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Abstract 

Background: Sjögren Syndrome (SS) is a systemic autoimmune disease with a wide spectrum of manifestations that 
can lead to misdiagnosis. This study describes and compares demographic, clinical, serological, and histopathologi‑
cal data from subjects with SS and non‑Sjögren Syndrome (NSS). It also details specific features within the primary SS 
(pSS) and secondary SS (sSS) groups identifying sub‑groups.

Methods: The sample included individuals referred to an academic medical center in Brazil for investigation of SS 
from 2012 to 2020. Patients were retrospectively classified as primary SS (pSS), secondary SS (sSS), or NSS, based 
on the American‑European Consensus Group criteria (AECG‑2002), after multi‑professional clinical and laboratory 
evaluation.

Results: A total of 676 individuals were screened and 510 (75.4%) completed the assessments; 198 patients were 
classified as pSS, 149 as sSS, and 163 as NSS. Symptoms and glandular dysfunction tests were similar in the groups. 
Concerning pSS, extraglandular manifestations were present in 59% of patients; the elderly had more dry symptoms 
and peripheral neurological disorders; and 2.5% developed non‑Hodgkin lymphoma. In sSS, each overlap promoted 
distinct clinical and laboratory variants. Several alternative diagnoses were identified as a cause of sicca complex in 
NSS group.

Conclusions: The diagnosis of SS remains a challenge behind dryness. Up to 31% of the suspected cases had other 
conditions associated to the symptoms. Histopathological analysis of LSG and SSa determined the diagnostic. Aging 
in pSS and overlap disease in sSS were responsible for distinct phenotypes and characteristic sub‑groups in SS.
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Introduction
Sjögren syndrome (SS) is an autoimmune lymphocytic 
disease characterized by inflammation and hypofunc-
tion of exocrine glands that causes dryness of the mouth 

and eyes, and multi-organ manifestations [1–4]. There is 
a broad range of clinical presentations, from mild glan-
dular involvement to severe systemic conditions, hence 
the challenges of establishing the diagnosis [4–6]. Dis-
cernment of numerous other causes of xerostomia and 
xerophthalmia, and identification of complex systemic 
diseases require careful multidisciplinary assessment 
and patient follow-up. The syndrome has a low rate of 
diagnosis since dry complaints are not systematically 
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evaluated [5]. It is also misdiagnosed, even in experi-
enced rheumatology departments, as patients may carry 
clinical and serological abnormalities that overlap with 
other diseases [5]. Almost a century after its description, 
the physiopathology and outcomes of SS are still unclear 
and issues such as the role of estrogen exposure, micro-
chimerism, and interferon signature are yet to be clari-
fied [7–9]. Genetic and environmental factors have been 
proposed in the etiology of SS and some biomarkers and 
features have been associated with the prognosis [10–14].

The use of different criteria, the lack of a multidisci-
plinary team, and the limited access to laboratory tests 
can reduce the validity of SS diagnosis and explain the 
variable prevalence of the disease worldwide. In addi-
tion to not differentiating data between primary (pSS) 
and secondary (sSS) forms of SS, in some cases. A previ-
ous Brazilian study revealed a prevalence of 0.17% [15], 
comparable to other series of pSS around the world [3, 
16–19]. The 2002 American European Consensus Group 
(AECG) criteria, the 2016 American College of Rheuma-
tology (ACR) and the European League Against Rheu-
matism (EULAR) classification criteria have been useful 
in clinical practice and research, allowing comparisons 
between studies [20–22].

To measure symptoms intensity and systemic activity 
in pSS patients, the EULAR developed tools that are suit-
able for grading disease severity and treatment response 
[23]. The EULAR SS Patient-Reported Index (ESSPRI) 
assesses the level of dryness, pain and fatigue complaints, 
and the EULAR SS Disease Activity Index (ESSDAI) 
assesses activity across multiples clinical and biological 
domains [24–31]. Multicenter registries have reported 
an association between higher ESSDAI scores and poorer 
outcomes [26, 32]. Not least, ESSDAI should be used for 
the diagnosis of pSS through the active involvement of 
specific organ systems predicted therein, and even in the 
absence of dry symptoms, based on the 2016 criteria [22].

Secondary SS has been less researched and is often 
excluded from clinical trials. The associated rheumatic 
diseases (e.g., systemic lupus erythematosus—SLE; 
rheumatoid arthritis—RA; and systemic sclerosis—SSc) 
essentially affect clinical presentation, autoantibody 
profile, salivary gland (SG) histology, and therapeutic 
approaches in sSS [18, 33, 34]. The co-occurrence of SS, 
in turn, alters the severity and the prognosis of the cen-
tral disease [18, 33, 35–37].

Of note, sicca symptoms are frequently reported in the 
general population and may be caused by several factors, 
including medications (antihistamines, antidepressants, 
diuretics, and anticholinergic drugs), environmental con-
ditions (pollution, smoke, dry air), ocular trauma (nerve 
damage, contact lens, laser eye surgery), chronic topical 
exposure to irritants such as benzalkonium chloride or 

systemic, menopause and aging [14, 15, 20, 21, 38–42]. 
Patients with sicca symptoms that do not meet minimum 
criteria for SS, as well as those with sicca complex under 
exclusion criteria (sarcoidosis, amyloidosis, graft versus 
host disease—GVHD, acquired immunodeficiency syn-
drome—AIDS, IgG4 related disease, and Hepatitis C), 
establish a large and heterogeneous group of non-Sjögren 
Syndrome (NSS).

