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Abstract
In rheumatoid arthritis and systemic lupus erythematosus, cardiovascular disease is frequently one of the leading causes of
mortality or morbidity. Studies have shown that acute systemic inflammation and chronic systemic vasculitis are associated with
endothelial dysfunction and atherosclerotic plaque formation, subsequently leading to cardiovascular disease. This meta-analysis
aimed to explore the association of subclinical atherosclerosis and arterial stiffness in primary Sjogren’s syndrome. A compre-
hensive 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 primary Sjogren’s syndrome, subclinical ath-
erosclerosis, and arterial stiffness by measuring pulse wave velocity (PWV) and intima–media thickness (IMT). Definitions of
PSS and methods to assess PWV and IMT were recorded for each study. Different locations of IMT were evaluated including
common carotid, internal carotid, and femoral arteries. The pooled mean difference (MD) of PWVand IMTand 95% confidence
interval (CI) were calculated using a random-effect meta-analysis. The between-study heterogeneity of effect size was quantified
using the Q statistic and I2. Data were extracted from eight observational studies involving 767 subjects. Pooled result demon-
strated a significant increase in PWV in patients who have PSS compared with controls (MD = 1.30 m/s; 95% CI 0.48–2.12; p
value = 0.002; I2 = 85%). Patients with PSS also have higher IMT (MD = 0.08mm; 95%CI 0.04–0.11; p value < 0.01; I2 = 72%).
Our study suggests that PSS is associated with arterial stiffness and subclinical atherosclerosis. Further studies need to be
conducted to find the correlation of subclinical atherosclerosis in PSS with the cardiovascular event, the pathophysiological
changes of arterial stiffness in PSS, and the benefit of statins, because controlling cardiovascular risk factors or disease activity
could potentially help avoid progression of atherosclerosis to overt cardiovascular disease.
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Introduction

Sjogren’s syndrome is a common rheumatic disease in the
female population, especially in their 50s. It can present as
primary Sjogren’s syndrome (PSS) or secondary to other un-
derlying connective tissue diseases, most commonly rheuma-
toid arthritis (RA) or systemic lupus erythematosus (SLE).
Lymphocytic infiltration of lacrimal and salivary glands is
the characteristic pathologic finding, causing keratoconjuncti-
vitis sicca and xerostomia, which are the most common man-
ifestations of this disease. However, this lymphocytic infiltra-
tion characteristic could also involve extra-glandular organs—
these include thyroid, lungs, and the gastrointestinal, vasculi-
tis, renal, central or peripheral nervous system—and includes
hematological involvement. Cardiovascular involvement in
PSS is less commonly seen. Acute pericarditis and myocardi-
tis were reported as rare complications [1]. The widely known

Electronic supplementary material The online version of this article
(https://doi.org/10.1007/s10067-018-4265-1) contains supplementary
material, which is available to authorized users.

* Wai Chung Yong
waichung.yongmd@baystatehealth.org;
waichung.yong@outlook.com

1 Department of Internal Medicine, Greenfield Family Medicine,
Baystate Franklin Medical Center, 48 Sanderson Street,
Greenfield, MA 01301, USA

2 Division of Nephrology, Johns Hopkins University School of
Medicine, Baltimore, MD, USA

3 Department of Preventive and Social Medicine, Faculty of Medicine
Siriraj Hospital, Mahidol University, Bangkok, Thailand

4 Section of Endocrinology, Diabetes, and Metabolism, Department of
Medicine, University of Chicago, Chicago, IL, USA

Clinical Rheumatology (2019) 38:447–455
https://doi.org/10.1007/s10067-018-4265-1

http://crossmark.crossref.org/dialog/?doi=10.1007/s10067-018-4265-1&domain=pdf
http://orcid.org/0000-0002-8395-6897
https://doi.org/10.1007/s10067-018-4265-1
mailto:waichung.yongmd@baystatehealth.org
mailto:waichung.yong@outlook.com


cardiovascular involvement of PSS is congenital heart block
associated with anti-SSA and is one of the manifestations of
neonatal lupus, yet this is a rare complication in adult patients
[2]. In certain rheumatic diseases such as RA and SLE, car-
diovascular disease is frequently a major cause of mortality or
morbidity because studies have shown that acute systemic
inflammation and chronic systemic vasculitis are associated
with endothelial dysfunction, and cause atherosclerotic plaque
formation, subsequently lead to cardiovascular disease.
Necrotizing vasculitis of medium-sized vessels resembling
polyarteritis nodosa can occur in patients with Sjogren’s syn-
drome [3]. However, whether this necrotizing vasculitis
causes atherosclerosis remains uncertain. The pathophysio-
logical mechanisms of atherosclerosis in PSS are also yet to
be discovered.

