Rheumatology International (2022) 42:179-189
https://doi.org/10.1007/500296-021-04970-9

Rheumatology

INTERNATIONAL

REVIEW q

Check for
updates

Cardiac involvement in primary Sjogren’s syndrome

Li Qin'® - Yiwen Zhang'® - Xiaogian Yang'® - Qiang Luo'® - Han Wang'

Received: 29 June 2021 / Accepted: 9 August 2021 / Published online: 13 August 2021
© The Author(s), under exclusive licence to Springer-Verlag GmbH Germany, part of Springer Nature 2021

Abstract

Primary Sjogren’s syndrome (pSS) is an autoimmune-mediated, inflammatory, and systemic connective tissue disease (CTD),
especially in middle-aged women, which often involves multiple systems and organs of the body. In fact, the heart is an
important target organ in patients with pSS. In recent years, it has been confirmed that the morbidity of cardiac involvement
has increased in patients with pSS, and cardiovascular disease (CVD) is one of the main causes of death. The increased risk
of CVD in pSS patients is associated with a great variety of risk factors, such as age, gender, hypertension, diabetes mellitus,
dyslipidemia, disease duration, extra-glandular manifestations, therapeutic drugs of pSS, and so on. Early recognition and
effective treatment of CVD may play a crucial role in improving adverse cardiovascular prognosis. Whereas cardiac involve-
ment is closely related to patient prognosis and survival, the cardiac involvement of patients with pSS remains poorly studied.
Therefore, this article reviews the cardiovascular risk factors, clinical manifestations of cardiac involvement, cardiovascular

biomarkers, and therapeutic strategies of pSS patients.
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Introduction

Primary Sjogren’s syndrome (pSS) is a slowly progressive
autoimmune inflammatory disease mainly characterized by
lymphocyte infiltrating exocrine glands, primarily the sali-
vary and lacrimal glands. The incidence of pSS is 6.92 per
100,000 person-years and the prevalence of pSS is 60.82
cases per 100,000 people, and it mostly affects middle-aged
women [1]. The exact etiology and pathogenesis of pSS are
still unknown, and infection, genetic, and environment may
play a crucial role in the occurrence and development of
pSS. More than one-third of pSS patients have extra-glan-
dular involvement, and the heart is an important target organ
[2]. All parts of the heart can be affected, including the peri-
cardium, myocardium, conduction system, valves, and coro-
nary arteries, which are mainly manifested as coronary heart
disease (CHD), pulmonary arterial hypertension (PAH),
pericarditis, cardiac arrhythmias, valvular regurgitation,
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autonomic dysfunction, and heart failure [2—4]. In particular,
cardiac arrhythmias can be used as the initial manifestation
of adult pSS, and female patients with anti-SSA/SSB anti-
bodies have a significantly increased risk of giving birth to a
neonatal complete congenital heart block [5]. In fact, cardio-
vascular disease (CVD) is common in pSS patients, which
is one of the leading causes of mortality [6]. However, there
is much less clarity regarding the underlying mechanism
of CVD in pSS patients. The increasing evidence demon-
strated that systemic inflammation and immune-mediated
mechanisms may play a crucial role in the development of
CVD [7]. Bartoloni et al. pointed that the occurrence of
cardiovascular events was predicted by interleukin-6 (IL-6)
and high-sensitive C reactive protein (hsCRP), both these
markers of systemic inflammation, which further reinforce
the strong interaction between inflammation and CVD [8].
In addition, patients with pSS had an increased risk of CVD
compared to the general population, which was mainly
related to the disease-related characteristics and traditional
cardiovascular risk factors [3, 9]. It was worth mentioning
that pSS was similar to rheumatoid arthritis (RA) and sys-
temic lupus erythematosus (SLE) in terms of several clinical
and immunological characteristics, but pSS was character-
ized by low-grade systemic inflammation and a slow and
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benign evolution, and usually not require immunosuppres-
sive therapies or high doses of corticosteroid treatment [10].

Although cardiovascular comorbidities are frequently
reported in patients with autoimmune diseases, CVD
remains still underdiagnosed and undertreated. To date, a
few studies have focused on cardiac involvement in pSS,
but cardiovascular events may have a serious impact on
patient prognosis and survival, so it is of great significance
to strengthen the research on this disease [11]. Thus, this
article reviews the cardiovascular risk factors, clinical man-
ifestation of cardiac involvement, possible cardiovascular
biomarkers, and therapeutic strategies of pSS patients, which
may be helpful for clinicians to early identify the risk of
cardiac involvement in pSS patients and take effective treat-
ment measures to improve adverse cardiovascular prognosis.