Considering this context, the present study proposes 
a comparative description of patients underwent to a 
comprehensive clinical and laboratory examination for 
SS, and subsequent classification as pSS, sSS, or NSS 
groups. In parallel, it intends to detail specific character-
istics within SS; to evaluate the most relevant elements 
to achieve the final diagnosis; and to describe conditions 
or diseases composing the group of alternative diagnosis 
(NSS).

Materials and methods
Study design and patients
This was a descriptive study of patients referred for diag-
nostic evaluation and treatment of SS to Ribeirão Preto 
Clinics Hospital, Brazil, consecutively selected from 
January 2012 to November 2020. The inclusion criteria 
were adult patients (≥ 18 years old) presenting with com-
plaints of sicca complex, and/or any other symptom and 
sign suggestive of SS. Patients were excluded if they did 
not complete the minimal investigation requirements 
to distinguish the pSS, sSS, and NSS groups. The study 
was approved by the institutional review board (CAAE 
#: 37688914.2.0000.5440), and all patients provided writ-
ten informed consent. An electronic database was cre-
ated for the registration of clinical and laboratory data by 
members of the study group, housed in the institutional 
account of the Research Electronic Data Capture (RED 
Cap).

Clinical and laboratory variables
Recorded data included medical history, demographics, 
ocular examination, and measurement of unstimulated 
whole salivary flow rate (UWSF, collected for 15 min and 
expressed as mL/min). The ocular evaluation consisted of 
the Ocular Surface Disease Index questionnaire (OSDI), 
corneal fluorescein staining score (CFS), tear film break-
up time (TFBUT) measured in seconds, and the Schirm-
er’s test (ST). The worst values comparing the right and 
left sides for eye tests were used for analysis between the 
groups. Laboratory tests included detection of the anti-
nuclear antibody (ANA), rheumatoid factor (RF), anti-Ro 
(SSa) and anti-La (SSb), cryoglobulinemia, serum levels 
of complement factors (C3 and C4), lactate-dehydroge-
nase (LDH), β2-microglobulin (B2M), gammaglobulin 
level (γ fraction), erythrocyte sedimentation rate (ESR), 
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C-reactive protein (CRP) and virus serology (HIV, and 
hepatitis B and C). A labial salivary gland (LSG) biopsy 
was obtained for the histological analysis and focus score, 
as previously described [43]. Disease activity was defined 
as “moderate” if ESSDAI ≥ 5 or “severe” if ESSDAI > 15 
[23].

Study groups
Patients were classified as pSS according to the AECG 
criteria or as sSS if there was any other concomitant 
inflammatory rheumatic disease [20]. The NSS diagnosis 
was assigned to patients who did not meet the minimum 
diagnostic criteria for SS or those who had any of the 
conditions listed as exclusion criteria. Dry eye and dry 
mouth symptoms were defined based on positive answers 
to the first two items of the AECG criteria, respectively 
[20]. Dry eye disease (DED) was defined as a positive dry 
eye symptom or an OSDI score > 12, and one positive test 
(ST ≤ 5  mm, RB or CFS score > 3). Dry mouth disease 
(DMD) was defined as the presence of dry mouth symp-
toms and a UWSFR ≤ 0.1 mL/min. The presence of coex-
isting illnesses and habits, and exposure to therapeutic 
regimens, were also investigated.

Statistical analysis
Demographic and clinical data were evaluated using 
descriptive statistics. Data were checked for normality 
using the Kolmogorov–Smirnov test. Categorical vari-
ables were expressed as frequencies and percentages, and 
continuous variables as means and standard deviation 
or median and interquartile ranges, as appropriate. The 
comparison of continuous data between the pSS, sSS, 
and NSS groups was performed using the Kruskal–Wal-
lis test or ANOVA for non-parametric and parametric 
data, respectively. Whenever differences were observed 
Dunn’s and Bonferroni’s post-hoc tests were applied, 
respectively. Correlations between demographic, clinical, 
and laboratory data were determined using the Spearman 
test. The comparisons of categorical variables among the 
three groups (pSS, sSS and NSS) and between the SSa-
positive versus SSa-negative pSS groups were performed 
with the chi-square test, relative risk (RR) and confidence 
interval 95% (CI 95%) were also calculated. False Discov-
ery Rate method was proposed to adjust the p-values and 
balance multiple comparisons. Statistical significance 
was set at p-value < 0.05. The analysis was performed 
using GraphPad Prism 5.0 software (San Diego, CA).

Results
Patients
A total of 676 patients were included and 510 (75.4%) 
completed the study; 347 (68.2%) were diagnosed with 
SS, of which 198 (57%) with pSS and 149 patients (43%) 

with sSS. One hundred sixty-three (31.8% of the 510 
patients) did not match the AECG criteria for SS; there-
fore, these patients were classified as NSS. In the whole 
study population (n = 510), 92.3% were women, and the 
mean age was 53.9 ± 14.3 years (Table 1). The most com-
mon comorbidities were systemic arterial hypertension, 
obesity, dyslipidemia, diffuse pain associated with fibro-
myalgia or psychiatric disorders, type 2 diabetes melli-
tus and hypothyroidism with no differences between the 
groups. The smoking (current or past) rate was 24.7% in 
SS patients versus 40.5% in NSS patients. Two-thirds of 
all patients were sedentary or insufficiently active.

