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Abstract
Objective
To study the clinical characteristics of primary Sjogren’s syndrome (pSS) with different onset age, and perform a
review of the literature to confirm if the clinical phenotypes are affected by onset age in patients with pSS.

Methods
Data of 742 patients with pSS were retrospectively analysed. Patients were divided into three groups according to
onset age: young-onset pSS (YopSS, <35 years), adult-onset pSS (AopSS, =35 and <65 years), and elderly-onset pSS
(EopSS, >65 years). Clinical characteristics were compared among three groups and further multiple comparisons
were conducted by Bonferroni adjustment. The Chi-squared test for linear-by-linear association was used to explore
variation tendency.

Results
This study included 105 (14.2%), 533 (71.8%), and 104 (14.0%) cases of YopSS, AopSS, and EopSS, respectively.
YopSS demonstrated lower prevalence of dry mouth, abnormal Schirmer I tests, and interstitial lung disease (ILD),
but higher proportions of low C3 and C4 levels, and ANA, anti-SSA, anti-SSB, and rheumatoid factor (RF) positivity than
AopSS and EopSS. The proportions of dry mouth (p=0.004), abnormal Schirmer I tests (p=0.002), and ILD (p<0.001)
tended to increase with the increase of onset age, while the prevalence of leukopenia (p=0.011), low C3 (p=0.001),
low C4 (p=0.001), and ANA (p<0.001), anti-SSA (p<0.001), anti-SSB (p<0.001) and RF (p<0.001) positivity tended
to decrease with an increase in onset age.

Conclusion
YopSS demonstrated less dryness and ILD, but more immunologic disorders. ILD prevalence were directly
proportional to onset age of pSS; however, leukopenia, hypocomplementaemia, and autoantibody positivity showed
opposite trends.
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Introduction

Primary Sjogren’s syndrome (pSS) is
a chronic systemic autoimmune dis-
ease characterised by B-cell hyperac-
tivity and lymphocytic infiltration of
exocrine glands, that presents as sicca
syndrome (1). It affects 0.3-1 per 1000
of the general population with a peak
incidence at approximately 50 years of
age (2). The clinical phenotype of pSS
varies from a benign glandular disorder
to aggressive systemic involvement,
and approximately 30% to 40% of
patients have systemic manifestations
such as interstitial lung disease (ILD)
(3). Additionally, pSS is associated
with the development of a lymphopro-
liferative disorder in 5% of patients
that contributes greatly to the mortality
of the disease (4). It is known that the
extent and severity of pSS depend on
many parameters including the genetic
background, environmental factors,
and some demographic characteristics
such as age. Although pSS can occur
in patients of all ages, it primarily af-
fects women between the fourth and
sixth decades of life (5). As the func-
tional status of the human immune sys-
tem changes with age, it is reasonable
to expect that age may interfere with
the clinical phenotypes of pSS. Previ-
ous studies have shown that the onset
often precedes the diagnosis by 5 years
or more in pSS (6, 7). Therefore, dif-
ferences in clinical phenotypes across
distinct onset age groups may reflect
underlying pathogenetic mechanisms
of pSS.

To date, some studies have attempted
to explore the clinical characteristics of
pSS patients with different onset age
(5-17). Nevertheless, almost half of
the studies focused on age at diagno-
sis of pSS (5, 8-12), rather than onset
age as the time of pSS occurrence. Be-
cause the onset of pSS and especially
the occurrence of sicca symptoms of-
ten precedes the time of pSS diagno-
sis, it seems that the time of disease
occurrence may better represent the
underlying pathogenetic process of
pSS. What’s more, regardless of the
definition of onset age, the conclusions
of previous studies are controversial.
Focusing on previous studies, it is an-
ticipated that almost 30% of pSS pa-

tients have an early or late onset age,
depending on the cut-offs of age group
(35-40 or 65-70 years, respectively)
(6, 7, 13-17). Most studies had limit-
ed sample size and only explored the
clinical characteristics of either early
or late onset pSS (14-17). Only two
studies focused on differences among
pSS patients with early, typical, and
late onset age, but got contrary results
(7, 13). Information on clinical pheno-
types among the three different onset
pSS in Asia, and specifically China,
is rather limited. Moreover, no study
investigates the variation tendency of
important phenotypes, such as ILD,
along the onset age of pSS. We there-
fore conducted this retrospective study
and review of the literature to further
investigate the clinical phenotypes of
pSS with the three different onset age
in Chinese patients to inform clinical
practice.

