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ABSTRACT
Objective. To systematically review the 
prevalence, risk and associated factors 
of organ damage in Sjögren’s disease 
(SjD) and to assess its impact on quality 
of life and long-term outcomes.
Methods. A systematic search of Pub-
Med (2005-2025) identified studies as-
sessing damage accrual in SjD. Longi-
tudinal and cross-sectional studies 
enrolling patients fulfilling the 2002 
AECG and/or 2016 ACR/EULAR clas-
sification criteria were included. Dam-
age was defined using validated indi-
ces, the Sjögren’s Syndrome Damage 
Index (SSDI) or the Sjögren’s Syndrome 
Disease Damage Index (SSDDI), or 
through conceptual definitions of irre-
versible disease attributable injury. The 
lymphoma domain was excluded. Study 
selection followed PRISMA guidelines, 
and predefined PICO frameworks guid-
ed data extraction.
Results. Twenty-three studies were in-
cluded. Glandular damage was report-
ed in 25–86% of patients, while sys-
temic damage affected 9–73%. Older 
age, longer disease duration, higher 
baseline ESSDAI, hypergammaglobuli-
naemia, hypocomplementaemia, and 
absence of hydroxychloroquine therapy 
were the most consistent predictors of 
damage accrual. Pulmonary and renal 
involvement were associated with in-
creased mortality and hospitalisation 
rates. Cumulative SSDDI scores corre-
lated with reduced health-related qual-
ity of life (HRQoL).
Conclusion. Organ damage in SjD is 
common nd progressive, reflecting sus-
tained immunologic activity and aging-
related vulnerability. Damage burden 
predicts poorer outcomes and dimin-
ished HRQoL. Standardisation of dam-
age definitions and assessment tools 
is essential to improve comparability 

across studies and to guide preventive 
therapeutic strategies.

Introduction
Sjögren’s disease (SjD) is a chronic 
autoimmune disease characterised pri-
marily by lymphocytic infiltration and 
destruction of the exocrine glands, 
leading to hallmark symptoms such as 
xerostomia and keratoconjunctivitis 
sicca. Beyond glandular involvement, 
SjD can also affect multiple organ 
systems, resulting in variable degrees 
of tissue and organ damage that sig-
nificantly impact patient morbidity and 
quality of life (1, 2). 
The pathophysiology of SjD is complex 
and involves a multifaceted interplay 
between genetic predisposition, envi-
ronmental triggers, and immune system 
dysregulation. Central to disease devel-
opment is the chronic autoimmune-me-
diated destruction of exocrine glands, 
primarily driven by the infiltration of 
autoreactive lymphocytes, particularly 
CD4+ T cells and B cells. These immune 
cells produce a variety of pro-inflam-
matory cytokines and autoantibodies, 
which contribute to glandular dysfunc-
tion and tissue damage. Additionally, 
aberrant activation of innate immune 
pathways, including the type I interfer-
on response, has been implicated in am-
plifying the inflammatory milieu. The 
sustained inflammatory environment 
promotes apoptosis and fibrosis within 
the affected tissues, ultimately leading 
to irreversible organ damage (3, 4). 
In clinical practice, it is essential to dis-
tinguish between disease activity, a re-
versible inflammatory process that may 
fluctuate and respond to treatment, and 
damage, which represents the chronic, 
irreversible consequence of ongoing 
disease (5). Distinguishing between 
these two entities is particularly chal-
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lenging in SjD and is more complex 
than in rheumatoid arthritis (RA) or 
systemic lupus erythematosus (SLE). 
Common functional tests, including 
the Schirmer test and unstimulated 
salivary flow rate (USFR), are unable 
to reliably discriminate between activ-
ity and damage (6), complicating its 
measurement in clinical and research 
settings.
The precise definition and quantifica-
tion of damage in SjD present unre-
solved challenges. As a result, despite 
its clinical relevance, only few studies 
have systematically investigated dam-
age accrual in SjD or identified predic-
tive and protective factors. Two indices 
have been proposed to quantify cumu-
lative damage: the Sjögren’s Syndrome 
Disease Damage Index (SSDDI) and 
the Sjögren’s Syndrome Damage Index 
(SSDI) (7-9).
The SSDDI evaluates six domains (oral/
salivary, ocular, neurologic, pulmonary, 
renal, and lymphoproliferative) across 
15 items, with greater weights assigned 
to malignancy and systemic involve-
ment (5, 9).
The SSDI, adapted from the SLICC 
damage index used in SLE, spans a 
broader range of domains, including 
cardiovascular, gastrointestinal, mus-
culoskeletal and endocrine, and distin-
guishes Sjögren-related damage from 
that attributable to comorbidities or 
therapy (6-8).
Longitudinal data suggest that approxi-
mately 45% of SjD patients develop 
organ damage (excluding oral involve-
ment) after 10 years, compared with 
nearly 68% of SLE patients (10, 11).
Nonetheless, both diseases are asso-
ciated with comparable reductions in 
quality of life and functional capacity 
(12). These observations underscore 
the importance of accurate characteri-
sation of damage in SjD, not only to 
refine disease monitoring but also to 
identify patients at risk of long-term 
disability and to guide tailored thera-
peutic strategies.
This literature review aims to investi-
gate the prevalence and risk factors for 
damage accrual in patients with SjD. 
In addition, we explore the impact of 
damage on patients’ quality of life and 
overall outcomes.

