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Impact of disease duration on systemic clinical 2
profile in Sjogren’s syndrome
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Abstract

Background Primary Sjogren’s Syndrome (pSS) is a systemic autoimmune disorder characterized by lymphocyte
infiltration of the exocrine glands. Disease duration plays a pivotal role in evaluating the development of SS. In this
study, we aimed to clarify the clinical manifestations of pSS across various stages of its progression, thereby offering
critical insights for early diagnosis and targeted management strategies for Sjogren’s Syndrome.

Methods We conducted a retrospective analysis involving 3,978 patients with primary Sjogren's Syndrome (mean
[SD] age: 53.1[24] years) from Peking University People’s Hospital between January 2015 and December 2022. We
classified patients into five distinct groups based on the duration of the syndrome: TO (< 1 year), T1 (> 1 year, <5 years),
T2 (>5 years, <10 years), T3 (> 10 years, < 20 years), and T4 (> 20 years).

Results We observed a statistically significant increase in the percentage of pSS patients with white blood cell (WBC)
decrease, specifically: TO (9.23%), T1 (15.40%), T2 (22.62%), T3 (20.22%), T4 (26.45%). The decreases in hemoglobin
(HGB) and platelet (PLT) were also robustly associated with extended disease duration (p <0.0001). Simultaneously,
systemic involvements aggravated with disease progression as incidence rates of skin, joint, lung, and nervous system
were strikingly increased in each group. The findings also indicated that patients with long-term pSS exhibit a higher
likelihood of developing comorbid conditions, such as diabetes and tumors. In summary, disease duration serves as a
crucial determinant for the prognosis of patients with pSS.

Conclusions Therefore, early identification of symptoms and initiation of therapies are imperative for mitigating the
risk of significant complications in pSS patients.
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Background

Primary Sjogren’s Syndrome (pSS) is a chronic inflamma-
tory autoimmune disease, characterized by lymphocytic
infiltration in exocrine glands, including lacrimal and
salivary glands [1]. The hallmark clinical manifestations
are dryness of the eyes and mouth, along with abnormal
fatigue [2]. Approximately 30—40% of patients experi-
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The underlying mechanisms of pSS remains not yet
fully understood; however, recent research revealed criti-
cal insights into its pathogenesis. Epithelial cells plays a
pivotal in disease development. These cells are not only
targets of immune attacks, but also triggers of immune
responses. Through interactions with immune -cells,
epithelial cells promote inflammatory responses medi-
ated by cytokines and chemokines, which further exac-
erbate local inflammation [5]. The abnormal activation
of the interferon (IEN) signaling pathway is particularly
significant in SS. Overexpression of type I interferon is
considered a key factor in promoting B cell activation,
the activation of B cells produces autoantibodies includ-
ing anti-Ro/SSA and anti-La/SSB antibodies which was
associated with an earlier disease onset [6]. Additionally,
epigenetic factors and environmental factors also con-
tributes to pathogenesis of SS, influencing the immune
system and potentially leading to immune dysregulation
[5].

Numerous lines of evidence highlighted that various
factors contribute to the progression of SS, including
genetic background, environmental risks, and demo-
graphic characteristics. Previous studies have attempted
to explore the potential correlation between age of onset
and specific disease manifestations in pSS [7], suggesting
that patients with early-onset pSS often exhibit higher
disease activity and an unfavorable prognosis, which
may be associated with a longer disease duration and
potentially more rapid disease progression. Therefore,
investigating disease duration is of paramount clinical
importance, as understanding how prolonged disease
exposure influences SS patients may enhance our knowl-
edge of the disease’s progression and inform more effec-
tive management strategies.

Despite the known impact of pSS on multiple organ
systems, there is limited information regarding clinical
phenotypes across different stages of the disease. Our
study aimed to fill this gap by assessing the impact of dis-
ease duration on clinical and immunological parameters
in a cohort of 3978 SS patients, providing critical insights
for accurate diagnosis and the development of targeted
therapeutic strategies in the management of Sjogren’s
Syndrome.