Materials and methods

Study population

In this study, the data from 742 con-
secutive patients with pSS who were
treated at the China-Japan Friendship
Hospital between January 2013 and
December 2020 were retrospectively
analysed (Fig. 1). The diagnosis of
pSS was based on the 2002 American-
European Consensus Group (AECG)
criteria (18) or the 2016 American
College of Rheumatology (ACR)/Eu-
ropean League Against Rheumatism
(EULAR) classification criteria (19).
Patients with cancer, pregnancy or
secondary SS were excluded. Records
missing important data, such as onset
age or diagnostic indicators, were also
excluded.

The onset of pSS was defined as the first
appearance of disease-related manifes-
tations, such as sicca symptoms, parot-
id enlargement, arthralgia, or purpura.
Disease duration was calculated by the
time span between pSS onset and diag-
nosis. In accordance with the cut-offs
of onset age group in most previous
studies, we divided patients into three
groups according to onset age of pSS,
as follows: young-onset pSS (YopSS,
<35 years), adult-onset pSS (AopSS,
>35 and <65 years), and elderly-onset
pSS (EopSS, >65 years). This study
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Patients diagnosed with pSS

852 patients with secondary SS were excluded:

Rheumatoid arthritis 385
Systemic lupus erythematosus 175
Polymyositis/dermatomyositis 129
Systemic sclerosis 52
Overlap syndrome 57
Mixed connective tissue disease 17
Other diseases 37

(N=762)
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20 patients missed important data were excluded:

Diagnostic indicators 18
Age of onset 2

A

Patients included in the study
(N=742)

Fig. 1. Flow chart for patient selection.

was approved by the Clinical Research
Ethics Committee of the China-Japan
Friendship Hospital (No.: 2021-144-
K102). The need for informed consent
was waived because the datasets were
anonymised.

Data collection

Clinical data including patient demo-
graphics, clinical manifestations, labo-
ratory findings, minor salivary gland
(MSG) biopsy findings, and diagnosis
were collected from medical records
of eligible patients and the hospital in-
formation system. For each patient, all
clinical data were collected at the time
of disease diagnosis. Clinical manifes-
tations included symptoms related to
pSS such as dryness, arthralgia, and
ILD. An abnormal Schirmer I test was
defined by a result of <5 mm/5 min. Ar-
thralgia was defined as joint pain with
morning stiffness or synovitis. ILD is
a group of respiratory diseases affect-
ing the interstitium of the lung. It was
detected by high-resolution computed
tomography (HRCT), evaluated by
two experienced radiologists, and di-
agnosed by clinical doctors. The main
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morphology observed in ILD on HRCT
include variable combination of reticu-
lar abnormalities, ground-glass opaci-
ties, nodules, consolidation, cysts, hon-
eycombing and bronchiectasis (20).
Laboratory indicators included a full
blood test; levels of immunoglobulin
A (IgA), immunoglobulin G (IgG), im-
munoglobulin M (IgM), complement 3
(C3), and complement 4 (C4); eryth-
rocyte sedimentation rate (ESR); and
titres of antinuclear antibodies (ANA),
anti-SSA antibody, anti-Ro52 antibody,
anti-SSB  antibody, anti-centromere
protein B (CENPB) antibody, anti-ri-
bonucleoprotein (RNP) antibody, and
rheumatoid factor (RF).

All tests were performed using com-
mercial techniques standardized at the
China-Japan Friendship Hospital. Leu-
kopenia was defined by white blood
cell counts of <4.00 x 10%/L, neutrope-
nia was defined by neutrophil counts of
<1.5 x 10°/L, lymphopenia was defined
by lymphocyte counts of <0.8x10%/L,
anaemia was defined by haemoglobin
concentrations of <110 g/L, and throm-
bocytopenia was defined by platelet
counts of <100 x 10°L. Hyper-IgA,

hyper-IgG, and hyper-IgM were de-
fined by individual immunoglobin lev-
els of >3.78 g/LL,>16.2 g/L, and >2.63
g/L, respectively. Low C3 and low C4
were defined at levels of <0.7 g/L and
<0.16 g/L, respectively. Elevated ESR
was defined by values exceeding 20
mm/h. The ANA titre was determined
by indirect immunofluorescence assay
in HEp2 cells, and positivity was de-
fined by a titre of =1:160. Anti-SSA and
other autoantibodies were tested using
commercial immunoblotting kits. RF
was determined by immunoturbidimet-
ric assay, and a level of >20 IU/mL was
considered positive. The MSG biopsies
were performed by professional stoma-
tologists and the pathological diagno-
ses were determined by pathologists at
the China-Japan Friendship Hospital;
positive biopsy was defined by focal
lymphocytic sialadenitis with a focus
score of =1. A focus score was defined
as more than 50 lymphocytes per 4
mm? of glandular tissue with normal
surrounding acinar tissue (18).