Materials and methods
Two key research questions were for-
mulated (Q1: What is the prevalence 
and what are the risk factors or associ-
ated factors for damage accrual in SjD? 
Q2: What is the impact of damage on 
outcomes and quality of life in pa-
tients with SjD?). The two Population, 
Intervention, Comparison, and Out-
comes (PICO1, PICO2) frameworks 
for study inclusion were developed in 
accordance with the Preferred Report-
ing Items for Systematic Reviews and 
Meta-Analyses (PRISMA) guidelines 
(13) and are presented in Supplemen-
tary Table S1.
A systematic search in PubMed to iden-
tify relevant studies on damage accrual 
in patients with SjD was conducted. 
The search strategy combined terms re-
lated to the disease itself, damage and 
its clinical manifestations, study design 
and patient outcomes, including qual-
ity of life, morbidity, and mortality. 
The complete search strings used are 
reported in Supplementary Table S2.
Longitudinal studies, either retrospec-
tive or prospective in design, as well as 
cross-sectional studies for prevalence 
data were included. Only studies pub-
lished in English and between 2005 
and 2025 were considered. Eligible 
studies were required to enrol patients 
fulfilling established classification 
criteria for SjD, specifically the 2016 
ACR/EULAR criteria (14) and/or the 
2002 AECG criteria (15). Damage had 
to be defined according to validated 
instruments, including the SSDDI (9) 
and the SSDI (8), or individual do-
mains of the SSDDI (with the exclu-
sion of lymphoma), or alternatively 
through a conceptual definition of ir-
reversible organ damage attributable 
to SjD. Studies were considered if they 
reported data on prevalence and/or risk 
factors for damage accrual as defined 
above, as well as on quality of life or 
outcomes associated with the presence 
of damage. 
The lymphoma domain was excluded, 
as lymphoma represents a manifesta-
tion of disease activity and is currently 
considered a curable condition. There-
fore, it should not be classified as a 
form of chronic or irreversible damage 
related to the disease. 

Results
The literature search identified 248 re-
cords for PICO 1 and 348 records for 
PICO 2, all retrieved from PubMed. Af-
ter removal of non-English articles and 
retracted papers, 242 records (PICO 
1) and 338 records (PICO 2) were 
screened. Basing on title and abstract, 
220 records were excluded for PICO 1 
and 288 for PICO 2 due to irrelevance 
to the review questions. Subsequently, 
7 articles for PICO 1 and 42 articles 
for PICO 2, were excluded after full-
text review because of wrong popula-
tion, inappropriate or absent definition 
of damage or outcomes not related to 
damage or prognosis. Finally, 15 stud-
ies were included for PICO 1, compris-
ing 4 focused on glandular damage, 8 
on systemic damage, and 3 addressing 
both glandular and systemic damage. 
For PICO 2, 8 studies investigating the 
impact of damage on quality of life, 
prognosis, mortality, or hospitalisation 
were included. A detailed overview of 
the study selection process is presented 
in the PRISMA 2020 flow diagrams 
(Fig. 1, 2).
A qualitative synthesis was performed 
to analyse the data extracted from the 
included studies.

PICO 1 - Glandular damage
Seven studies investigated glandular 
damage in patients with SjD (Table I). 
The studies vary in design, including 
prospective, retrospective, and cross-
sectional approaches, and encompass 
different sized patient populations, rang-
ing from 60 to over 3,000 participants.
The most frequently reported forms of 
glandular damage were salivary flow 
impairment, ocular structural abnor-
malities and dental damage (mainly car-
ies and tooth loss). The prevalence of 
glandular damage ranged widely across 
studies, depending on the definition, the 
method and the timing of assessment. 
Salivary gland dysfunction was report-
ed in 45–72% of patients, while dental 
caries occurred in 49–74.6%. According 
to Barry et al. (8), oral damage assessed 
by the SSDI, which encompasses both 
structural and functional components, 
reached a prevalence of up to 86% at 
one year of follow-up. Ocular damage, 
assessed using the SSDI, was observed 
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Records identified through database searching: 348

Records after exclusions (non-English/retracted removed): 338

Records screened (titles/abstracts): 338

	 Records excluded (titles/abstracts: 288	 Full-text articles assessed for eligibility: 50