Primary SS
In the pSS group (n = 198), 95.9% were women, 35% 
retired worker or pensioner, 28.5% employed or self-
employed, 28.5% homemaker and 6.5% unemployed. The 
mean age was 44.3 ± 14.8  years at the onset of the dis-
ease and 54.2 ± 14.3  years at the time of enrollment in 
the study. The interval between the initial symptoms and 
diagnosis was 4.6 ± 4.4  years. Thirty percent of patients 
had extra glandular manifestations (EGM) at the initial 
stage of the disease, either preceding or concomitant with 
sicca symptoms, and 117 patients (59%) presented some 
EGM throughout the disease. Swelling of the parotid, 
salivary and/or lacrimal glands was identified in 28.8% of 
the 198 pSS patients, arthritis in 23.2%, Raynaud´s phe-
nomenon in 18.1%, fever and/or involuntary weight loss 
were present in 18%, cytopenia in 14.1%, cutaneous vas-
culitis in 12.6%, lymphadenopathy in 11.6%, peripheral 
neuropathy in 11.6%, interstitial lung disease in 10.1%, 
central nervous system disorders in 5% and renal involve-
ment in 4%. The ESSDAI score at the onset of the disease 
was 7 (IQR = 3–14), indicating moderately active disease. 
The initial ESSPRI was 6 (IQR = 4–8).

After the diagnosis, 2.5% (5/198) of pSS patients devel-
oped non-Hodgkin lymphoma (NHL): four cases of B-cell 
extranodal marginal zone of mucosa-associated lym-
phoid tissue (MALT lymphoma of the parotid, subman-
dibular salivary gland, and lachrymal gland) and one case 
of diffuse large B-cell lymphoma (cervical lymph nodes). 
One case (0.5%) developed multiple myeloma (MM). All 
patients were female, mean age of 69.4 ± 18.4 years, and 
median disease duration of 5 (IQR 4–7) years. Only 20% 
were positive anti-SSa cases. Treatment regimens with 
rituximab combined or not with corticosteroids, alkylat-
ing agents, or CHOP (cyclophosphamide, doxorubicin, 
vincristine, and prednisone) to NHL were proposed.

A high rate of positive SSa (79%), SSb (43.5%), ANA 
(68.4%), and RF (41.7%), and a high percentage of 
patients with abnormal microscopic features of LSG 
tissue (91.4%) were revealed (Table  2). Further irregu-
lar immunological markers were detected, such as 
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Table 1 Comparison of the demographic, clinical, and laboratory characteristics of patients in the primary Sjögren’s Syndrome (pSS), 
secondary SS (sSS), and non‑SS (NSS) groups

Variables pSS sSS NSS p value

Age (years)

 N = 198, 149 and 163 54.2 ± 14.3 53.1 ± 13.5 54.7 ± 15.1 0.63

Sex ratio (F:M)

 N = 198, 149 and 163 24.4:1 16.4:1 7.7:1 0.96

DES (AECG criteria)

 N = 198, 146 and 163

  % of positivity 96.5 97.9 86.5 0.34

DMS (AECG criteria)

 N = 197, 146 and 161

  % of positivity 97.9 90.4 82 0.16

Clinical exams

 OSDI questionnaire

  N = 59, 40, 34

   % of positivity > 12 99 94 97 0.7

   Mean ± SD 48.7 ± 22.2 (14–91) 46.5 ± 20.9 (15–91) 45.4 ± 21.1 (0–84) 0.63

CFS ≥ 3

 N = 179, 91 and 79

  % of positivity 51.9 31.5 24.5 0.013*

Schirmer’s test (mm/5 min)

 N = 185, 116 and 122 % of positiv‑
ity

51.9 50.4 25* 0.014*

  Mean ± SD 10.2 ± 10.4 10.1 ± 10.8 15.2 ± 11.4 0.11

TFBUT (sec)

 N = 157, 108 and 105

  % of positivity 84.7 75.9 78.4 0.09

  Mean ± SD 3.7 ± 3.0 4.3 ± 3.2 4.9 ± 3.5 0.07

UWSF (ml/min)

 N = 172, 114 and 99

  % of positivity 69.8 65.8 38.4 0.42

  Mean ± SD 0.13 ± 0.20 0.14 ± 0.201 0.22 ± 0.21* 0.029*

Lab exams

 Anti‑Ro (SSa) (IU/ml)

  N = 198, 144 and 151

   % of positivity 79 65.3 9.9*  < 0.0001*

   Mean ± SD 121.3 ± 77.6 99.6 ± 87.0 19.1 ± 47.1*  < 0.0001*

Anti-La (SSb) (IU/ml)

 N = 186, 132 and 138

  % of positivity 43.5 28 4.4*  < 0.0001*

  Mean ± SD 51.0 ± 65.4 35.0 ± 61.9 8.3 ± 22.1*  < 0.0001*

RF

 N = 180, 117 and 126

  % of positivity 41.7 55.5 12.7*  < 0.0001*

ANA

 N = 193, 137 and 143

  % of positivity 68.4 82.5 30.8  < 0.0001*

Cryoglobulinaemia

 N = 162, 60 and 55

  % of positivity 3.7 0 7.1 0.09
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Table 1 (continued)

Variables pSS sSS NSS p value

C3 (< 0.9 g/l)

 N = 185, 103 and 75

  % of positivity 14.1 36.9& 12

  Mean ± SD 1.23 ± 0.31 1.03 ± 0.34& 1.18 ± 0.29  < 0.001&

C4 (< 0.1 g/l)

 N = 185, 103 and 76

  % of positivity 13.5 21.4 9.2

  Mean ± SD 0.24 ± 0.12 0.24 ± 0.21 0.26 ± 0.20 0.07

LDH (> 460 IU/l)

 N = 129, 109 and 84

% of positivity 9.3 24.7& 11.9

  Mean ± SD 305.6 ± 115.5 411 ± 114.3& 364.8 ± 101.3 0.009&

B2M (> 2585 ng/ml)

 N = 175, 75 and 66

% of positivity 41.7 56 21*

  Mean ± SD 2932 ± 2304 3183 ± 1461 2229 ± 847.6*  < 0.001*

γ fraction (> 1.79 g/dl)

