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The Role of Gut Microbiome Alterations in the Pathogenesis and
Management of Sjogren's Syndrome

Koralewicz Mateusz, Szatkowska Olga, Choinka Martyna, Tschuschke Max,
Wdowiak Natalia, Adamska Kinga

Abstract:

Sjogren’s syndrome (SS) is a systemic autoimmune disorder characterized by inflammation and
damage to the exocrine glands, leading to symptoms such as ocular and oral dryness, and a
range of extraglandular manifestations including polyneuropathies, lung and kidney
dysfunction, and systemic vasculitis. Although the exact etiology of SS remains unclear, recent
research has highlighted the significant role of gut microbiota in its pathogenesis. Alterations
in the gut microbiome, known as dysbiosis, have been implicated in the onset and progression
of autoimmune diseases, including SS. This review synthesizes current research on the impact
of microbiota on SS, focusing on microbial dysbiosis, its impact on disease severity, and
potential therapeutic interventions. Evidence indicates that specific microbial changes, such as
reductions in beneficial bacteria and alterations in short-chain fatty acid (SCFA) production,
correlate with increased disease activity and systemic inflammation. Microbiome-targeted
therapies, including probiotics, prebiotics, and fecal microbiota transplantation, have shown
promise in improving SS symptoms and modulating immune responses. Notably, butyrate and
specific probiotic strains have demonstrated potential in reducing inflammation and enhancing
salivary flow in preclinical studies. However, further research is needed to validate these
findings and assess long-term efficacy.
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This review underscores the importance of gut microbiota in SS and suggests that microbiome-
focused treatments could offer new avenues for managing this condition, improving patient
outcomes, and potentially preventing disease onset.

Keywords:
Sjogren’s syndrome, gut microbiota, dysbiosis; fecal microbiota transplantation, autoimmune
disease

Introduction

Primary Sjégren’s syndrome (pSS) is a systemic autoimmune disorder that primarily affects the
exocrine glands. Inflammation and subsequent damage to the lacrimal and salivary glands result
in significant ocular and oral dryness. In addition to these glandular manifestations, over 50%
of individuals with pSS experience extra-glandular symptoms, including polyneuropathies,
lung and kidney dysfunction, arthralgia and fatigue. Immune complex deposition in the skin,
joints, and other organs can also lead to systemic vasculitis. In rare cases, malignant
transformation of B lymphocytes can occur, resulting in non-Hodgkin lymphoma (Zehrfeld et
al. 2024).

Sjogren’s syndrome (SS) is named after the Swedish ophthalmologist Henrik Samuel Conrad
Sjogren (1899-1986), who first associated the triad of keratoconjunctivitis sicca, xerostomia,
and polyarthritis in 1933 (Sjogren 1933). The disease often coexists with other autoimmune
disorders such as rheumatoid arthritis (RA) and systemic lupus erythematosus (SLE), and is
then referred to as secondary Sjogren’s or Sjogren’s overlap syndrome.

SS is a relatively common condition, with the pooled incidence rate in a recent meta-analysis
estimated at 6.92 cases per 100,000 people per year, while the prevalence rate was found to be
60.82 cases per 100,000 inhabitants (0.06%) (Qin et al. 2014). Specifically for Europe, three
significant epidemiological studies have been reviewed and a combined prevalence was
estimated at approximately 39 per 100,000 (0.04%) (Cornec and Chiche 2014). While SS can
occur at any age, symptoms typically manifest around the fifth decade of life, with a strong
predilection for women, as evidenced by a female-to-male ratio of about 9:1 (Qin et al. 2014).
As with many other autoimmune diseases, the exact cause of SS remains unknown
(Bombardieri 2020). Exposure to specific environmental factors in genetically susceptible
individuals is thought to play a crucial role, leading to immune system dysregulation and
disease onset. In particular, the disruption of innate immune barriers is pivotal in SS
pathogenesis, especially during the early stages of the disease, through mechanisms involving
the interferon (IFN) pathway (Brito-Zerén et al. 2016, Shimizu et al. 2021). Additionally, the
adaptive immune system plays a central role in SS development, with persistent B-cell
activation and the proliferation of Thl and Th17 cells contributing to disease progression
(Chivasso et al. 2021). Recent research has also highlighted the significant role of epithelial cell
function in the pathogenesis of this disease (Goules et al. 2017).