	 Full-text articles excluded with reasons: 42	 Studies included in qualitative synthesis: 8
	 Reasons: wrong population, wrong definition of damage, 	 (Impact on quality of life, prognosis, and
	 prognosis not related to damage	 hospitalisation)

in 25–64% of cases with a wider ocular 
variation with respect to oral damage. 
In the study by Koh et al. (16), struc-
tural ocular damage alone was reported 
with a prevalence of 76%. Persistent 
hypergammaglobulinaemia (IgG ≥1.6 
g/L) was identified as a recurrent risk 
factor for salivary flow impairment in 
two independent cohorts (16, 17), sug-
gesting a potential link between sus-
tained immune activation and progres-
sive secretory impairment. Older age 
and longer disease duration were also 
associated with an increased risk of oral 
and ocular damage. However, several 

studies note the absence of statistically 
significant associations, underscoring 
the need for further longitudinal inves-
tigations to clarify these relationships.
Overall, this summary underscores the 
heterogeneity in study designs and di-
agnostic criteria (ACR/EULAR and 
AECG), which may impact compara-
bility and synthesis of findings. None-
theless, the compiled evidence rein-
forces the critical role of both salivary 
and ocular gland involvement in SjD 
and supports the continued evaluation 
of immunological markers and clinical 
parameters in disease management.

PICO 1 - Systemic damage
Eleven studies investigated extra-glan-
dular damage in SjD (Table II). The pa-
tient cohorts vary considerably in size, 
ranging from 51 to over 1,200 individu-
als, and employ diverse study designs, 
including prospective, retrospective, 
and cross-sectional methodologies. 
Follow-up durations vary, with some 
studies assessing long-term outcomes 
up to nearly 10 years. In most reports, 
systemic damage was quantified using 
the SSDI or SSDDI, while some stud-
ies focused on specific organ manifes-
tations, such as renal, pleuropulmonary 
or neurological involvement. The re-
ported prevalence of systemic damage 
ranged from 9% to 73%, reflecting con-
siderable heterogeneity in definitions, 
disease duration and study design.
Cross-sectional and longitudinal stud-
ies consistently showed that higher dis-
ease activity at baseline (ESSDAI) and 
older age were associated with subse-
quent damage accrual. Persistent hyper-
gammaglobulinaemia, low complement 
levels (C3, C4), and the absence of hy-
droxychloroquine (HCQ) use emerged 
as recurrent predictors of systemic 
damage across several cohorts (11, 16, 
21, 25). In the study by Barry et al. (8), 
longer disease duration was confirmed 
to be a factor associated not only with 
greater oral and ocular damage but also 
with systemic involvement.
Renal involvement (including CKD, 
RTA, or nephrocalcinosis) was report-
ed in 3.9–17.3% of patients and was 
associated with serological abnormali-
ties (anti-SSA/SSB positivity, throm-
bocytopenia) and urinary abnormali-
ties such as haematuria, proteinuria, 
and leukocyturia. Neurological and 
pulmonary damage showed a preva-
lence ranging from 9% to 17% across 
cohorts and contributed substantially to 
the overall SSDDI score in prospective 
studies (16, 26). 

PICO 2
Eight studies examined the impact of 
damage on quality of life, prognosis, 
mortality and hospitalisation (Table III).
These studies include large retrospec-
tive cohorts and cross-sectional analy-
ses, with patient populations ranging 
from 38 to over 8,500 individuals. 

Fig. 2. PRISMA 2020 flow diagram for study selection. PICO 2: impact of damage on quality of life, 
prognosis and hospitalisation in Sjögren’s disease.

Fig. 1. PRISMA 2020 flow diagram for study selection. PICO 1: damage accrual in Sjögren’s disease 
in grandular and systemic domains.
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Table I. Summary of studies evaluating glandular damage in Sjögren’s disease (PICO 1). 

Study	 Patients	 Study design	 SjD criteria	 Follow-up/	 Type of damage	 Prevalence	 Risk factors/associated
				    Disease 		  (%)	 factors
				    duration (yrs.)		

Barry et al. 	 104	 Cross-sectional	 AECG	 1/9	 Ocular damage (SSDI)	 56	 NA/Disease duration 
2008 (8)		  and prospective			   at enrolment
					     Ocular damage (SSDI)	 64	 NA/Disease duration 
					     at 1 year
					     Oral damage (SSDI)	 78	 NA/Disease duration 
					     at enrolment
					     Oral damage (SSDI) at 1 year	 86	 NA/Disease duration

Krylova et al. 	 60	 Retrospective	 AECG	 10	 Ocular damage (SSDI)	 25	 NA
2010 (10)	

Koh et al. 	 256	 Prospective	 ACR/EULAR	 3/1.75	 Salivary flow impairment	 71	 Persistent IgG levels ≥1.6 g/L
2021 (16)					     Loss of teeth	 8	 NA
	 				    Ocular structural abnormalities	 76	 Age at baseline

López-Morales 	 159	 Retrospective	 AECG	 7/10.2	 Salivary flow impairment	 72	 Persistent IgG levels ≥1.6 g/L
et al. 2020 (17)

Chuang et al.	 709	 Retrospective	 AECG	 NA/0	 Dental caries	 74.6	 NA 
2020 (18)	

Hsu et al. 	 3042	 Prospective	 European Study	 2.6/2.6	 Dental caries	 49	 NA
2019 (19)			   Group	

Zabotti et al. 	 75	 Cross-sectional	 ACR/EULAR	 NA/12.4±7.2	 Salivary flow impairment	 45	 NA
2019 (20)	
					   

Table II. Summary of studies evaluating systemic (extra-glandular) damage in Sjögren’s disease (PICO 1).

