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Sjögren’s syndrome (SS) is an autoimmune disease affecting the salivary and lacrimal
glands. Symptoms range from dryness to severe extra-glandular disease involving
manifestations in the skin, lungs, nervous system, and kidney. Fatigue occurs in 70% of
patients, characterizing primary SS (pSS) and significantly impacting the patient’s quality
of life. There are some generic and specific instruments used to measure fatigue in SS.
The mechanisms involved with fatigue in SS are still poorly understood, but it appears
fatigue signaling pathways are more associated with cell protection and defense than with
pro-inflammatory pathways. There are no established pharmacological treatment options
for fatigue in pSS. So far, exercise and neuromodulation techniques have shown positive
effects on fatigue in pSS. This study briefly reviews fatigue in pSS, with special attention to
outcome measures, biomarkers, and possible treatment options.

Keywords: Sjögren’s sydrome, fatigue, outcome measure, cytokines, biomarker (BM), intervention
INTRODUCTION

Sjögren’s syndrome (SS) comprises a wide range of symptoms and disease severity. The disease
predominately affects middle-aged women with a 9:1 female:male ratio. The prevalence ranges from
0.04 to 0.17 (1). Hallmark complaints are dryness and fatigue (2, 3). Systemic manifestation can
affect 50-70% of patients. Some patients have increased risk of lymphoma, usually associated with
cryoglobulinemia, systemic manifestations, purpura, parotid enlargement, and pronounced salivary
gland inflammation (high focus score) (4).

Fatigue is a complex and multi-faceted phenomenon, defined as a feeling of physical tiredness
and lack of energy (5). The prevalence of fatigue in primary Sjögren’s syndrome (pSS) is
approximately 65-70%, and often reported as the most debilitating symptom (6). Next to pain
and dryness, fatigue was one of the most common complaints that the patients would like to have
improved (7).
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A clinical and laboratory investigation of 141 patients found
that fatigue in pSS did not change significantly over time (8).
Thirty-five percent of patients experienced a clinically significant
increase in fatigue severity, but fatigue measures did not change
on group level. Multivariate models were not able to reveal
clinical or laboratory predictors of fatigue change over time.

In line with these findings, a qualitative study encompassing
nine patients with pSS and fatigue, describes fatigue as an ever-
present, fluctuating, and uncontrollable lack of energy, beyond
the individuals own control. Fatigue in pSS clearly differs from
ordinary tiredness and may have a considerable impact on a
patient’s life (3). Functional impairment has also been associated
with physical fatigue in pSS, with patients experiencing
significant functional disability compared to age-matched
healthy controls. The impaired function was associated with
reduced quality of life (QoL) and symptoms such as pain and
depression as well as disease activity, illustrating the need for
management of several disease aspects (9).

Compared to healthy controls (n=168), QoL was considerably
impaired in patients with pSS (n=185), with pain, fatigue, disease
activity, impaired swallowing, and anxiety/depression remaining
as main predictors of QoL in the linear regression model (10).
Another study found fatigue and pain to be the main predictors
of poor QoL in patients with pSS regardless of disease activity,
age, schooling, marital status, work disability and fibromyalgia
(11). Though such complications are not life-threatening, the
chronicity can lead to heavy debility and reduced quality of life,
affecting not only daily activities and social life, but also career
and finances (12).

The underlying mechanisms of fatigue are not completely
understood, but increasing evidence suggests a multifaceted
picture. An interesting idea is the sickness behavior phenomenon
observed during infection and inflammation. Fatigue constitutes a
substantial part of this behavior, to increase survival during
temporary infections or harm. In chronic diseases fatigue
becomes chronic without a meaningful purpose (13, 14). Based
on observations from rheumatoid arthritis (RA), where some
patients fatigue improve markedly following treatment with
biological agents, whereas others continue to suffer from fatigue
despite clinical remission, genetic and epigenetic variations have
been suggested (13).

The overall aim was to briefly review fatigue in SS with special
attention to outcome measures, biomarkers and current
treatment options.
INSTRUMENTS FOR MEASURING
FATIGUE IN PSS

The Profile of Fatigue and Discomfort-Sicca Symptoms
Inventory (PROFAD-SSI), whose fatigue component (Profile of
Fatigue – Prof-F) measures the somatic (ProF-S) and mental
(ProF-M) fatigue, and the EULAR Sjögren’s Syndrome Patients
Reported Index (ESSPRI), which uses 0-10 numerical scales for
the assessment of dryness, fatigue, and musculoskeletal pain
domain, are two SS-specific instruments for measuring fatigue.
Frontiers in Immunology | www.frontiersin.org 2
Future studies may prefer to use one of these two instruments or
both. The development of objective measures of fatigue depends
on the elucidation of the pathophysiological mechanism of
fatigue in pSS, which is still unclear.