An increasing body of research underscores the significant role of gut microbiota in the onset
and progression of autoimmune diseases. The microbiota within the gastrointestinal tract offers
crucial health benefits to its host, particularly by maintaining immune system homeostasis.



Dysbiosis of the gut microbiota has been linked to various autoimmune diseases such as RA
and SLE, suggesting that alterations in the gut's microbial environment may also play a key role
in the pathogenesis of SS (Zhong et al. 2018). These microbial changes are thought to contribute
to the onset and exacerbation of SS by affecting mucosal immune responses and systemic
inflammation. Modifying the gut microbiota through dietary interventions, probiotics,
prebiotics, and other microbiome-focused therapies may offer promising opportunities for
alleviating symptoms and improving the quality of life for patients with SS. Investigating the
interaction between gut microbiota and the host immune system in SS could lead to the
development of innovative treatments and improve patient outcomes.

This paper seeks to provide a thorough review of the current research on gut microbiota in SS,
exploring its potential involvement in disease development and progression. By synthesizing
recent findings, this review aims to highlight the potential for microbiota-targeted therapies in
managing SS and to identify areas where further research is needed.

Role of Microbiota in Sjogren’s Syndrome Pathogenesis

The gut microbiota plays a crucial role in regulating the balance between proinflammatory and
anti-inflammatory immune responses in the body. Disruption of this balance has been identified
as a critical factor in the onset and progression of rheumatic diseases (Mao et al. 2018). The
pathogenesis of SS appears to be closely linked to alterations in the composition of gut
microbiota. A recent study has provided compelling evidence supporting this connection. An
association between specific microbial families and genera and risks of developing SS was
found. It was reduced with the presence of the family Porphyromonadaceae, genus
Subdoligranulum, genus Butyricicoccus and genus Lachnospiraceae. Genus Fusicatenibacter
and genus Ruminiclostridium were found to increase the risk of disease development (Cao et
al. 2023). The development of SS may be influenced by multiple pathways involving the
microbiome, including metabolite changes, molecular mimicry, and the breakdown of epithelial
tolerance.

Alterations in gut microbial metabolites, particularly short-chain fatty acids (SCFASs) like
butyrate, play a significant role in SS pathogenesis. Studies have shown a reduction in butyrate-
producing bacteria such as Faecalibacterium prausnitzii, Blautia, Roseburia, Ruminococcus,
Lachnospira, Bacteroides fragilis, and Bifidobacterium in SS patients (Cano-Ortiz et al. 2020,
Moon et al. 2020, Lee et al. 2020). Butyrate is crucial for maintaining gut barrier integrity by
providing energy to colonic epithelial cells. The decline in these bacteria correlates with
increased levels of proinflammatory cytokines, including IL-6, 1L-12, IL-17, and TNF-alpha,
alongside a decrease in anti-inflammatory markers such as IL-10 and FOXP3 mRNA, essential
for the development and function of regulatory T cells (Tregs). Moreover, functional analyses
reveal a decrease in gene expression related to critical metabolic pathways, such as glutathione
and butanoate metabolism, while showing an increase in genes involved in lipoic acid and
retinol metabolism, as well as lipopolysaccharide production and glycosaminoglycan
degradation (Cano-Ortiz et al. 2020). These changes suggest a metabolic dysregulation
contributing to bacterial pathogenesis and chronic inflammation in SS.

Molecular mimicry, where infectious agents trigger autoimmune responses, could be another
essential mechanism in SS development.



For instance, cross-reactivity between the Coxsackie virus 2B protein and Ro60 autoantibodies
has been associated with the emergence and persistence of these antibodies, which are crucial
to SS pathogenesis (Stathopoulou et al. 2005). Research has shown that serum from patients
with anti-Ro60 antibodies reacts with Bacteroides thetaiotaomicron lysates (Greiling et al.
2018), while the OmpA antigen from E. coli can induce antibodies targeting SS-A/Ro and SS-
B/La, leading to inflammation of the glands (Yanagisawa et al. 2018). Furthermore, a peptide
from Capnocytophaga ochracea, called VWFA, has been shown to stimulate Ro60-reactive T
cells, resulting in increased IL-2 production (Szymula et al. 2014). Proteins from E. coli and
Staphylococcus aureus may also induce cross-reactive antibodies through molecular mimicry,
which could play a role in symptoms such as fatigue (Zhang et al. 2018). While these findings
underscore the role of molecular mimicry in SS, further studies are needed to identify the
specific microbial proteins involved.

