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Abstract

Objectives. Fatigue is a disabling symptom in people with RA. This study aims to describe the prevalence, risk
factors and longitudinal course of fatigue in early RA.

Methods. Demographic, clinical, quality of life (QoL), comorbidities and laboratory data were from the Early RA
Network (ERAN), a UK multicentre inception cohort of people with RA. Fatigue was measured using the vitality sub-
scale of the 36-item Short Form Health Survey, where higher values represent better QoL. Baseline prevalences of
fatigue classifications were age and sex standardized. Linear regression, hierarchical growth curve modelling and
group-based trajectory modelling (GBTM) were utilized.

Results. At baseline (n=1236, 67% female, mean age 57 years), the mean vitality was 41 (s.0. 11) and disease
duration was 11 months (interquartile range 7-18). Age- and sex-standardized prevalence rates of fatigue and se-
vere fatigue were 44% (95% CI 39, 50) and 19% (95% CI 15, 23), respectively. Fatigue changed little over 3years
and five measurement occasions f=-0.13 (95% Cl —0.23, —0.02). GBTM identified two subgroups, which we
named ‘Fatigue’ (53%) and ‘No-fatigue’ (47%). Female sex, worse pain, mental health and functional ability were
associated with greater fatigue and predicted Fatigue group membership (area under the receiver operating charac-
teristics curve =0.81). Objective measures of inflammation—swollen joint count and ESR—were not significantly
associated with fatigue.

Conclusions. Fatigue is prevalent and persistent in early RA. Diverse characteristics indicative of central mecha-
nisms are associated with persistent fatigue. Management of fatigue might require interventions targeted at central
mechanisms in addition to inflammatory disease modification. People who require such interventions might be iden-
tified at presentation with early RA.
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Rheumatology key messages

o Fatigue is prevalent and remains stable regardless of improvements in inflammatory disease activity.
o People with persistent fatigue could be identified early, representing targets for fatigue-lowering interventions.
o Traits indicative of central mechanisms are associated with persistent fatigue in early RA.

Introduction been reported to be between 40 and 70% [1-3]. This large
variation stems from a heterogeneous RA population, at
Fatigue is a common debilitating symptom in many mus-  various levels of disease activity, and from the use of dif-

culoskeletal diseases. In RA, the prevalence of fatigue has  ferent fatigue measurement tools. Fatigue is associated
with greater healthcare utilization and worse outcomes.
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Fatigue is also associated with huge economic conse-
quences, being responsible for sickness absence and loss
of employment, culminating in an overall poorer quality of
life (QoL) in these individuals [4].

Fatigue was recommended as a core outcome meas-
ure in RA clinical trials and a key symptom whose ab-
sence is required to indicate RA remission from the
patient’s perspective more than a decade ago.
However, in spite of the resulting increase in RA fatigue
research, the exact causal mechanisms remain elusive
[5]. Fatigue was traditionally thought to be a conse-
quence of an inflammatory process, but despite the
innovations in anti-inflammatory therapeutics, fatigue
remains a problem for many people with RA [6].

Several conceptual causal models have been pro-
posed, incorporating biopsychosocial and environmental
factors as direct and cumulative causal effects.
Supporting evidence is largely based on cross-sectional
studies and studies involving individuals with long-
standing disease [6, 7]. Few longitudinal studies de-
scribe the progression of fatigue over time, and a large
proportion of these studies include people with long-
standing disease and disease refractory to first-line anti-
rheumatic therapy [8]. Fatigue in RA has been character-
ized as persistent and stable over time or to improve in
some participant subgroups but persist in others.
Generalization from these study findings is limited by
small sample sizes and heterogeneity between study
populations and contexts [8-10].

