
13© The Author(s), under exclusive license to Springer Nature Switzerland AG 2022
G. A. W. Bruyn (ed.), Sjögren’s Syndrome and the Salivary Glands, Contemporary Rheumatology, 
https://doi.org/10.1007/978-3-030-90977-2_2

Epidemiology

Viktoria Fana and Lene Terslev

�Introduction

Sjogren’s syndrome (SS) is an autoimmune connective tissue 
disease, characterized by lymphocytic infiltration and 
chronic inflammation of exocrine glands, especially salivary 
and lacrimal glands. In addition to extra-glandular symptoms 
such as arthritis, arthralgia, and fatigue, the typical sicca 
symptoms include a dry mouth and dry eyes, but may extend 
to other mucous membranes. A limited few patients presents 
with severe systemic involvement affecting the pulmonary, 
neurological, dermatological, renal, and hematological sys-
tems. SS can occur in the absence of other systemic diseases, 
that is, primary SS (pSS), or in context of underlying connec-
tive tissue disease, secondary SS (sSS).

The diagnosis of SS is based on a constellation of subjec-
tive symptoms such as dry mouth, dry eyes, and objective 
measures including a demonstration of decreased function of 
exocrine glands, serologic evidence of specific autoantibod-
ies, and histological proof of lymphocytic infiltration on 
labial salivary glands biopsy. The heterogeneity of signs and 
symptoms in patients with SS has led to the development of 
several classification criteria for pSS.  The first to be pre-
sented in 1986 was the Copenhagen criteria [1]. Since then, 
several classification criteria for pSS have been proposed 
over the years among which are the European Community 
classification criteria for pSS in 1993 [2] and the American–
European Consensus Group Criteria (AECG) in 2002 [3]. In 
contrast to previous suggested criteria, the AECG criteria 

focused on a more objective disease diagnosis including 
exclusion criteria. The AECG criteria were revised in 2016 
[4]. The purpose of developing classification criteria is to 
ensure comparability between different cohorts of patients.

�Prevalence and Incidence

Incidence and prevalence are two important indicators in the 
epidemiology of a disease. Incidence of pSS represents the 
proportion of newly diagnosed cases in a well-defined popu-
lation over a given period of time, while prevalence is the 
proportion of a population found to have pSS. Knowledge on 
the incidence and prevalence of pSS may facilitate a better 
understanding of the etiology – especially in relation to gen-
der, age, and possible ethnic differences but it may also play 
a role in the process of diagnosing patients. However, due to 
the many proposed and applied classification criteria, and 
due to the lack of one universally accepted set of classifica-
tion criteria for pSS, the reported estimated incidence and 
prevalence of pSS differ greatly between studies. The esti-
mate of pSS prevalence have been reported to vary between 
0.1% and 4% in studies selecting patients from different 
populations and age groups [5–8]. Furthermore, pooled prev-
alence rates in studies that used the 1993 European 
Classification Criteria was reported to be 12-fold higher than 
pooled prevalence rates in studies that used the 2002 AECG 
criteria [9]. Similar differences have been reported for 
population-based epidemiological studies, where the pooled 
prevalence rates were slightly lower than prevalence rates 
calculated in the total population [10]. The variations may be 
related to differences in the applied epidemiological methods 
including selection bias and bias related to low response 
rates in population surveys.

A potential way to overcome the differences is to use Big 
Data. The Big Data Sjögren Project Consortium is an inter-
national, multicenter registry created in 2014 and included 
11,421 pSS patients from 24 countries by January 2019 [11]. 
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The project used a data-sharing approach to standardize, har-
monize, and share data from several different centers con-
ducting clinical research in pSS.  However, the data might 
still be skewed as data from studies based on hospital regis-
ters include patients with higher disease burden and are 
missing subclinical and underdiagnosed cases especially 
from the primary care.

Unfortunately, there are no Big Data available on inci-
dence and prevalence for pSS so another way to eliminate 
some of the reported differences is to perform a meta-analysis 
of published literature in the field. A recent meta-analysis-
study estimated the prevalence of pSS in the total population 
to be 60.82 (95%CI, 43.69–77.94) cases per 100,000 indi-
viduals and the pooled incidence ratio for pSS is estimated to 
be 6.92 (95% CI, 4.98–8.86) per 100, 000 persons a year [9]. 
All these data may provide some insight in the incidence and 
prevalence rates, yet the “true” prevalence and incidence of 
pSS are difficult to estimate.