The 10-cm fatigue visual analogue scale (VAS) provides a global
fatigue score where a higher score represents greater severity or
intensity of fatigue. VAS is often used in pSS research, probably due
to its simplicity. However, a multidimensional assessment may
provide a more complete picture, improving understanding of the
clinical associations of fatigue and potential treatment. Studies on
pSS have also used many non-disease specific multi-item
questionnaires (15, 16) which would be most recommended when
one of the study objectives is to compare fatigue across diseases.
Commonly used instruments are summarized in Table 1.
BIOMARKERS TO UNDERSTAND
FATIGUE

Interestingly, fatigue is not associated with systemic disease
activity (11, 17). In agreement with this clinical observation,
although pSS is an autoimmune inflammatory disease, there is a
paradoxical inverse correlation of fatigue with pro-inflammatory
cytokines (18, 19).

A panel of 14 cytokines that were elevated in patients with pSS
were compared to controls without fatigue. However, when
analyzing only a subgroup of pSS with fatigue, the fatigue scores
were inversely proportional to four pro-inflammatory cytokines,
interferon-g inducible protein 10 (IP-10), tumor necrosis factor a
(TNF-a), lymphotoxin a (LT-a), and interferon g (IFN-g) (18).
Results were confirmed in a larger sample, showing that IP-10,
TNF-a, interferon- a (IFN-a), IFN-g, and LT-a were significantly
higher in patients with pSS (n=120) compared to non-fatigued
controls (n=30), with TNF-a and LT-a inversely related to
patient-reported levels of fatigue (19).

On the other hand, pain, depression, and daytime sleepiness
scores were closely associated with both physical and mental
fatigue in pSS, with effects observed even after adjustment for
comorbidities associated with fatigue or medications associated
with drowsiness (20).

Taking cytokine levels, disease-specific and clinical parameters
in a logistic regression model, pain, depression, and lower
proinflammatory cytokines appear to be the most powerful
predictors for fatigue in pSS, identifying fatigue levels with 85%
accuracy (19). Considering the role of cytokines in the
development of the initial inflammatory response and its inverse
association with fatigue, it has been postulated that a potentially
maladaptive immune response may contribute to the maintenance
of persistent fatigue in a chronic inflammatory state as observed in
conditions such as pSS (13, 19, 21).

An interesting theory regarding fatigue in pSS and other
infectious and autoimmune inflammatory diseases is the
“behavioral response to disease” model. In fact, fatigue is a
physiological response and is part of disease behavior, associated
with lethargy, anhedonia, apathy, reduced activity, social isolation
and depression (22). Findings in animal and clinical studies
June 2021 | Volume 12 | Article 703079
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indicates an activation of the innate immune system in the fatigue
mechanisms. It has been demonstrated that sickness behavior is
signaled through interleukin-1 (IL-1) receptors on neurons in the
brain (22, 23). In humans, there is an increase in IL-1b activity in
chronic and autoimmune inflammatory conditions. IL-1b is the
final pathway for signaling fatigue in the brain and modulates
influx of K+ and Ca++. Peripherally produced IL-1b passes
through the blood-brain barrier and reaches neuronal cells in
the brain and is also produced by microglia intrathecally.
Increased activation of the IL-1 system, as detected by elevated
interleukin-1 receptor antagonist (IL-1Ra) levels in cerebrospinal
fluid (CSF), was associated with more fatigue in pSS (23). IL-1b
has also been implicated in depression and could explain why
fatigue and depression are so closely associated (24).
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In a comparison of fatigued (n=22) and non-fatigued (n=23)
pSS patients 16 serum proteins were differentially expressed (25).
By multiplex proteomics it was possible to distinguish fatigued
from non-fatigued pSS patients and to identify a “fatigue-
signature”. Interestingly, the proteins were involved in
inflammatory mechanisms, with neurological and metabolic
functions. Top up-regulated proteins included neuroactive
synaptosomal-associated protein 25 (SNAP-25), alpha-enolase
(ENO1) and ubiquitin carboxyl-terminal hydrolase isozyme L1
(UCHL1). Furthermore, the proinflammatory mediator IL-36a
and several complement factors were up-regulated in fatigued
compared to non-fatigued patients with pSS (25). Aberrancies in
IL-36a are described in several neurological, cognitive and
psychological disorders (13).
TABLE 1 | Current fatigue measures used for Sjögren’s syndrome.