The breakdown of epithelial tolerance is another significant factor in SS, although the
underlying mechanisms are not yet fully understood. Salivary gland epithelial cells (SGECS) in
SS may express immune checkpoint molecules that influence immune responses (Verstappen
et al. 2021). Patients with SS have been observed to have a reduced presence of beneficial
bacteria such as Haemophilus parainfluenzae, which could potentially lead to weakening of
immune tolerance by lowering PD-L1 expression on SGECs and thus diminishing their
regulation of CD4+ T cell proliferation (Tseng et al. 2021). Furthermore, Prevotella
melaninogenica, a bacterium associated with SS, has the ability to increase the expression of
MHC molecules and CD80 in gland cells, which may lead to the activation of IFN-related
inflammatory pathways (Alam et al. 2020, Moon et al. 2020). The increased presence of
Prevotella in families with enzymes that degrade mucin indicates its potential involvement in
compromising the protective mucus layer of the colon (Wright et al. 2000). In SS, the
microbiota may contribute to the breakdown of epithelial tolerance by depleting energy for
epithelial cells, impairing their immunomodulatory functions, and disrupting the protective
mucus barrier.
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Disease activity

An early study on a mouse model of SS revealed significant differences in the oral and stool
microbiomes of SS subjects compared to controls, marked by reduced microbial richness and
distinct genera changes in these mucosal sites. Notably, the most severe cases of
keratoconjunctivitis sicca and combined systemic and ocular disease correlated with the lowest
stool microbiota diversity. Treatment with antibiotics, which reduced stool microbiome
diversity, was found to worsen ocular inflammation. However, no significant differences were
found in the conjunctival microbiome. (de Paiva et al. 2016)

A study on 42 pSS patients and 35 healthy control subjects found that severe intestinal dysbiosis
is significantly more common in patients with pSS compared to controls (21% vs. 3%). Patients
with severe dysbiosis exhibited higher disease activity, as reflected by elevated ESSDAI and
ClinESSDAII scores, lower levels of complement component 4, and increased levels of fecal
calprotectin, indicating greater systemic and gastrointestinal inflammation. However, dysbiosis
was not linked to disease duration, ESSPRI scores, or IBS-like symptoms. (Mandl et al. 2017)
An observational study on 10 SS patients, 14 subjects with dry eye syndrome (DES) and 12
healthy controls found an association between increased disease activity and gut dysbiosis in
SS, especially with respect to the severity of ocular symptoms like dry eye.



Specifically, changes in gut microbiota composition - such as lower levels of beneficial bacteria
like Bifidobacterium and alterations in the Firmicutes/Bacteroidetes ratio - were associated with
more severe dry eye symptoms, including decreased tear secretion, shorter tear break-up time,
and higher corneal staining scores. SS was characterized by significant gut dysbiosis compared
to both environmental dry eye syndrome and healthy controls, while dry eye patients displayed
microbiome changes that fell between these two groups, with gut dysbiosis partially correlating
with the severity of dry eye symptoms (Moon et al. 2020). Moreover, other studies also found
similar dysbiosis patterns in non-pSS individuals with symptoms like sicca, suggesting that
microbial changes might precede full disease development (Wang et al. 2022).

A recent study found that 30.4% of pSS patients involved had an anxiety disorder, which could
potentially both result from and exacerbate dry eye discomfort. A bidirectional relationship
exists between anxiety and gut dysbiosis in pSS-mediated dry eye. Specific gut microbiota
alterations, such as increased Prevotella, were linked to dry eye severity, while Bacteroidetes
and Odoribacter were associated with pSS activity. The findings suggest that changes in the gut
microbiota contribute to both anxiety and the severity of pSS-related symptoms (Zhang et al.
2023).

These findings suggest that the severity of SS, particularly regarding eye-related symptoms,
could be affected by imbalances in gut microbiota. This underscores the potential impact of gut
dysbiosis in increasing the activity of the disease and highlights the need to comprehend these
microbial changes in order to develop targeted therapies, such as probiotics, which could help
to lower the symptoms and control disease progression in patients with SS.