�Relation to Gender

All studies of incidence and prevalence of pSS have shown 
a most unbalanced gender ratio with females having a pre-
disposition to pSS as they do to autoimmune disease in gen-
eral. Some studies suggest that the disease is related to 
estrogen deficiency as seen in menopause or induced by 
ovariectomy [12, 13], the cause of the gender difference is 
still unclear.

The female-to-male prevalence ratio was recently esti-
mated in Big Data studies across different countries and 
populations, and was even found to vary from country to 
country and even in different areas of the same country. The 
Big Data Google-driven study found the female–male ratio 
prevalence to be 10:1 [14], whereas the study from The Big 
Data Sjögren Project Consortium found the female-to-male 
ratio prevalence somewhat higher – 14:1 [11]. However, the 
female–male imbalance has huge geographical differences 
with the highest female-to-male ratio (27:1) in China [15] – 
see Table 2.1.

�Relation to Age

In the two Big Data studies, the overall mean age at diagno-
sis have been reported to be 53  years of age [11, 14]. 
However, as to the mean age at disease onset, geographical 
and gender differences exists [11, 14].

The mean age in European cohorts of pSS patients are sig-
nificantly higher than in non-European patients, and the age of 
disease onset has further been reported to be younger among 
Asians than in Western populations [15, 18, 19, 23, 26]. For 

instance, the mean age was 44.5 and 43.7 years in India [18] 
and Turkey [19], but 57, 55, and 52 years in South Australia 
[20], Greece [27], and Slovenia, respectively [28].

Though the prevalence is lower in the male population, 
they are also reported to be older at the time of diagnosis 
with an average of 58 years as compared to 53 years among 
women [22]. No significant difference in age-adjusted inci-
dence by race/ethnicity has been reported for men [22].

Finally, the prevalence of pSS increases with age and has 
been reported to be 6% in adults over 65 years, increasing to 
14% in persons older than 70 years [7, 9, 29, 30].

�Geographical and Ethnic Differences

The incidence and prevalence are reported to have geograph-
ical and ethnic differences – see Table 2.2. Comparing global 
data, Asian populations seem to have an overall a higher inci-
dence and prevalence of pSS as compared to Caucasians. For 
example, the incidence rates of pSS in Western populations 
have been reported to vary from 2.1 in the USA [22], 3.9 in 
Slovenia [28], and 5.3 in Greece [27] per 100,000 persons, 
the pooled incidence rate in Asian countries is reported to be 
6.6/100,000 persons [35, 38, 39].

Furthermore, variations between ethnic groups are seen 
despite having the same geolocation as reported in studies 
from multiethnic populations in Paris, France, and New York, 
USA. The French study found a twofold higher prevalence 
of pSS in patients with non-European backgrounds (from 
northern Africa, sub-Saharan Africa, Caribbean, and 
Oceania) as compared to those with a European background 
[23], whereas the American study found a higher incidence 
rate of pSS among Asian women and white women com-
pared with Hispanic and black women [22].

In relation to symptom presentation, geographic/ethnic 
differences are also reported. From the Big Data consortium 
study, sicca symptoms had the lowest frequency in Asian 

Table 2.1  The geographical differences in female-to-male prevalence 
ratio in patients with primary Sjögren syndrome

Country Female–male ratio
Taiwan [16, 17] 8–9:1
China [15] 27:1
India [18] 19:1
Turkey [19] 10:1
Australia [20] 9:1
USA
(Olmsted County, Minnesota [21], 
and New York [22])

6:1

France [23] 15:1
Greece [23] 20:1
Spain [24] 6:1
Norway [25] 6:1
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populations who instead had a higher frequency of antibody 
positivity and certain extra-glandular manifestations such as 
lung and renal involvement as compared to whites, blacks, 
and Hispanics [11].

Even a potential north–south autoimmune gradient has 
been suggested, with symptom rates increasing according 
to distance from the Equator, regarding the prevalence and 
incidence of several autoimmune diseases [10]. A recent 
study investigated potential differences between the north-
ern and southern countries in three continents (Europe, 
America, and Asia) [11]. A north–south gradient was seen 
with respect to a lower frequency of ocular involvement 
and a higher frequency of cryoglobulinemic-related tests in 
northern compared with southern countries within the same 
continent, however not identical across the three conti-
nents. In Europe, salivary gland involvement had the high-
est rates of abnormal results in patients from northern 
countries, while in America and Asia the highest rates were 
reported in patients from southern countries. Similarly, 
having autoantibodies was found most frequently in the 
northern countries in America and Asia but in the southern 
countries in Europe.