Several studies have shown the benefit of early treat-
ment of RA on disease activity. Clinical trials have dem-
onstrated a small reduction in fatigue levels with the use
of biologic DMARDs (bDMARDs), although the extent to
which these findings can be generalized to other
DMARDs or to early RA is unknown [11]. This study
aims to characterize the prevalence and course of fa-
tigue and to identify characteristics associated or pre-
dictive of fatigue in people with early RA. We
hypothesized that groups of individuals may exist who
exhibit varying fatigue progression and that identification
of these discrete trajectory groups might already be
possible in individuals with early disease, based on
demographic or clinical characteristics.

Methods
Data sources

Data from the Early Rheumatoid Arthritis Network
(ERAN) were analysed. The ERAN has been described
in detail elsewhere [12]. In brief, people with a symptom
duration of <2years were recruited on clinician diagno-
sis of RA from outpatient clinics in the UK and Ireland
between 2002 and 2012. Participants were excluded
from the cohort if they were found to have an alternative
diagnosis at follow-up and thus were not analysed in
this study. If participants did not attend study visits at
their centre for any reason, they became lost to follow-up.

Demographic, clinical and laboratory data were col-
lected at baseline, 6 months and annually thereafter. The
ERAN contains a wealth of information on early RA and
has been used in several published articles on the epi-
demiology of early RA and in the development of
National Institute of Health and Care Excellence decision
rules [13]. Data from the first five assessment visits,
equivalent to 3years of follow-up, were used for longitu-
dinal analyses in this study. Ethical approval was from
the UK National Health Service (Trent Research Ethics
Committee reference 01/4/047). All participants gave
written informed consent and the study was conducted
in accordance with the Declaration of Helsinki. This
study was reported in accordance with the
Strengthening the Reporting of Observational Studies in
Epidemiology guidelines for cohort studies
(Supplementary Table S1, available at Rheumatology
online).

Measures

Outcome

Fatigue was measured using the vitality subscale of the
Medical Outcomes Study 36-item Short Form Health
Survey (SF-36) [14]. In accordance with the developer’s
scoring guidelines, UK population normalized values
were utilized, resulting in a 0-100 scale, with higher
scores signifying a better QoL. Vitality has good psycho-
metric properties and is often used to assess fatigue in
musculoskeletal research [14].

A binary (yes/no) fatigue variable was derived from the
vitality subscale to estimate fatigue prevalence. The
crude prevalence of fatigue and severe fatigue was esti-
mated as the proportion of participants with vitality <1
s.0. and 2 s.n. of the UK population mean score of 50,
respectively [15]. The minimum clinically important differ-
ence (MCID) of SF-36 vitality was 1 s.n. of UK normal-
ized values [16]. Prevalence values standardized to the
European standard population (ESP) 2013 were esti-
mated using the R statistical software ‘Epitools’ pack-
age (R Foundation for Statistical Computing, Vienna,
Austria) [17]. ESP is an artificial population structure
based on the population structures of European coun-
tries. It is used to estimate age- and sex-standardized
rates.

Exposures
Demographic characteristics self-reported age at the
onset of disease (in years), sex (male/female), ethnicity
(white/non-white), BMI (kg/m?) and smoking status
(never, current and ex) were included in the analysis.
Inflammation/disease activity was measured using
ESR (in mm/h), tender (TJC) and swollen joint counts
(SJC) in 28 joints, each scaled 0-28, and the Patient’s
Global Assessment of Disease Activity (PGA) on a 0-
100 mm visual analogue scale [18]. In addition, the 28-
joint DAS (DAS28), a composite index of disease activity
comprising TJC, SJC, PGA and ESR, was assessed
[19]. Seropositivity was classified according to the
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presence of RF and/or positive or borderline anti-CCP
antibodies [20]. The presence or absence of nodules on
clinical examination was also assessed.

Comorbidities were assessed using the Rheumatic
Disease Comorbidity Index (RDCI) [21].

Pain and mental health were measured with the SF-36
bodily pain (SF36BP) and mental health (SF36MH) sub-
scales, respectively. Like vitality, these subscales were
normalized to the UK population on a 0-100 scale, with
higher values representing a better QoL. The SF36MH
assesses mental symptoms and psychological well-being
[22, 23].