Microbiome-Related Interventions in Sjogren’s Syndrome

Recent advancements in understanding the gut and oral microbiome's role in autoimmune
diseases have sparked interest in microbiome-targeted therapies for SS. Various interventions,
ranging from probiotics and prebiotics to more complex treatments like fecal microbiota
transplantation (FMT) and microbial metabolite supplementation, have been explored in both
preclinical and clinical studies.

A preclinical study using NOD mice as an animal model of SS investigated the effects of
sodium butyrate on SS. Sodium butyrate, a SCFA produced by gut microbiota, was
administered to mice to evaluate its therapeutic potential. The intervention led to an increase in
salivary flow rates and a reduction in inflammation in the salivary glands of the mice, indicating
that butyrate alleviated symptoms of SS. Furthermore, butyrate treatment decreased the
infiltration of IL-17 and IL-21 producing cells into the salivary glands and shifted the balance
of B cells by increasing IL-10-producing B cells and decreasing IL-17-producing B cells. The
study concluded that butyrate regulates the immune response in SS through modulation of
circadian-clock-related genes and suggests its potential as a therapeutic agent for managing SS
(Kim et al. 2021).

Another preclinical study examined the potential of using probiotics, specifically Lactobacillus
acidophilus, and SCFAs, particularly propionate, as treatments for SS in the same mouse model.
The probiotic improved the gut microbiota composition, particularly by restoring the
Bacteroides ratio and increasing beneficial bacteria like Ruminococcaceae.



Administering L. acidophilus improved saliva flow and reduced inflammation by decreasing
inflammatory cytokine-producing cells and modulating immune responses through the SIGNR3
pathway and the STIM1-STING axis. It also altered the gut microbiome by enhancing
propionate-producing bacteria. Similarly, propionate improved saliva flow, reduced tissue
inflammation, and balanced T17 cells, while also inhibiting the STIM1-STING pathway and
type | IFN production (Woo et al. 2023). These findings suggest that both L. acidophilus and
propionate have potential as therapeutic agents for SS by improving gut microbiome health and
modulating immune responses.

A recent study explored the tolerance and effectiveness of two adhesive biofilms in patients
with pSS who suffer from dry mouth (xerostomia). The two biofilms tested were a prebiotic
biofilm (containing milk proteins, soy derivatives, and glycerin) and a sodium alginate biofilm.
10 patients with pSS participated in the study, applying the biofilms daily for two 1-month
periods, separated by a 1-month washout period. The primary outcomes were the tolerance of
these biofilms, assessed through visual analog scales (VAS) by both patients and practitioners,
and their effectiveness in improving mouth dryness and related symptoms. The study also
explored changes in oral microbiota composition as a secondary outcome. The results indicated
that both biofilms were well tolerated, with the sodium alginate biofilm slightly more effective
in improving mouth dryness. The prebiotic biofilm, however, appeared to have a protective
effect against the emergence of certain bacteria, like Treponema, which were promoted by the
sodium alginate biofilm (Orliaguet et al. 2023). These results suggest that while both biofilms
can be used to manage dry mouth in pSS patients, the choice of biofilm may influence the oral
microbiota in different ways. The prebiotic biofilm, in particular, could offer protective benefits
against harmful bacteria, highlighting the potential for targeted microbial modulation in the
management of SS-related symptoms.

A randomized clinical trial aimed to assess the short-term efficacy of probiotics in reducing oral
Candida growth in 32 patients with SS divided into two groups: one receiving probiotic capsules
and the other receiving placebo capsules for 5 weeks. The probiotic group showed a statistically
significant reduction in oral candidal load over the course of the study, whereas the placebo
group did not. This suggests that the probiotic intervention effectively reduced the fungal
colonization in SS patients. However, no significant difference in pain reduction was observed
(Kamal et al. 2020). These results suggest that probiotics containing specific strains like
Lactobacillus acidophilus, Lactobacillus bulgaricus, Streptococcus thermophilus, and
Bifidobacterium bifidum may offer a novel and effective approach to reducing oral candidal
colonization in SS patients. Given the side effects and resistance issues associated with
conventional antifungal treatments, probiotics could be a safer alternative, although more
research is needed to confirm these findings over a longer duration and in larger populations.
However, the lack of impact on pain and discomfort suggests that probiotics should be used
alongside other treatments to manage SS symptoms comprehensively.

