
S-190 Clinical and Experimental Rheumatology 2018

1Department of Internal Medicine, 
Greenfield Family Medicine, 
Baystate Franklin Medical Center, 
Greenfield, MA, USA; 
2Division of Nephrology, Johns Hopkins 
University School of Medicine, 
Baltimore, MD, USA;
3Department of Preventive and Social 
Medicine, Faculty of Medicine Siriraj 
Hospital, Mahidol University, 
Bangkok, Thailand; 
4Section of Endocrinology, Diabetes and 
Metabolism, Department of Medicine, 
University of Chicago, Chicago, IL, USA. 
Wai Chung Yong, MD
Anawin Sanguankeo, MD
Sikarin Upala, MD
Please address correspondence to:
Dr Anawin Sanguankeo, 
Department of Preventive 
and Social Medicine, 
Faculty of Medicine Siriraj Hospital, 
Mahidol University, 
10700 Bangkok, Thailand.
E-mail: asangua1@jhmi.edu
Received on September 4, 2017; accepted 
in revised form on November 20, 2017.
Clin Exp Rheumatol 2018; 36 (Suppl. 112): 
S190-S197.
© Copyright CLINICAL AND 
EXPERIMENTAL RHEUMATOLOGY 2018.

Key words: Sjögren’s syndrome, 
cardiovascular disease, 
cerebrovascular disease, 
meta analysis

Competing interests: none declared.

ABSTRACT

Objective. Acute systemic inflammation 
and chronic systemic vasculitis are asso-
ciated with endothelial dysfunction and 
atherosclerotic plaque formation. Stud-
ies on cardiovascular or cerebrovas-
cular events in primary Sjögren’s syn-
drome (pSS) are limited, with conflicting 
results. This meta-analysis aimed to ex-
plore the risk of cardiovascular and cer-
ebrovascular disease in pSS.
Methods. A comprehensive search of 
the MEDLINE and EMBASE databases 
was performed from date of inception 
through August 2017. The inclusion 
criterion was observational studies 
evaluating the association between pSS 
and cardiovascular disease or cerebro-
vascular event. Outcomes are diagnosis 
of ischaemic heart disease, myocardial 
infarction, ischaemic stroke or haemor-
rhagic stroke. The pooled odds ratio 
(OR) of the cerebrovascular event or 
cardiovascular disease and their 95% 
confidence interval (CI) were calculat-
ed using a random-effect meta-analysis 
to compare risk between patients with 
pSS and controls. The between-study 
heterogeneity of effect-size was quanti-
fied using the Q statistic and I2.
Results. Data were extracted from 10 
observational studies involving 165,291 
subjects. Pooled result demonstrated a 
significant increase in risk of having 
cardiovascular disease or cerebrovas-
cular event in pSS patients compared 
with controls (OR=1.28; 95% CI: 0.11-
1.46, p value<0.01, I2=68%). Subgroup 
analyses showed no difference in risk 
for cerebrovascular event (OR=1.31; 
95% CI: 0.96-1.79, p value=0.09, 
I2=71%), but an increased risk of cardi-
ovascular disease (OR=1.30; 95% CI: 
1.09-1.55, p value=0.003, I2=74%).
Conclusion. Our study has shown an 
increased risk of cardiovascular or cer-

ebrovascular disease in patients with 
pSS. These results support the findings 
of multiple studies of increased arterial 
stiffness in patients with pSS.