Disability/functional limitation was measured using the
HAQ Disability Index (HAQ-DI). This questionnaire
assesses the level of functional ability by examining
functional activities such as walking, eating, reach, grip
and usual activities. It is scored on a scale of 0-3, with
higher scores indicating greater disability [24].

Medication use was represented by a binary (yes/no)
variable, with the affirmative comprising participants pre-
scribed DMARDs.

Disease duration was measured by the self-reported
time since that onset of symptoms (in months).

Time was assessed as the study measurement occa-
sion. The first measurement occasion was defined as
that at baseline and the second was at 3-6months.
Subsequent measurements were conducted annually
from the baseline. Data were used up to the fifth meas-
urement occasion (3 years from baseline).

Statistical analysis

The overall study sample comprised data from the first
five measurement occasions. Data for subsequent meas-
urement occasions were excluded due to high attrition
rates. Sample data were summarized using descriptive
statistics at baseline and at each measurement occasion.

Factors associated with baseline vitality scores were
examined using Spearman’s correlation coefficients
whose magnitudes were interpreted according to pub-
lished guidelines [25]. Baseline vitality scores were also
examined using univariate and multiple linear regression,
with robust standard errors. Multicollinearity was tested
using the variance inflation factor (VIF). Residuals were
examined graphically to assess linear regression
assumptions.

Individuals with three or more vitality measurements
were included in the longitudinal analysis using hierarch-
ical growth curve analysis. Models with random inter-
cepts for person and a random slope for person and
time were used to capture between-person variability
over time [26]. Linear, quadratic and linear spline trajec-
tories were investigated. Following trajectory selection,
the unconditional (model without covariates) and condi-
tional (with covariates) models were examined. The
model that best suited the data based on the Bayesian
information criterion (BIC), log-likelihood (LL) and Akaike
information criterion (AIC) was selected [27]. Missing
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data were considered missing at random (MAR) and
handled using multiple imputation using chained equa-
tions, accounting for the longitudinal structure of the
data. A total of 100 imputations using 10 burn-in itera-
tions were conducted using the ‘miceadds’ R package
[28, 29].

Fatigue trajectories were investigated using group-
based trajectory modelling (GBTM). GBTM is an applica-
tion of finite mixture models that gathers individuals into
subgroups with similar growth trajectories based on the
estimated probability of group membership. Model fit
was assessed using AIC, BIC, LL and entropy. Entropy
indicates how well groups are separated and how well
individuals fit into their respective groups [30]. The re-
sultant group assignment was assessed using posterior
probabilities and odds of correct classification. Posterior
probabilities are the probabilities of group membership
derived from parameter estimates of the model. An
average posterior probability of >0.7 and odds of cor-
rect classification >5 for each group were deemed ac-
ceptable [31]. GBTM was conducted using the Stata
‘Traj’ plugin [31].

Baseline risk factors for fatigue group membership
were investigated using univariate and multivariable lo-
gistic regression analysis. Model discrimination was
examined using the area under the receiver operating
characteristics (ROC) curve.

Sensitivity analyses were conducted by restricting the
study population to participants who had a self-reported
disease duration of <6 months and restricting longitudin-
al analysis to participants with five complete vitality
measurements.

Analyses were performed using Stata 16 (StataCorp,
College Station, TX, USA) and R. P-values <0.05 were
considered  statistically  significant unless stated
otherwise.

Results

The ERAN sample at baseline comprised 1236 partici-
pants, 992 of whom had vitality scores recorded at base-
line. Three or more vitality scores were recorded by the
fifth measurement occasion for 792 participants, with vital-
ity scores for 493 individuals in year 3 (Supplementary Fig.
S1, available at Rheumnatology online).