Search strategy

We searched for literature through the MEDLINE/PubMed,
EMBASE and Scopus database from inception to March
2021, using the following keywords combination: (Sjogren’s
syndrome OR Sjogren’s syndrome OR sicca syndrome)
AND (heart OR cardiac OR cardiovascular OR cardiol-
ogy). And the relevant references in the literature were also
included. We did not include the literature's inability to find
full texts or obtain patients’ details from original articles
or abstracts. The publication not in English and data from
ongoing research were also excluded.

Cardiovascular morbidity and mortality

More recently, two meta-analyses have assessed the mor-
bidity and mortality of cardiac involvement in pSS, and the
results indicate that pSS patients have an increased risk of
cardiovascular events [7, 12]. Yong et al. evaluated 10 stud-
ies and 165 292 participants found that cardiovascular or cer-
ebrovascular events were indeed more prevalent in patients
with pSS compared with the general population (OR =1.28,
95%CI: 0.11-1.46) [12]. Another meta-analysis included
14 studies and 67 124 patients showed that there was an
increased morbidity of coronary events (RR=1.34, 95%ClI:
1.06—1.38), cerebrovascular diseases (RR =1.46, 95%CI:
1.43-1.49), heart failure (OR =2.54, 95%CI: 1.30-4.97),
and thromboembolic events (RR=1.78, 95%CI: 1.41-2.25)
in pSS patients versus the controls [7]. Besides, the risk was
also elevated for cardiovascular mortality in pSS [7].
However, there were several differences between these
two meta-analyses. First, the choice of included studies was
inconsistent. Abstracts of American and European scientific
meetings on rheumatism were not included in the study by
Yong et al. Second, the main outcomes of included studies
were different. Of note, the outcome of the studies included
by Yong et al. was not exclusively cardiovascular events.
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For instance, three studies focused on cardiovascular risk
factors, the association between viral hepatitis and pSS, and
the risk of gastroesophageal reflux disease in pSS patients,
respectively, were also included [13—15]. In these studies,
CVD was only the initial characteristic. Third, Yong et al.
did not report the mortality of CVD in pSS patients, which
may be due to missing data.

All in all, these meta-analyses provide high levels of
evidence that patients with pSS have higher morbidity and
mortality of cardiac involvement compared with the con-
trols. However, the reason for the increased risk of CVD is
not clear, which is one of the limitations of the two studies.

Subclinical atherosclerosis

In patients with pSS, an increased prevalence of subclinical
atherosclerosis and vascular damage may play an indispensa-
ble role in the development of CVD [8]. It has been accepted
that atherosclerotic endothelial damage is the result of the
interaction of multiple pathogenic factors in pSS patients,
including immune-mediated mechanisms and traditional
cardiovascular risk factors [16, 17]. Of note, inflammation
also plays an important role in the pathogenesis of athero-
sclerosis in patients with RA and SLE, but the real contribu-
tion of inflammation to atherosclerotic damage in patients
with pSS is still unclear [8]. The activation of T cells and
B cells plays a pivotal role in the process of immune dys-
regulation. Abnormal proliferation of B cells can differenti-
ate into plasma cells that produce a large number of immu-
noglobulins and autoantibodies, especially anti-SSA/SSB
antibodies. Traditional cardiovascular risk factors, namely
hypertension, diabetes mellitus, dyslipidemia, may promote
the progression of atherosclerosis by triggering inflamma-
tory processes and vascular damage [9]. Some studies have
found that there is no significant difference in the levels of
some inflammatory biomarkers, such as CRP and hsCRP,
between pSS patients and normal controls [8, 18]. Moreover,
CRP or hsCRP is not associated with an increased risk of
subclinical atherosclerosis in pSS patients, which also sup-
ports the notion that systemic inflammation is relatively low
in patients with pSS [8].

A large number of studies proposed that functional and
organic subclinical atherosclerosis damage can be meas-
ured by different methods, including artery intima-media
thickness (IMT), pulse wave velocity (PWV), asymmet-
ric dimethyl arginine (ADMA), coronary flow reserve
(CFR), ankle-brachial index (ABI), flow-mediated dilation
(FMD) and nitrate-mediated vasodilation (NMV) [19, 20].
Increased artery wall thickening and endothelial damage
often occurred in the early stage of subclinical cardiovas-
cular organ damage, and the study found that two-thirds
of patients with pSS had increased artery wall thickening
(IMT > 0.9 mm) [19]. What’s more, higher levels of ADMA
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and PWYV were more common in patients with pSS, and their
levels were proportional to arterial stiffness [19]. Lower ABI
(ABI<0.9) and lower CFR (CFR < 2.5) were considered to
be the sign of impaired coronary function and increased car-
diovascular risk, respectively [21, 22]. In addition, impaired
FMD and NMV were also frequent in pSS patients, which
were associated with endothelial dysfunction [17].