Introduction

Sjögren’s syndrome is one of the most 
common rheumatic diseases that af-
fect females, especially in their fourth 
decade of life, with a prevalence rate 
of 0.1-4.8% of the total female popula-
tion. It is characterised by lymphocytic 
infiltration of the lacrimal and salivary 
glands, causing keratoconjunctivitis 
sicca and xerostomia, which are the 
most common manifestations of this 
disease (1). Sjögren’s syndrome can 
present either as primary Sjögren’s 
syndrome (pSS) or secondary to other 
underlying connective tissue diseases, 
most commonly rheumatoid arthritis 
(RA) or systemic lupus erythematosus 
(SLE). There is at least one-third of 
patients with pSS could present with 
extra-glandular involvement; these 
include thyroid, lungs, GI, vasculitis, 
renal, haematological, central and pe-
ripheral nervous system. Cardiovas-
cular involvement in pSS is less com-
monly seen. Rare complications such 
as acute pericarditis and myocarditis 
were reported (2), but thus far the well-
known cardiac involvement of pSS is 
the association of anti-SSA with con-
genital heart block, which is one of 
the manifestations of neonatal lupus. 
On the contrary, heart block is rare in 
adults and not consistently associated 
with anti-SSA (3). Another well-stud-
ied association is the increased risk of 
ischaemic stroke in pSS secondary to 
antiphospholipid syndrome (APS). 
Several studies have demonstrated 
that acute systemic inflammation and 
chronic systemic vasculitis are known 
to be associated with endothelial dys-
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function (4). In certain rheumatic dis-
eases, such as rheumatoid arthritis and 
systemic lupus erythematosus (SLE), 
the tendency to atherosclerosis is a ma-
jor cause of mortality (5), but the stud-
ies of atherosclerosis in pSS have been 
inconclusive. Necrotising vasculitis of 
medium-sized vessels resembling pol-
yarteritis nodosa can occur in patients 
with Sjögren’s syndrome (6). The as-
sociation of chronic systemic vasculitis 
in pSS and atherosclerosis is unclear. 
There have been few studies that eval-
uated subclinical atherosclerosis by 
measuring the pulse wave velocity or 
carotid artery intima-media thickness, 
concluded that pSS might have a high-
er frequency of subclinical atheroscle-
rosis (7-10). Few other studies have 
evaluated the relationship between 
pSS and the risk of subsequent stroke 
in pSS with a mixed result, depending 
on sex and other comorbidities (11-13). 
Other studies have suggested patients 
with pSS may associate with increased 
prevalence of hyperlipidaemia (14), 
hypertriglyceridaemia (15), and less 
diabetes mellitus (16).
Apart from that, studies on cardiovascu-
lar or cerebrovascular event in pSS are 
few and conflicting. Therefore we con-
duct this meta-analysis to explore the 
risk of cardiovascular and cerebrovas-
cular event in pSS, namely ischaemic 
heart disease, myocardial infarction, is-
chaemic stroke or haemorrhagic stroke.

Materials and methods 
This systematic review and meta-
analysis was conducted and reported 
according to the Meta-analysis Of 
Observational Studies in Epidemiol-
ogy statement (17) and was registered 
in PROSPERO (registration number: 
CRD 42017057275).

Search strategy
Three authors (WCY, AS, SU) inde-
pendently searched published studies 
indexed in MEDLINE and EMBASE 
from date of inception to August 2017. 
References of all selected studies were 
also examined. The following main 
search terms were used: Sjögren’s syn-
drome, coronary artery disease, acute 
coronary syndrome, myocardial infarc-
tion, angina, ischaemic heart disease, 

cerebrovascular accident, cerebral in-
farction, and stroke. The full search 
terms used are detailed in the Supple-
mental material and methods. 

Inclusion and exclusion criteria
This review included all published ob-
servational studies including cross-sec-
tional, prospective cohort, retrospec-
tive cohort and case-control studies 
that assessed the association of prima-
ry Sjögren’s syndrome, cardiovascular 
and cerebrovascular disease. Reviews, 
case reports, and abstracts were ex-
cluded because their quality of studies 
could not be assessed. 
We included studies that recruited 
participants from the general popula-
tion or used data from medical records 
from healthcare facilities. Participants 
were adults with primary Sjögren’s 
syndrome or healthy individuals. We 
compared outcomes between patients 

who were diagnosed with primary 
Sjögren’s syndrome by using the 1993 
European Community Study Group 
diagnostic criteria (18), American Col-
lege of Rheumatology criteria (19), or 
American-European Consensus criteria 
(20) and participants who did not have 
primary Sjögren’s syndrome. Second-
ary Sjögren’s syndrome was excluded 
from our study. The main outcome of 
this study was a diagnosis of ischae-
mic heart disease, myocardial infarc-
tion, ischaemic stroke or haemorrhagic 
stroke. The odds ratios (OR), relative 
risks (RR), hazard ratios (HR) or num-
ber of participants with outcome were 
extracted.

