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Fatigue in primary Sjogren’s syndrome is associated
with an objective decline in physical performance,
pain and depression

R.F. Prak!, S. Arends?, G.M. Verstappen?, G. van Zuiden?, F.G.M. Kroese?,
H. Bootsma?, I. Zijdewind'

'Department of Biomedical Sciences of Cells and Systems; *Department of Rheumatology and Clinical
Immunology, University Medical Centre Groningen, University of Groningen, The Netherlands.

Abstract
Objective
Fatigue is a major complaint in primary Sjogren’s syndrome (pSS). To acquire a better understanding of fatigue in pSS,
we investigated objective measures of performance decline (performance fatigability). Furthermore, we evaluated the
relationship of self-reported fatigue with performance fatigability and factors modulating perceptions of fatigability
(perceived fatigability).

Methods
Thirty-nine pSS patients and 27 healthy controls were included. To assess performance fatigability, force decline was
measured during a sustained (124s) maximal voluntary contraction (MVC) with the index finger abductor muscle, and
voluntary muscle activation was indexed using peripheral nerve stimulation. Self-reported fatigue was quantified using
the Fatigue Severity Scale (FSS) and Modified Fatigue Impact Scale (MFIS). Pain, depression, and anxiety assessed using
questionnaires and inflammatory biomarkers measured in blood were used as factors relating to perceived fatigability.

Results
Voluntary muscle activation was reduced in pSS (p=0.030), but force decline during the sustained MVC did not differ
between groups. Self-reported fatigue was significantly higher in pSS than in controls (FSS: 44 vs. 2.6, p<0.001).
Multivariable linear regression showed that both performance fatigability (force decline) and perceived fatigability
(pain and depression) were associated with the MFIS physical domain in pSS (total explained variance of 47%).
Negative associations with fatigue were observed for two interferon-associated proteins: MxA and CXCLI10.

Conclusion
This study demonstrates that performance fatigability in pSS was compromised by a reduced capacity of the central
nervous system to drive the muscle. Furthermore, self-reported fatigue is a multifactorial symptom associated with both
performance fatigability and perceived fatigability in patients with pSS.
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Introduction

Fatigue is a major complaint in auto-
immune diseases including Sjogren’s
syndrome (1-3). Primary Sjogren’s syn-
drome (pSS) is characterised by sicca
symptoms (oral and ocular dryness)
with lymphocytic infiltration of the ex-
ocrine glands. Extra-glandular involve-
ment occurs in 40-50% of patients and
may develop in almost any organ or
organ system (4). Approximately 70%
of patients suffer from fatigue, and for
many patients this is arguably the most
prominent and disabling symptom (5-
8). Fatigue limits individuals in their
daily activities, including work and
social participation, and has a negative
impact on quality of life (9-11). The
importance of fatigue in pSS is dem-
onstrated by its inclusion as one of the
three domains of the EULAR Sjogren’s
Syndrome Patient Reported Index (ES-
SPRI; 12) as well as being the primary
outcome measure of a large clinical
trial (13). To date, there is no effective
treatment for fatigue (7, 13) and more
fundamental studies are needed to iden-
tify potential targets for therapy.
Unfortunately, progress in the field of
fatigue is hindered by the use of dif-
ferent definitions; i.e. fatigue as a per-
ception or fatigue as a decline in per-
formance. In order to facilitate studies
on fatigue, Enoka and colleagues devel-
oped a conceptual framework of fatigue
(3, 14, 15) (Fig. 1). In this framework,
the term fatigue is reserved for the self-
reported symptom which can be quanti-
fied using questionnaires and is medi-
ated by two attributes: performance fat-
igability and perceived fatigability (3,
14). Performance fatigability is defined
as an objective decline in performance
measured during a prescribed task (3,
14). The concept of performance fati-
gability has received growing attention
in clinical research (16-18). Perceived
fatigability refers to changes in the an-
ticipated capabilities of the performer
(3, 14) and is modulated by homeo-
static factors (e.g. pain, inflammatory
cytokines) as well as psychologic state
(e.g. depressed mood). One of the key
messages of the work of Enoka et al.
(14) is that both performance fatigabil-
ity and perceived fatigability contribute
to self-reported fatigue, and therefore

parameters reflecting both attributes
need to be measured to gain a better un-
derstanding of fatigue. In previous work
on fatigue in pSS, most authors (19-21)
focussed on factors related to perceived
fatigability. While experimental work
on performance fatigability in pSS or
related systemic autoimmune diseases
(rheumatoid arthritis, systemic lupus
erythematosus) is lacking, changes in
performance fatigability have been de-
scribed in fibromyalgia (22).