 N = 191, 125 and 112

% of positivity 41.4 28.8 8*

  Mean ± SD 1.53 ± 0.65 1.63 ± 0.69 1.27 ± 0.47*  < 0.001*

LSG biopsy

 N = 176, 110 and 120

FS ≥ 1 161 79 21

  % of positivity 91.4 71.8 17.5  < 0.0001

Values reported as means ± SD were compared using the Kruskal–Wallis test and Dunn’s post hoc test when differences were observed among the groups. P-values 
were adjusted using FDR (False Discovery Rate) method and p < 0.05 was considered significant

B2M β2 microglobulins, LDH lactate dehydrogenase, γ fraction Gamma fraction, UWSF unstimulated whole salivary flow, LSG Labial salivary gland (LSG) biopsy, FS 
focus score
* p < 0.05 for the comparison of the NSS group to the pSS and sSS groups
& p < 0.05 for the comparison of the sSS group to the pSS and NSS groups

Table 2 Frequency of patients in primary Sjögren’s Syndrome (pSS), secondary SS (sSS), and non‑SS (NSS) groups based on focus score 
(FS) according to Chisholm Mason FS criteria

NSS-NM NSS subgroup who did not match the minimum diagnostic criteria; NSS-EC NSS subgroup who achieved any of the conditions listed as permanent exclusion 
criteria. Kruskal–Wallis test and Dunn’s post hoc test reveal differences among the groups

*Statistically significant differences, except between the NSS-NM and NSS-EC groups

pSS (n = 176/198) sSS n = 110/149) NSS-NM (n = 104/163) NSS-EC (n = 16/163) P

FS < 1 (15/176)
8.5%

(31/110)
 28.2%

(90/104)
 86.5%

(9/16)
 56.2%

FS = 1 (23/176)
 13.1%

(32/110)
 29.1%

(14/104)
 13.5%

(5/16)
 31.2%

FS = 2 (42/176)
 23.8%

(16/110)
 14.5%

(0/104)
 –

(2/16)
 12.5%

FS = 3 (20/176)
 11.3%

(10/110)
 9.1%

(0/104)
 –

(0/16)
 –

FS = 4 (76/176)
 43.2%

(21/110)
 19.1%

(0/104)
 –

(0/16)
 –

Median (IQR) 3 (2–4) 1 (0–3) 0 0 (0–1) P < 0.0001*

FS ≥ 1 (161/176)
 91.4%

(79/110)
 71.8%

(14/104)
 13.5%

(7/16)
 43.7%

17.5% (21/120)
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antiphospholipid antibodies (APL) (14%), anti-cit-
rullinated protein antibodies (7.5%), anti-neutrophil 
cytoplasmic antibodies (pANCA) (5.3%), anti-ribonu-
cleoprotein (anti-RNP) (5.1%), anticentromere anti-
bodies (2.7%), anti-DNA (1.2%) and anti-Sm (1.2%), 
in the absence of another autoimmune disease. Of 
note, there were among these pSS patients, 18 cases 
of Hashimoto´s thyroiditis, 8 cases of neuromyelitis 
optica spectrum disorder, 6 cases of chronic liver dis-
ease (3 patients with biliary cholangitis and 3 patients 
with autoimmune hepatitis), 3 cases of atrophic gastri-
tis, and 1 case of positive anti-acetylcholine receptor 
antibody myasthenia gravis. Five of the 198 (2.7%) pSS 
patients were current smokers.

Correlation among clinical and laboratory data in the pSS 
group
Some weak correlations, mostly concerning the effects 
of age on dryness and B cell activation parameters, 
were established (Table  3). Age was positively corre-
lated with keratitis (CFS) and inversely correlated with 
blood levels of SSa and SSb, and the degree of CFS was 
inversely correlated with ST and TFBUT. B2M was cor-
related with higher disease activity index (ESSDAI), 
keratitis and other inflammatory markers (Table  3). 
Cryoglobulinemia was investigated in 162 of 198 pSS 
patients (81.8%) and detected in 6 (3.7%) of them. These 
6 patients had major EGM as arthritis, cutaneous vas-
culitis, optic neuritis, mononeuritis multiplex, and two 
developed lymphoma.

Effect of aging on clinical and laboratory parameters 
in the pSS group
The pSS group showed differences in some clini-
cal and laboratory parameters based on the cut-off 
points of 65  years (older patients), 35–64  years, and 
younger than 35  years. Dry eye symptom based on 
OSDI score > 12 was more frequently observed in the 
pSS subgroup ≥ 65  years (p = 0.014). Schirmer’s test 
values (mm) were higher in patients under 35  years 
(p = 0.035). Dry mouth symptom was correspondingly 
less frequent in this group < 35 years (p = 0.008). How-
ever, the frequencies of altered TFBUT, ST, CFS and 
UWSF tests were not able to distinguish the subgroups 
(Table 4).

Subjects in the three age groups were similar in terms 
of proportion of men, obesity rates, degree of disease 
activity (ESSDAI), and clinical presentation consider-
ing the ESSDAI domains. Exception for a higher occur-
rence of peripheral nervous system diseases (21%, 
11%, 10%, p = 0.039, RR = 2.03, 95% CI = 1.09–3.80) in 
patients ≥ 65  years and a higher occurrence of glandu-
lar enlargement and lymphadenopathy (35%, 29%, 63%, 
p = 0.001, RR = 3.35, 95% CI 1.38–8.09 and 14%, 8%, 35%, 
p = 0.002, RR = 3.86, 95% CI 1.72–8.67) in those under 
35 years.