The clinical relevance of the north–south gradient hypoth-
esis is not clear.

�Primary Sjogren’s Syndrome in Children

In contrast to adulthood, pSS is a very rare disease in chil-
dren and the number of studies and published case reports 
are very limited. The Big Data Sjögren Project Consortium 
study reported a childhood-onset disease in about 1% of 
patients with pSS. The age at diagnosis have been reported to 
range from 5 to 16 years, with a mean age at time of diagno-
sis of 14.2 years and a female-to-male ratio of 5–7:1 [16, 17].

The clinical phenotype in childhood-onset pSS is domi-
nated by systemic disease and infrequent involving of articu-
lar, pulmonary, peripheral nerve, and central nervous system 
[16]. Salivary gland enlargement affects one out of two chil-
dren with pSS [40].

�Secondary SS

Secondary SS (sSS) is associated with other connective tis-
sue diseases, such as systemic lupus erythematosus (SLE), 
rheumatoid arthritis (RA), systemic sclerosis (SSc), or 
dermatomyositis.

The difference in the prevalence of sSS in patients with 
other connective tissue diseases can be explained by differ-
ent definition of SS diagnosis, different applied classification 
criteria, and geographical differences Sjogren’s syndrome 
(SS) epidemiology. Hence, the prevalence of secondary SS 
in patients with SLE has been reported to range 5–22%, in 
RA 3.6–55%, in SSc 10–23%, and in dermatomyositis 
10–23% [41].

The incidence rate of sSS is as pSS higher in women than 
in men, regardless of the underlying autoimmune disease [40].

There are no data regarding the relationship between the 
duration of the underlying autoimmune disease and the 
development of sSS [41] but sSS phenotype is related to the 
underlying autoimmune disease. For instance, Raynaud’s 
phenomenon, autoimmune thyroiditis, and anti-SSA/SSB 
positivity occur more frequently in patients with sSS in SLE 
than in patients with SLE alone [42]. Patients with sSS in RA 
have more limitations in daily activities and more fatigue 
than patients with RA alone [41] and patients with sSS in 
combination with either SLE or SSc have the highest risk of 
lymphoma [43, 44].

�Malignancy Risk and Mortality

Patients with pSS have an increased risk of cancer compared 
to the general population with a higher risk for malignancy in 
hospital-based studies than in population-based studies.

A meta-analysis of studies from Asia, USA, and Europe 
reported the overall cancer risk ratio (RR) to be 1.53 (95% 

Table 2.2  The geographical differences in prevalence of primary 
Sjögren syndrome

Country

Prevalence 
reported in 
study

Classification 
criteria applied

Population 
size, 
(numbers)

China
(Beijing suburban 
village) [9, 31]

339 per 
100,000

Copenhagen
San Diego

2066

UK (Birmingham) 
[7, 9]

236 per 
100,000

AECG-2002 846

Greece (6 districts 
in northwest) [27]

93 per 
100,000

AECG-2002 488,435

Turkey [9, 19] 217 per 
100,000

AECG-2002 2835

France [23] 15 per 
100,000

AECG-2002 1,172,482

Denmark [32] 48 per 
100,000

NA 5,472,032

Norway [9, 33]
(Hordaland, 
Rogaland 
counties)

50 per 
100,000

AECG-2002 852,342

Italy
(Sardinia) [34]

31 per100,000 NA 25,885

Taiwan [35] 58 per100,000 NA 1,000,000
USA
(Olmsted county, 
Minnesota) [36]

22 per 
100,000

AECG-2002 113,306

New York County, 
USA [22]

3 per 100,000 AECG-2002 1,585,873

Brazil (Aguas 
Formosas) [37]

5 per 100,000 NA 60,413

2  Epidemiology
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CI, 1.17–1.88), for non-Hodgkin lymphoma (NHL) 13.76 
(95% CI, 8.53–18.99), and 2.58 (95% CI, 1.14–4.03) for thy-
roid cancer, but was not reported higher for other solid 
tumors. The high risk for NHL was independent of geoloca-
tion, the applied diagnostic criteria, study design, mean age 
in the studied cohorts, and follow-up time [45].

Some studies have reported that the risk of lymphoma 
may be related to age at disease onset, with a higher inci-
dence in pSS patients with disease onset at <35 years and 
severe systemic disease activity [46].