On the whole, immune system disorders and cardiovas-
cular risk factors play a crucial role in the pathogenesis of
subclinical atherosclerosis, but the mechanism of their inter-
action remains to be further clarified.

Cardiovascular risk factors

Traditional cardiovascular risk factors, such as age, sex,
hypertension, dyslipidemia, and diabetes mellitus, are asso-
ciated with the higher risk of CVD in pSS patients. However,
these factors do not fully explain the increased risk of CVD,
implying that other factors might contribute to the increased
cardiovascular events burden in these patients. It has been
found that the disease itself and disease-related features of
pSS, for example, therapeutic drugs, extra-glandular mani-
festation and disease duration, play a role in the development
of CVD [9, 13]. These risk factors of cardiac involvement in
pSS patients are shown in Fig. 1.

Fig. 1 Risk factors of cardiac
involvement in patients with

Age and gender

Age and gender are well-recognized unalterable risk fac-
tors for CVD, and the prevalence of CVD increases with
advancing age in pSS patients [23]. A large-scale cross-
sectional study revealed that they were significantly older
in patients with CVD than those without CVD (55.5 years
vs. 46.0 years, P <0.001), and it may be contributed to the
increase of vascular endothelial injure and vascular stiff-
ness with aging [24]. Despite the female predominance in
patients with pSS, male appear to confer a higher risk of
CVD, which may be due to the protective effect of estrogen
on cardiovascular events in female [25].

Hypertension

Notably, hypertension was considered to be one of the
most important cardiovascular risk factors for cardiovas-
cular events, and the prevalence of hypertension in pSS
patients is more than twice that in age-and sex-matched
healthy controls (28-50% vs. 15.5-25.6%, P <0.01) [4,
26]. The prevalence of hypertension in pSS was about 13%
to 52%, and this high variability of prevalence may be
related to the definition of hypertension, the different race
of patients, the sex bias, and other concomitant factors
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such as reduced physical activity and use of some medi-
cations [9]. Hypertension can aggravate damage of the
arterial wall by inducing the activation of inflammatory
cytokines, complement, and innate immune system, result-
ing in hypertensive end-organ damage [9, 27]. A study
demonstrated that hypertension was not only associated
with subclinical atherosclerosis and asymptomatic cardio-
vascular damage with left ventricular dysfunction, but also
with increased risk of cardiovascular and cerebrovascular
events, such as myocardial infarction, heart failure, and
stroke [27].

Dyslipidemia

Abnormal lipid metabolism of pSS patients was mainly
characterized by increased total cholesterol (TC),
increased triglyceride (TG), and reduced high-density
lipoprotein cholesterol (HDL-C). Interestingly, the levels
of low-density lipoprotein cholesterol (LDL-C) in pSS
patients were significantly decreased compared with the
controls [9]. The exact prevalence of impaired lipid profile
in pSS was not certain, giving that the different defini-
tions of dyslipidemia in some studies made data scarcely
comparable. However, some studies demonstrated that
pSS patients with CVD were prone to have altered lipid
profile [9, 13]. Limited evidence has pointed out that anti-
SSA/SSB antibodies are not only associated with dyslipi-
demia in pSS patients but also related to the pathogenesis
of CVD in these patients [28]. Therefore, we infer that
the autoantibody-inducted mechanism may play a certain
role in the pathogenesis between dyslipidemia and CVD in
patients with pSS, but further verification is still needed.

Diabetes mellitus

Diabetes mellitus is a CHD risk-equivalent, and the preva-
lence of diabetes mellitus in pSS patients varies greatly,
ranging from 0 to 28% [9]. Most studies revealed that dia-
betes mellitus was more likely to occur in patients with
pSS, but only one study showed that the prevalence of
diabetes mellitus in pSS patients was lower than that in
healthy subjects [11]. These conflicting data may be partly
explained by different genetic and metabolic background,
lifestyle habits, and local guidelines for diabetes mellitus
screening [9, 11]. The possible mechanism between dia-
betes mellitus and CVD was involved in inflammation,
vascular damage, and accelerated atherosclerosis [4]. In
addition, a cohort study demonstrated that pSS patients
with diabetes mellitus had an increased risk of CHD, with
adjusted HR of 1.16 (95%CI: 1.01-1.34) [24].
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Disease-related factors