Statistical analysis

SPSS (Version 20.0) software was
used for data analyses. Categorical
data have been summarized by fre-
quencies and percentages. Continuous
data have been presented as medians
with interquartile ranges (IQRs) for
non-normal distributions. The Shapiro-
Wilk test was conducted to detect nor-
mality. For three-group comparisons,
the Kruskal-Wallis H test was used for
non-normally distributed continuous
data; the Chi-squared and Fisher’s ex-
act tests were used to compare binary
data, as appropriate. Multiple compari-
sons were further conducted using the
post-hoc analysis corrected by Bonfer-
roni adjustment. The Chi-squared test
for linear-by-linear association (LLA)
was used to explore variation tenden-
cy among the three groups. GraphPad
Prism 9.0.0 was used to create trend
charts. A two-sided p-value of <0.05
was considered significant.

Results

Demographic characteristics of
included patients

A total of 742 patients with pSS were
included in this study, among whom
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Table I. Comparison of clinical characteristics among patients with different onset age of pSS.

Clinical characteristics Total (n=742) Young onset (n=105) Adult onset (n=533) Elderly onset (n=104) p-value
Gender (female) 649 (87.5) 97 (92.4) 471 (88.4)° 81 (779)¢ 0.003
Age at onset (years) 52.0 (41.0-61.0) 28.0 (24.0-32.0)* 52.0 (45.0-59.0)° 69.0 (68.0-72.75)¢ <0.001
Age at diagnosis (years) 58.0 (49.0-66.0) 340 (29.5-45.0)* 57.0 (50.0-64.0)° 72.0 (70.0-74.0) ¢ <0.001
Disease duration (months) 36.0 (11.75-96.0) 720 (24.0-162.0)* 48.0 (12.0-96.0)° 12.0 (3.25-36.0) ¢ <0.001
Clinical manifestations

Dry mouth 647 (87.2) 82 (78.1)° 470 (88.2) 95 (91.3)¢ 0.007
Dry eye 593 (79.9) 75 (71.4) 436 (81.8) 82 (78.8) 0.051
Fatigue 358 (48.2) 39 (37.1)° 273 (51.2) 46 (44.2) 0.021
Arthralgia 298/733 (40.7) 41/103 (39.8) 227/526 (43.2)° 30 (28.8) 0.025
Schirmer I test <5 mm/5 min 677 (91.2) 86 (81.9)? 493 (92.5) 98 (94.2)¢ 0.001
Dental caries 296 (39.9) 46 (43.8) 225 (42.2)° 25 (24.0)¢ 0.002
Parotid enlargement 117/741 (15.8) 23 (21.9) 80 (15.0) 14/103 (13.6) 0.168
Interstitial lung disease 257 (34.6) 15 (14.3)* 192 (36.0) 50 (48.1)¢ <0.001

All values are presented as n (%) or median (interquartile range). Young-onset < 35 years; adult-onset: =35 and <65 years; elderly-onset >65 years.
P wdjustea <0-05 (young-onset pSS vs. adult-onset pSS) on the basis of post-hoc analysis corrected by Bonferroni adjustment.

*P djusiea <0-05 (adult-onset pSS vs. elderly-onset pSS) on the basis of post-hoc analysis corrected by Bonferroni adjustment.

°P wdjustea <005 (young-onset pSS vs. elderly-onset pSS) on the basis of post-hoc analysis corrected by Bonferroni adjustment.

649 (87.5%) were women. Among the
742 included patients, all (100.0%) ful-
filled the 2002 AECG criteria of pSS,
4 (0.5%) dissatisfied the 2016 ACR/
EULAR classification criteria, and 738
(99.5%) met both criteria. The me-
dian age at onset of pSS was 52 (IQR
41.0-61.0) years, the median age at
diagnosis of pSS was 58 (IQR 49.0-
66.0) years, and the median duration of
pSS was 36 (IQR 12.0-96.0) months.
Among the 742 patients with pSS, 105
(14.2%) had YopSS, 533 (71.8%) had
AopSS, and the remaining 104 (14.0%)
had EopSS.