Acronym Name and description Applicability: strengths/limitations

Specific instruments in pSS
PROFAD-SSI Profile of Fatigue and Discomfort – Sicca Symptoms Inventory (Short-form)

• PROFAD: nine items split into four domains – arthralgia, vascular, somatic fatigue
(ProF-S), mental fatigue (ProF-M)

• SSI: 10 items split into four domains – ocular dryness, oral dryness, vaginal dryness,
and cutaneous dryness

• In both the final score is the sum of its four domains and varies from 0 to 28.

Profile of fatigue (Prof-F) of the PROFAD has the
advantage of distinguishing fatigue in physical and
mental types in pSS.
Even if somatic fatigue is the predominant domain, all
domains have the same weight on the PROFAD final
score.

ESSPRI EULAR Sjögren’s Syndrome Patients Reported Index
• 0 to 10 numerical scales for the assessment of each of the three domains: dryness,

fatigue and musculoskeletal pain. The mean of the scores of the 3 domains
represents the final score. ESSPRI ≥ 5: unsatisfactory symptom state. Clinically
meaningful improvement: at least one point or 15%.

Recommended by EULAR, quick and simple to
administer and score.
Does not capture the multidimensional nature of fatigue.

Non-disease specific single-item instrument
VAS Visual Analogue Scale

• 0-100 cm or 0-10 cm with a higher score representing a greater severity or intensity
of fatigue.

One of the most frequently used tools to measure
fatigue. Quick and simple to administer and score, and
minimal in terms of respondent burden.
Does not capture the multidimensional nature of fatigue.

Non-disease specific multi-item questionnaires
FACIT-fatigue Functional Assessment of Cancer Therapy Scale – fatigue

• 13 items covering physical fatigue, functional fatigue, emotional fatigue, and social
consequences of fatigue. Final scores produce only a global score ranging from 0–52,
with higher scores reflecting less fatigue.

FACIT-Fatigue is used across many rheumatologic
conditions, covering a range of fatigue concepts in a
simple language.
It provides only a global fatigue score.

FSS Fatigue Severity Scale
• 9 items to produce a global score ranging from 1-7 with higher scores reflecting

greater fatigue. The FSS covers physical, social, or cognitive effects of fatigue.

It provides only a global fatigue score. Recommended
fatigue scale for systemic lupus erythematosus more
than pSS.

MFI Multidimensional Fatigue Inventory
• 20 items, yielding 5 subscales of 4 items each (general fatigue, physical fatigue,

reduced activity, reduced motivation, and mental fatigue). Scores of each subscale
range from 4–20 with higher scores reflecting greater severity.

It provides 5 subscales of fatigue.
The wording of some items may be interpreted as
relating to disability or disease activity.

FIS Fatigue Impact Scale
• 40 questions covering the effect of fatigue on three domains of daily life: cognitive

functioning, physical functioning, and psychosocial functioning. There is an overall
score with a potential maximum of 160. A score of ≥ 40 indicates excessive
symptomatic fatigue and ≥ 80 indicates severe, symptomatic fatigue. Subscale
scores can also be calculated.

It provides the effect of fatigue on three domains of daily
life.
Few studies in pSS.

CFS Chalder Fatigue Scale
• 11 items to produce a global score (0-33 or 0-11) and 2 domains of physical (0-21)

and mental fatigue (0-12) with higher scores reflecting greater fatigue.

It provides physical and mental fatigue domains.
It does not always differentiate between rheumatology
patients and controls.

SF-36 VT Medical Outcomes Study Short-Form (Domain: Vitality)
• 4 items in the SF-36 VT (2 on energy and 2 on fatigue). Scores range from 0–100

with higher scores representing less fatigue.

The SF-36 VT has been used across many
rheumatologic conditions and in many studies.
It provides only a global fatigue score and there are
concerns over concepts of fatigue vs. energy.
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Proteomic analysis of cerebrospinal fluid in 20 patients with
pSS revealed 15 top discriminatory proteins among patients with
high and low fatigue. Among these were apolipoprotein-A4,
hemopexin, pigment epithelium-derived factor, secretogranin-
1, secretogranin-3, selenium-binding protein-1, and complement
factor B, with important roles in regulation of innate immunity,
cellular stress defense, and/or functions in the central nervous
system, and some downregulate inflammation. An important
sleep regulator, Hypocretin-1, was also increased in pSS and can
influence fatigue by an IL-1b independent mechanism (26).