Disease-related factors mainly include therapeutic drugs,
extra-glandular manifestation, disease duration, and the dis-
ease itself of pSS. Although the therapeutic drugs of pSS,
such as glucocorticoids (GC), hydroxychloroquine (HCQ),
immunosuppressants (ISs), and B-cell targeted therapies,
can bring some cardiovascular benefit, individual drugs
also have specific adverse events and cardiovascular toxic-
ity. For example, a rare and possibly unrecognized adverse
event of HCQ is drug-induced cardiotoxicity, and restric-
tive cardiomyopathy and conduction abnormalities have
been reported in the cases of long-term use of HCQ [29].
In addition, rituximab, an anti-CD20 monoclonal antibody,
has been suggested as a treatment option for severe refrac-
tory patients. However, some serious cardiovascular events
have occurred during the infusion of rituximab, including
hypotension, arrhythmia, and angina [3]. A multicenter
cohort study demonstrated that age at diagnosis of pSS
(OR=1.067, 95%CI: 1.039-1.095), longer disease dura-
tion (OR =1.059, 95%CI: 1.015-1.104), lung involvement
(OR=1.567, 95%CI: 0.620-3.958), central nervous sys-
tem involvement (OR =5.666, 95%CI: 1.352-23.749), GC
therapy (OR =1.970, 95%CI: 1.083-3.582), and ISs therapy
(OR=1.966, 95%CI: 1.044-3.700) were significantly asso-
ciated with an increased prevalence of CVD in pSS patients
[11]. Besides, long-term use of GC may increase the fre-
quency of cardiovascular risk factors, such as hypertension
and diabetes mellitus. It was worth mentioning that pSS was
also identified as an independent cardiovascular risk factor,
which was in accordance with other CTD [3].

Cardiovascular biomarkers

With a deep knowledge of pathogenic mechanisms in pSS
patients with CVD, some potential biomarkers evaluating
cardiac involvement, disease severity, and risk of death
have been proposed, although further verification is still
needed. First, inflammatory markers, such CRP and IL-6, are
involved in the pathogenesis of vascular damage and have
been considered as independent predictors of cardiovascu-
lar events in pSS patients [8]. Second, the possible roles
of calprotectin have been proposed as a marker of athero-
sclerosis and a prognostic factor for CVD [8]. Calprotectin
is an important pro-inflammatory factor of innate immune
that promotes vascular inflammation and endothelial dam-
age [8]. Kunutsor et al. reported that calprotectin exerted an
important role in the pathogenesis of CHD by inducing the
inflammatory process [30]. Third, dickkopf-related protein
1 (DKK-1) is also identified as an independent predictor of
CVD [8]. DKK-1, an antagonist Wingless-type signaling
pathway, is usually overexpressed in endothelial cells and
atherosclerotic plaques, enhancing the interaction between
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platelets and endothelial layer, driving local inflammation,
and promoting plaque destabilization and rupture [31].
Moreover, plasma levels of DKK-1 correlate with hs-CRP
and are connected with atherosclerosis [8]. Fourth, ADMA,
an endogenous inhibitor of nitric oxide synthase, is not only
a marker and mediator of endothelial dysfunction but also a
predictor of subclinical atherosclerosis and cardiovascular
risk stratification as well as all-cause mortality [19, 32]. It
is worth mentioning that some specific biomarkers of car-
diac damage, such as creatine kinase-MB (CK-MB), cardiac
troponin I and T (cTnl and ¢TnT), brain natriuretic peptide
(BNP), and pro-brain natriuretic peptide (pro-BNP), may
also be considered as cardiovascular biomarkers in pSS
patients, which are needed to rigorous validation processes.

Cardiovascular diseases in pSS

As well as other CTD, cardiac involvement in patients with
pSS is often manifested as CHD, PAH, cardiac arrhythmia,
pericardial and valvular diseases, cardiovascular autonomic
dysfunction, and heart failure. The detailed clinical mani-
festations and related factors for cardiac involvement of pSS
patients are shown in Table 1.

CHD

The incidence of CHD in pSS patients was 1.42 person-
months, which was 1.36 times higher than in the controls
[24]. The risk of CHD in patients with pSS increased
with age, increasing by 6% per year, and patients aged
45-59 years had the highest risk of CHD (HR=1.46, 95%
CI: 1.20-1.79) [24]. Although pSS usually occurred in
female patients, male patients were more like to have CHD
than female patients [24]. In addition, patients with hyper-
tension, diabetes mellitus, hyperlipidemia, and use of GC
and nonsteroidal anti-inflammatory drugs (NSAIDs) also
increased the risk of CHD, with adjusted HRs of 1.70 (95%
CI: 1.51-1.92), 1.16 (95% CI: 1.01-1.34), 1.38 (95% CI:
1.21-1.57), 1.45 (95% CI: 1.07-1.97) and 1.31 (95% CI:
1.05-1.65), respectively [24]. Of note, the adjusted HR of
CHD in pSS patients increased to 1.52 (95% CI: 1.21-1.92)
after excluding the interference of the above-mentioned fac-
tors, which demonstrated that disease itself of pSS may be
an independent risk factor for CHD [24]. However, some
studies demonstrated that the risk of ischemic heart disease
(IHD) and acute myocardial infarction (AMI) in pSS patients
was lower than in the general population, and there was an
insignificant link between pSS and AMI [33, 34]. It may be
attributed to the different inclusion and exclusion criteria of
the studies and different diagnostic criteria of diseases [33].
To date, the possible mechanisms involved CHD associated
with pSS are still largely unknown, which need to be further
explored.