Study	 Patients	 Study design	 SjD criteria	 Follow-up/	 Type of damage	 Prevalence (%)	 Risk factors/associated
				    disease duration			   factors
				    (yrs.)	

Barry et al. 	 104	 Cross-sectional and	 AECG	 1/9	 Systemic damage	 71	 NA/Disease duration
2008 (8)		  prospective			   (SSDI) at enrolment
					     Systemic damage (SSDI) 	 73	 NA
					     at 1 year	

Krylova et al. 	 60	 Retrospective	 AECG	 10	 SSDI>0	 45	 NA
2010 (10)	

Jordán-González 	 100	 Cross-sectional	 ACR 2012	 NA/5.9	 SSDDI>1	 39	 NA/low C3 and C4, higher
et al. 2020 (11)							       ESSDAI

Koh et al. 	 256	 Prospective	 ACR/EULAR	 3/1.75	 Neurological/	 9	 Persistent IgG levels
2021 (16)					     Pleuropulmonary/renal		  ≥1.6 g/L, age, anti-SSb, 
					     (SSDDI defined)		  not using HCQ / NA

Li et al. 2025 	 351	 Prospective	 AECG/ACR	 3/3.7	 SSDDI	 NA	 Persistent IgG levels
(21)			   EULAR				    ≥20 g/L / NA

Duan et al. 	 1288	 Retrospective	 AECG	 2 years/ Na	 CKD (eGFR<60ml/min)	 12	 NA/ age, urea, chlorine and
2023 (22)							       anti-SSA

Cheng et al. 	 79	 Cross-sectional	 AECG/ACR	 NA/5	 RTA	 NA	 NA/ Low peripheral Th2, 
2023 (23)			   EULAR				    Treg and NK lymphocyte
							       count

Chatterjee 	 179	 Retrospective	 ACR/EULAR	 median 1.97	 RTA	 17.3	 NA	
et al. 2023 (24)				    years/1 year	 CKD	 5.6	 haematuria, leukocyturia, 
							       24h urinary protein, 
							       thrombocytopenia

Hernández-	 377	 Retrospective	 AECG	 6/6	 SSDI>3	 45	 ESSDAI, not using HCQ
Molina et al. 
2018 (25)	

Ter Borg et al. 	 110	 Retrospective	 AECG	 8.2/8.2	 SNP damage	 17.3	 NA
2017 (26)					     Pleuropulmonary damage	 11.8	 NA

Narvaez et al.	 437	 Retrospective	 AECG	 10.4	 CKD	 5.2	 NA
 2020 (27)					     Nephrocalcinosis	 3.9	 NA
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Follow-up durations vary considerably, 
extending from less than three years to 
over a decade, allowing for both short- 
and long-term outcome assessments. 
The features of analysed damage in-
clude systemic disease damage index 
(SSDDI) scores, pulmonary fibrosis, 
renal complications (including CKD 
and nephrocalcinosis), extra-glandular 
involvement, and dental health issues 
such as tooth loss. 
In a large cohort of 8,588 patients 
(28), both a higher cumulative damage 
burden (SSDDI >2) and the presence 
of pulmonary fibrosis were associ-
ated with increased all-cause mortality 
(hazard ratios of approximately 1.12 
and 1.94, respectively). Pulmonary 
hypertension was also linked to poor-
er short-term outcomes, with a 1-year 
mortality rate of 6% (29). Collectively, 
these findings underscore the prognos-
tic significance of systemic and pulmo-
nary damage domains in SjD.
Extra-glandular damage was consist-
ently associated with greater healthcare 
utilisation. In a retrospective study (30), 
extra-glandular damage – assessed us-
ing the SSDDI – conferred a higher 
risk of hospitalisation (OR 1.3, 95% CI 
1.01–1.66). Renal damage (composite 
of CKD, persistent proteinuria, RTA, 
nephrocalcinosis, TIN, or GN) was 
linked to more frequent hospitalisa-

tions and a higher comorbidity burden 
over 10.4 years of follow-up (27). 
Tooth loss was associated with decre-
ments in selected QoL items in a large 
cross-sectional cohort (33), whereas 
joint erosions showed no association 
with HAQ in a smaller study (32). 
Global damage (SSDDI) correlated 
with the SF-36 general health domain 
in an earlier cross-sectional analysis 
(34). The data collectively emphasise 
the prognostic relevance of systemic 
damage in SjD and underline the im-
portance of comprehensive damage as-
sessment for guiding clinical manage-
ment and improving patient outcomes.