Multiple studies reported subclinical atherosclerosis by
measuring the pulse wave velocity (PWV) or artery intima–
media thickness (IMT) as a surrogate test to evaluate the risk
of cardiovascular diseases with mixed results. To explore the
association of subclinical atherosclerosis and arterial stiffness
in PSS, because it may progress into overt cardiovascular
diseases, we perform this systemic review and meta-analysis
to compare arterial stiffness parameters in subjects with a di-
agnosis of PSS to normal subjects.

Materials and methods

This systematic review and meta-analysis was conducted and
reported according to the Meta-analysis Of Observational
Studies in Epidemiology statement [4] and was registered in
PROSPERO (registration number: CRD 42017058316).

Search strategy

Three authors (WCY, AS, SU) independently searched pub-
lished 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: Sjogren’s syndrome, pulse wave velocity, vascular stiff-
ness, arterial stiffness, aortic stiffness, pulse pressure, pulse
wave analysis, intima–media thickness. The full search terms
used are detailed in the Supplemental Material and Methods.

Inclusion and exclusion criteria

This review included all published observational studies in-
cluding cross-sectional, prospective cohort, retrospective co-
hort, and case-control studies that assessed the association of
primary Sjogren’s syndrome and arterial stiffness. Reviews,
case reports, and abstracts were excluded because their quality
of studies could not be evaluated.

We included studies that recruited participants from the
general population or used data from medical records from
healthcare facilities. Participants were adults with primary
Sjogren’s syndrome or healthy individuals and had arterial
stiffness measured. We compared outcomes between patients
who were diagnosed with primary Sjogren’s syndrome by
American College of Rheumatology criteria [5], American-
European Consensus criteria [6] for diagnosis of Sjogren’s
syndrome, and participants who did not have primary
Sjogren’s syndrome. Secondary Sjogren’s syndrome was ex-
cluded from our study. The main outcome of this study was
aortic stiffness measured by pulse wave velocity (PWV) and
intima–media thickness (IMT).

Data extraction

All authors independently reviewed the titles and abstracts of
all citations that were identified. After abstracts were
reviewed, data comparisons between the three investigators
were conducted to ensure completeness and reliability. The
inclusion criteria were independently applied to all identified
studies. Differing decisions were resolved by consensus.

Full-text versions of potentially relevant papers identified
in the initial screening were retrieved. Data concerning study
design, the source of information, participant characteristics,
Sjogren’s syndrome, and arterial stiffness assessment were
independently extracted. We contacted the authors of the orig-
inal reports 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 the methodological quality of ob-
servational studies was evaluated by all three authors using the
Newcastle–Ottawa Scale (NOS) [7], which is a quality assess-
ment tool for non-randomized studies. It uses a Bstar system^
based on three major perspectives: the selection of the study
groups (0–4 stars, or 0–5 stars for cross-sectional studies), the
comparability of the groups by controlling for important and
additional relevant factors (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 opin-
ions 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
Collaboration 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 the
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pooled mean difference (MD) of PWV and IMT of various
anatomical sites. All outcomes were reported as effect esti-
mate and its 95% confidence intervals (CIs) comparing be-
tween primary Sjogren’s syndrome and normal groups using
a random-effects model. If a study reported multiple anatom-
ical sites, we used outcomes from each site and calculated the
pooled effect size with other studies. The mean and standard
deviation (SD) of studies that reported median and its respec-
tive range or interquartile range (IQR) was calculated using
formulas [8–10]. We excluded studies frommeta-analysis and
only presented the result with narrative description (qualitative
analysis) when there were not sufficient data available for
calculating pooled effect size. The heterogeneity of effect es-
timates across these studies was quantified using the Q statis-
tic and I2 (p < 0.10 was considered statistically significant).
The Q statistic compared the observed between-study disper-
sion 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 considered to exclude heterogeneity, of 30 to
60% was considered to represent moderate heterogeneity, of
50 to 90% was considered to represent substantial heteroge-
neity, and of 75 to 100% was considered to represent consid-
erable heterogeneity [11]. Publication bias was assessed using
funnel plot, Egger’s regression test [12].