PAH

pSS-PAH was a serious and relatively rare complication
of patients that was characterized by increased pulmonary
artery pressure and pulmonary vascular resistance, mainly
manifesting with exertional dyspnea, dizziness, fainting,
and right heart failure signs [3, 35]. Kobak et al. found that
23.4% (11/47) of pSS patients had PAH by using noninva-
sive echocardiograms [36]. The pathogenesis of pSS-PAH
may be associated with pulmonary vasculitis, pulmonary
vasospasm and reduced pulmonary vascular bed caused by
pulmonary interstitial lesions, arterial occlusion and steno-
sis arising from pulmonary artery thrombosis and immune
complex deposition [35, 37]. Some studies suggested that
positive anti-SSB and anti-U1RNP antibodies, younger age
at onset of pSS, the negative of corneal staining, Raynaud’s
phenomenon, rheumatoid factor >200 U/ml, hepatic injury
and pericardial effusion were employed as independent
risk factors for pSS-PAH [35, 37, 38]. The overall one-,
three- and five-year survival rates of pSS-PAH were 94.0%,
88.8% and 79.0%, respectively [35]. Moreover, the mortal-
ity of pSS-PAH was associated with a low cardiac index
and increased damage index, thus the prognosis might be
improved by optimizing cardiopulmonary function [35].

Cardiac arrhythmia

Cardiac arrhythmia was indeed more prevalent in adult
patients with pSS compared with the general population
(OR=1.32,95% CI: 1.03-1.71), and congenital heart block
(CHB) was the main type of cardiac arrhythmia in pSS
patients [39, 40]. The incidence of neonatal CHB in the off-
spring of mothers with anti-SSA antibody had been reported
to be approximately 1% to 2%, and the risk of recurrence was
10 times higher in the subsequent pregnancies [41]. It had
been proposed that immune-mediated tissue damage may be
important in the pathogenesis of neonatal CHB [40]. Inter-
estingly, the adult conduction system was thought to be able
to tolerate the damage of anti-SSA/SSB antibodies, whereas
the neonatal heart was affected by these antibodies. The
autopsies results of infants affected with CHB revealed that
there were no serious structural defects in the heart except
atrioventricular node fibrosis [3]. It may be attributed to a
cross-reaction with calcium channels on cardiac myocytes
and the lower density of L-type calcium channels in neonatal
cardiac myocytes [40]. L-type calcium channels were widely
distributed in the cardiovascular system and were crucial for
the propagation of action potential in the atrioventricular
node. In addition, the presence of anti-idiotypic antibodies
against anti-SSA/SSB antibodies in maternal serum could
protect the fetus by blocking pathogenic maternal autoanti-
bodies, which partially explains that there were no serious
structural defects of neonatal CHB [3].