Since changes in both perceived- and
performance fatigability affect fatigue
and are important to interpret and un-
derstand fatigue in pSS, our first aim
was to objectify performance fatiga-
bility in pSS. We measured force de-
cline during a sustained maximal vol-
untary contraction of a hand muscle,
and electrical stimulation was applied
to the innervating nerve to distinguish
between performance decrements aris-
ing at the level of the central nervous
system (CNS) versus the muscle and
the neuromuscular junction (23). The
second aim was to determine the rela-
tionship between self-reported fatigue
and performance fatigability with fac-
tors modulating anticipated capabilities
of the performer (i.e. perceived fatiga-
bility). Parameters inspired by previous
research in pSS (19) and multiple scle-
rosis (24) were quantified as potential
factors mediating perceived fatigability
(pain, depressed mood, anxiety, and in-
flammatory biomarkers).

Patients and methods

Study population

This cross-sectional study included 39
patients (34 females and 5 males, aged
27-65 years) with a clinical diagnosis of
pSS fulfilling the 2016 ACR-EULAR
classification criteria and 27 healthy
controls (22 females and 5 males, aged
27-65 years). Patients were recruited
consecutively from the outpatient clinic
of the University Medical Centre Gron-
ingen (UMCG) between October 2016
to March 2018. The control group was
recruited from healthy volunteers who
responded to local advertisements and
was matched to the pSS group by age
and sex. All participants had adequate
hand dexterity and had no arthralgias
that could limit task performance. Ex-
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Self-reported fatigue

Definition: disabling symptom that can be
measured by self-report.

Outcome measures: FSS, MFIS-PHYSICAL,
MFIS-COGNITIVE.

f

Performance fatigability \

Definition: objective decline in performance.

Perceived fatigability

Definition: changes in the anticipated
capabilities of the performer.

Outcome measure: force decline (%) during a sustained maximal
Outcome measures: ESSPRI-PAIN, voluntary contraction (MVC) with a hand muscle.
HADS-DEPRESSION, HADS-ANXIETY,

inflammatory biomarkers in blood.

A\ > Voluntary muscle activation >
\ -~

Contractile function

>
Ve
\\ 4 Definition: capacity of the CNS Definition: use-dependent changes
N / to sustain output to the muscle. in force generating capacity of the
N | muscle itself.
Ny \ Outcome measure: mean voluntary
N o muscle activation (%) during the Outcome measure: decline in
< \ 2 \sustained MVC. the post-doublet (%). J
~Js

Fig. 1. Framework and definitions.

-~ —

Afferent feedback from the muscle

Conceptual framework for self-reported fatigue (adapted from Enoka et al. 2016). Self-reported fatigue is mediated by two attributes: perceived fatigability
and performance fatigability. The two attributes may also interact as indicated by the arrows. Performance fatigability is the resultant of changes in voluntary
muscle activation and use-dependent changes in contractile function of the muscle itself. The outcome measures for self-reported fatigue, perceived fatiga-
bility, and performance fatigability are shown for the present study.

clusion criteria included history of drug
or alcohol abuse, psychiatric disorder,
neurologic disorder, and other disor-
ders related to fatigue. Further exclu-
sion criteria included use of medication
influencing immune function including
corticosteroids, conventional disease-
modifying antirheumatic drugs includ-
ing hydroxychloroquine (DMARDs; <1
month prior to inclusion), or biological
DMARDs (<6 months prior to inclu-
sion). Use of analgesic medication was
allowed, with exception of opioids. Ex-
periments were designed in accordance
with the declaration of Helsinki (25)
and experimental procedures were ap-
proved by the medical ethical board of
the UMCG. Written informed consent
was obtained from all participants prior
to the experiment.

Performance fatigability

Our first aim was to asses performance
fatigability in pSS; adopting the same
experimental setup and procedures

2320

previously utilised by our lab in other
clinical populations (26, 27). Partici-
pants were seated behind a desk with
their elbows flexed at approximately
90 degrees and forearms resting on a
raised platform. Isometric index fin-
ger abduction force was recorded from
both hands using custom-made force
transducers (28); Fig. 2C). Surface
electromyographic (EMG) recordings
were obtained from the first dorsal in-
terosseous muscles (FDI; index finger
abductor) using sintered Ag/AgCl elec-
trodes (In Vivo Metric, Healdsburg,
USA). EMG signals were amplified
(x200) and band-pass filtered (10-1000
Hz). Both force and EMG signals were
sampled using a 1401 interface (at 500
and 2000 Hz, respectively) and re-
corded on a computer equipped with
Spike2 software (version 7.20, CED,
Cambridge, UK).