Results

Description of included studies

The initial search yielded 113 articles (Fig. 1); 103 articles
were excluded based on the title and abstract review. A total
of 10 articles underwent full-length review. Two articles were
excluded (one article did not study the outcome of interest,
and one article had no control group). Data were extracted
from eight studies involving a total of 767 participants for
qualitative analysis [13–20]. The included studies varied in
study location, sample size, and source of data. Among the
eight eligible studies that were included in the meta-analysis,
two studies [16, 20] reported PWV, five studies [13, 15,
17–19] reported IMT, and one study [14] reported both
PWVand IMT. The characteristics of the eight extracted stud-
ies included in this review were outlined in Table 1.

Meta-analysis results

The pooled result from three studies of PWV in PSS demon-
strated a significant increase in PWV in patients who have
PSS compared with controls (MD = 1.30 m/s; 95% CI 0.48–
2.12; p value = 0.002; I2 = 85%) (Fig. 2). The pooled result
from seven studies of IMT also showed that patients with

PSS have higher IMT (MD = 0.08 mm; 95% CI 0.04–0.11;
p value < 0.01; I2 = 72%) (Fig. 3).

Publication bias

To investigate potential publication bias, we examined the
funnel plot of the included studies in the meta-analysis of
the PWVand IMT (Figs. 4 and 5). The vertical axis represents
study size (standard error) while the horizontal axis represents
the difference in means. From these plots, there is an asym-
metrical distribution of studies as depicted in the meta-
analysis of PWV; no publication bias exists in the meta-
analysis of IMT because the studies were symmetrically dis-
tributed. However, the Egger’s test results were not statistical-
ly significant in both meta-analyses of PWV (p = 0.29) and
IMT (p = 0.49).

Discussion

To the best of our knowledge, this is the first meta-analysis to
explore the association between PSS, arterial stiffness, and
subclinical atherosclerosis by measuring pulse wave velocity
and intima–media thickness. Our result showed a significant

Fig. 1 Flow of search methodology and selection process
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increased PWVand IMT compare to the control group, which
implies that PSS is associated with arterial stiffness and sub-
clinical atherosclerosis. The etiologies of vascular disease in
PSS are not well understood. In general, the possible mecha-
nisms of atherosclerosis in autoimmune diseases include side
effects of medication, higher traditional cardiac risk factors,
the disproportion between endothelial damage and repair, and
production of pro-inflammatory cytokines [21]. Patients with
PSS are more common in female than in male population with
onset of disease in their 50s, which coincides with the meno-
pausal period. Thus, the hormonal protective effect for cardio-
vascular diseases is diminishing. Secondly, patients with PSS
are suffering from fatigue and depression and are associated
with low quality of life as the disease progresses; hence a more
sedentary lifestyle increases the prevalence of traditional risk
factors and an imbalance in lipids. The LDL oxidation in the
subendothelial space activates endothelial cells and macro-
phages to produce chemokines and adhesion molecules as
the initial step in endothelial dysfunction [21]. Several studies
reported a high level of cytokines and pro-inflammatory
markers are likely the cause of atherosclerosis in PSS because
they elicit the chemotaxis of dendritic cells, monocytes, and T
cells into the intima. These markers include soluble
thrombomodulin, anti-endothelial cell antibody, VCAM-1,
ICAM-1, and asymmetric dimethylarginine [21]. The intensi-
fication of inflammatory process is also initiated by oxidized

lipids through the activation of pattern recognition receptors
of innate immunity and serves as autoantigens in the humoral
and cellular immune responses. This process eventually leads
to the infiltration of vascular smooth muscle into the plaque to
form a fibrous cap [21].

Similarly, the atherosclerotic process in RA also involves
the expression of ICAM and VCAM followed by aggregation
of vascular monocytes after activation of the endothelium by
innate and adaptive immune systems. The release of cytokines
such as IL-1, IL-6, and TNF-a triggers the conversion of these
monocytes to foam cells, as well as contributes to the reduc-
tion of nitric oxide release by changing the endothelial func-
tion. These processes are the harbinger of initial atherosclerot-
ic lesions in RA [22]. The involvement of aforementioned
pro-inflammatory cytokines in the pathophysiology of PSS
[21] implies the possibility of an identical inflammation cas-
cade in both diseases causing atherosclerosis. To conclude,
endothelial dysfunction and flow-mediated dilatation impair-
ment have led to an inflammatory cascade causing vascular
fibrosis and smooth muscle proliferation, eventually causing
arterial stiffness and atherosclerosis.