@ Springer



Rheumatology International (2022) 42:179-189

184

S[ONU0d ()/.86
AN eIUYIAYLIR ORIpIR)) SSd ynm syuoned /67 Apmis [o13U09—9SBD) [6¢] Suey
(L9"99T—HT'T :TD%S6 ‘IL+1 =) JUSWIAJOAUT JOAT] Hvduou-gsd yim syuaned ¢y
(L9991 T"T :ID%S6 ‘6T 1 ="0) UOISnYD [eIpIedtIod HVd HVd-sSd yia siwened g1 Apris onuod—ose) [8¢] Sueyz
($09'8-6¥C'T 10%S6
‘6LT ¢ =3g0) uorsngo rerpredtad (616'L-29¢' T “TO%S6
‘78T '€ =yY0) Amfur onedoy (S16°07-¢81°C ID%S6
‘169°9="40) TW/N00T < 10198} PONLUNAYI “(9£7 97 HVduou-ssd yua syuoned 91|
—L§S°€ TD%S6 ‘099'6 ="JO) uouswouayd s,pneuley HVd HVd-Ssd pia syuened 6z Apmis [onuoo-ose) [L€] wex
(IN) uonemp jo aseasIp ‘(YN) 23y HVd Ssd mim syuoned £, Apris [euonoes-sso1) [9€] reqo
(TEL'0-6TT'0 TD%S6 ‘607 0="JO) ureis 1e[noo
009 %71-920°9 “TO%S6 ‘815'62="40) (+) ANJIN-Due
(189'L—€81°T “TD%S6 ‘607 ="40) (+) dSS-Hue (018°0 HVduou-ssd yia siuened 9zg
S0 “10%S6 ‘1$9°0="qO0) s1e3k (T ‘SSd Jo 10510 JE 9Ty HVd HVd-SSd pia syuoned ¢ Apms 11040) [s€] Suepm
S[OIU0d GOZS
AN NV ssd mim syuaned gozg Apms 11040 [+€] Suerg)
(TIE'T-9%6'T -TO%S6
“TC1°7="4H) s1ep1osip pidif pue (1€ T-9TT'T 1D%S6
‘€CC T="4H) roude “(651°7-996'T :1D%S6 ‘190°C="dH)
S2QuIP “(£6¥"C—1LT'T (1D%S6 ‘6LEC=dH) UOIS S[0U0 8 TS
-ualradAy “($66°0—78°0 -ID%S6 ‘868'0="H) SSd dHI ssd mim syuoned 9g0°¢T  Apmis [eUONOIS-SS0I) [e€] rung
(L'€~70'T TD%S6 ‘6’ T="0) SSIJO N (L' €T-G¢'T SIUGAD JENOSEA S[ONU0d {7/ [ §
1D%S6 ‘9°S =) JUSWIA[OAUI WIISAS SNOAIOU [BIIUS)  -0IQ2I9D ‘IN[Ie] 1Ieay ‘UOIIOIRJUl [RIPIBJOKIN Ssd yim syuened g8/ Apms 11040 [11] wojorreg
(EF 1-TT°T :TO%S6 ‘9T T="dH)
SATVSN 0 350 ‘(67" 1—L6°0 (1D%S6 T 1="qH) DD Jo asn
(LS T-TTT “TO%S6 ‘8¢ T="gH) erwoprdiiradAy ‘(p¢'|
=10'T “TD%S6 ‘O1'T =qH) SMI[[OW $312qeIp (76 1-1S°T
TO%S6 ‘L' T="4H) uotsuarradAy (82 1-10'T 1D%S6 S[01U0d (0L 9T
‘PI'T=4H) AW ‘H0' T-70'T :TD%S6 ‘v0'T =¥H) 93V aHoO ssd g syuoned G/ 14 Aps 11040 [¥c] nm
SI0JOBJ PIIB[OI-9SBISI(] SJUQAD IB[NOSBAOIPIR)) uonerndod Apmg adKy Apmig 63K ‘(Joy) 10PNy

sjuonjed SSd JO JUSWISAJOAUT JBIPIED IOF SI0)ORJ POIR[AI PUE SUONE)SIYIUBW [BITUI[D AU, | d|qel

pringer

Qs



185

Rheumatology International (2022) 42:179-189

syuessarddnsounwrwr sg7 ¢s3nip
KIoeWIwRPUI-IUE [EPIOISISUOU SFYSN ‘SPI0dNI0000n[3 DO ‘uorsualredAy [errolre Areuownd [y ‘UONOIBIUT [RIPIEOOAW 9JNOR TIATY 9SBASIP 1189y JIWAYDST (FH] 9SeasIp }1eay ATeuoIiod (qH)

AN uonounysAp orwouo)ny  s[onuod 66S SSd Yim syuoned [¢ Apns [0NUOI-ISE)) [St] sovaoy]
(IN) an3neg uonounysAp orwouony  s[onuod 61 SSd yim syjuened ,G1  Apms [01U0I—-ASE)) [+] yo
(AN ore1 1189y pue (IN)
Anmiqerrea amssaid poolq ‘(YN) AN[IqeLiea el J1es uonounysAp orwouoiny  s[onuod ¢z SSd yum sjuened 1z Apnis [onuod—ose) [ey] reD

(¥N) @anrsod Apoq
-nue-1e3[oNUNUE ‘(YN) urqor3oidey pue proonwosoIo
JO STOAQ[ paseaIoul ‘(YN uoneInp jo aseasip ‘(YN) 23V SIIPILOLIO] Ssd pim syuened /4 Apnis [euonO3s-sso1) [zi] 1siabrye-gedejuey
(€8'¥299°1
ID%S6 ‘TP'9=40) Lniqesney ses “(¢'97-10'8
TO%S6 ‘LT LT="Y0) BrwouInqo[SoLm (96'6¢-¢# 01
TO%S6 ‘61°0¢=1Y0) eruaudwa[dwosodAy :HvVd
(T9r-6S'1 1D%S6
‘L6'8="40) stsoyro Areriq Arewrtid pue {(1.0—L1'T
1D%S6 ‘68°9 =Y 0O) BIWUAUINGO[SOAID :UOISNJS [RIPIBILIO]
(6LSS-61°¢
TO%S6 “€€°€1=40) HVd :uonesmsar oaeA prdsnoriy,
(ST'I-50'1
1D%S6 ‘01°1=34Y0) 25e :uone3ms3al dA[eA ONI0Y
(6L°6-TI'T ' TD%S6
‘1€°¢=3Y0) 1wowo[dwod 3 Jo S[2AJ] MO pue (80'1-10'T
10%S6 ‘¢0°T =¥0) 93 :uonensmsgar oafea [eNIA HVd ‘uoisnyo [erpreorrad ‘uone)iSingar oafep  sjonuod g1 SSd yum sjuoned 11 Apnis [onuoo—ase) [2] noryissep