Data extraction
All authors independently reviewed 
titles and abstracts of all citations that 
were identified. After abstracts were 
reviewed, data comparisons between 

Fig. 1.
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the three investigators were conducted 
to ensure completeness and reliability. 
The inclusion criteria were indepen-
dently applied to all identified studies. 
Differing decisions were resolved by 
consensus. 
Full-text versions of potentially rel-
evant papers identified in the initial 
screening were retrieved. Data con-
cerning study design, the source of in-
formation, participant characteristics, 
Sjögren’s syndrome and assessment of 
cardiovascular or cerebrovascular dis-
ease were independently extracted. We 
contacted the authors of the original re-
ports to request any unpublished data. 
If the authors did not reply, we used the 
available data for our analyses.

Assessment of bias risk
A subjective assessment of methodo-
logical quality of observational stud-
ies was evaluated by all three authors 

using the Newcastle-Ottawa Scale 
(NOS) (21), which is a quality assess-
ment tool for non-randomised studies. 
It uses a “star system” based on three 
major perspectives: the selection of the 
study groups (0–4 stars, or 0–5 stars for 
cross-sectional studies), the compara-
bility of the groups by controlling for 
important and additional relevant fac-
tors (0–2 stars), and the ascertainment 
of outcome of interest or exposure (0–3 
stars). A total score of 3 or less was 
considered poor, 4–6 was considered 
moderate, and 7–10 was deemed high 
quality. We excluded studies from our 
meta-analysis if they had poor quality. 
Discrepant opinions between authors 
were resolved by consensus. 

Statistical analysis
We performed a meta-analysis of the 
included studies using Review Manager 
5.3 software from The Cochrane Col-

laboration to generate forest plot and 
funnel plot and Comprehensive Meta-
Analysis 3.3 software from Biostat, Inc 
to perform Egger’s regression test. We 
calculated pooled effect estimate of in-
cidence or prevalence of cardiovascular 
or cerebrovascular disease with 95% 
confidence interval (CI) comparing be-
tween primary Sjögren’s syndrome and 
normal groups using a random-effects 
model. We used effect size (OR, HR, 
RR) from univariate or, if available, 
multivariate models with confounding 
factors (age and gender) adjusted in 
each study. We excluded studies from 
meta-analysis and only presented the 
result with narrative description (quali-
tative analysis) when there were not 
sufficient data available for calculating 
pooled effect size. The heterogeneity 
of effect estimates across these studies 
was quantified using the Q statistic and 
I2 (p<0.10 was considered statistically 

Fig. 2. Forest plot assessing the risk of cardiovascular and cerebrovascular disease in patients with and without primary Sjögren’s syndrome. CI: confidence 
interval.
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significant). The Q statistic compared 
the observed between-study dispersion 
and expected dispersion of the effect 
size, and was expressed in p-value for 
statistical significance. An I2 is the ratio 
of true heterogeneity to total observed 
variation. An I2 of 0% to 40% was con-
sidered to exclude heterogeneity, of 
30% to 60% was considered to repre-
sent moderate heterogeneity, of 50% to 
90% was considered to represent sub-
stantial heterogeneity, and of 75% to 
100% was considered to represent con-
siderable heterogeneity (22). Publica-
tion bias was assessed using funnel plot 
and Egger’s regression test (23).