Patients with pSS are reported to have a slightly higher 
mortality rate as compared with the general population. The 
increased mortality is especially associated with the develop-
ment of lymphoproliferative disease such as B-cell lym-
phoma [36, 46, 47]. In a meta-analysis, the pooled 
standardized mortality ratio in patients with pSS was esti-
mated to be to 1.38 (95% CI, 0.94–2.01) with lymphoid and 
solid-organ malignancies, cardiovascular diseases, and 
infections as the major causes [33]. In the meta-analysis, dif-
ferent risk factors were identified to be related to increased 
mortality. These were advanced age at diagnosis [RR 1.09 
(95% CI, 1.07, 1.12)], male gender [RR 2.18 (95% CI, 1.45–
3.27)], parotid enlargement [RR 1.81 (95% CI, 1.02–3.21)], 
abnormal parotid scintigraphy [RR 2.96 (95% CI, 1.36–
6.45)], extra-glandular involvement [RR 1.77 (95% CI, 
1.06–2.95)], vasculitis [RR 7.27 (95% CI, 2.70–19.57)], 
autoantibodies (anti-SSB/La positivity [RR 1.45 (95% CI, 
1.03–2.04)]), low C3 [RR 2.14 (95% CI, 1.38–3.32)] and C4 
[RR 3.08 (95% CI, 2.14–4.42)], and cryoglobulinemia [RR 
2.62 (95% CI, 1.77–3.90)] [33].

�Genetics

Since 35% of patients with pSS have relatives with pSS or 
related autoimmune disease [48], a hereditary link has been 
suggested in pSS. A possible hereditary link is further sup-
ported by data from twins showing that if one twin sibling 
has pSS, the other twin has a 662-fold higher risk of develop-
ing pSS than in twins without an affected sibling [49]. 
However, the genetic basis of pSS is complex and relatively 
unexplored.

Primary SS has been demonstrated to have a solid genetic 
association within MHC genes, including those in the human 
leukocyte antigen (HLA) region. The HLA region contains 
hundreds of genes that are responsible for antigen presenta-
tions and other functions in immune cells. In genome-wide 
studies, strong associations have between demonstrated for 
pSS and the HLA class I, class II, and class III regions, with 
multiple associations observed for HLA class II molecules, 
HLA-antigen D related (HLADR), and HLADQ loci [50–
52]. HLA class II proteins carry the largest genetic predispo-
sition for autoimmune disease, including pSS, and some 

HLA class II alleles are associated with the production of 
autoantibodies in pSS [52]. A meta-analysis identified the 
DRB1*0301, DQA1*0501, DQB1*0201, and DRB1*03 
alleles as risk factors for pSS, while the DQA1*0201, 
DQA1*0301 and DQB1*0501 alleles were protective [53].

There are, however, different gene expressions across eth-
nic groups. For instance, there is a markedly increased fre-
quency of HLA-DQB1*0201 and HLA-DQA1*0501  in 
Caucasian patients with primary SS [54] while in Han 
Chinese patients multiple associations exist with 
DRB1*0803-DQA1*0103-DQB1*0601 [55] and 
DRB1*0405-DRB4*0101-DQA1*0301-DQB1*0401  in 
Japanese patients [54].

The most significant genetic association to pSS outside 
the HLA region is in the interferon-regulatory factor (IRF)-5 
locus [50]. Expression of IRF-5 activates transcription of 
proinflammatory cytokines such as type 1 IFN, interleukins 
(IL) IL-6, IL-12-p40, and tumor necrosis factor alpha.

Furthermore, there is a strong evidence of B- and T-cell 
abnormalities in pSS and includes elevated gamma globu-
lins, lymphocyte retention in glands as well as a low periph-
eral lymphocyte count [56]. An imbalance between Th1 and 
Th2 cell activity has further been demonstrated, and T fol-
licular helper cells which is crucial for B-cell activation and 
differentiation in lymphoid structures have been found to 
correlate with disease activity [57, 58]. The B lymphocyte 
tyrosine kinase (BLK) is involved in the development and 
activation of T and B cells, and the nuclear factor kappa-B 
(NF-κB) plays a role in downregulation of BLK. Gene stud-
ies in SS patient have reported associations in several genes 
in the NF-κB pathway, including the IL-1 receptor-associated 
kinase 1-binding protein 1 (IRAK1BP), which activates the 
NF-κB [59].

Further understanding of the genetics in pSS may facili-
tate future treatment options.
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