Discussion
This systematic review provides a com-
prehensive synthesis of current evidence 
on the prevalence, determinants, and 
consequences of tissue and organ dam-
age in SjD (Suppl. Fig. S1). Although 
SjD is classically viewed as a slowly 
progressive autoimmune condition with 
predominant exocrine manifestations, 
our findings highlight that irreversible 
damage is frequent, cumulative, and 
clinically meaningful, affecting both 
glandular and systemic domains.
Glandular involvement remains the 
hallmark and most prevalent clini-
cal manifestation of SjD, accounting 
for the majority of irreversible organ   

damage observed in affected patients. 
In our review, across seven studies 
evaluating glandular involvement, sali-
vary gland dysfunction was reported 
in 45–72% of patients, dental caries in 
49–74.6%, and ocular damage in 25-
64% of cases, reaching 76% when only 
structural ocular changes were consid-
ered. Oral damage assessed using the 
SSDI reached a prevalence of up to 
86%. The association with persistent 
immunological activation, particularly 
elevated IgG, points to ongoing auto-
immune processes driving glandular 
destruction. However, heterogeneity 
in assessment methods limits compa-
rability and calls for standardisation of 
damage evaluation tools.
Systemic damage, particularly involv-
ing the renal and pulmonary systems, 
represents a key determinant of adverse 
outcomes in SjD. Multiple factors have 
consistently emerged as predictors of 
damage accrual. Advanced age and 
prolonged disease duration are repeat-
edly associated with both glandular and 
systemic involvement, underscoring 
the cumulative nature of tissue injury 
over time. Immunological parameters, 
including persistent hypergamma-
globulinaemia, hypocomplementaemia 
(C3, C4), and anti-SSA/SSB positivity, 
have been identified as key correlates 
of progressive damage, suggesting that 

Table III. Studies assessing the impact of damage on quality of life, prognosis, mortality, and hospitalisation in Sjögren’s disease (PICO 2).

Study	 Patients	 Study design	 SjD criteria	 Follow-up	 Type of damage	 Related outcomes

Narvaez et al. 	 437	 Retrospective	 AECG	 10.4	 Composite of CKD, 	 More frequent hospitalisations
2020 (27)					     persistent proteinuria, 	 and comorbidities in patients with
					     RTA, nephrocalcinosis, 	 renal damage
					     TIN or GN	

Yueting et al. 	 8588	 Retrospective	 AECG or ACR/EULAR	 4	 SSDDI >2	 Higher all-cause mortality
2024 (28)						      (HR 1.12 (1.04–1.20))
					     Pulmonary fibrosis	 Higher all-cause mortality 
						      (HR 1.94 (1.51–2.51))

Wang et al. 	 629	 Prospective	 AECG or ACR/EULAR	 2.6	 Pulmonary hypertension	 1-year mortality 6%
2020 (29)	

Atisha-Fregoso 	 170	 Retrospective	 AECG	 7.7	 Extra-glandular damage	 Higher risk of hospitalisation
et al. 2015 (30)					     (SSDDI)	 (OR 1.3 (1.01 - 1.66))

Brito-Zerón 	 266	 Prospective	 AECG	 8.7	 Parotid scintigraphy grades III or IV	 Mortality
et al. 2007 (31)	

Franco et al.	 106	 Cross-sectional	 ACR/EULAR	 NA	 Articular erosions	 No association with HAQ 
2025 (32)	

McCoy et al. 	 2961	 Cross-sectional	 NA	 NA	 Teeth loss	 Association with QoL items
2021 (33)	

Stewart et al. 	 38	 Cross-sectional	 AECG	 NA	 SSDDI	 Correlation with the general
2008 (34)						      health domain of SF-36
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sustained autoimmune activation and 
complement consumption may drive ir-
reversible organ dysfunction. Notably, 
the absence of HCQ therapy has been 
linked to increased systemic damage, 
supporting a potential protective effect 
of antimalarial treatment, consistent 
with observations in other systemic au-
toimmune disorders.
Nevertheless, although heterogene-
ity in measures of damage evaluation 
and the predominance of retrospective 
study designs limit the ability to draw 
definitive conclusions regarding tem-
poral causality, the collective evidence 
supports that damage accrual in SjD is 
multifactorial. It reflects an interplay of 
age-related vulnerability, persistent im-
mune-mediated injury, and potentially 
suboptimal therapeutic intervention.
Notably, the present results highlight-
ed that systemic damage substantially 
worsens survival and quality of life of 
SjD patients. Tooth loss correlates with 
lower oral-health QoL scores, whereas 
overall SSDDI scores are negatively 
associated with general health domains 
of the SF-36. Extra-glandular involve-
ment, especially renal and pulmonary 
lesions, is linked to higher rates of hos-
pitalisation, increased all-cause mortal-
ity, and greater comorbidity over long-
term follow-up.
Collectively, these findings indicate 
that both cumulative damage and spe-
cific organ involvement, particularly in 
the pulmonary and renal systems, are 
associated with worse prognosis and 
greater healthcare utilisation, while 
also having a measurable impact on 
HRQoL. Of consequence, proper con-
trol of disease activity and awareness 
of specific organ involvement are of 
paramount importance to prevent or 
delay damage accrual in these patients. 
The current evidence is, however, con-
strained by several limitations. First, 
there is heterogeneity in damage defi-
nitions and indices used across studies. 
While SSDDI and SSDI are validated, 
thresholds for damage accrual and attri-
bution to SjD vary. Second, most stud-
ies were retrospective and had modest 
sample sizes, which may limit gener-
alisability. Third, confounding by dis-
ease duration and treatment exposure 
was inconsistently addressed among 

studies, thus limiting the estimation of 
the impact of disease duration on dam-
age and the long-term effects of treat-
ment exposure. Finally, data on quality 
of life and patient-reported outcomes 
remain sparse, preventing quantitative 
meta-analysis.