Positive SSa and SSb were more frequent among the 
younger patients (67%, 81%, 90% and 31%, 44%, 67%, 
p = 0.031 and p = 0.014, respectively). FS, ANA and RF 
levels were not statistically different between the age 
groups in pSS, nor was any other laboratory parameter, 
such as ESR, reactive-C protein, B2M, lactate dehydro-
genase, and gammaglobulin levels, cryoglobulinemia, 
hypocomplementemia, or cytopenia as well (Table 4).

Association of SSa positivity with other laboratory 
parameters
The analysis of SSa-positive and SSa-negative patients 
in the pSS group showed younger age and higher dis-
ease activity index in SSa-positive patients (p = 0.012 
and p = 0.020, respectively). SSa-positive pSS patients 
had higher positivity for ANA (p < 0.0001, RR = 2.1, 95% 
CI 1.4–3.2), for RF (p < 0.0001, RR = 3.7, 95% CI 1.6–8.5), 
and hypergammaglobulinemia (p < 0.0001, RR = 3.72, 
95% CI 1.62–8.57). The other parameters studied were 
not statistically different between the two subgroups 
(Table 5).

Almost all patients tested for SSa have also been tested 
for SSb. The percentages of positive SSb tests were lower 
in all groups, as compared with SSa (Table 1); 34% of pSS 
patients and 32% of the sSS patients were positive only 
for SSa but not for SSb, and no patient reacted to SSb 
alone.

Table 3 Statistical correlations among the clinical and laboratory 
findings from patients in primary Sjögren’s Syndrome (pSS) group

* Spearman test, two-tailed; SSa anti-Ro (IU/ml); SSb anti-La (IU/ml); CFS corneal 
fluorescein staining score; TFBUT tear film break up time (seconds); C3 levels of 
complement component 3 measured in the blood (g/l); C4 levels of complement 
component 4 measured in the blood (g/l); B2M beta 2 microglobulin (ng/ml); 
LDH lactate dehydrogenase (IU/L); ESSDAI EULAR SS disease activity index; Cryo 
cryoglobulins

Variables N Spearman r* 95% CI p value

Age vs. SSa 198  − 0.26  − 0.46 to − 0.04 0.024

Age vs. SSb 184  − 0.20  − 0.34 to − 0.05 0.006

Age vs. CFS 170 0.26 0.02 to 0.47 0.029

CFS vs. TBUT 105  − 0.38  − 0.54 to − 0.20  < 0.0001

SSb vs. C3 171  − 0.24  − 0.43 to − 0.04 0.014

SSb vs. C4 171  − 0.25  − 0.39 to − 0.10 0.0009

B2M vs. C3 169  − 0.24  − 0.38 to − 0.09 0.0013

B2M vs. LDH 122 0.21 0.03 to 0.37 0.020

B2M vs. ESSDAI 120 0.20 0.02 to 0.37 0.025

B2M vs. CFS 109 0.27 0.08 to 0.44 0.003

Cryo vs. C4 105  − 0.21  − 0.39 to − 0.01 0.026
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Table 4 Comparison of the demographic, clinical, and laboratory characteristics of patients with primary Sjögren’s Syndrome (pSS) 
according to age

Variables pSS < 35 years pSS 35–64 years pSS ≥ 65 years p value

Sex ratio (F:M)

 N = 20, 131 and 47 19:1 32:1 14:1 0.299

DES (AECG criteria)

 N = 20, 131 and 47

  % of positivity 88 95 100 0.090

DMS (AECG criteria)

 N = 20, 131 and 46

  % of positivity 89 97 100 0.008*

ESSDAI > 5

 N = 20, 131 and 47

  % of positivity 88 64 72.5 0.207

  Mean ± SD 11.3 ± 6.3 9.3 ± 7.5 10.5 ± 8.4 0.273

Lymphadenopathy

 N = 20, 131 and 47

  % of positivity 35 8 14 0.002*

Glandular enlargement

 N = 20, 131 and 47

  % of positivity 63 29 35 0.013*

Clinical exams

 CFS ≥ 3

  N = 19, 118 and 42

   % of positivity 36.8 55 50 0.321

Schirmer’s test (≤ 5 mm/5 min)

 N = 20, 125 and 40

  % of positivity 30 52.8 60 0.070

  Mean ± SD 15.2 ± 10.4 9.9 ± 10.4 8.6 ± 10.2 0.035*

TFBUT (sec)

 N = 16, 105 and 36

  % of positivity 68.7 86.7 86.1 0.171

  Mean ± SD 4.9 ± 3.6 3.4 ± 2.9 3.9 ± 3.0 0.224

UWSF (ml/min)

 N = 20, 112 and 40

  % of positivity 65 69.4 76.3 0.617

  Mean ± SD 0.13 ± 0.13 0.13 ± 0.22 0.09 ± 0.13 0.055

Lab exams

 Anti‑Ro (SSa)

  N = 20, 131 and 47

   % of positivity (ratio) 90 (9:1) 81 (4:1) 67 (2:1) 0.031*

   Mean ± SD 144.3 ± 71.5 124.8 ± 74.2 112.4 ± 88.3

Anti-La (SSb)

 N = 18, 124 and 44

  % of positivity (ratio) 67 (2:1) 44 (1:1.25) 31 (1:2.2)* 0.014*

  Mean ± SD 52.4 ± 47.5 55.1 ± 68.8 48.3 ± 74.2

RF

 N = 18, 118 and 44

  % of positivity (ratio) 56 (1.3:1) 41.5 (1:1.4) 34 (1:1.9) 0.216

ANA

 N = 18, 131 and 44
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Focus score in the pSS group
A high number of pSS patients (176/198; 89%) underwent 
LSG biopsies, and 91.4% (161/176) of them presented 
lymphocytic sialadenitis. Comparing the distribution of 
patients according to the intensity of LSG inflammation, 
based on the foci counts, a FS of 4 was more frequently 
observed in pSS than sSS or NSS patients (Table  2). 
There was no significant association between the degree 
of inflammation (FS) and salivary gland dysfunction 
(UWSF).