Significant differences were found
among the three onset age groups
in terms of proportions of gen-
der (p=0.003) and disease duration
(p<0.001). After Bonferroni adjust-
ment, multiple comparisons showed
that the EopSS group had a lower pro-
portion of females (77.9% vs. 88.4%
and 92.4%, respectively, p ;400 <0.05)
and shorter disease duration (12.0
[3.5-36.0] vs. 48.0 [12.0-96.0] and
72.0 [24.0-162.0], respectively, p .
jusea <0:05) than the AopSS and YopSS
groups (Table I).

Clinical manifestations in

PSS patients with different onset age
As shown in Table I, patients with pSS
commonly had dry mouth (87.2%) and
dry eyes (79.9%). On ocular evalua-
tion, the majority (91.2%) of patients
demonstrated abnormal Schirmer I
test results. Some patients had fatigue
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(48.2%), arthralgia (40.7%), dental
caries (39.9%), and parotid enlarge-
ment (15.8%). ILD was found in 34.6%
patients with pSS. Significant differ-
ences were detected in the propor-
tions of dry mouth (p=0.007), fatigue
(p=0.021), arthralgia (p=0.025), abnor-
mal Schirmer I tests (p=0.001), dental
caries (p=0.002), and ILD (p<0.001)
among the three onset age groups. No
difference was detected in terms of dry
eyes and parotid enlargement.

Multiple comparisons showed that pa-
tients with YopSS demonstrated lower
proportions of dry mouth (78.1% vs.
88.2% and 91.3%, respectively, p .
justea <0-05), abnormal Schirmer I tests
(81.9% vs. 92.5% and 94.2%, respec-
tively, P gisiea <0-05), and ILD (14.3%
vs. 36.0% and 48.1%, respectively, p
adiusiea <0-05) than those with AopSS
and EopSS. Patients with EopSS had
a lower percentage of dental caries
(24.0% vs. 42.2% and 43.8%, respec-
tively, p gisea <0.05) than those with
AopSS and YopSS. Moreover, the
LLA test showed that the proportions
of dry mouth (p ,,,,=0.004), abnormal
Schirmer I tests (p ,,, =0.002), and
ILD (p,,..<0.001) tended to increase
with the increase of onset age, and the
prevalence of dental caries showed op-
posite trends (p ,,,, =0.004) (Fig. 2A).
In addition, the AopSS group showed a
higher proportion of fatigue (51.2% vs
37.1%, P wgjusiea <0-05) than the YopSS
group and more arthralgia (43.2% vs.
28.8%, P wgjusica <0-05) than the EopSS

group (Table I). However, no differ-
ence was detected in terms of fatigue
and arthralgia in the LLA test.

Laboratory characteristics
of patients with different onset age

As shown in Table II, ANA titres of
>1:160 were found in 64.2% of in-
cluded patients with pSS. Anti-SSA,
anti-Ro52, anti-SSB, anti-CENPB,
anti-RNP, and RF positivity were ob-
served in 67.4%,56.1%,28 4%, 8.2%,
8.1%, and 44.5% of included patients,
respectively. Among the 418 patients
who underwent MSG biopsies, 97.8%
showed positive findings. Among the
three onset age groups, significant dif-
ferences were identified in the propor-
tion of leukopenia (p=0.037), anae-
mia (p=0.003), hyper-IgG (p=0.049),
low C3 (p=0.003), low C4 (p=0.001),
elevated ESR (p=0.036), and ANA
(p=0.001), anti-SSA (p<0.001), anti-
Ro52 (p=0.017), anti-SSB (p<0.001),
anti-CENPB  (p=0.034), and RF
(»<0.001) positivity. However, no sig-
nificant difference was found among
the three onset age groups in terms of
the percentage of neutropenia, lympho-
penia, thrombocytopenia, hyper-IgA,
hyper-IgM, and anti-RNP and MSG
biopsy positivity.