SI0JOBJ PIIR[OI-9SBISI(] SJUQAD IB[NOSBAOIPIR)) uonerndod Apmg ad£y Apmig 63K ‘(Joy) 10Ny

(ponunuod) | 3jqer

pringer

a's



186

Rheumatology International (2022) 42:179-189

Pericardial and valvular diseases

It is well known that pSS is a low-grade systemic inflam-
mation and a slow progressive disease, which has a less
extend with systemic manifestations compared with other
autoimmune diseases, especially RA and SLE [3]. Moreover,
pericardial involvement is indeed not frequent involvement
in pSS compared with RA, and pericardial and valvular dis-
eases in pSS patients are often clinically silent, which are
usually found by using echocardiography. Previous studies
demonstrated that 10%-33% of pSS patients had signs of
present or previous pericarditis, and pericardial effusion was
present in 9 of 107 pSS patients (8.4%) [2, 42]. Patients with
pericarditis were slightly older, had shorter disease dura-
tion, had significantly increased levels of orosomucoid and
haptoglobin, and had an increased frequency of antinuclear-
antibody positive than those patients without pericarditis
[42]. Pericardial effusion was associated with cryoglobu-
linemia and primary biliary cirrhosis [2]. The possible
mechanisms of pericarditis may be related to inflammatory
cell infiltration in myocardial muscle bundles or systemic
visceral vasculitis [3]. Although most patients with myocar-
ditis were positive for anti-SSA antibody, the mechanism of
autoantibody-inducted was not confirmed.

In fact, valvular regurgitation was the most common val-
vular lesions in pSS patients, and the frequency of mitral,
aortic, and tricuspid valve regurgitation in patients with pSS
was higher than that in healthy controls [2]. Age and low
levels of C4 complement were the predictors of mitral valve
regurgitation and aortic valve regurgitation, and tricuspid
valve regurgitation was associated with PAH (OR =13.33,
95%CI: 3.19-55.79) [2]. However, the mechanisms of valvu-
lar regurgitation remain elusive and merit exploration.

Cardiovascular autonomic dysfunction

An increasing number of studies indicated that the majority
of pSS patients had mild or subclinical autonomic abnormal-
ities, which often involved sympathetic and parasympathetic
nerves and manifested as palpitation, disabling orthostatic
hypotension and episodes of presyncope [3, 43, 44]. Heart
rate and blood pressure variability, spontaneous baroreflex
sensitivity, cardiovascular reflex tests, and composite ques-
tionnaires assessing autonomic symptoms have been used to
evaluate the function of the autonomic nervous. In particu-
lar, heart rate variability may be more sensitive than cardio-
vascular reflex tests [45]. A case—control study demonstrated
that the variability of heart rate and blood pressure in pSS
patients were restricted, and the frequency of abnormal car-
diovascular reflex tests in patients with pSS was higher than
the healthy individuals, which was consistent with the study
by Koh et al. [44, 45]. Moreover, Raynaud’s phenomenon
was a more common clinical presentation in patients with
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autoimmune dysfunction than in subjects without autoim-
mune dysfunction (29.4% vs. 14.4%, P=0.048), and chronic
fatigue was related to autonomic dysfunction [44]. Inflam-
mation, vasculitis, and autoantibody-mediated damage may
play a significant role in the development of cardiovascular
autonomic dysfunction [3].

Heart failure

Heart failure was a serious manifestation and the end stage
of the development of various CVD, as well as one of the
main causes of death. Heart failure was considered as the
most common overt CVD, and the risk of heart failure was
increased for pSS patients versus the general population
[11]. A recent meta-analysis reported that patients with
pSS were twice as likely to have heart failure as the general
population [7]. The underlying pathogenesis of heart failure
in pSS patients remains unclear. Some cases reported that
the symptoms and laboratory abnormalities of heart failure
disappeared after treatment with GC, thus we assumed that
inflammation may be an important mechanism of heart fail-
ure in pSS patients. It was worth noting that diastolic heart
failure was a common form of heart failure and characterized
by left ventricular diastolic dysfunction, which was also rela-
tively common in pSS patients [46]. Myocarditis, myocar-
dial fibrosis, vasculitis, and microvascular dysfunction were
important causes of left ventricular diastolic dysfunction.