Multiple studies found that PWV and IMT are the accept-
able non-invasive tests to evaluate subclinical atherosclerosis
and arterial stiffness that can reliably predict subsequent car-
diovascular disease morbidity and mortality [23–25]. There
have not been many studies on the cardiovascular or

Fig. 3 Forest plot of arterial stiffness (intima–media thickness), for patients with and without primary Sjogren’s syndrome. CI: confidence interval

Fig. 2 Forest plot of arterial stiffness (pulse wave velocity), for patients with and without primary Sjogren’s syndrome. CI: confidence interval
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cerebrovascular events in PSS patients and these studies’ re-
sults often are inconclusive. Thus we used PWV and IMT as
surrogate tests. PWV is defined as the velocity of the arterial
pulse moving along the vessel wall, and it is inversely related
to the arterial distensibility [26]. It is calculated by measuring
the time needed for pulse transit across the distance between
two recording sites on the surface of the body. The calculation
is based on the following formula: PWV (m/s) = distance (m)/
transit time (s) [27]. Alternatively, carotid or femoral intima–
media thickness also has been used to evaluate subclinical
atherosclerosis by direct measurement of the intima–media
thickness under sonography. Unfortunately, there are some
limitations on both of the tests. First of all, PWV may not
change significantly in early atherosclerotic aorta because it
may remain elastic. The recording sites could also affect the
accuracy of estimating the arterial stiffness since some arteries
are more prone to overt atherosclerosis changes than the other

(such as femoral artery being more susceptible to change than
radial artery). Also, the PWV does not reflect the entire arterial
tree measurement [24]. Finally, the increase of IMT may not
be easily detected in the early stage of atherosclerosis.

Although our study reported an increased arterial stiffness
and subclinical atherosclerosis, whether this develops into an
overt cardiovascular or cerebrovascular disease remains de-
batable. Chiang et al. [28, 29] reported no increased risk of
both diseases after adjusted for age, sex, hypertension, hyper-
lipidemia, diabetes, chronic kidney disease, and chronic pul-
monary obstructive disease; while Kang and Lin also had not
found such association [30]. On the contrary, Ramagopalan
et al. [31] reported an increased risk of subarachnoid hemor-
rhage while Zoller et al. [32] reported an increased risk of
ischemic stroke. However, there is no greater risk of hemor-
rhagic stroke in Zoller’s study. Bartoloni et al. [33] is the only
study that reported a statistically significant increased risk of

Fig. 4 Funnel plots showing
studies reporting arterial stiffness
(pulse wave velocity) in patients
with and without primary
Sjogren’s syndrome. Circles
represent observed published
studies

Fig. 5 Funnel plots showing
studies reporting arterial stiffness
(intima–media thickness) in
patients with and without primary
Sjogren’s syndrome. Circles
represent observed published
studies
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myocardial infarction and cerebrovascular disease in patients
with PSS. Further study is needed to investigate the contribu-
tion of subclinical atherosclerosis causing cardiovascular or
cerebrovascular events in PSS patients because the discor-
dance findings probably mean that development of subclinical
atherosclerosis is slow. Therefore, it would not have sufficient
time to progress into an overt cardiovascular or cerebrovascu-
lar disease. The atherosclerotic changes in PSS patients could
be due to less aggressive inflammation from lymphocytic in-
filtration than the more aggressive inflammation from neutro-
phils infiltration.

Nonetheless, chronic systemic inflammation is a risk factor
for atherosclerosis [34]. Other studies on chronic inflammato-
ry diseases such as gout, ankylosing spondylitis (AS), and RA
have yielded a comparable result. Krasnokutsky et al. demon-
strated a reduction of arterial endothelial function that is inde-
pendent of other cardiovascular risk factors or comorbidities
in patients with gout by measuring the flow-mediated dilation
and nitroglycerin-mediated dilation [35]. Biesbroek et al.
showed that the aortic arch PWVwas increased in their cohort
of patients with AS, even after controlling for age, BMI, sys-
tolic blood pressure, and heart rate on multivariate regression
analysis [36]. Meantime, Rongen et al. revealed that vasodi-
lator function was decreased in RA patients with a flare-up
after suspending TNF inhibitor. This finding did not pertain
for patients with inactive RA after discontinuing TNF inhibi-
tor and those with the continuation of therapy [22].