Secondary SS
Among the 149 patients identified with sSS, 73 (49%) had 
systemic lupus erythematosus, 36 (24%) had rheumatoid 
arthritis, 21 (14%) had systemic sclerosis and 19 (13%) 
had other overlapping conditions. Every association in 
sSS exposed distinct clinical variants. Patients with sSS 
constituted a heterogeneous group, although indistin-
guishable from pSS in terms of dry complaints and func-
tional tests (Table  1). The analysis in clusters, however, 
emphasized differences in focus score and serological 

Table 4 (continued)

Variables pSS < 35 years pSS 35–64 years pSS ≥ 65 years p value

  % of positivity 75 64 77 0.307

Cryoglobulinaemia

 N = 18, 111 and 33

  % of positivity 0 1.7 6.1 0.255

C3 (< 0.9 g/l)

 N = 18, 127 and 40

  % of positivity 15.4 14.4 15.8

  Mean ± SD 1.2 ± 0.28 1.2 ± 0.32 1.2 ± 0.34 0.411

C4 (< 0.1 g/l)

 N = 18, 127 and 40

  % of positivity 14.8 13.6 18.4

  Mean ± SD 0.23 ± 0.13 0.24 ± 0.1 0.25 ± 0.2 0.597

LDH (> 460 IU/l)

 N = 18, 80 and 31

  % of positivity 6.2 10.1 10

  Mean ± SD 295 ± 89.5 305 ± 117.5 316 ± 124.5 0.812

B2M (> 2585 ng/ml)

 N = 15, 123 and 37

  % of positivity 40 39 52

  Mean ± SD 2230 ± 721.4 3075 ± 1864 3820 ± 4123 0.303

γ fraction (> 1.79 g/dl)

 N = 20, 131 and 40

  % of positivity 52.6 39.8 35.8

  Mean ± SD 1.71 ± 0.69 1.53 ± 0.61 1.30 ± 0.77 0.029*

ESR (mm/h)

 N = 20, 106 and 27

  Mean ± SD 27 ± 18.4 25 ± 20.3 35 ± 27.3 0.151

CRP

 N = 19, 105 and 28

  % of positivity 52.6 51.1 50.0

  Mean ± SD 1.0 ± 0.9 0.8 ± 0.9 0.5 ± 0.4 0.219

LSG biopsy (FS ≥ 1)

 N = 18, 120 and 38

  % of positivity 96 88 97 0.059

DES dry eyes symptoms; DMS dry mouth symptoms; ESSDAI EULAR Sjogren’s syndrome disease activity index; UWSF unstimulated whole salivary flow; CFS corneal 
fluorescein staining score; ANA antinuclear antibody; RF rheumatoid factor; B2M β2 microglobulins; LDH lactate dehydrogenase; γ fraction gamma fraction; ESR 
erythrocyte sedimentation rate; CRP C-reactive protein; LSG labial salivar gland biopsy; FS focus score
* p < 0.05 for the comparison of the pSS groups (Chi-Square test, t-test or Kruskal–Wallis test and Dunn’s post hoc test, as appropriate)
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features between SS secondary to SLE (sSS-SLE), RA 
(sSS-RA), SSc (sSS-SSc), and other overlaps (Table  2 
and Additional file 1: Table S1). Based on focus score > 1, 
the highest rates of inflammation were in the sSS-SSc 
group and the lowest in the sSS- SLE group. The SLE-sSS 
patients were younger and had higher positivity for SSb. 
The sSS-RA group had lower positivity for SSa and ANA, 
and higher positivity for RF.

NSS group
Diagnosis of NSS (n = 163) was attributed to 139 patients 
who did not meet the minimum diagnostic criteria (NSS-
NM) and 24 patients with any of the conditions listed as 
exclusion criteria for pSS (NSS-EC). Among the NSS-
EC patients, there were cases of viral infections (HIV, 
HTLV-I and HCV), IgG4-related disease (n = 7), hemato-
logical neoplasia (n = 5), GVHD (n = 2), and sarcoidosis 
(n = 2). Symptoms in NSS-NM subgroup were attributed 
to several ocular, oral, or salivary gland conditions, sys-
temic or psychiatric disorders, climacteric syndrome, and 
exposure to medications or environmental conditions, 
which composed an extensive list of differential diagno-
ses (Additional file 1). Comparing the two subgroups, we 
realized some differences. Patients with any of the exclu-
sion conditions (NSS-EC) were older, and had a higher 

Table 5 Comparative analysis of the mean levels and the 
frequency of clinical and laboratory findings in in primary 
Sjögren’s Syndrome (pSS) subgroups according to anti‑Ro (SSa)‑
positive and anti‑Ro (SSa)‑negative results

Variables pSS anti-SSa (Ro) 
positive (n = 155)

pSS anti-Ssa (Ro) 
negative (n = 43)

p value

Age (years) 52.5 ± 13.7 60.3 ± 14.6 0.012*

Sex ratio (F:M) 38:1 10:1 0.060

DES (AECG criteria)

  % of positivity 95.5 100 0.156

DMS (AECG criteria)

  % of positivity 97.4 100 0.287

ESSDAI

Median (inter‑
qualile)

8 (4 – 14) 4 (2—13.5) 0.020*

Clinical exams

 CFS ≥ 3

  N = 142 and 37

   % of positivity 52.8 50 0.757

Schirmer’s test (≤ 5 mm/5 min)

 N = 148 and 37

  % of positivity 54.8 50

  Mean ± SD 9.6 ± 10.4 10.2 ± 10.4 0.585

UWSF (≤ 0.1 ml/min)