The role of type II interferons (IFN-g) in pSS is emerging in a
subset of patients characterized by widespread pain, fatigue, and
depression (27). Interferon-g is a major inducer of indoleamine
2,3 dioxygenase (IDO) in many cell types, including fibroblasts,
endothelial cells, tumor cells, monocyte-derived macrophages,
mesenchymal stromal cells, and dendritic cells. Tryptophan
degradation by IDO1 yields a series of catabolites collectively
known as kynurenines. The main effect of kynurenines on
immune system is inducing TReg response and reducing
hyperinflammatory response. It has been postulated that
activation of IDO1 may be responsible for manifestations such
as hyperalgesia, pain, and depression. This is supported by the
evidence that IDO1 pathway activation, measured by the
increased Kynurinine/tryptophan ratio in peripheral blood, has
been observed in other conditions characterized by chronic pain,
and could be an interesting pathway to explain fatigue in pSS (28,
29). Taken together, fatigue signaling pathways appear to be
more associated with cell protection and defense than associated
with pro-inflammatory pathways and cytokines.
TREATMENT OF FATIGUE

Pharmacological Treatment
Currently there are no established pharmacological treatment
options for idiopathic fatigue. An empiric trial of antidepressant
therapy for patients with fatigue and symptoms of depression
can be initiated even if the patient does not meet diagnostic
criteria for major depression (www.wolterskluver.com/en/
solutions/uptodate).

Fatigue can be associated with chronic inflammatory
disorders such as RA and pSS, conditions often treated with
anti-inflammatory drugs. However, if an underlying condition or
inflammation is suspected to cause or contribute to the fatigue,
the main focus should be on treating the primary disease (30).

The antimalarial drug hydroxychloroquine (HCQ) is the
most frequently prescribed disease modifying antirheumatic
drug (DMARD) for patients with pSS and extraglandular
manifestations such as arthralgia, arthritis, myalgia, or fatigue.
The efficacy for cardinal symptoms of pSS (dryness, pain, and
fatigue) were investigated in 120 patients in a randomized,
double-blind parallel-group placebo-controlled trial (the
JOQUER trial). In comparison to placebo, the study found
limited efficacy of HCQ to improve fatigue (31). A more recent
meta-analysis, including randomized controlled trials (RCTs),
retrospective studies, and prospective studies using HCQ for
Frontiers in Immunology | www.frontiersin.org 4
treatment of pSS. From four studies and a total of 215 patients
(herein the JOQUER trial), the meta-analysis found lower
efficacy of HCQ for treatment of fatigue than placebo (32).

In a recent phase II double-blind placebo-controlled clinical
trial pSS patients were randomized to treatment with RSLV-132
(n=20) or placebo (n=8) (33). RSLV-132 is a biologic drug
containing active human RNase with an increased serum half-
life compared to wild-type human RNase. There are many non-
coding RNAs in human circulation that have inflammatory gene
regulatory functions. It was hypothesized that a reduction of
these circulating RNAs in patients with pSS might have a positive
effect on symptoms such as fatigue and indeed, the study showed
improvement of severe fatigue by four independent patient-
reported measures (33).

Fatigue associated to inflammatory conditions bear
similarities to IL-1 mediated sickness behavior in animals. In a
double-blind randomized placebo-controlled clinical trial the IL-
1 receptor antagonist (Anakinra) or placebo was administered to
26 pSS patients with fatigue (21). Fatigue was evaluated by VAS
and fatigue severity scale (FSS), but no significant difference in
fatigue scores was detected between the groups compared to
baseline. However, six out of 12 patients on Anakinra versus one
out of 13 patients on the placebo reported a 50% reduction in
fatigue VAS.

The CD20 antibody Rituximab is an established treatment for
several autoimmune conditions. A randomized, double-blind,
placebo-controlled pilot study showed a significant improvement
in fatigue VAS in pSS patients (n=17) treated with Rituximab
compared to baseline. In addition, a significant reduction in
SF-36 was observed (34). However, a later randomized, placebo-
controlled, triple-blinded, parallel-group trial including 120
patients with recent-onset pSS and biologically active or
systemic pSS could not document significant differences
between groups when comparing the primary end points (VAS
global disease, pain, fatigue, and dryness). An improvement in
VAS fatigue was observed in patients treated with Rituximab, but
it did not alleviate symptoms or disease activity (35).