A 3-month study on 16 pSS patients aimed to investigate the changes in intestinal microecology
in patients with pSS and the effects of the traditional Chinese medicine formula, Yangyin Yiqi
Huoxue Recipe (YYHR) on these changes. pSS patients exhibited lower abundance and
diversity of intestinal bacteria compared to healthy controls. Post-treatment, there was a
significant reduction in ESSDAI scores, erythrocyte sedimentation rate (ESR), and 1gG levels,
indicating improvement in disease activity.



Treatment with YYHR led to significant changes in the proportions of various bacterial phyla,
families, and genera. For instance, the proportions of Actinobacteria, Firmicutes, Fusobacteria,
and Proteobacteria decreased, while Bacteroidetes, Tenericutes, and Candidate-division TM7
increased. Similarly, at the genus level, there was a decrease in Bifidobacterium, Bacteroides,
Escherichia-Shigella, Faecalibacterium, and Prevotella, with an increase in Clostridia (Wu et
al. 2019).

A study involving 229 participants investigated the effects of hydroxychloroquine (HCQ) on
microbial dysbiosis in pSS across the gut, oral cavity, and vagina. The study revealed significant
microbial imbalances in pSS patients, which may contribute to disease development, and
similar patterns were observed in non-pSS individuals with related symptoms, suggesting that
microbial changes might precede full disease development. HCQ treatment for 3-6 months
improved microbiota richness and aligned with clinical remission, though some patients
experienced a decline after 6-12 months due to reduced treatment adherence (Wang et al. 2022).
The findings highlight HCQ's role in alleviating microbial dysbiosis and suggest that ongoing
treatment is essential for sustained benefits, underscoring the potential of microbial modulation
in pSS management and prevention.

A study on 10 individuals with DE symptoms and signs meeting criteria for SS or positive early
SS markers explored the safety and potential efficacy of Fecal Microbial Transplant (FMT) as
a treatment for immune-mediated dry eye (DE). Participants received two FMTSs via enema,
administered one week apart, with the donor being a healthy 33-year-old female. The study
found that the gut microbiome profiles of participants began to shift toward resembling the
donor's microbiome after the FMT, indicating a successful transplant. Clinically, half of the
participants reported improvements in their DE symptoms three months following the FMT,
suggesting a potential therapeutic benefit of FMT for managing immune-mediated DE. The
procedure was safe, with no adverse events reported among the ten participants. However, the
study noted that these results were preliminary, and further research is needed to validate these
findings and explore the full therapeutic potential of FMT for this condition (Watane et al.
2021).

These studies collectively underscore the therapeutic potential of microbiome-related
interventions in SS, ranging from probiotics and microbial metabolites to more complex
interventions like FMT. While these findings are promising, the variability in patient responses
and the complexity of microbiome-host interactions indicate that personalized treatment
approaches may be necessary to optimize outcomes. Continued research is essential to fully
assess the long-term efficacy and safety of these interventions in clinical practice.



Tab. 1: Summary of interventional studies on gut microbiome.

Study

Authors  Year Title Intervention Result
Cohort

Kimetal. [ 2021 | Short-chain fatty | NOD mice | Butyrate Increased salivary
acid butyrate flow rate and
induces IL-10- decreased infiltration
producing B cells of inflammatory cells
by regulating into the salivary
circadian-clock- glands. Butyrate
related genes to increased  salisphere
ameliorate formation in SGSCs.
Sjogren’s treatment with
syndrome butyrate prevented cell

death,  which is
induced by IFNy and
TNFa.

Woo et al. | 2023 | Lactobacillus NOD mice | Probiotic (L. | Decreaed infltration of
acidophilus  and acidophilus) | infammatory cells into
propionate the salivary gland,
attenuate improved  T17:Treg
Sjogren’s balance,
syndrome by increased expression
modulating  the of SIGNR3,
STIM1-STING change in
signaling pathway Bacteroides:Firmicute

s ratio aND species
richness and diversity.

Watane et | 2021 | Fecal Microbial | Patients with | Fecal 5 individuals reported

al. Transplant in | dry eye (n = | Microbial improved symptoms
Individuals  with | 10) Transplant (gastrointestinal  and
Immune-mediated (FMT) dry eye) 3 months after

Dry Eye

FMT and 5 individuals
noted no differences.