Voluntary muscle activation, i.e. the
extent to which the FDI muscle was ac-
tivated by the CNS, was measured us-

ing the twitch interpolation technique
(23, 29). In brief, supramaximal stimu-
lation of the innervating nerve while
the muscle is at rest activates all mus-
cle fibres. The resultant force provides
a measure of intrinsic muscle force (i.e.
initial-doublet) (Fig. 2D). Stimulation
applied during a voluntary contraction,
however, only activates those muscle
fibres which are not already activated
by the CNS and the resulting force
increment (i.e. superimposed twitch)
provides a measure of voluntary mus-
cle activation. Electrical stimulation of
the ulnar nerve was applied using self-
adhesive electrodes on the right wrist
(pulse width 200us; DS7A, Digitimer,
Welwyn Garden City, UK). Stimulator
output was set to 130% of the inten-
sity required to evoke a maximal com-
pound muscle action potential in the
FDI muscle, and forces were evoked
using double pulse stimulation (10 ms
interval) to increase the signal-to-noise
ratio (30).

Clinical and Experimental Rheumatology 2022
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Raw data from a pSS participant showing force and EMG of the right hand during the brief MVCs (A) and sustained MVC (B). Arrowheads indicate the
timepoints of electrical stimulation (red arrowheads indicate 3 consecutive stimuli at rest, initial-doublet and post-doublet are labelled). (C) Photograph
showing the experimental setup. (D) Evoked forces at rest (i.e. doublets). Note the decline in the post-doublet with respect to the initial-doublet.

MVC: maximal voluntary contraction.

Experimental tasks

Participants performed three motor
tasks (Fig. 2). Visual feedback of their
force level and the task were displayed
on a monitor in front of them, and ex-
perimenters provided vigorous verbal
encouragement during maximal ef-
forts.

Task 1: Brief maximal voluntary con-
tractions. To obtain baseline measure-
ments of maximal force, participants
generated seven brief maximal volun-
tary contractions (MVCs, ~10s dura-
tion followed by 50s rest) alternating
between hands (4 with the right hand).
Voluntary muscle activation was meas-
ured during the last 2-3 contractions
with the right hand. After the last con-
traction, three doublets were evoked at
rest (2s interval) to provide a measure
of intrinsic muscle force (i.e. initial-
doublet).

Task 2: Submaximal contractions.
Participants performed a series of sub-
maximal contractions (at 10, 30, 50 and
70% MVC). This task provides addi-
tional information with respect to the
relationship between voluntary force
and voluntary muscle activation (full
details provided as Appendix).

Clinical and Experimental Rheumatology 2022

Task 3: Sustained maximal voluntary
contraction. The final task was used to
assess performance fatigability. Partic-
ipants generated a brief MVC (~6s du-
ration followed by 60s rest) followed
by a sustained MVC (124s duration)
with the right hand. Voluntary muscle
activation was indexed during the brief
MVC and at seven time points dur-
ing the sustained MVC (18s interval).
Three doublets evoked at rest after
the brief MVC and after the sustained
MVC (2s interval) assessed use-de-
pendent changes in contractile function
of the muscle (i.e. post-doublet).

Modulators of self-reported fatigue

Our second aim was to assess the rela-
tionship between self-reported fatigue
and factors related to perceived fatiga-
bility (pain, depressed mood, anxiety,
inflammatory biomarkers) and perfor-
mance fatigability (force decline, volun-
tary muscle activation, post-doublet as
assessed during Task 3) in pSS patients.
Prior to the experimental session, self-
reported fatigue was quantified using
the Fatigue Severity Scale (FSS; 31)
and Modified Fatigue Impact Scale
(MFIS; 32) which distinguishes a

physical and cognitive domain. A nu-
merical rating scale (range 0-10) pain
score was obtained from the ESSPRI
(12) and symptoms of depressed mood
and anxiety were assessed using the
Hospital Anxiety and Depression Scale
(HADS; 33).