Targeting B cell activating factor (BAFF) with Belimumab
was investigated in a bi-centric prospective 1-year open-label
trial. Patients (n=30) fulfilled American-European Consensus
Group (AECG) classification criteria for pSS (36), were anti-Ro/
SSA-positive and had current systemic complications or salivary
gland enlargement, early disease (<5 years), or biomarkers of B
cell activation. The primary end-point was improvement in two
of five items (dryness, fatigue, pain, systemic activity assessed by
a physician and/or B cell activation biomarker values). The
primary end-point was achieved in 18 (60%), among these
were seven patients with a reduction in VAS fatigue (23%).
The mean fatigue VAS was non-significantly reduced (37).

The effect of dehydroepiandrosterone (DHEA) (200 mg/day)
on improvement of fatigue, well-being and functioning was
investigated in women with pSS (n=60) in a double-blind,
randomized placebo-controlled clinical trial. Primary outcome
measures were general fatigue, depressive mood, mental well-
being, and physical functioning. Interestingly, patients from both
the DHEA- and placebo-treated group improved significantly on
June 2021 | Volume 12 | Article 703079
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general fatigue, mental well-being, and depressive mood, but not
physical functioning. The belief to have used DHEA was a
stronger predictor for improvement of fatigue and well-being
than the actual use of DHEA. On the other hand, the findings
suggest possibilities for cognitive behavioral interventions (38).
In a later study, patients with pSS (n=107) and severe fatigue
and low levels of serum dehydroepiandrosterone/dehydro
epiandrosterone sulfate (DHEA/DHEAS) were given DHEA
substitution (50 mg/day) in a multicenter, investigator-based,
powered, randomized controlled clinical trial (crossover,
washout design) with fatigue as the primary outcome measure.
All the MFI-20 subscales and the fatigue VAS improved from
baseline, but with negligible differences between the two
treatments. Similar to earlier results using pharmacologic
doses, substitution treatment in DHEA-deficient and severely
fatigued patients with pSS was not better than placebo (39).

Non-Pharmacological Treatment
The promising results of non-pharmacological studies represent
a great potential in the management of fatigue in general. So far,
exercise and neuromodulation techniques have shown positive
effects on fatigue in pSS.

The association between fatigue and reduced levels of physical
activity and cardiorespiratory fitness in pSS (6, 40) led to the
hypothesis that physical exercise could reduce fatigue. In a recent
randomized intention-to-treat study comprising a supervised
walking program, FACIT-fatigue in women with pSS was
improved compared to the control group. The walking program
also increasedcardiorespiratoryfitness, exercise toleranceandpatient
perception of improvement, without exacerbating disease activity. In
addition, better fatigue scores were associated with reduced
depression and improvements in the physical and mental
components of QoL (41). Nordic walking exercise also improved
fatigue (VAS) inapreviousnon-randomizedstudy (42).A supervised
resistance exercise program in a randomized controlled trial,
although there was no direct assessment of fatigue, improved
functional capacity and QoL in women with pSS (43).

Based on the growing evidence that the immune-mediated
fatigue mechanism may involve or be modulated by the
cholinergic anti-inflammatory reflex by stimulating the vagus
nerve, a non-invasive vagus nerve stimulation device (nVNS)
was investigated in 15 female pSS patients. The nVNS resulted in
a significant decrease in daytime sleepiness and fatigue (Prof-F),
reduced levels of TNF-a and IL-1b, and reduced TNF-a
production by stimulated whole blood cells (44).

Fatigue in pSS could result from hypoactivity of the
hypothalamic-pituitary-adrenal axis (HPA) as a possible
consequence of autoantibody-mediated destruction of the adrenal
glands. Based on this hypothesis, and the evidence that increased
cortical excitability by anodal cortex stimulation is capable of
modulating the HPA axis activity, a Brazilian double-blind pilot
study randomized 36 female pSS patients to receive transcranial
direct-current stimulation (tDCS). The tDCS improved fatigue
(ESSPRI and FSS) and seemed to promote greater improvements
in mental (ProF-M) than somatic fatigue (ProF-S) (45).