Materials and methods

Patients

A retrospective study was carried out and a total of
3978 pSS patients from Peking University People’s Hos-
pital between January 2015 and December 2022 were
included. We determine the time when a patient was first
diagnosed with Sjogren’s syndrome as the onset time of
the disease. The diagnosis of SS in our institution was
based on the 2002 American European Consensus Group
(AECQG) criteria [8] or the 2016 American College of
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Rheumatology (ACR)/European League Against Rheu-
matism (EULAR) classification criteria [9], while the
onset time of patients diagnosed in other institutions was
accessed by reviewing their medical history and was re-
evaluated to meet the 2016 ACR criteria. Patients were
divided into 5 independent groups according to the dura-
tion of their disease: TO (<1 year), T1 (>1 year, <5 years),
T2 (>5 years, <10 years), T3 (>10 years, <20 years),
and T4 (>20 years) The distribution of patients across
these groups was as follows: 390(9.8%), 2072(34.2%),
725(52.1%), 549(13.8%) and 242(6.1%), respectively. This
study was approved by the Ethics Committee of Peking
University People’s Hospital.

Data collection

Basic clinical manifestations such as dry mouth, dry eyes,
parotitis, and dental caries were extracted from the medi-
cal records of eligible patients and the hospital informa-
tion system. Blood samples were collected from pSS
patients for laboratory analysis, and flow cytometry was
employed to detect immune cell subsets. As for the diag-
nostic criteria of systemic diseases, we define a patient as
having leukopenia when their white blood cell count is
below 3.5*1079/L, anemia when their hemoglobin level is
below 115 g/L, and thrombocytopenia when their platelet
count is below 125*1079/L. PAH was evaluated according
to echocardiography and Interstitial lung disease (ILD),
a group of pulmonary disorders characterized by diffuse
parenchymal lung infiltration [10], was detected using
Pulmonary Function Tests (PFTs ) and high-resolution
computed tomography (HRCT). The results were evalu-
ated by two experienced radiologists, with diagnoses
confirmed by clinical physicians.

Statistical analysis

Descriptive variables are presented as the percentage (%),
mean with standard deviation (SD), or median with inter-
quartile range (IQR). Statistical analysis was performed
using SPSS R27.0.1.0 (SPSS Inc, Chicago, IL, USA). Com-
parisons among continuous values were assessed using
analysis of variance (ANOVA), while Chi-square test was
employed to examine the association between systemic
involvement and SS duration. Both the ANOVA tests and
Chi-square tests were performed on GraphPad Prism 10
(GraphPad Software, La Jolla, CA, USA). Additionally,
Python language was used to create figures illustrating
immune cell subpopulations. Statistical significance was
determined as a two-tailed p-value of less than 0.05.

Results

Demographic characteristics of pSS patients

A total of 3978 patients with pSS (mean [SD] age,
53.1[24] years) were included in this study, there were
3715 (93.4%) females and 263 (6.6%) males across
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various stages of disease. At the time of data collection,
the median disease duration was 6.8 (0-71) years. The
baseline demographic and clinical characteristics of the
patients are presented in Table 1.

Laboratory characteristics in pSS patients

Laboratory analysis revealed a progressive increase in the
prevalence of leukopenia, rising from 9.23% in patients
with a disease duration of <1 year (T0) to 26.45% in those
with a duration of >20 years (T4) (Fig. 1A and Table 2;
p<0.0001). A similar trend is observed for decreased
hemoglobin levels, with rates increasing from 13.85% in
the TO group to 35.54% in the T4 group. Thrombocyto-
penia follows the same tendency, with an incidence rising
from 7.69 to 18.60% across the same duration spectrum
(Fig. 1B and C; Table 2; p <0.0001). These findings collec-
tively suggest that longer disease duration in pSS is asso-
ciated with a higher prevalence of both hematological
abnormalities.

Clinical manifestations in pSS patients with different
diseases duration

The frequency of interstitial lung disease (ILD) shows a
remarkable escalation, from 3.33% in TO to 10.74% in T4
(Fig. 1D and Table 3; p<0.0001). Similarly, the occurrence
of pulmonary arterial hypertension (PAH) increases with
disease duration, ranging from 3.59% in the TO group to
7.85% in the T4 group (Fig. 1E and Table 3; p<0.0001).
However, Chronic Obstructive Pulmonary Disease
(COPD) reached no significant relationship among these
groups (Table 3; p=0.3374).