 N = 142 and 30

  % of positivity 68.8 77.5

  Mean ± SD 0.12 ± 0.21 0.12 ± 0.20 0.289

Lab exams

 RF

  N = 143 and 37

   % of positivity 48.6 13.2  < 0.0001*

ANA

 N = 154 and 39

  % of positivity 78.2 57.7  < 0.0001*

Cryoglobulinaemia

 N = 130 and 32

  % of positivity 3 0 0.301

C3 (< 0.9 g/l)

 N = 147 and 38

  % of positivity 15.4 14.3

  Mean ± SD 1.22 ± 0.31 1.30 ± 0.3 0.871

C4 (< 0.1 g/l)

 N = 147 and 38

  % of positivity 15.3 11.1

  Mean ± SD 0.24 ± 0.13 0.28 ± 0.12 0.520

LDH (> 460 IU/l)

 N = 108 and 21

  % of positivity 9.9 8.3

  Mean ± SD 300.5 ± 127.9 303.6 ± 113 0.979

B2M (> 2585 ng/ml)

 N = 141 and 34

  % of positivity 45.2 26.1

Table 5 (continued)

Variables pSS anti-SSa (Ro) 
positive (n = 155)

pSS anti-Ssa (Ro) 
negative (n = 43)

p value

  Mean ± SD 3110 ± 2521 2201 ± 584 0.093

γ fraction (> 1.79 g/dl)

 N = 153 and 38

  % of positivity 49 13.2

  Mean ± SD 1.64 ± 0.63 1.14 ± 0.55  < 0.0001*

ESR (mm/h)

 N = 122 and 31

  Mean ± SD 28.2 ± 22.4 20.9 ± 17.1 0.087

CRP (mg/dl)

 N = 121 and 31

  % of positivity 50.4 50.0

  Mean ± SD 0.74 ± 0.94 0.68 ± 0.57 0.717

LSG biopsy (FS ≥ 1)

 N = 134 and 42

  % of positivity 87.4 97.7 0.052

 ≥ 1: < 1 ratio 7:1 42:1

DES dry eyes symptoms; DMS dry mouth symptoms; ESSDAI EULAR Sjogren’s 
syndrome disease activity index; UWSF unstimulated whole salivary flow; CFS 
corneal fluorescein staining score; ANA antinuclear antibody; RF rheumatoid 
factor; B2M β2 microglobulins; LDH lactate dehydrogenase; γ fraction gamma 
fraction; ESR erythrocyte sedimentation rate; CRP C-reactive protein; LSG labial 
salivary gland biopsy; FS focus score
* p < 0.05 for the comparison of the pSS SSa positive and pSS SSa negative 
groups (Chi-Square test, or t-Test, as appropriate)
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frequency of focus score ≥ 1 (43.7 versus 13.5%), SSa 
(27.3 versus 7%) and cryoglobulinemia (33 versus 2.1%) 
than NSS-NM, as a result of the underlying disease pro-
ducing tissue damage and immunological deviations. The 
statistical analysis showed differences in NSS patients 
compared to pSS for the intensity of LSG inflammation, 
based specifically on the foci counts (Table 2).

Comparative description of pSS, sSS and NSS patients
Mean age and sex were not statistically different between 
pSS, sSS and NSS patients. The presence of dry eye and 
dry mouth symptoms, based on positive answers to the 
AECG criteria or OSDI questionnaire score, was similar 
among them, as well (Table 1).

The percentage of patients with CFS ≥ 3 and a 
ST ≤ 5 mm was lower in the NSS group, while the mean 
values of the ST and the TFBUT were comparable among 
the three groups. Although no difference was noted in 
the percentage of patients with reduced UWSF, its val-
ues were lower in the pSS and sSS groups than in the NSS 
group (Table 1). In summary, oral and ocular symptoms 
and the functional tests had a low ability to distinguish 
between SS and NSS patients and slightly affected clas-
sification performance.

By contrast, SSa and FS ≥ 1 were determinants for the 
diagnosis of SS. The logistic adjustment confirms the 
strength of these variables and reinforces the usefulness 
of autoantibodies and biopsy (FS, SSa, SSb, and ANA) in 
distinguishing SS and NSS. The percentages of patients 
with positive SSa, SSb, RF and ANA were higher in SS 
subjects (p < 0.0001) (Table 1). Higher levels of SSa, SSb, 
B2M and gammaglobulin were observed in the pSS and 
sSS groups than in the NSS group (p < 0.0001, p < 0.0001, 
p < 0.001 and p < 0.001, respectively). We detected a 
higher percentage of focus score ≥ 1 in SS patients (91.4% 
and 71.8%, for pSS and sSS, respectively) than in NSS 
patients. However, 17.5% of NSS patients who underwent 
a LSG biopsy also had a FS ≥ 1 (Table 2).

Discussion
This study summarizes the clinical and laboratory profile 
of a well-characterized sample of SS patients and evalu-
ates the most relevant elements to achieve the diagnosis, 
emphasizing that a comprehensive investigation and fol-
low-up of suspected subjects may reveal several clusters. 
Age and sex distributions were similar to those described 
in studies performed in other countries, and some dif-
ferences may be explained by geographic, environmental 
and ethnic heterogeneity of the Brazilian population [17, 
44–46]. Our findings confirm the predominance of white 
female patients in the mid-forties in pSS [27]. The multi-
disciplinary analysis and long follow-up allowed the clas-
sification of SS patients into subgroups (pSS and sSS) and 

the identification of several differential conditions that 
occasionally lead to misdiagnosis (NSS).