Alternative methods such as acupuncture are also being
investigated to alleviate dryness, pain and fatigue; key
Frontiers in Immunology | www.frontiersin.org 5
symptoms of pSS. The protocol for the first randomized and
controlled pilot trial of acupuncture on alleviating the symptoms
of pSS with relatively long-term follow-up was published in 2017
(46). The result of this, and another ongoing study (Table 2)
might offer a new option to treat pSS and supply clinical proof
that acupuncture has beneficial effects on pSS.

A focus group study on patients with established pSS
indicated a range of sleep disturbances, and an overlap
between the participants sleep and fatigue symptoms, although
the fatigue they experienced was very different from “tiredness”.
The study participants already utilized a number of strategies to
manage their sleep. Cognitive behavioral therapy was viewed as
an acceptable intervention, given a rationale for its use and it is
tailored for pSS (49). A multidisciplinary approach according to
the needs of the patient, including occupational therapy,
physiotherapy and/or health psychology improved fatigue VAS
scores and were maintained at 6-12 months follow-up in 50 pSS
patients (50).
DISCUSSION

Fatigue is a characteristic symptom of pSS, occurring in about
two thirds of the patients. Fatigue (and pain) is an important
predictor of poor QoL regardless of age, schooling, marital status,
work disability, fibromyalgia and disease activity (11). Fatigue in
pSS is multifactorial and is clinically related to sleep and mood
disorders (20). On the other hand, it is not associated with
systemic disease activity (11, 17) and has an inverse correlation
with pro-inflammatory cytokines (18, 19).

The biological mechanisms involved in pSS fatigue are still not
fully understood. Recent studies using proteomic analysis have
shown the expression of proteins in the blood (SNAP-25, ENO1,
UCHL1, IL-36a and complement factors) and in the CSF
(apolipoprotein-A4, hemopexin, pigment epithelium-derived
factor, secretogranin-1, secretogranin-3, selenium-binding
protein-1, and complement factor B) in fatigued compared to
non-fatigued pSS (13, 26). With important roles in regulation of
innate immunity, cellular stress defense, and/or functions in the
central nervous system, supporting the hypothesis that fatigue
signaling pathways appear to be more associated with cell
protection and defense than with pro-inflammatory pathways
and cytokines. Future studies should try to confirm this
hypothesis and explore the role of type II (IFN-g) and
Kynurinines pathway (27–29). In this review we focus on
biomarkers of the immune system involved in fatigue in pSS.
Fatigue is multidimensional and associated with neurocognitive,
neuroendocrine, environmental and behavioral components (51).
Additionally, many patients with pSS have poor sleep, and
correlated with fatigue (52). Sleep quality and cognitive
compromises being associated with fatigue, future studies could
address whether such factors could be useful as surrogate markers
for fatigue in pSS.

Hydroxychloroquine, DHEA, and rituximab failed to
improve fatigue in controlled studies (35, 37, 38). The RSLV-
132, an RNase Fc fusion protein, in a phase II study showed
improvement of severe fatigue as determined by four
June 2021 | Volume 12 | Article 703079
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TABLE 2 | Clinical studies addressing fatigue in Sjögren’s syndrome as their primary outcome www.clinicaltrials.gov.
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Biological treatments

NCT03100942 A Randomized, Phase 2, Double-blind, Placebo-controlled
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independent patient-reported measures of fatigue (33). Ongoing
clinical trials are testing new targets on fatigue in pSS, such as,
Lanraplenib (GS-9876), Filgotinib (GS-6034), Tirabrutinib (GS-
4059), CDZ173, and VIB4920 (Table 2).

Exercise and neuromodulation techniques have shown
positive effects on fatigue in pSS (41, 43, 45). Non-
pharmacological studies represent a great potential in the
management of fatigue in general. High-quality RCTs for
potential non-pharmacological interventions such as different
types of aerobic exercise, resistance exercise, nVNS, and tDCS
must be performed, as well as studies with long-term follow-up.

Different non-pharmacological interventions for fatigue have
been investigated in other rheumatic diseases (53), and self-
management training through patient education programs,
cognitive-behavioral therapy, and mindfulness could also be
tested in pSS. The positive effect of placebo observed in
therapeutic clinical studies (38, 39) does indeed give promise
for cognitive behavioral interventions. Ongoing studies
investigating treatment of SS with fatigue as the primary
outcomes are listed in Table 2 and include biological agents as
well as alternative treatments such as dietary supplements and
acupuncture. In the future, artificial intelligence and digital tools
Frontiers in Immunology | www.frontiersin.org 7
may also become helpful to generate more objective
clinical endpoints.
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