Serum levels of IFN-y, IL-1f3,IL-6, and
TNF-o were measured using a high-
sensitivity immunoassay (MesoScale
discovery, USA). Serum CXCL10 (IP-
10) levels were measured using an ELI-
SA, according to the manufacturer’s
protocol (Peprotech, USA). Myxovirus
resistance protein 1 (MxA) levels were
measured in lysed whole blood using
an in-house EIA (34). The cut-off point
for MxA positivity was defined at 100
ng/mL by calculating the mean and two
standard deviations (SD) of healthy in-
dividuals (n=10). This value is similar
to a previously reported cut-off (100
ng/mL, 35).

Data and statistical analysis

Force and EMG data were analysed
using Spike2. EMG signals were trans-
formed by calculating the root mean
square (rms) over a moving window
of 500 ms. MVC force was deter-
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Table I. Demographics and clinical characteristics.

mined for the contractions during task
1 and 3. The amplitude of the initial-
and post-doublets and superimposed
twitches were measured, and voluntary
muscle activation was calculated as (1
— superimposed twitch/initial-doublet)
x 100%.

With regard to performance fatigabil-
ity, three outcome measures were de-
termined during Task 3. First, force de-
cline during the sustained contraction
was calculated as (1 — force during the
last 6s/MVC) x 100%. Second, post-
doublet was expressed as percentage of
the initial-doublet to provide a measure
of use-dependent changes in contractile
function of the muscle fibres. Third, vol-
untary muscle activation during the sus-
tained MVC was linearly corrected for
the decline in contractile function (con-
form: (26, 36) and the mean value was
calculated over the 7 time points to ob-
tain a single value for each participant.
Statistical analysis was performed in
RStudio (R version 3.6.1). Data are
presented as number (percentage),
mean (SD), or median (range) for cat-
egorical, normally distributed, and non-
normally distributed data, respectively.
Differences between pSS and controls
were assessed using ANOVAs; sex was
included as a covariate for MVC, dou-
blets, and force decline to account for
sex-related variance (37). Welch correc-
tion was used when variances between
groups were unequal. Model residu-
als were inspected for normality using
Q-Q plots and if required the dependent
variable was transformed. If normality
could not be achieved, Mann-Whitney
U-test was used (HADS). p-values
<0.05 were considered statistically sig-
nificant.

Associations between self-reported fa-
tigue (FSS, MFIS), performance fati-
gability (force decline, mean voluntary
muscle activation, post-doublet) and
perceived fatigability (HADS, ESSPRI-
pains iINflammatory biomarkers) were ex-
plored using Pearson’s and Spearman’s
correlation coefficients. Additionally,
multivariable linear regression was
used to explain the variance in self-
reported fatigue scores using multiple
explanatory variables (24, 26). Explan-
atory variables (with p<0.1 in univaria-
ble analysis) were included in a forward

2322

pSS (n=39) Control (n=27)
Demographics
Age (years) 49 (27-65) 48 (27-68)
Females (n) 34 (87.2%) 22 (81.5%)
Clinical characteristics
Time since diagnosis (years) 5 1-21)
Symptom duration (years) 11 (3-49)
ESSDALI total 3 (0-16)
ESSDAI 0 8 (20.5%)
ESSDAI 1-4 18 (46.2%)
ESSDAI =5 13 (33.3%)
ESSDAI subdomain activity (n)
Constitutional 7 (17.9%)
Lymphadenopathy 1 (2.6%)
Glandular 12 (30.8%)
Articular 3 (7.7%)
Cutaneous 4 (10.3%)
Pulmonary 0
Renal 0
Muscular 0
Peripheral nervous system 0
Central nervous system 0
Haematological 12 (30.8%)
Biological 27 (69.2%)
Physician GDA 5 (0-10)
UWS flow, mL/min 0.06 (0.00-0.31)
Parotid or labial gland biopsy, FS =1 32 (94.1%) *
Chisholm score 4 (0-4)
Schirmer (mean) mm/5min 3.5 (0.0-21.5)
OSS (mean) total score 2 (0-10)
Serology
Anti-SSA antibodies 32 (82.1%)
Anti-SSB antibodies 19 (48.7%)
IgG level, g/mL 15.8 (7.8-44.1)
RF level, IU/mL 16 (0-170)
Patient-reported symptoms
ESSPRI total score 6 (1-9)
ESSPRI dryness 7 (2-9)
ESSPRI physical fatigue 7 (0-10)
ESSPRI pain 6 (0-9)
Handedness
Edinburgh handedness inventory 100 (-100-100) 90 (40-100)

Data are expressed as number of participants (%), mean (SD) or median (range). Schirmer’s test
(=5mm/min and OSS =5) was considered positive if criteria were met in at least one eye. For Schirmer
and OSS, the mean score of both eyes was calculated.