However, no
significant trends were
noted between

baseline and 3 months
when examining T cell
profiles and DE
metrics over time

No adverse reactions




to the FMT were
reported.
Orliaguet | 2023 | Tolerance to | pSS patients | Sodium Improvement in the
et al. intraoral biofilms [ (n = 10) alginate VAS for  mouth
and their biofilm, dryness for the sodium
effectiveness in prebiotic alginate biofilm versus
improving mouth biofilm prebiotic biofilm,
dryness and while no difference in
modifying  oral the VAS scores was
microbiota in observed for other
patients with parameters.
primary Sjogren’s
syndrome:
“Predelfi study”
Wuetal. [2019 | Changes of | pSS patients | Yangyin Yiqgi | YYHR decreased
Intestinal (n=16) Huoxue disease activity,
Microecology in Recipe increased the diversity
Patients with (YYHR) of intestinal flora,
Primary Sjogren's significantly changed
Syndrome  after the composition and
Therapy of abundance of
Yangyin Yiqi intestinal  flora, and
Huoxue Recipe regulated the
imbalance of intestinal
microecology.
Wang et | 2022 | Microbiota pSS (n = | Hydroxychlor | 3-6 month treatment
al. dysbiosis in | 133), oquine (HCQ) | with HCQ improved
primary Sjo” | non-pSS microbiota  richness
gren’s syndrome | sicca and aligned  with
and the | patients (n = clinical remission;
ameliorative 56), some patients
effect of | healthy experienced a decline
hydroxychloroqui | controls (n = after 6-12 months due
ne 40) to reduced treatment
adherence.
Kamal et |2020 |Probiotics as a|SS patients | Probiotic Significantly reduced
al. prophylaxis to | (n=32) (Lactobacillus | candidal load in highly
prevent oral bulgaricus, S. [ susceptible SS
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candidiasis in thermophilus, | patients; no significant

patients with L. effect on oral pain.
Sjogren’s acidophilus,

syndrome: a Bifdobacteriu

double-blinded, m bifdum)

placebo-controlle
d, randomized
trial

Discussion

Our findings highlight the pivotal role of gut microbiota dysbiosis in the pathogenesis and
progression of SS. The study confirms that alterations in gut microbiome composition,
particularly reduced diversity and imbalances in microbial families, correlate with increased
disease severity and systemic inflammation in SS patients. The observed changes in the gut
microbiota, including reductions in beneficial bacteria and alterations in microbial metabolites
like SCFA, support the hypothesis that dysbiosis contributes to the onset and exacerbation of
SS.

The therapeutic potential of microbiome-targeted interventions, such as probiotics and
microbial metabolites, emerges as a promising avenue for managing SS. Lactobacillus
acidophilus and propionate administration demonstrated significant improvements in salivary
flow, reduced inflammation, and modulation of immune responses through pathways such as
SIGNR3 and STIM1-STING. These findings suggest that enhancing gut microbiome health
could alleviate SS symptoms and mitigate disease progression. Additionally, the efficacy of
butyrate and the potential benefits of prebiotic and probiotic treatments underscore the value of
microbiome modulation in pSS management.

The results from studies on FMT and traditional Chinese medicine formulations, like YYHR,
further support the therapeutic potential of microbiome-related interventions. However, while
promising, these treatments require further validation through larger-scale studies and long-
term follow-ups to confirm their safety and efficacy. Future research should focus on validating
probiotics and FMT in SS through randomized controlled trials that explore the efficacy, safety,
and long-term impact of specific strains, multi-strain formulations, and FMT protocols.
Additionally, studies should examine the potential of combining microbiome-targeted therapies
with standard treatments, assess their effects in early-stage SS, and evaluate their impact on
quality of life to optimize disease management.

Conclusions

In conclusion, this review underscores the critical role of gut microbiota dysbiosis in the
pathogenesis and progression of pSS. The observed alterations in microbial diversity and
metabolite production correlate with increased disease severity, highlighting the potential of
microbiome-targeted therapies to manage SS symptoms and slow disease progression.
Interventions such as probiotics, prebiotics, and FMT show promising results in modulating
immune responses and improving clinical outcomes.
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However, further research is essential to validate these findings through larger, randomized
controlled trials, explore the combination of these therapies with conventional treatments, and
assess their long-term safety and effectiveness in diverse patient populations.
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