The signs and symptoms of the ocular and oral disease 
were similar among patients who completed the assess-
ments. Considering the AECG criteria, only half of the 
patients in the SS group presented abnormal ocular tests 
(i.e.; ST and CFS). No single functional examination of 
DED or UWSF rate was able to distinguish SS from NSS 
and revealed a low positive predictive value to discrimi-
nate them, emphasizing that a combination of tests is 
appropriate for the diagnosis [47]. The difficulty of carry-
ing them out and the small achievement rate reported in 
several studies reinforce the need for a multidisciplinary 
approach. In addition, the slight discriminative power of 
the clinical parameters supports that testing for SSa and 
the LSG biopsy for focus score are key elements in the SS 
diagnostic criteria [20, 22].

Recent studies have confirmed our finding that SSa is 
more relevant than SSb as a diagnostic marker for SS, 
and that SSb positivity does not affect its classification 
performance [48, 49]. Nevertheless, SSb is associated 
with particular manifestations and appears to be a sign 
of increased risk of B-cell expansion, and, like SSa, SSb 
is associated with younger age and hypocomplementemia 
[48, 49]. Other relevant laboratory exams observed were 
focus score, B2M, hypocomplementemia, and hypergam-
maglobulinemia. Although not specific, changes in bio-
markers’ levels throughout the treatment may be used 
to evaluate the progression of the disease, survival rates, 
and EGM and lymphoma development as previously 
demonstrated in the literature [50–52].

The occurrence of some clinical manifestations (such 
as fever, arthritis, skin lesions, neuropathy and Raynaud’s 
phenomenon) as well as some autoantibodies (such as 
ANA, RF and APL) were frequent in pSS and can lead to 
a prior incorrect diagnosis. Thus, it becomes relatively 
common for pSS patients to receive suspicion and previ-
ous treatment for RA, SLE, and even SSc [6, 53, 54]. This 
supports de usefulness of ESSDAI as a diagnostic tool 
in addition to measuring disease index. ANA was also 
positive in some patients in the NSS group, endorsing its 
restricted specificity [46, 49]. Likewise, ANA positivity 
agreed with SSa but not with DES, DMS, ST, or sialog-
raphy, suggesting it is an early, although weak, predictive 
marker of pSS [55, 56].

In young patients, features of pSS are usually differ-
ent from those in old patients [57, 58]. Dry symptoms 
and exocrine gland dysfunction were more frequent in 
the older pSS group, and lymphadenopathy, glandular 
enlargement and positive laboratory findings were more 
frequent in the younger group. An exocrine and hormo-
nal deterioration and an age-associated low-grade inflam-
mation in the elderly may explain these aspects [59–61]. 
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Moreover, the rate of EGM (59%) in our pSS subjects, 
which sometimes preceded the dry symptoms (30%), 
was remarkable, a fact that may delay the diagnosis. The 
median ESSDAI score in our study indicates moderately 
active disease, but with a poor association between com-
plaints (ESSPRI) and biochemical data (LDH, ESR, CRP). 
It suggests that the diagnosis of pSS in patients with sys-
temic manifestations should be considered even with dis-
connected dryness, and points to the heterogeneity of SS 
phenotypes [62, 63].

Like other systemic autoimmune diseases, SS exhibits 
a diverse spectrum of clinical and molecular phenotypes 
to be explored. Type-I- and type-II-interferon signal-
ing [9, 64] lymphoid and myeloid lineage transcripts, 
the kynurenine metabolic pathway [61], and cytokines 
from the acute-phase response of inflammation seem to 
be implicated [65]. The combined use of epigenetics and 
genomics to the classical serological and clinical param-
eters would allow better grouping of patients according 
to the expression of cytokines, biomarkers, and different 
patterns of immune dysregulation, and could help in the 
differentiation from other diseases [34, 66].

Regardless of the university hospital selection bias, the 
NSS group was large and showed a low degree of glan-
dular inflammation and reactive autoantibodies. The 
causes of sicca included a range of medications and clini-
cal, psychiatric, oral and ophthalmologic disorders. NSS 
individuals with underlying diseases that met exclusion 
criteria revealed an inflammatory profile similar to SS 
and diagnostic confounder [67]. Neither symptoms nor 
functional parameters were capable of distinguishing SS 
from NSS patients, which was achieved by a combina-
tion of tests that included LSG histopathology, SSa and 
laboratory. Hypergammaglobulinemia, ANA, and hypoc-
omplementemia are feasible prognostic factors for the 
progression of NSS to SS [67], and atypical autoantibod-
ies in pSS can be useful markers to recognize patients at 
risk for developing severe extra glandular manifestations, 
polyautoimmunity and overlapping diseases [51, 64].

A notable strength of this study was the high rate of 
diagnostic completion with comprehensive interdiscipli-
nary and laboratory assessments that minimized misclas-
sification [44, 45]. One possible criticism was the use of 
the AECG criteria for SS since the study started in 2012. 
However, the agreement between the 2002 AECG and 
the 2016 ACR-EULAR criteria is high [68].

Conclusion
Diagnosis of SS remains a challenge, as many suspected 
cases have other diseases or conditions simulating signs 
and symptoms of SS. This study describes SS and NSS 
and indicates the importance of laboratory diagno-
sis, especially SSa and LSG biopsy. Aging and markers 

of B cells activation identified phenotypic sub-groups 
among pSS patients; the overlap disease (including SLE, 
RA, and SSc) led to distinct features in sSS. Among the 
NSS, when the diagnosis was determined by the exclu-
sion criteria versus lack of the minimal criteria for SS 
distinct sub-groups were also identified. Follow-up 
improves the identification of phenotypic subgroups, 
prognostic markers, and the development of malig-
nancy or associated rheumatic disease.
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