*Focus score and Chisholm score available from 34 patients.

ESSDAI: EULAR Sjogren’s Syndrome Disease Activity Index; GDA: global disease activity; UWS:
unstimulated whole saliva; FS: focus score; OSS: ocular staining score; RF: rheumatoid factor; FSS:
Fatigue Severity Scale; MFIS: Modified Fatigue Impact Scale; HADS: Hospital Anxiety and Depres-

sion Scale.

stepwise model, and the more complex
model survived if it explained signifi-
cantly more variance than the simpler
model.

Results

Demographics of participants and
clinical characteristics of patients are
shown in Table I. For two pSS patients,
physiological data were excluded from

the analyses due to a technical problem
with the nerve stimulation. One con-
trol participant was excluded from the
analysis of task 3 due to evident pac-
ing during the task (i.e. not following
task instructions). Serum levels of pro-
inflammatory cytokines IFN-vy, IL-1(,
IL-6, TNF-a and chemokine CXCL10
as well as whole blood MxA levels
were available from 35 pSS patients.

Clinical and Experimental Rheumatology 2022
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Table II. Baseline physiological data and performance fatigability.

pSS (n=37) Control (n=27) p-value
Group Sex
MVC left (N) F 334 (6.3) 400 (9.9 0.003* <0.001*
M 48.2 (7.5) 496 (11.9)
MVC right (N) F 30.7 (7.2) 319 (6.9) 0.440 0.002*
M 39.2 (6.0) 39.5 (9.7)
FDIM,,,, amplitude (mV) 238 (6.2) 253 (4.7) 0.295
Initial-doublet (N) 11.6 (3.1) 10.6 (3.3) 0.200 0.372
Initial-doublet (%MVC) F 372 (6.4) 333 (6.2) 0.004*  0.016*
M 34.0 (7.5) 254 (7.0)
Voluntary muscle activation (%) 93.6 (57.5-99.1) 964 (81.6-99.0) 0.054
Background force (%MVC) 92,6 (5.3) 914 (5.2) 0.369
Performance fatigability (n=26)
Force decline (%) 60.6 (94) 63.1 (7.5) 0.246 0.068
Mean voluntary muscle 81.5 (42.2-96.5) 87.8 (63.3-97.8) 0.030*
activation (%) R
Post-doublet (%initial-doublet) 55.5 (19.7) 46.8 (13.2) 0.041*

Data shown as mean (SD) or median (range).

MVC: maximal voluntary contraction; FDI: first dorsal interosseous muscle; M, : maximal compound

muscle action potential.

‘max*

Performance fatigability

Similar maximal voluntary

force at baseline

Table IT shows the baseline measure-
ments (task 1) of maximal voluntary
force (MVC), electrically evoked force
at rest (initial-doublet), and voluntary
muscle activation. MVC force corre-
lated with the initial-doublet (r=0.74,
p<0.001) and voluntary muscle ac-
tivation (r=0.38, p=0.002; log-trans-
formed), indicating the relationship
with intrinsic muscle force and CNS
drive, respectively (all measured for
the right hand). Although voluntary
muscle activation showed a trend to-
wards lower values in pSS (p=0.054,
log-transformed) (Fig. 3A), MVC did
not differ across groups (p=0.440).
For the left hand, however, MVC was
significantly weaker in pSS patients
(mean: 35.3 vs. 41.8 N, p=0.003).

Reduced voluntary muscle
activation in pSS patients
during the sustained MVC
Force decline during the sustained
MVC is the resultant of changes in
1) voluntary muscle activation and
2) contractile function of the muscle
fibres. The force decline did not dif-

Clinical and Experimental Rheumatology 2022

fer between pSS and controls (mean:
60.6 vs. 63.1%, p=0.246) (Table II and
Fig. 3). However, voluntary muscle
activation was lower in pSS patients
(median: 81.5 vs. 87.8%, p=0.030, log-
transformed).

The post-doublets showed a smaller
decline in pSS compared to controls
(mean: to 55.5 vs. 46.8% initial-dou-
blet, p=0.041). Additionally, a nega-
tive association was found between
the post-doublet and (log-transformed)
mean voluntary muscle activation dur-
ing the sustained MVC across both
groups (r=-0.70, p<0.001) indicating a
smaller decline in contractile function if
voluntary muscle activation was lower
(mainly pSS patients; see Discussion).