Gaps in the literature 
and future research directions
Despite major advances in understand-
ing SjD, important knowledge gaps 
persist regarding the mechanisms, as-
sessment, and management of tissue 
and organ damage.
Firstly, heterogeneity of clinical phe-
notypes and disease trajectories con-
tinues to hinder the establishment of 
standardised definitions and validated 
metrics for irreversible damage across 
all ESSDAI domains. Instruments such 
as the SSDDI require additional valida-
tion in large, longitudinal, and ethni-
cally diverse cohorts to ensure consist-
ent assessment of cumulative damage 
(7, 10, 35). Additionally, the distinc-
tion between active inflammation and 
permanent damage remains difficult in 
clinical practice, limiting timely inter-
vention. 
The underlying molecular mechanisms 
of tissue remodelling and fibrosis are 
still incompletely characterised, and 
the contribution of novel immune 
subsets and non-immune pathways to 
chronic damage warrants further study 
(36). Reliable biomarkers capable of 
differentiating disease activity from es-
tablished damage are still lacking, lim-
iting patients’ prognostic assessment 
and the implementation of precision 
medicine (9).
Therapeutically, while biologics and 
immunomodulatory agents have gener-
ated substantial expectation for better 
management of disease activity, robust 
evidence demonstrating their efficacy 
in preventing or reversing damage is 
limited. 
Future research should prioritise longi-
tudinal studies integrating multi-omics 
approaches, advanced imaging and 
patient-reported outcomes to develop 
comprehensive models of damage pro-
gression. Ultimately, these efforts will 
inform precision medicine strategies 
aimed at halting damage accumulation 

and improving quality of life for pa-
tients with SjD.

Conclusions
Cumulative glandular and systemic 
damage is frequent in SjD, affecting 
nearly half of patients after a decade 
of disease. Immunologic hyperactiv-
ity (high IgG, low complement), older 
age, sustained disease activity and lack 
of HCQ therapy are the most consist-
ently reported factors associated with 
irreversible damage. Systemic damage, 
particularly in pulmonary and renal 
domains, contributes most to morbid-
ity and mortality, while oral and ocular 
damage markedly impairs quality of 
life.
Early identification and prevention of 
irreversible organ injury should be in-
tegral to patient clinical management in 
SjD. Standardised use of validated dam-
age indices and prospective longitudi-
nal data will be crucial to understand-
ing-and ultimately mitigating-damage 
accrual in this complex disease.

References
  1.	RAMOS-CASALS M, BAER AN, BRITO-ZERON 

MDP et al.: 2023 International Rome consen-
sus for the nomenclature of Sjögren disease. 
Nat Rev Rheumatol 2025; 21(7): 426-37. 

	 https://doi.org/10.1038/s41584-025-01268-z
  2.	TROMBY F, MANFRÈ V, CHATZIS LG et al.: 

Clinical manifestations, imaging and treat-
ment of Sjögren’s disease: one year in review 
2024. Clin Exp Rheumatol 2024; 42(12): 
2322-35. https://

	 doi.org/10.55563/clinexprheumatol/5xq3fb
  3.	BALDINI C, FULVIO G, LA ROCCA G, FERRO 

F: Update on the pathophysiology and treat-
ment of primary Sjögren syndrome. Nat Rev 
Rheumatol 2024; 20(8): 473-91. 

	 https://doi.org/10.1038/s41584-024-01135-3
  4.	BALDINI C, CHATZIS LG, FULVIO G, LA 

ROCCA G, PONTARINI E, BOMBARDIERI M: 
Pathogenesis of Sjögren’s disease: one year 
in review 2024. Clin Exp Rheumatol 2024; 
42(12): 2336-43. https://

	 doi.org/10.55563/clinexprheumatol/i8iszc
  5.	SEROR R, BOOTSMA E, BOWMAN SJ et al.: 

Outcome measures for primary Sjögren’s syn-
drome. J Autoimmun 2012; 39(1-2): 97-102. 

	 https://doi.org/10.1016/j.jaut.2012.01.013
  6.	CAMPAR A, ISENBERG DA: Primary Sjögren’s 

syndrome activity and damage indices com-
parison. Eur J Clin Invest 2010; 40(7): 636-
44. https://

	 doi.org/10.1111/j.1365-2362.2010.02303.x
  7.	HERNANDEZ-MOLINA G, SANCHEZ-HER-

NANDEZ T: Clinimetric methods in Sjögren’s 
syndrome. Semin Arthritis Rheum 2013; 
42(6): 627-39. https://

	 doi.org/10.1016/j.semarthrit.2012.09.008
  8.	BARRY RJ, SUTCLIFFE N, ISENBERG DA et 