Results

Description of included studies
The initial search yielded 883 articles 
(Fig. 1); 862 articles were excluded 
based on the title and abstract review. 
A total of 21 articles underwent full-
length review. Eleven articles were 
excluded (1 article did not study the 
subject of interest; 5 articles had no 
control group; 2 articles used lupus as 
control group, and 3 articles did not 
report the outcome of interest). Data 
were extracted from 10 studies involv-
ing a total of 165,291 participants for 
qualitative analysis (11-14, 16, 24-28). 
The included studies varied in study lo-
cation, sample size, and source of data. 
One study (13) was excluded from the 
meta-analysis because it reported the 
standardised incidence ratio (SIR) as 
outcome measurement. Among nine el-
igible studies that were included in the 
meta-analysis, three studies (14, 16, 26) 
reported both cardiovascular and cer-
ebrovascular disease as outcome; five 
studies reported either coronary artery 
disease (28), ischaemic heart disease 
(25), acute myocardial infarction (12), 
ischaemic stroke (11) or subarachnoid 
haemorrhage (24). Lastly, one study 
(27) reported a combined risk of cardi-
ovascular and cerebrovascular events. 
The characteristics of the ten extracted 
studies included in this review were 
outlined in Table I.

Meta-analysis results
The pooled result demonstrated a sig-
nificant increase in overall risk of hav-
ing cardiovascular disease or cerebro-

vascular event in patients who have 
PSS compared with controls (OR=1.28; 
95% CI: 0.11-1.46, p-value<0.01, 
I2=68%). Subgroup analyses showed 
no difference in risk for cerebrovas-
cular event (OR=1.31; 95% CI: 0.96-
1.79, p-value=0.09, I2=71%), but an 
increased risk of cardiovascular disease 
(OR=1.30; 95% CI: 1.09-1.55, p-val-
ue=0.003, I2=74%) (Fig. 2). 

Publication bias
To investigate potential publication 
bias, we examined the funnel plot of the 
included studies in the meta-analysis 
of the cardiovascular and cerebrovas-
cular disease (Fig. 3). The vertical axis 
represents study size (standard error) 
while the horizontal axis represents the 
difference in means. From this plot, 
publication bias does not exist because 
there is an asymmetrical distribution of 
studies but the Egger’s test result was 
not statistically significant (p=0.47).

Discussion

To the best of our knowledge, this is 
the first meta-analysis to explore the 
association between pSS and cardio-
vascular or cerebrovascular event. Our 
systematic review and meta-analysis 
found that pSS is associated with in-
creased overall risk of cardiovascu-
lar or cerebrovascular event based 

on the included studies to date. How-
ever, in subgroup analysis, the risk 
of cardiovascular disease is signifi-
cantly increased in patients with pSS 
meanwhile there is no greater risk of 
cerebrovascular event in the patient 
group compared to control group. As 
aforementioned, pSS is associated with 
vasculitis which may increase the risk 
of haemorrhagic stroke because of the 
inflammatory infiltrates in the vascular 
wall. Thus Ramagopalan’s study (24) 
was included in our meta-analysis. 
Despite the inclusion of this study, 
we have not found any increased risk 
of ischaemic or haemorrhagic stroke 
overall. A nationwide follow-up study 
from Sweden (13) which was not in-
cluded in our study because of different 
outcome measurement has reported an 
increased risk of ischaemic stroke but 
not haemorrhagic stroke. This result 
was contradictory to Ramagopalan’s 
study that reported an increased risk 
of subarachnoid haemorrhage in PSS. 
Noteworthily, Pasoto et al. (26) found 
that patients with PSS having a stroke 
are associated with positive antiphos-
pholipid antibody but not in those hav-
ing a myocardial infarction.
Our study result supports multiple 
studies that have reported an asso-
ciation between pSS and subclinical 
atherosclerosis by measuring carotid 