Modulators of self-reported fatigue
Higher levels of self-reported
fatigue in pSS participants
Self-reported fatigue was significantly
higher in pSS than controls (FSS mean:
4.4 vs.2.6,p<0.001) (Table III). Twen-
ty-six pSS patients (67%) but none of
the controls scored above the cut-off
for fatigue (FSS>4; 31). In pSS, mean
scores on the MFIS were 17.0 (£8.1)
for the physical domain and 14.9 (+8.0)
for the cognitive domain.

pSS patients reported higher

levels of perceived fatigability

Patients reported higher levels of
depressed mood (median: 3 wvs. O,
p<0.001) and anxiety (5 vs. 4, p=0.026)
than controls on the HADS (Table III).
The median score of ESSPRI ;. was 6
(range: 0-9) in pSS patients. The levels
of inflammatory biomarkers in blood
are provided in Table III.

Self-reported fatigue in pSS

was associated with performance

and perceived fatigability

Correlations between self-reported
fatigue, performance fatigability and
modulators of perceived fatigability
are shown in Table IV. Self-reported
fatigue assessed with MFIS , ., was
associated with measures of perfor-
mance fatigability: post-doublet, re-
flecting changes in contractile function
following the sustained MVC, as well
as (log-transformed) mean voluntary
muscle activation during the sustained
contraction (Fig. 4A).

Self-reported fatigue was also asso-
ciated with modulators of perceived
fatigability in pSS. ESSPRI ; was
associated with both FSS and MFIS-
shysicas SCOTES, HADS, o with FSS and
MFIS,,,iive» Whereas HADS i, Was
associated with all three fatigue assess-
ments. With regard to inflammatory
biomarkers, MFIS .. Was negative-
ly associated with IFN-y and TNF-a
(Table 1V). Both MFIS_ 4, and MFI-
S nysica Were negatively associated with
levels of MxA (rho=-0.49 and -0.37)
and CXCL10 (rho=-0.37 and -0.36, re-
spectively). Eleven out of 35 patients
(31%) were MxA negative and report-
ed higher levels of self-reported fatigue
than MxA positive patients on the FSS
(mean: 5.2 vs. 4.0), MFIS | ., (24.8
vs. 13.9) and MFIS .. (18.0 vs. 12.2,
all p<0.05). Interestingly, the two in-
terferon-associated proteins were posi-
tively associated with systemic disease
activity assessed with ESSDAI (MxA:
r=0.45, p=0.007, CXCL10: rho=0.48,
p=0.004).

Multivariable linear regression analy-
sis was performed to determine factors
which explain self-reported fatigue
in pSS. Variance in MFIS | ; , scores
was explained best by three predic-
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Fig. 3. Measures of performance fatigability.

Voluntary muscle activation (%) during the brief MVCs (A) and during the sustained MVC (B). (C) Post-doublet evoked after the sustained MVC. The box-
plots in panels A-C indicate the median and 25" and 75" percentile. (D) Time-course of the force decline during the sustained MVC, mean value per group,
error bars indicate standard deviations. (E) Relationship between voluntary muscle activation during the sustained MVC and the post-doublet following the
sustained MVC. MVC: maximal voluntary contraction.

tors (R’=0.47, p<0.001): HADS, . ,..csion>
force decline, and ESSPRI ; (Fig. 4C).
Inclusion of inflammatory biomarkers
did not explain more variance. Both
MFIS, i and FSS could be explained
best by HADS, .., (R*=0.39, p<0.001
and R?=0.25, p=0.002, respectively; all
n=37). When adding (log-transformed)
inflammatory biomarkers in blood, the
MFIS, e model improved signifi-
cantly with inclusion of IL-1f (from
R?=0.18 to R?>=0.34, p=0.015; n=35).

Voluntary muscle activation

was associated with pain and
depressed mood

Associations were also observed be-
tween mean voluntary muscle activa-
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tion and modulators of perceived fatiga-
bility (ESSPRI;,: rho=-0.34, p=0.042,
HADS it Tho=-0.37, p=0.024).
Lower levels of voluntary muscle ac-
tivation during the sustained contrac-
tion were recorded in pSS participants
reporting higher levels of pain or de-
pression, indicating that performance
fatigability and perceived fatigability
may interact. Inflammatory biomarkers
in blood were not associated with meas-
ures of performance fatigability.