Data also reveals a progressive increase in the inci-
dence of renal tubular acidosis (RTA), with the rate rising
from 7.69% in patients with a disease duration of <1 year
(TO) to 22.31% in those with a duration of > 20 years (T4)
(Fig. 1F and Table 3; p<0.0001).

Furthermore, central nervous system (CNS) involve-
ment, including diseases such as cerebrovascular disease
and cognitive dysfunction, shows an increasing trend,
starting at 0.26% in the TO group and reaching 2.48%
in the T4 group (Fig. 1G and Table 3; p<0.0001). Simi-
larly, peripheral nervous system (PNS) disorders, such as
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neuropathy, also increase, with the incidence rising from
1.02 to 5.79% across the same duration stages (Fig. land
Table 3; p<0.0001).

The analysis further indicated a growing prevalence of
diabetes, malignancies, and other conditions involving
the skin, joints, and muscles as disease duration extends
(Table 3). These trends collectively suggested that pro-
longed duration of pSS is associated with an increased
burden of systemic complications, highlighting the exac-
erbation of the disease).

Immunological responses with diseases progression

To explore the immune phenotyping with disease pro-
gression in pSS patients, flow cytometry was conducted
to investigate their immunological profiling. Total lym-
phocytes were comparable among these groups but total
T cells presented a significant increase (Figure S1 A and
B); Total lymphocytes: p=0.858; Total T cells: p=0.033).
It is noted that B cells and NK cells failed to exhibit sig-
nificant variation with disease progression (Figure S1 C
and D). Since lymphopenia primarily results from T cell
deficiency, we conducted a detailed sub-analysis of T cell
subsets. Our findings revealed that the ratio of CD4+T
cells remained relatively constant compared to CD8+ T
cells over time. Additionally, the ratio of CD4+ T cells to
T regulatory cells showed no significant variation with
disease duration (Figure S1 E and F). These findings sug-
gest that while the proportion of total T cells increases
with disease duration, other immune cell subsets do not
show significant changes, indicating a selective alteration
in immune cell dynamics in pSS patients.

Discussion

Primary Sjogren’s Syndrome (pSS) is a heterogeneous
autoimmune disorder primarily affecting the lacrimal and
salivary glands, but its progression can lead to systemic
involvement and multi-organ dysfunction. Although the
pathogenesis of pSS is still unclear, it is hypothesized that
aberrant immune cells play pivotal roles in disease pro-
gression [11-13]. As the disease develops, patients with
pSS are more likely to induce systemic manifestations like
pulmonary fibrosis, central neuropathy, hematological

Table 1 Clinical characteristics of the groups according to disease duration. Table depicting baseline demographic characteristics
of 3978 SS patients enrolled in this experiment. The patients were divided into 5 cohorts due to SS duration (TO-T5), and relevant
symptoms and indicators were recorded. ****P<0.0001;<0.0001***P <0.001;0.001 < **P<0.01;0.01< *P<0.05

T0(n=390) T1(n=2072) T2(n=725) T3(n=549) T4(n=242) Total(n=3978) P Value
Female (%) 89.2 933 94.0 95.0 95.0 934 0.1536
Age, mean(SD) 50.65(15.43) 51.63(15.18) 53.43(13.89) 56.68(12.57) 60.48(11.59) 53.09(14.67) <0.0001
Disease duration, mean(SD) 0.98(0.14) 3.36(1.11) 7.46(1.35) 13.69(2.66) 27.45(7.35) 6.77(6.88) <0.0001
Dry mouth, n(%) 225 (57.69%) 1348 (65.06%) 558 (76.97%) 423 (77.05%) 209 (86.36%) 2763 (69.45%) <0.0001
Dry eyes, n(%) 197 (50.51%) 1262 (60.91%) 526 (72.55%) 392 (71.40%) 197 (81.40%) 574 (64.71%) <0.0001
Parotid disease, n(%) 89 (22.82%) 618 (29.83%) 289 (39.86%) 225 (40.98%) 97 (40.08%) 1318 (33.13%) <0.0001
Caries, n(%) 39 (10.00%) 280 (13.51%) 138 (19.03%) 120 (21.86%) 49 (20.24%) 626 (15.74%) <0.0001