Multiple comparisons showed that pa-
tients with YopSS demonstrated higher
percentages of leukopenia (33.0% vs.
17.5%, P ugjusiea <0-05), and anti-Ro52
(67.7% vs. 48.1%; P yyusiea <0-05) and
anti-CENPB (11.5% vs. 2.0%, p

adjusted
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Fig. 2. Trends in the prevalence of clinical phenotypes based on age at onset.
ILD: interstitial lung disease; IgG: immunoglobulin G; C3: complement 3, C4: complement 4; ANA: antinuclear antibodies; anti-CENPB: anti-centromere
protein B; RF: rheumatoid factor.

Table II. Comparison of laboratory characteristics among patients with different onset age of pSS.

Laboratory findings Total (n=742) Young onset (n=105) Adult onset (n=533) Elderly onset (n=104) p-value
Leukopenia (<4.0x10°/L) 193/732 (26.4) 34/103 (33.0) 141/526 (26.8) 18/103 (17.5)¢ 0.037
Neutropenia (<1.5x10%L) 54/732 (7.4) 9/103 (8.7) 42/526 (8.0) 3/103 (2.9) 0.168
Lymphopenia (<0.8x10%/L) 51/732 (7.0) 12/103 (11.7) 35/526 (6.7) 4/103 (3.9) 0.079
Anaemia (Hb <110 g/L) 135/732 (18.4) 30/103 (29.1)* 82/526 (15.6) 23/103 (22.3) 0.003
Thrombocytopenia (<100x10%/L) 93/732 (12.7) 18/103 (17.5) 61/526 (11.6) 14/103 (13.6) 0.250
Hyper-IgA (>3.78 g/L) 189/729 (25.9) 29/103 (28.2) 126/522 (24.1) 34 (32.7) 0.164
Hyper-1gG (>16.2 g/L) 327/729 (44.9) 57/103 (55.3) 229/522 (43.9) 41 (394) 0.049
Hyper-IgM (>2.63 g/L) 63/729 (8.6) 6/103 (5.8) 49/522 (9.4) 8 (7.7) 0.467
Low C3 (<0.70 g/L) 162/725 (22.3) 34/102 (33.3)® 114/520 (21.9) 14/103 (13.6) ¢ 0.003
Low C4 (<0.16 g/L) 256/725 (35.3) 52/102 (51.0)* 175/520 (33.7) 29/103 (28.2)¢ 0.001
Elevated ESR (>20 mm/h) 349/696 (50.1) 58/99 (58.6) 236/501 (47.1) 55/96 (57.3) 0.036
ANA titres =1:160 461/718 (64.2) 78/99 (78.8) ¢ 326/515 (63.3) 57 (54.8)¢ 0.001
Positive anti-SSA 484/718 (67.4) 88/99 (88.9)* 339/515 (65.8) 57 (54.8)¢ <0.001
Positive anti-Ro52 403/718 (56.1) 67/99 (67.7) 286/515 (55.5) 50 (48.1)¢ 0.017
Positive anti-SSB 204/718 (28.4) 48/99 (48.5)¢ 137/515 (26.6) 19 (18.3)¢ <0.001
Positive anti-CENPB 59/718 (8.2) 2/99 (2.0) 45/515 (8.7) 12 (11.5)¢ 0.034
Positive anti-RNP 58/718 (8.1) 12/99 (12.1) 41/515 (8.0) 5 (4.8) 0.158
Positive RF ¢ 309/694 (44.5) 59/98 (60.2)* 222/499 (44.5)° 28/97 (28.9) ¢ <0.001
Positive MSG biopsy © 409/418 (97.8) 47/49 (95.9) 305/309 (98.7) 57/60 (95.0) 0.119

All values are presented as n (%) or median (interquartile range). Young-onset < 35 years; adult-onset:
Hb: haemoglobin. IgA: immunoglobulin A; IgG: immunoglobulin G; IgM: immunoglobulin M; C3: complement 3, C4: complement 4; ESR: erythrocyte
sedimentation rate; ANA: antinuclear antibodies; anti-CENPB: anti-centromere protein B; anti-RNP: anti-ribonucleoprotein; RF: rheumatoid factor; MSG:

minor salivary gland.

P wdjustea <005 (young-onset pSS vs. adult-onset pSS) on the basis of post-hoc analysis corrected by Bonferroni adjustment.
"D adjusiea <0:05 (adult-onset pSS vs. elderly-onset pSS) on the basis of post-hoc analysis corrected by Bonferroni adjustment.
°D wdjustea <005 (young-onset pSS vs. elderly-onset pSS) on the basis of post-hoc analysis corrected by Bonferroni adjustment.

dpositive RE>20 TU/mL.