Discussion

Fatigue is a major clinical symptom of
pSS and the objective was to explore
the basis of self-reported fatigue in pSS
by assessing both performance fatiga-

bility during a sustained muscle con-
traction as well as factors modulating
perceived fatigability. We observed that
voluntary muscle activation was sig-
nificantly lower in pSS patients during
the sustained MVC, indicating that task
performance was impeded by a reduced
capacity of the CNS to sustain optimal
drive to the muscle. Furthermore, self-
reported fatigue in pSS was associated
with parameters relating to performance
fatigability (decline in both voluntary
muscle activation and contractile func-
tion) as well as perceived fatigability
(including symptoms of pain, depres-
sion, and anxiety). Finally, in the case
of the MFIS , .., questionnaire a great-
er amount of variance in self-reported
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Table III. Self-reported fatigue and modulators of perceived fatigability.

pSS (n=39) Control (n=27)
Self-reported fatigue
FSS 44 (1.3) 2.6 (0.7)
FSS >4 26 (66.7%) 0 (0%)
MEFIS total 35.1 (15.6) -
MFIS , cu 17.0 (8.1) -
MFIS,,piive 149 (8.0) -
Perceived fatigability
HADS depression 3 (0-12) 0 (0-7)
HADS Anxiety 5 (1-13) 4 (0-8)
ESSPRI pain 6 (0-9)
Inflammatory biomarkers (n=35)
IFN-y (pg/mL) 5.54 (2.00-18.92) -
IL-1f (pg/mL) 0.05 (0.01-0.28) -
IL-6 (pg/mL) 0.57 (0.19-17.68) -
TNF-o (pg/mL) 1.54 (0.64-3.52) -
CXCLI10 (pg/mL) 160 (29-1000) -
MxA (ng/mL) 153.8 (10.0-913.7) -
MxA > 100 ng/mL 11 (31.4%) -

Data shown as mean (SD) or median (range).

fatigue could be explained by combin-
ing factors relating to both perceived-
and performance fatigability.

PSS patients had lower levels
of voluntary muscle activation
Patients showed significantly lower
levels of voluntary muscle activation
during the sustained MVC than con-
trols, but there was no difference in

the amount of force decline. In pSS,
the CNS has difficulties maintaining
an optimal drive to the muscles which
results in an attenuated use-dependent
decline in contractile function of the
muscle fibres (23). This is demonstrat-
ed by a smaller decline in the post-dou-
blet in pSS and by the negative corre-
lation between post-doublet and mean
voluntary muscle activation. The larger

Fatigue in pSS/ R.F. Prak et al.

decline in CNS drive in pSS patients
is similar to what has previously been
observed in another autoimmune dis-
ease, multiple sclerosis (26). In sum-
mary, performance fatigability reflects
changes in CNS drive and recording of
voluntary muscle activation provides
valuable insight with regards to the un-
derlying mechanisms.

A limitation of the twitch interpolation
technique, which was used to detect dif-
ferences in voluntary muscle activation
between pSS and controls, is that elec-
trical stimulation of a peripheral nerve
does not provide insight into where in
the nervous system the output failure
developed (23, 38). In pSS, neuropathy
could play a role in the decreased mus-
cle activation since ~11% of patients
have this disease manifestation (39,
40), though this percentage may even
be an underestimation (41). Neverthe-
less, the maximal compound muscle
action potential of the FDI muscle was
conserved in pSS participants (Table II,
FDI M, ,,) suggesting that motor neu-
ropathy was unlikely. Involvement of
the CNS has also been reported in pSS
but is relatively rare (<4% of patients)
(39, 40) and (known) neurologic in-
volvement was an exclusion criterion
in our study.

A more likely explanation for the lower
levels of voluntary muscle activation in

Table IV. Correlations between self-reported fatigue and modulators of performance- and perceived fatigability in pSS participants.

FSS MFISphysical MFIScognilive

COIT. p-value CoIT. p-value corr. p-value
Performance fatigability (n=37)
Force decline (%MVC) r 0.08 0.643 -0.17 0.322 0.08 0.649
Mean voluntary muscle activation’ (%) r -0.13 0.432 -0.37 0.026* -0.10 0.546
Post-doublet (%) r 0.06 0.726 043 0.008* 0.12 0.479
Perceived fatigability (symptoms, n=39)
ESSPRI pain rho 0.33 0.040* 0.51 0.001* 0.30 0.067
HADS depression rho 045 0.004* 0.45 0.004* 0.52 <0.001*
HADS anxiety rho 0.40 0.012%* 0.29 0.070 0.57 <0.001%*
Perceived fatigability (biomarkers, n=35)
IFN-vy (pg/mL) rho -0.18 0.308 -0.12 0.494 -0.36 0.035*
IL-1P (pg/mL) rho -0.09 0.626 -0.22 0.224 -0.34 0.057
IL-6 (pg/mL) rho 0.00 0.983 -0.04 0.835 -0.33 0.052
TNF-a (pg/mL) rho -0.04 0.807 -0.29 0.089 -0.36 0.032%*
MxA (ng/mL) rho -0.17 0.332 -0.49 0.003* -0.37 0.029*
CXCL10 (pg/mL) rho -0.25 0.144 -0.37 0.028* -0.36 0.033*