Treatment

At present, the main purpose of the treatment of pSS is to
relieve the symptoms of patients, prevent the progression of
the disease, prolong the overall survival time, and improve
the quality of life. Until now, there are no standard treatment
guidelines for autoimmune diseases with cardiac involve-
ment. A few studies have focused on the treatment of pSS
patients with CVD, and the current treatment of disease is
mainly empiric and often based on other systemic rheumatoid
diseases with cardiac involvement. Table 2 summarizes the
potential drugs for cardiac involvement of pSS. Some stud-
ies have shown that HCQ, low doses of GC (<7.5 mg/day),
and biological agents may bring some cardiovascular benefits
[4, 35, 47]. It has been reported that approximately 40% of
pSS patients are treated with HCQ, which has anti-thrombotic
properties, improves lipid and glucose metabolism [11, 47].
Migkos et al. confirmed that the lipids profile in pSS patients
treated with HCQ had a statistically significant improvement,
and levels of TC and the atherogenic index (TC/HDL-C) were
significantly decreased, while levels of HDL-C were increased
[28]. The mechanism of the hypolipidemic action of HCQ
may be related to interference with lysosomal activity, inhibi-
tion of antigen presentation and signal transduction of Toll-
like receptor [28]. In addition, the improvement of glucose
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Table 2 The potential drugs for cardiac involvement of pSS patients

Type of drugs Drug name Potential effect

DMARDs HCQ Improve lipid and glucose metabolism, and anti-thrombotic properties
DMARDs CP Inhibition of inflammation and wall thickening of pulmonary arterioles
Biological agents Rituximab Improve the lipid profiles, arterial stiffness, and carotid intima-media thickness
Biological agents Belimumab Inhibition of B cell proliferation and antibody production

DMARD:s disease-modifying anti-rheumatic drugs; HCQ hydroxychloroquine; CP cyclophosphamide

metabolism-related to HCQ treatment was associated with
increased insulin secretion and peripheral insulin sensitivity
[48]. These results demonstrated that HCQ may represent a
relatively safe and inexpensive treatment to reduce the risk
of CVD in pSS patients. However, myocarditis and arrhyth-
mias may occur in the process of long-term use of HCQ, so
attention should be paid to detecting its cardiotoxicity [29]. A
multi-center cohort study showed that GC, ISs and PAH target
therapy might be a beneficial treatment management strategy
for pSS-PAH, and cyclophosphamide (CP) was the most com-
monly used immunosuppressant [35]. In recent years, biologi-
cal agents may play a role in the treatment of pSS patients
with severe involvement, but their exact therapeutic effect is
still controversial. For instance, rituximab, a B-cell targeted
therapy, has been successfully used in the treatment of pSS,
as well as other rheumatic diseases [4]. Moreover, it has been
confirmed that rituximab has the role of improving the lipid
profiles, arterial stiffness, and carotid intima-media thickness
in patients with RA [49]. Unfortunately, abatacept (a T-cell
targeted therapy) and anti-cytokine therapy did not produce
significant efficacy in patients with pSS [50, 51]. In addition,
B-cell activating factor (BAFF) can promote the proliferation
of B cells and the production of anti-SSA antibody, the latter
plays an important role in the pathogenesis of pSS patients
with CVD. Belimumab, an anti-BAFF agent, has proven its
effectiveness in SLE patients, which may also be applicable
to patients with pSS [52]. Some new biologic drugs are also
under investigation which may open a new era in the treatment
of cardiac involvement in patients with pSS.

Based on these findings, regularly evaluating the risk of
CVD in pSS patients should be performed, and selecting
the most appropriate therapeutic drugs to improve the car-
diovascular prognosis. It is worth mentioning that the pos-
sible risks and benefits should be carefully balanced when
choosing these drugs, and the potentially toxic side effects of
drugs also should be closely monitored during the treatment.

Conclusion

It has a significantly increased risk of CVD in patients with
pSS compared with the general population. Although the
underlying cause is unknown, it is likely to be associated

with subclinical atherosclerosis and vascular damage, tradi-
tional cardiovascular risk factors, and disease-related factors.
Cardiovascular biomarkers allow the early identification of
patients who are at high risk of cardiac involvement. Some
intervention measures should be taken early to prevent or
delay the occurrence of CVD for high-risk patients with
pSS. Notably, the underlying mechanism of CVD and the
treatment strategies of cardiac involvement in pSS patients
are not clear, which needs further study.
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