=35 and <65 years; elderly-onset >65 years.

<0.05) positivity than those with Eo-
pSS and a higher prevalence of anae-
mia (29.1% vs 15.6%, P 4usea <0-05)
than those with AopSS. In addition,
patients with YopSS demonstrated
higher proportions of low C3 (33.3%
vs. 21.9% and 13.6%, respectively,
p<0.05), low C4 (51.0% vs. 33.7%
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and 28.2%, respectively, p<0.05), and
ANA (78.8% vs. 63.3% and 54.8%, re-
spectively, p<0.05), anti-SSA (88.9%
vs. 65.8% and 54.8%, respectively,
p<0.05), anti-SSB (48.5% vs. 26.6%
and 18.3%, respectively, p<0.05), and
RF (60.2% vs. 44.5% and 28.9%, re-
spectively, p<0.05) positivity than

those with AopSS and EopSS. On Bon-
ferroni adjustment, no between-group
differences were found in terms of el-
evated ESR and hyper-IgG.

The LLA test showed that the propor-
tions of leukopenia (p ,,,, =0.011),
low C3 (p ,,,,=0.001), low C4 (¥ ,..u
=0.001), and ANA (p ,,,,,<0.001), an-
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Table III. Clinical characteristics of pSS with different onset age: review of the literature.

Study ID Country  Study design ~ Sample Study groups Onset age Main results
size (median/mean)
Goules ef al. 2020 Greece and Case-control 1997  YopSS (<35y) YopSS: 29 (5-35) EopSS had a higher frequency of salivary
Italy study EopSS (=65 y) EopSS: 69 (65-88)  gland enlargement, lymphadenopathy,
Middle-aged control Raynaud’s phenomenon, haematologic and
(40-50y) immunologic disorders, and lymphoma,
while EopSS had more frequency of dry
mouth, ILD, and lymphoma compared to
middle-aged controls, respectively.

Botsios ef al. 20117 Ttaly Retrospective 336 YopSS (=40 y) YopSS: 28.5+99 No statistical difference was found among
study AopSS (>40 and <65y) AopSS: 51 +6.7 the three groups in terms of glandular and

EopSS (>65y) EopSS:729+3.8 extra-glandular manifestations, haemato-
logic and immunologic disorders.

Lee er al. 202119 Korea Two-centre 221 YopSS (<40 y) YopSS: 33 (29-39)  EopSS had a higher prevalence of ILD,
prospective AopSS (=40 and <65 y) AopSS: 53 (46.5-59) less arthritis, lower positivity of anti-SSA
study EopSS (=65 y) EopSS: 70 (68-75)  and anti-SSB, and lower levels of RF,

complement 4, and immunoglobulin G.

Tishler ef al. 200199 Israel Monocentric 85 YopSS (<65 y) YopSS: 43 (20-64)  RF and anti-SSA antibodies were more

cohort study EopSS (>65y) EopSS: 71 (66-80)  common in YopSS. No significant differ-
ence was noted in clinical manifestations
between the two groups.

Ramos-Casals e al.  Spain Retrospective 144 YopSS (<35y) Total: 53 (20-87) YopSS had higher prevalence of lymphad-

19981 study EopSS (>35y) YopSS: 28 (20-34)  enopathy, RF, hypergammaglobulinemia,

and lymphoproliferative disease.

Garcia-Carrasco et al. Spain
20021

Cobhort study

400  YopSS (<35y)
EopSS (>70y)

Total: 52.7 + 0.85

YopSS demonstrated higher prevalence of
fever, lymphadenopathy, and anti-SSA anti-
bodies compared with those having disease
onset after 35 years; EopSS showed no dif-
ference in clinical characteristics compared
with those having disease onset before 70
years.

Garcid-Carrasco et al. Spain
199907

Prospective
study

223 YopSS (<70y)
EopSS (=70 y)

Total: 53 (15-87)
EopSS: 74 (70-87)

There was no difference in the prevalence
of clinical manifestations and immunologi-
cal features between YopSS and EopSS.