2223Clinical and Experimental Rheumatology 2025

Damage in SjD / B. Dei et al.

al. The Sjögren’s Syndrome Damage Index: a 
damage index for use in clinical trials and ob-
servational studies in primary Sjögren’s syn-
drome. Rheumatology (Oxford) 2008; 47(8): 
1193-98. https://

	 doi.org/10.1093/rheumatology/ken164
  9.	VITALI C, PALOMBI G, BALDINI C et al.: 

Sjögren’s Syndrome Disease Damage Index 
and disease activity index: scoring systems 
for the assessment of disease damage and dis-
ease activity in Sjögren’s syndrome. Arthritis 
Rheum 2007; 56(7): 2223-31. 

	 https://doi.org/10.1002/art.22658
10.	KRYLOVA L, ISENBERG D: Assessment of 

patients with primary Sjögren’s syndrome: 
outcome over 10 years using the Sjögren’s 
Syndrome Damage Index. Rheumatology 
(Oxford) 2010; 49(8): 1559-62. 

	 https://doi.org/10.1093/rheumatology/keq086
11.	 JORDAN-GONZALEZ P, VILA LM, MOLINA 

MJ, MCGWIN G, ALARCON GS, GONZALEZ 
EB: Factors associated with disease damage 
in Puerto Ricans with primary Sjögren syn-
drome. J Clin Rheumatol 2020; 26(7 Suppl 
2): S101-S105. https://

	 doi.org/10.1097/rhu.0000000000001023
12.	SUTCLIFFE N, STOLL T, PYKE S, ISENBERG 

DA: Functional disability and end-organ dam-
age in patients with systemic lupus erythema-
tosus, SLE and Sjögren’s syndrome, and pri-
mary Sjögren’s syndrome. J Rheumatol 1998; 
25(1): 63-68.

13.	PAGE MJ, MCKENZIE JE, BOSSUYT PM et al.: 
The PRISMA 2020 statement: an updated 
guideline for reporting systematic reviews. 
BMJ 2021; 372: n71. 

	 https://doi.org/10.1136/bmj.n71
14.	SHIBOSKI CH, SHIBOSKI SC, SEROR R et 

al.: 2016 American College of Rheumatol-
ogy/European League Against Rheumatism 
classification criteria for primary Sjögren’s 
syndrome: a consensus and data-driven meth-
odology involving three international patient 
cohorts. Arthritis Rheumatol 2017; 69(1): 35-
45. https://doi.org/10.1002/art.39859

15.	VITALI C, BOMBARDIERI S, JONSSON R et 
al.: Classification criteria for Sjögren’s syn-
drome: a revised version of the European 
criteria proposed by the American-European 
Consensus Group. Ann Rheum Dis 2002; 
61(6): 554-58. 

	 https://doi.org/10.1136/ard.61.6.554
16.	KOH JH, PARK Y, LEE J, PARK SH, KWOK SK: 

Hypergammaglobulinaemia predicts glan-
dular and extraglandular damage in primary 
Sjögren’s syndrome: results from the KISS 
cohort study. Clin Exp Rheumatol 2021; 39 
(Suppl. 133): S114-22. https://

	 doi.org/10.55563/clinexprheumatol/volsh1
17.	LÓPEZ-MORALES J, CORTES-MUÑOZ D, AS-

TUDILLO-ÁNGEL M, HERNÁNDEZ-MOLINA 
G: Persistent serological activity in primary 
Sjögren’s syndrome. Clin Rheumatol 2020; 
39(3): 919-23. 

	 https://doi.org/10.1007/s10067-019-04869-8
18.	CHUANG CJ, HSU CW, LU MC, KOO M:          

Increased risk of developing dental diseases 
in patients with primary Sjögren’s syndrome: 
a secondary cohort analysis of population-
based claims data. PLoS One 2020; 15(9): 
e0239442. 

	 https://doi.org/10.1371/journal.pone.0239442
19.	HSU CY, HUNG KC, LIN MS et al.: The effect 

of pilocarpine on dental caries in patients 
with primary Sjögren’s syndrome: a database 
prospective cohort study. Arthritis Res Ther 
2019; 21(1): 251. 

	 https://doi.org/10.1186/s13075-019-2031-7
20.	ZABOTTI A, ZANDONELLA CALLEGHER S, 

GANDOLFO S et al.: Hyperechoic bands de-
tected by salivary gland ultrasonography are 
related to salivary impairment in established 
Sjögren’s syndrome. Clin Exp Rheumatol 
2019; 37 (Suppl. 118): S146-152.