Wu et al. Arthritis Research & Therapy (2025) 27:39 Page 4 of 7

A g skokok B g *okokok C ¢ Fokokok
o 304 T 40 < 20 I 1
% | | % 1 I 3
P o 3
g — S 30 5 154
T 20 - S
(S} o -
g Q 20 & 10-
= Y= ‘s
o [5)
® 10 o [
o o 10 2 5+
] 1] -
£ < 3
) o] 3
% 0- T T T s 0- g 0-
o TO T™ T2 T3 T4 o TO T™ T2 T3 T4 o TO T T2 T3 T4
Duration Duration Duration
AFkkk
D 15 E _ 10 *kk F 259 1 1
9 sk okok > g T 1 g
a I ] T < 20
- < =
= 10 - o ¥
° 5 67 % 157
& g o
o] 2 4 o
£ 5 £ £ 197
Q ) c
g o 2 ]
ﬁ'_’ ] 5 5
a o
0- 0- 0-
TO T T2 T3 T4 TO T™ T2 T3 T4 TO T1 T2 T3 T4
Duration Duration Duration
G s Fokk H gz, o Fokokok
@ I | g sokskok 9 I 1
8 S T 1 w
2 2 6 £ 204
-] 2 T g
(2] (2] ]
-3 = 5 15
] o 4+ -
5 5 e
o 14 [ g 10
o D 5] ]
© ] c
£ c o 54
Q [} 5]
o (5 &
g 0- g: 0- o o
TO T T2 T3 T4 TO T1 T2 T3 T4 TO T T2 T3 T4
Duration Duration

Duration

Fig. 1 Systemic involvement in pSS according to disease duration. To explore the effect of disease duration on systemic manifestation of pSS patients.
Patients are divided into 4 groups according to SS duration: TO (< 1 year), T1 (> 1 year, <5 years), T2 (> 5 years, < 10 years), T3 (> 10 years, < 20 years), and T4
(> 20 years). (A-C) Hematological involvement indicated that the percentage of leukopenia, anemia and thrombocytopenia significantly differed among
groups. (D-1) Other organ involvements showed a significant association with the disease duration, including interstitial lung disease, pulmonary arterial
hypertension, renal tubular acidosis, CNS disease, PNS disease and diabetes. ****P <0.0001;<0.0001***P < 0.001;0.001 < **P<0.01;0.01< *P<0.05

Table 2 Laboratory findings of the groups according to disease duration. Table depicting laboratory findings of 3978 SS patients
enrolled in this experiment. The patients were divided into 5 cohorts due to SS duration (TO-T5), and relevant symptoms and indicators
were recorded

TO(n=390) T1(n=2072) T2(n=725) T3(n=549) T4(n=242) Total(n=3978) PValue

Ro/SSA positive, n(%) 92 (23.59%) 655 (31.61%) 299 (41.24%) 230 (41.89%) 93 (38.43%) 1369 (34.41%) <0.0001
La/SSB positive, n(%) 34 (8.71%) 233 (11.25%) 114 (15.72%) 73 (13.30%) 23 (9.50%) 477 (11.99%) 0.0906
Rheumatoid factor, average(min-max) 65.04(8-488) 172.47(3-4320) 248.67(2-4680) 171.40(4-2500) 256.85(10-2680) 188.28(2-4680)  0.406
WBC decrease, n(%) 36 (9.23%) 319 (15.40%) 164 (22.62%) 111 (20.22%) 64 (26.45%) 694 (17.44%) <0.0001
HGB decrease, n(%) 54(13.85%) 372(17.95%) 158 (21.79%) 137 (24,95%) 86 (35.54%) 807 (20.29%) <0.0001

PLT decrease, n(%) 30(7.69%) 200 (9.65%) 76 (10.48%) 75 (13.66%) 45 (18.60%) 426 (10.71%) <0.0001
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Table 3 Clinical characteristics of the groups according to disease duration. Table depicting clinical characteristics of 3978 SS patients
enrolled in this experiment. The patients were divided into 5 cohorts due to SS duration (TO-T5), and relevant symptoms and indicators
were recorded. The table was also presented in the form of graph in the next figures