Fig. 3. Funnel plots showing studies reporting cardiovascular and cerebrovascular disease in patients 
with and without primary Sjögren’s syndrome.
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intima media thickness, aortic distensi-
bility, and pulse wave velocity (7-10). 
Although there is no increased risk 
of ischeamic or haemorrhagic stroke, 
the overall elevated risk of cardio- 
and cerebrovascular event has alerted 
us to manage pSS as one of the ath-
erosclerosis risk factors, in the same 
manner of treating RA and SLE be-
cause atherosclerosis in RA and SLE 
are known to be a cause of mortality 
and morbidity. Studies reported that a 
high level of cytokines and proinflam-
matory markers including asymmetric 
dimethylarginine (ADMA) (7), soluble 
thrombomodulin, anti-endothelial cell 
antibody (AECA) (9), adhesion mol-
ecules (VCAM-1 and ICAM-1) (29) 
probably are contributing to the high 
risk of cardiovascular event in patients 
with pSS. The endothelial dysfunction 
with the increased expression of these 
markers and cytokines, in addition to 
the impairment of flow-mediated dila-
tation, may cause vascular fibrosis and 
smooth muscle cell proliferation, even-
tually leading to arterial stiffness and 
atherosclerosis. (30)
It was found that pSS also has a higher 
prevalence of traditional risk factors 
include hypertension and hyperlipidae-
mia but not smoking, obesity and dia-
betes (16). The reason of fewer smok-
ers in pSS probably is because it causes 
more oral mucosa dryness and discom-
fort. On the contrary, Kang and Lin 
(14) did not find a significantly higher 
prevalence of hypertension, diabetes, 
yet a significantly higher prevalence of 
hyperlipidaemia in pSS. Meanwhile, 
Perez-De-Lis et al. (27) reported a two-
fold higher prevalence of diabetes mel-
litus and 1.5-fold higher prevalence of 
hypertriglyceridaemia, and a lower fre-
quency of hypertension and smoking. 
Several other factors may also play a 
role in atherosclerosis in pSS such as 
menopause causing female patients the 
loss of their hormonal cardiovascular 
protective effect since pSS is more 
commonly occurred in women in their 
fifties (30). Symptoms such as fatigue 
and depression may also lead to poor 
quality of life and more prone to a sed-
entary lifestyle, which also one of the 
cardiovascular risk factors.
There are few limitations of our study. 

First of all, all the included studies had 
not reported the duration of disease as 
we know the longer the disease dura-
tion, theoretically the more signifi-
cant atherosclerotic plaque formation 
over time and may cause more sig-
nificant disease. Another limitation as 
mentioned in Chiang’s study (11, 12) 
was that patients’ information such 
as smoking, body mass index, dietary 
habits, and family history of cardio-
vascular disease, was not available for 
analysis in their large population-based 
dataset. It also does not contain autoan-
tibody data, and authors were unable 
to evaluate the severity of pSS in pa-
tients. The authors (11, 12) also stated 
they did not investigate the effect of 
medications used for pSS that might 
reduce the acute myocardial infarc-
tion or ischaemic stroke, and thereby 
our study also is unable to explore the 
effect of treatment on the risk of car-
diovascular or cerebrovascular disease. 
Both of Chiang’s studies enrolled con-
trol subjects that were matched with 
the presence of comorbid disorders 
including hypertension, diabetes, hy-
perlipidaemia, chronic kidney disease, 
atrial fibrillation and chronic obstruc-
tive pulmonary disease (COPD); while 
the remaining studies did not. Further-
more, we could not tell the occurrence 
of ischaemic heart disease or cerebro-
vascular disease in relation to the time 
of PSS diagnosis in certain studies (25, 
28). It may bias our study result be-
cause Yeh et al. (28) and Chang et al. 
(25) did not report the exclusion of pSS 
patients with a history of cardio- or cer-
ebrovascular event before the diagno-
sis of pSS, while most of the studies 
had described the exclusion of such a 
patient group (11-14, 24).

Conclusion

In conclusion, our study has shown an 
increased risk of overall cardio- and 
cerebrovascular events, especially car-
diovascular disease. Few cardiovascu-
lar risk factors are more prevalent in 
pSS than the general population. Con-
trolling those cardiovascular risk fac-
tors could potentially help improving 
their general health and avoiding both 
cardiovascular and cerebrovascular 
diseases.
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