21.	LI Y, CHEN S, GUO L et al.: Is high IgG level 
associated with disease activity and organ 
damage in patients with Sjögren’s syndrome? 
A 3-year follow-up cohort study. Clin Exp 
Med 2025; 25(1): 174. 

	 https://doi.org/10.1007/s10238-025-01715-x
22.	DUAN N, LI Z, FAN Y, JIANG Y, LI H: Related 

factors of renal injury in primary Sjögren’s 
syndrome. Immun Ageing 2023; 20(1): 48. 

	 https://doi.org/10.1186/s12979-023-00375-3
23.	CHENG L, LIU L, SU R et al.: Decrease of 

peripheral blood natural killer cells is asso-
ciated with serum IL-2 level in renal tubular 
acidosis in patients with primary Sjögren’s 
syndrome. BMC Immunol 2023; 24(1): 17. 

	 https://doi.org/10.1186/s12865-023-00550-7
24.	CHATTERJEE R, BALAKRISHNAN A, KHAR-

BANDA R et al.: Renal involvement in 
Sjögren’s syndrome: predictors and impact on 
patient outcomes. Rheumatol Int 2023; 43(7): 
1297-306. 

	 https://doi.org/10.1007/s00296-022-05242-w
25.	HERNÁNDEZ-MOLINA G, VALIM V, SECCO A 

et al.: Do antimalarials protect against dam-
age accrual in primary Sjögren’s syndrome? 
Results from a Latin-American retrospective 
cohort. Clin Exp Rheumatol 2018; 36 (Suppl. 
112): S182-5.

26.	TER BORG EJ, KELDER JC: Is extraglandular 
organ damage in primary Sjögren’s syndrome 
related to the presence of systemic autoan-
tibodies and/or hypergammaglobulinemia? 
A long-term cohort study with 110 patients 
from the Netherlands. Int J Rheum Dis 2017; 
20(7): 875-81. 

	 https://doi.org/10.1111/1756-185x.13070

27.	NARVAEZ J, SÁNCHEZ-PIEDRA C, FERNÁN-
DEZ-CASTRO M et al.: Clinically significant 
renal involvement in primary Sjögren’s syn-
drome is associated with important morbid-
ity: data from the Spanish Sjögrenser cohort. 
Clin Exp Rheumatol 2020; 38 (Suppl. 126): 
S116-24.

28.	YUETING L, LIN Q, JIAN X et al.: Long-term 
survival analysis of patients with primary 
Sjögren’s syndrome in China: a multicenter 
retrospective cohort study. Int J Rheum Dis 
2024; 27(9): e15284. 

	 https://doi.org/10.1111/1756-185x.15284
29.	WANG J, LI M, WANG Q et al.: Pulmonary    

arterial hypertension associated with primary 
Sjögren’s syndrome: a multicentre cohort 
study from China. Eur Respir J 2020; 56(5): 
1902157. 

	 https://doi.org/10.1183/13993003.02157-2019
30.	ATISHA-FREGOSO Y, RIVERA-VICENCIO Y, 

BAÑOS-PELAEZ M, HERNÁNDEZ-MOLINA 
G: Main causes and risk factors for hospi-
talisation in patients with primary Sjögren’s 
syndrome. Clin Exp Rheumatol 2015; 33(5): 
721-25.

31.	BRITO-ZERON P, RAMOS-CASALS M, BOVE 
A, SENTIS J, FONT J: Predicting adverse out-
comes in primary Sjögren’s syndrome: identi-
fication of prognostic factors. Rheumatology 
(Oxford) 2007; 46(8): 1359-62. 

	 https://doi.org/10.1093/rheumatology/kem079
32.	FRANCO AS, MURAI IH, YANG TH et al.:      

Associations of local bone involvement with 
disease activity, damage and functional dis-
ability in Sjögren’s disease: a cross-sectional 
study. Semin Arthritis Rheum 2025; 71: 
152644. https://

	 doi.org/10.1016/j.semarthrit.2025.152644
33.	MCCOY SS, BARTELS CM, SALDANHA IJ et al.: 

National Sjögren’s Foundation survey: burden 
of oral and systemic involvement on quality of 
life. J Rheumatol 2021; 48(7): 1029-36. 

	 https://doi.org/10.3899/jrheum.200733
34.	STEWART CM, BERG KM, CHA S, REEVES 

WH: Salivary dysfunction and quality of life 
in Sjögren syndrome: a critical oral-systemic 
connection. J Am Dent Assoc 2008; 139(3): 
291-99, quiz 358-9. https://

	 doi.org/10.14219/jada.archive.2008.0158
35.	CAFARO G, DEI B, DAL POZZOLO R et al.: 

Phenotypic clusters of long-term damage 
in Sjögren’s disease: a 15-year multicentre 
study. Rheumatology (Oxford) 2025; 64(12): 
6259-67. https://

	 doi.org/10.1093/rheumatology/keaf434
36.	MA D, FENG Y, LIN X: Immune and non-

immune mediators in the fibrosis pathogen-
esis of salivary gland in Sjögren’s syndrome. 
Front Immunol 2024; 15: 1421436. 

	 https://doi.org/10.3389/fimmu.2024.1421436