T0(n=390) T1(n=2072) T2(n=725) T3(n=549) T4(n=242) Total(n=3978) PValue
ILD, n(%) 13 (3.33%) 103 (4.97%) 38 (5.24%) 44 (8.01%) 26 (10.74%) 224 (5.63%) <0.0001
PAH, n(%) 14 (3.59%) 65 (3.13%) 32 (441%) 31 (5.65%) 19 (7.85%) 161 (4.05%) 0.0001
COPD, n(%) 0 (0%) 10 (0.05%) 5 (0.007%) 0 (0%) 3 (1.24%) 18 (0.45%) 03374
Other chronic lung diseases, n(%) 9(2.31%) 33 (1.59%) 21 (2.90%) 22 (4.01%) 16 (6.61%) 101 (2.54%) <0.0001
RTA, n(%) 30 (7.69%) 229 (11.05%) 113(15.59%) 96 (17.49%) 54 (22.31%) 522 (13.12%) <0.0001
Other chronic kidney diseases, n(%) 3 (0.77%) 15 (0.72%) 8(1.10%) 10 (1.82%) 6 (2.48%) 42 (1.06%) 0.0026
CNS disease, n(%) 1(0.26%) 8 (0.39%) 6 (0.83%) 6 (1.09%) 6 (2.48%) 27 (0.68%) 0.0002
PNS disease, n(%) 4(1.02%) 59 (2.85%) 30 (4.14%) 28 (5.10%) 14 (5.79%) 135 (3.39%) <0.0001
Skin disease, n(%) 61 (15.64%) 455 (21.96%) 204 (28.14%) 160 (29.14%)  110(4545%) 990 (24.8%) <0.0001
Joint disease, n(%) 156 (40.00%) 1054 (50.87%) 448 (61.79%) 354 (64.48%) 173 (71.49%) 2185 (54.93%) <0.0001
Muscle disease, n(%) 18 (4.62%) 121 (5.84%) 63 (8.69%) 51(9.29%) 31(12.81%) 284 (7.13%) <0.0001
Diabetes, n(%) 26 (6.67%) 187 (9.03%) 93 (12.83%) 72 (13.11%) 55 (22.73%) 433 (10.88%) <0.0001
Tumor, n(%) 5(1.28%) 27 (1.30%) 11 (1.52%) 8 (1.46%) 10 (4.13%) 61 (1.53%) 0.0193

abnormalities, and dysfunction of the renal, liver, and
thyroid [14]. However, most of the pSS symptoms can
be atypical and often overlap with other conditions,
resulting in the difficulties of diagnosis as well as treat-
ment. Therefore, identifying the clinical and immune
profile throughout the progression of pSS is essential
for enabling clinicians to better predict recognize clini-
cal signs of disease progression, ultimately supporting
efforts to mitigate the risk of multi-organ damage in pSS
patients.

In our study, we explored the clinical manifestations
of pSS across various stages of the disease. Our findings
revealed that hematological abnormalities, such as leu-
kopenia, anemia, and thrombocytopenia, increased with
disease duration. This could be attributed to the suppres-
sion of hematopoiesis due to prolonged immune system
activation, leading to an abnormal hematological profile
in pSS patients.

Interstitial lung disease (ILD) and pulmonary arterial
hypertension (PAH) are common and significant compli-
cations in pSS, associated with a poor prognosis. A sys-
temic review reported that the prevalence of pulmonary
involvement in pSS increases to between 43% and 75%
following systematic investigation [15]. Our study found
that patients with longer disease duration were more
likely to develop chronic lung diseases, emphasizing the
importance of disease duration as a prognostic factor in
pSS. The findings suggest that clinicians should closely
monitor pulmonary function in patients with long-term
pSS to improve early detection and intervention.

Kidney involvement, particularly renal tubular acidosis
(RTA), was another important clinical manifestation that
worsened with the duration of pSS. Previous research
indicated that renal complications are present in approxi-
mately 12.34% of pSS patients [16]. Our study supports
these findings and underscores the need for ongoing

renal assessment in pSS patients, particularly those with
prolonged disease courses.