All values of onset age are presented as mean (standard deviation) or median (interquartile range).
YopSS: young-onset pSS; AopSS: adult-onset pSS; EopSS: elderly-onset pSS; ILD: interstitial lung disease; RF: rheumatoid factor.

ti-SSA (p ,,,,0 <0.001), anti-SSB (p
<0.001), anti-Ro52 (p ,,,,,=0.005), and
RF (p .. <0.001) positivity tended to
decrease with an increase in onset age,
but anti-CENPB (p ,,,,,,=0.014) positiv-
ity demonstrated opposite trend (p .
<0.001) (Fig. 2B-D). Moreover, the
proportion of hyper-1gG (p ,,,,. =0.022)
also tended to decrease with the in-
crease of onset age (p ,,,,<0.001) (Fig.
2B). No difference was detected in
terms of anaemia and elevated ESR in
the LLA test.

trend

Review of the literature

Up to now, seven studies defining onset
age as the time of pSS occurrence in-
vestigated the clinical characteristics of
pSS with different onset age (Table III)
(6, 7, 13-17). Among the studies, two
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were from Asian countries (Korea and
Israel) (13, 14) and the remaining five
were from Europe (6, 7, 15-17). Four
studies (14-17) compared the clinical
features of either YopSS or EopSS to
the rest of the study population, only
two (7, 13) evaluated differences among
YopSS, AopSS, and EopSS groups. A
case-control study (6) included 1997 pa-
tients with pSS, comparing YopSS and
EopSS with controls whose age of pSS
onset was within the typical 4% or 5%
decade of life. One of the seven studies
(13) performed multiple comparisons
during data analysis, but none mapped
the variation tendency of phenotypes
along the onset age of pSS.

The mean age at onset of pSS were
similar to those in most previous stud-
ies (6, 7, 13, 15-17), no matter in the

whole population, YopSS group, AopSS
group, or EopSS group. Three of the
seven studies (6, 15, 16) suggested that
YopSS demonstrated higher proportions
in haematologic and immunologic dis-
orders, compared to EopSS. Two studies
(6,13) showed that EopSS had a higher
prevalence of ILD but fewer immuno-
logic disorders. One study (14) reported
that EopSS had less RF and anti-SSA
positivity but similar clinical manifes-
tations, when compared with younger
pSS. Two studies (16,17) reported that
there was no difference in clinical char-
acteristics including immunologic disor-
ders between EopSS and younger ones.
What’s more, an Italian retrospective
study (7) divided pSS patients into three
age groups concluded that there was no
difference among the three groups in
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glandular manifestations, ILD, haema-
tologic and immunologic disorders. In
summary, the influence of onset age on
clinical phenotypes in patients with pSS
is controversial.

Discussion

This is the well-designed, largest retro-
spective study to investigate the clini-
cal characteristics of pSS patients with
distinct onset ages in China. In order to
get comprehensive and reliable results,
this work considered three distinct on-
set age groups (YopSS, AopSS, and Eo-
pSS), performed multiple comparisons,
and explored the variation tendency of
phenotypes for the first time. Although
the impact of onset age on clinical phe-
notypes of pSS has been studied in the
past, the impact is not fully understood
due to the controversial results. The
major findings of this study can be
summarised as follows: a) YopSS dem-
onstrated more immunologic disorders
but less dryness and ILD; b) the preva-
lence of dryness and ILD tended to in-
crease with the increase of onset age; c)
the proportions of leukopenia, low C3,
low C4, and ANA, anti-SSA, anti-SSB,
and RF positivity tended to decrease
with an increase in onset age.

Differences in clinical manifestations
Aprevious case-control study (6) showed
that dry mouth is more common in Eo-
pSS than in AopSS. Another prospective
study (13) indicated that arthritis is less
common in EopSS than in YopSS and
AopSS. Our study confirmed that YopSS
was associated with lower prevalence of
dry mouth and xerophthalmia, and the
proportion of dryness tended to increase
with the increase of onset age; fatigue
and arthralgia were more common in
AopSS than in YopSS and EopSS, re-
spectively; EopSS was associated with
a lower prevalence of dental caries, and
dental caries showed a downward trend
with the increase of onset age. All these
findings provide evidence of distinct
clinical manifestations in pSS patients
with different age of onset.