Our study was unable to include studies that reported dif-
ferent outcome measurements because of insufficient data to
perform an adequate and reliable meta-analysis. Cicek et al.
[37] reported a significant decreased of aortic distensibility in
patients with PSS. Akyel et al. [13] also reported disruption of
flow-mediated dilatation, while Atzeni et al. [14] reported an
impairment of coronary flow reserve. Aortic distensibility is
inversely correlated to arterial stiffness; flow-mediated dilata-
tion is a marker of endothelial dysfunction that reflects the
response of blood vessels to an increase in flow by dilatation;
while impairment of coronary flow reserve can accurately
predict the presence of severe coronary stenosis. These results
also support our study’s finding.

The limitation of our study is the inability to determine
whether disease duration, disease severity, antibodies associ-
ation, or treatment make any difference to the outcome. As we
know, the longer the disease duration, or the more severe the
disease is, theoretically, the more significant atherosclerotic
plaque forms over time and may cause more significant dis-
ease. Alternatively, with treatment, it may reduce the inflam-
mation from PSS and thereby minimize the progression of
arterial stiffness. Zardi et al. [18] reported a significant corre-
lation between disease duration and increased carotid IMT in
PSS. The number of patients with PSS taking steroids, statins,
or anti-hypertensive medications might affect the outcome
[20], and we will not know how much these medications

can help reduce the progression of atherosclerosis from our
study. The restoration of arterial vasodilator and endothelial
function after treatment with glucocorticoids, disease-
modifying anti-rheumatic drugs (DMARDs), or biologic
agents such as rituximab is inconclusive since the included
studies in our meta-analysis either did not include subjects
treated with these medications [17–19] or did not report sub-
jects being treated [13]. Sabio et al. [16] reported no signifi-
cant difference in number of prednisone (27% vs. 18%, p =
0.669), hydroxychloroquine (27% vs. 36%, p = 0.722), and
other immunosuppressive drugs use (azathioprine, methotrex-
ate, and mycophenolate mofetil) (15% vs. 15%, p = 0.09) be-
tween PSS patients with PWV> 9.5 m/s and PWV ≦ 9.5 m/s.
Similar finding applies to Gravani et al. [15] as they did not
find a statistically significant difference in current steroid dose
(1.3 ± 2.3 mg vs. 1.1 ± 2.1 mg) and total steroid dose (7.8 ±
17 g vs. 6.6 ± 11.3 g) between PSS patients with IMT >
0.9 mm and IMT ≦ 0.9 mm. Meanwhile, there were only
13.7% and 9.6% of PSS patients on steroids and immunosup-
pressive drugs, respectively, in Demirci et al. [20] study.
Lastly, Atzeni et al. [14] reported the majority of PSS patients
were being treated with hydroxychloroquine 400 mg per day,
and only a few of them received azathioprine (6 patients),
methotrexate (4 patients), and steroids (7 patients).

At present, there is a lack of effective treatment for patients
with PSS. The efficacies of DMARDs and biologic agents are
based on researches on patients with secondary Sjogren’s syn-
drome, such as those with SLE or RA [38]. Due to increasing
evidence of the pathogenic role of B cells in PSS, rituximab
was studied in several randomized controlled trials but with
mixed results as some reported improvement of salivary flow
and VAS for pain, fatigue, and oral dryness, or vice versa [38].
Belimumab, a B-cell activating factor (BAFF) inhibitor, was
showed to improve at least two of five disease indicators,
including pain, dryness, fatigue, systemic activity, and B cell
biomarkers in 60% of the patients in an open-labeled trial
(BELISS), yet no change in salivary flow and Schirmer’s test
[38, 39]. As a type I interferon pathway modulator, the effica-
cy of hydroxychloroquine is not as promising as shown in a
randomized controlled trial (JOQUER) compared to the re-
sults of open-labeled studies [38, 39]. However, these studies
did not assess the improvement of cardiovascular parameters.
Thus, further studies evaluating improvement of PWV and
IMT with rituximab or belimumab therapy could be
considered.

Conclusion

In conclusion, our study suggests that PSS is associated with
arterial stiffness and subclinical atherosclerosis. More large-
scale studies need to be conducted to find the correlation of
subclinical atherosclerosis in PSS with the cardiovascular or
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cerebrovascular event, and also the pathophysiology of in-
creased arterial stiffness in PSS. Randomized controlled trials
or prospective cohort studies to explore the benefit of statins,
controlling cardiovascular risk factors or disease activity could
potentially help providers in improving patients’ general
health and avoiding progression of atherosclerosis.
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