Neurological involvement is also frequently observed
in Sjogren’s syndrome. Central nervous system dis-
orders, such as cerebrovascular disease and cognitive
dysfunction, and peripheral nervous system disorders,
such as limb numbness and muscle weakness, can both
result in irreversible damage to the patient. As previously
described, the incidence of CNS involvement in pSS
patients ranges from 9.8-13% [17-19]. In our study, the
incidence of CNS complications was relatively lower, and
patients with longer disease duration were more suscep-
tible to resulting in central nervous system complications
while peripheral nervous system diseases also showed
a significant rise. These results align with Tishler et al’s
findings, who observed more frequent CNS involvement
in early-onset pSS than patients with shorter disease
duration, but these results were not statistically signifi-
cant [20].

Long-term pSS patients also exhibit a higher preva-
lence of conditions such as diabetes and tumors, poten-
tially due to immune system dysfunction.

Peripheral lymphopenia was associated with higher
disease activity and mortality in pSS patients [21]. In the
present study, we compared the distribution of lympho-
cyte subsets in pSS patients across different disease dura-
tion. We found a significant positive correlation between
the percentage of total T cells and disease duration. How-
ever, the total lymphocyte count, as well as B cell and NK
cell levels, remained stable, indicating a nuanced dys-
function of the immune system.

The ratio of CD4/CD8 did not change significantly,
but this differs from Loureiro’s study which suggests a
diminished CD4/CDS8 ratio in patients suffering from SS
[22]. This discrepancy may partly shed light on further
research concerning characteristics of immune cells in SS
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patients and how they vary while disease develops. These
findings may also provide a new potential perspective on
the pathogenesis of SS.

The age distribution within our cohort reveals signifi-
cant variation, suggesting that chronological age may
influence the manifestation of the disease in patients.
Therefore, this factor warrants careful consideration in
our analysis. However, a recent study published in June
found that, aside from fatigue, the presence of anti-SSA
antibodies, and the use of antimalarial agents, there
were no statistically significant differences in other clini-
cal features, laboratory findings, treatment approaches,
or outcomes between elderly and younger patients with
Sjogren’s syndrome [23]. This research provides evidence
that the systemic involvement observed in our findings is
more likely associated with the duration of SS rather than
age itself.

Here are some certain limitations of the study. Firstly,
all the data on the prevalence of SS-related diseases were
collected from a single center, which may have genetic
and environmental factors, so further research based on
multiple centers and larger cohort could be carried out
to verify our conclusion. Second of all, our experimental
results offer a deeper understanding of the disease mani-
festations in Sjogren’s syndrome but have not delved into
the specific mechanisms by which the disease course
affects these manifestations, so future research should
focus on the contribution of disease duration on the
pathogenesis of SS.

Additionally, we have yet to study the exact connec-
tion between SS duration and clinical diagnosis, suggest-
ing clinicians to confirm and extend the present findings
toward the ultimate goal of more effective evaluation and
management of pSS.

Conclusions

In conclusion, our study demonstrates that disease dura-
tion is a key determinant in the progression and severity
of Primary Sjogren’s Syndrome. As the disease duration
increases, there is a noticeable escalation in systemic
involvement, including hematological abnormalities, lung
and kidney dysfunction, and neurological complications.
These findings highlight the importance of early diagno-
sis, ongoing monitoring, and timely interventions to pre-
vent or minimize multi-organ damage in pSS patients.
Future research should focus on expanding these insights
to develop tailored therapeutic strategies that address the
specific needs of patients at various stages of the disease.
By further investigating the immune profiles and clinical
trajectories of pSS patients across different disease dura-
tion, we can optimize patient care and improve long-
term outcomes.
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pSS Primary Sjogren’s syndrome
WBC White blood cell

HGB Hemoglobin

PLT Platelet

IFN Interferon

ILD Interstitial lung disease

PAH Pulmonary arterial hypertension

COPD  Chronic obstructive pulmonary disease
RTA Renal tubular acidosis

CNS Central nervous system

PNS Peripheral nervous system
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