"Log-transformed.
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MFIS: Modified Fatigue Impact Scale; FSS: Fatigue Severity Scale; ESSPRI: EULAR Sjogren’s Syndrome Patient Reported Index; HADS: Hospital Anxi-

ety and Depression Scale.

pSS is that the CNS drive was influenced
by factors related to perceived fatigabil-
ity (38) (Fig. 1). Indeed, we observed
associations of voluntary muscle acti-
vation with pain and depression scores.
Pain can be regarded as a homeostatic
dysfunction (42), and the perception of
pain could affect voluntary motor out-
put via central pathways. Several studies
have shown reduced maximal force after
experimentally induced pain; some also
showed reductions in voluntary muscle
activation (43) though others found no
changes (44). Lower levels of voluntary
muscle activation have also been de-
scribed in fibromyalgia (45); a condition
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which is characterised by generalised
pain. However, in another study volun-
tary muscle activation during a fatiguing
motor task was not reduced in fibromy-
algia patients (22).

pSS fatigue is associated

with measures of performance

and perceived fatigability

In the present study, two-thirds of pSS
patients scored high on the fatigue
questionnaires, which is in line with
previous findings (5, 6, 46). With re-
gard to perceived fatigability, our study
confirmed the previously reported as-
sociations between self-reported fa-

tigue and symptoms of pain, depres-
sion, and anxiety in pSS (5, 19,47-51).
As new finding, we showed that pain
and depression can negatively affect
the CNS output resulting in a decline
in motor performance.

Negative associations with fatigue
were observed for several inflammato-
ry biomarkers. In particular, the two in-
terferon-associated proteins (MxA and
CXCL10) were negatively associated
with both subscales of the MFIS. These
findings confirm earlier data that pro-
inflammatory cytokine levels, as well
as markers of interferon activity, show
negative associations with self-reported
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fatigue in pSS (19, 20, 52, 53). It should
be noted, however, that not all studies
found such associations (47, 54, 55),
possibly owing to differences between
cohorts and the selection of biomark-
ers. The negative associations between
inflammatory biomarkers and fatigue
seem counterintuitive. Firstly, we ob-
served a positive association of the in-
flammatory biomarkers with systemic
disease activity (ESSDAI). Moreover,
there is some evidence to suggest that
IFN-o induces fatigue, since admin-
istration of recombinant cytokines in
cancer patients resulted in a significant
increase in symptoms of fatigue (56).
Howard-Tripp and colleagues (2016)
postulated that chronic inflammation
may lead to an exaggerated anti-inflam-
matory response that could promote
‘sickness behaviour’ including fatigue;
the negative association between pro-
inflammatory cytokines and fatigue
could therefore reflect a disbalanced
immune system.

Finally, for the MFIS ;. question-
naire, almost half the variance in self-
reported fatigue could be explained by
accounting for the force decline dur-
ing the sustained MVC (a measure of
performance fatigability) as well as
symptoms of pain and depression (both
measures of perceived fatigability),
indicating that both attributes of the
fatigue framework (3, 14) (Fig. 1) are
involved in pSS-related fatigue. Inflam-
matory biomarkers in blood did not help
to explain more variance in this model.

Conclusion

In conclusion, this study demonstrates
that performance in pSS, assessed dur-
ing a sustained MVC of a hand mus-
cle, was limited by a reduced capac-
ity of the CNS to sustain output to the
muscle. Furthermore, we identified a
relationship between self-reported fa-
tigue and objective decline in perfor-
mance in pSS. These findings indicate
that performance fatigability should be
considered when investigating fatigue.
Moreover, we have shown that self-
reported fatigue in pSS is a multifac-
torial symptom through associations
with both performance fatigability
(force decline) and perceived fatigabil-
ity (pain and depressed mood). Though

Clinical and Experimental Rheumatology 2022

the immune system may potentially
modulate fatigue, further research is
warranted to unravel the underlying
mechanism.
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