ILD is the most common pulmonary
manifestation and a vital cause of death
in patients with pSS (21). A Korean pro-
spective study (13) reported the preva-
lence of ILD in overall pSS patients,
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YopSS, AopSS, and EopSS to be 19.5%,
8.7%, 13.5%, and 51.2%, respectively;
patients with EopSS were more prone to
develop ILD. A European case-control
study (6) found a higher prevalence of
ILD in EopSS (7.9%) than in AopSS
(2.5%). However, two other European
studies showed a lower prevalence of
ILD in pSS patients, at 1.2% (7) and
8.5% (17), and detected no difference
among the groups. The overall preva-
lence of ILD in our study was 34.6%.
Current evidence regarding the preva-
lence of pSS-ILD is controversial (22).
However, its prevalence appears to be
higher in China than in Europe (22-25).
A study has suggested that pSS patients
from different ethnicities and locations
have a distinct genetic susceptibility
locus, which may modulate the clinical
phenotypes (26). Therefore, the hetero-
geneity in ILD prevalence among differ-
ent studies may be partially attributed to
the differences in ethnicities and loca-
tions. Our data showed that EopSS was
more commonly associated with ILD,
and the prevalence of ILD tended to in-
crease with increase of onset age. This
result is consistent with findings of a pre-
vious international study, which included
12,753 pSS patients from 25 countries
and showed that the frequency of pul-
monary involvement tended to increase
with increase of age at disease diagnosis
(27). Two recent studies suggested that
aging and male sex were risk factors for
pSS-ILD (22, 28). Our results indicated
that the EopSS group had higher propor-
tions of male patients. All of these con-
firmed the association of elderly onset
age with prevalence of ILD in patients
with pSS, and EopSS also merits closer
follow-up and regular monitoring.

Differences in laboratory indicators

Patients with YopSS generally demon-
strated more immunological manifesta-
tions such as anti-SSA and RF positivity
and lower levels of C4, however, EopSS
demonstrated lower biological activity
(6, 13-16). Similarly, our study identi-
fied YopSS to be associated with higher
proportions of leukopenia, low C3, low
C4, and ANA, anti-SSA, anti-SSB, and
RF positivity. Notably, the prevalence
of these immunologic disorders showed
downward trends with the increase of

onset age. However, two previous stud-
ies (7, 17) detected no notable differ-
ences in immunological characteristics
among distinct onset age groups. Based
on findings from most current studies, it
appears reasonable to conclude that on-
set age can modulate serological mani-
festations of pSS. In this context, YopSS
requires regular monitoring for blood
cells and complements. It has been re-
ported that the risk of B-cell lymphoma
is approximately 20 times as high among
patients with pSS as in the general pop-
ulation (1). The prolific serologic profile
of YopSS could imply a robust B cell
responsiveness, which could be associ-
ated with a higher probability for future
lymphoma development (29). More
studies are needed to confirm this. Due
to the low positivity of autoantibody in
elderly patients with features strongly
suggestive of pSS, MSG biopsy is more
likely to be the only way to confirm the
diagnosis of pSS.

Of note, our results showed that the on-
set preceded the diagnosis by 6 years
in pSS, which was similar to previous
studies (6, 7). Future studies are needed
to determine whether the delay in di-
agnosis affects the phenotypic presen-
tation of the disease. Additionally, the
median age at diagnosis of pSS in this
study was higher than that reported in
some other studies (30), which may
be partially attributed to differences
in ethnicity. It would be interesting to
validate the role of ethnicity on clinical
phenotypes of pSS in future.

Limitations

This study has several limitations.
First, this is a single-centre retrospec-
tive study enrolling 742 Chinese pa-
tients with pSS. Some potential con-
founders may be unknown although we
performed Bonferroni adjustment for
multiple comparisons to obtain reliable
results. Our findings provide a better
understanding of the influence of onset
age on clinical phenotypes in Chinese
patients with pSS, but the results may
not be generalised to all ethnicities.
Second, the date of pSS onset may be
subject to recall bias. Thus, we record-
ed age of onset in years and divided
data into three age groups for analysis
to avoid discrepancies. Third, we can-
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not analyse all clinical manifestations
of pSS such as Raynaud’s phenomenon
and the patterns of ILD, because rele-
vant data was missing in the medical re-
cords. Multi-centre prospective studies
with long-term follow-up are needed to
supplement and validate our findings.

Conclusions

Approximately one third of pSS patients
had early and late disease onset. YopSS
was associated with less dryness, but
more  hypocomplementaemia, and
ANA, anti-SSA, anti-SSB, and RF posi-
tivity. The prevalence of dryness and
ILD tended to increase with increase in
onset age. However, the proportions of
leukopenia, low C3, low C4, and ANA,
anti-SSA, anti-SSB, and RF positivity
demonstrated opposite trends.
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