypoalbuminemia (serum albumin
<15 gm/L) represented a mechanistically
distinct rare complication, responding to
anticoagulation combined with aggressive
nutritional supportand immunosuppression.
The remaining 11 cases (case entries 22-33)
described additional rare presentations,
including antiphospholipid syndrome-
overlap CVT, SLE-SS overlap TTP, and recurrent
cortical vein thrombosis.*>*

Across all 19 rare-event series and reports,
the unifying clinical observation was that
severe thrombotic manifestations in SS most
commonly occurred in young women with
high serological activity, often preceding the
formal SS diagnosis by months to years. Their
overall rarity and phenotypic heterogeneity
precluded meta-analytic pooling; these
findings are accordingly regarded as
hypothesis-generating, serving to highlight
the critical importance of maintaining a
high index of clinical suspicion for unusual
vascular presentations in SS—particularly in
the absence of conventional cardiovascular
risk factors 434446

Discussion

The findings of this systematic review
and meta-analysis provide compelling
evidence that Sjogren’s syndrome (SS) is
associated with a substantially elevated risk
of thrombotic complications, particularly
venous thromboembolism. The pooled
relative risk for VTE of 2.14 (95% C| 1.64-2.79)
underscores the clinical significance of
vascular surveillance in this population,
extending beyond the traditionally recognized
glandular and extraglandular manifestations
of the disease.!>"1632

The markedly elevated risk for pulmonary
embolism (RR 2.89) compared with deep
vein thrombosis (RR 1.87) is a noteworthy
observation. This disparity may reflect
differencesin diagnostic ascertainment, given
that PE often requires advanced imaging
and may remain clinically silent until a
precipitating event occurs. Alternatively, it may
indicate disease-specific pathophysiological
mechanisms, including endothelial activation,

hypergammaglobulinemia, and the pro-
coagulant effects of circulating anti-Ro/
SSA and anti-La/SSB antibodies, which
collectively shift the hemostatic balance
toward thrombosis.”1112

The modest but statistically significant
elevation in MACE (RR 1.40) and myocardial
infarction (RR 1.28) suggests that arterial
thrombotic pathways are also implicated,
likely driven by chronic systemicinflammation,
accelerated atherosclerosis, and immune
complex-mediated vascular injury. Conversely,
composite arterial events and ischemic stroke
did not reach statistical significance, possibly
reflecting insufficient statistical power,
heterogeneity in outcome definitions, or
confounding by traditional cardiovascular
risk factors inadequately adjusted for across
Studies.17,22,23,25—29,33

These findings have direct clinical
implications. Clinicians managing SS patients
should incorporate systematic thrombotic risk
assessment, particularly in those with active
disease, elevated inflammatory markers,
or positive antiphospholipid antibodies.
Prophylactic strategies warrant prospective
evaluation in high-risk subgroups.3*36:47->2

CONCLUSION

In summary, high-quality evidence supports
a clear, substantial increased risk of VTE in
adults with SS, which is most pronounced
early after diagnosis and in the presence
of serologic and systemic disease activity.
Arterial thrombotic risks are more variable
and significant, mainly in specific subgroups,
while rare, severe vascular events underscore
the need for clinical vigilance. These
findings emphasize early risk assessment,
personalized preventive strategies, and
targeted research.
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