Table 1 describes the study sample at baseline. The
sample was predominantly female (67%), of white ethni-
city (96%), with a mean age of 57 years (s.0. 14) and a
mean vitality score of 41 (s.p. 11). A total of 61% of par-
ticipants were seropositive. The mean pain and mental
health scores at baseline were 33 (s.n. 10) and 42 (s.D.
11), respectively, and the median disease duration was
11 months [interquartile range (IQR) 7-18]. The mean
baseline DAS 28 with ESR (DAS28-ESR) was 4.7 (s.p.
1.6). Descriptive characteristic of the ERAN population
at each measurement occasion showed an improvement
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TasLe 1 Overview of the ERAN population at baseline

Characteristics Values

SF-36 vitality, mean (s.p.)
Demographics
Age at onset, years, mean (s.pn.)

41.82 (11.14)

57.01 (14.03)

Female, n (%) 839 (67.88)
White ethnicity, n (%)* 1196 (97.00)
BMI, kg/m?, median (IQR) 26.84 (16.80-29.76)
Never smoker, n (%) 477 (40.02)
Ex-smoker, n (%) 404 (33.89)
Current smoker, n (%) 311 (26.09)
Disease activity/inflammation

DAS28-ESR, mean (s.n.) 4.68 (1.56)
TJC, median (IQR) 5.00 (2-11)
SJC, median (IQR) 4.00 (1-9)
Seropositive, n (%) 655 (61.04)
Erosions present, n (%) 331(29.4)
Nodule present, n (%) 100 (9.52)
Haemoglobin, mg/dIl, mean (s.n.) 13.10(1.44)

ESR, mm/h, median (IQR)
PROMSs, mean (s.p.)

24.00 (12-41)

SF36BP 33.77 (10.63)
SF36MH 46.34 (11.15)
HAQ 1.08 (0.76)
PGA 43.50 (25.6)
Medication/comorbidity

Medication use, n (%) 935 (78.31)
RDCI, median (IQR) 1.00 (0-2)

Disease duration, months, median (IQR) 12.00 (7-18)

PROMs: patient-reported outcome measures.

in disease activity/inflammatory characteristics (TJC,
SJC, PGA, DAS28-ESR) and HAQ (Supplementary Table
S2, available at Rheumatology online).

Prevalence and associations of fatigue at baseline

More than 75% of the study population reported lower
vitality scores than the mean UK general population
value of 50. The age- and sex-standardized prevalence
of fatigue and severe fatigue at baseline was 44% (95%
Cl 39, 50) and 19% (95% CI 15, 23), respectively.
Similar prevalence values were seen in participants with
a disease duration of <6months (Supplementary Table
S3, available at Rheumatology online).

Pain and mental health scores showed moderate
positive correlation with vitality scores at baseline
(r=0.54 and 0.61, respectively; P <0.05). The HAQ was
negatively correlated with vitality (r=-0.50, P <0.05).
Associations between vitality scores and other variables
at baseline were weak (Supplementary Table S4, avail-
able at Rheumatology online).

Female sex, worse pain, mental health, TJC, SJC,
PGA, haemoglobin, SJC, RDCI, ESR, DAS28-ESR and
higher BMI were significantly associated with vitality at
baseline in the Dbivariate regression analysis
(Supplementary Table S5, available at Rheumatology

online). Table 2 describes the multivariable linear regres-
sion analysis; female sex, worse mental health, pain,
HAQ and TJC were significantly associated with vitality.
Collectively these characteristics explained about half of
the vitality variability at baseline (R®=0.49). Mental
health and pain showed the largest contribution to vital-
ity (standardized p=0.42 and 0.24, respectively).
Multicollinearity was not detected (mean VIF=1.47,
none >2) and linear regression assumptions were not
violated (Supplementary Fig. S2A and B, available at
Rheumatology online).

Course of fatigue over time

A total of 729 participants were included in the longitu-
dinal analysis. These participants appeared similar to
the total ERAN population in terms of measured covari-
ates  (Supplementary Table S6, available at
Rheumatology online). Missing data proportions are pro-
vided in Supplementary Fig. S8, available at
Rheumatology online.

Mean vitality remained relatively stable throughout the
period of the study with little variability between meas-
urement occasions (Fig. 1 and Supplementary Fig. S4,
available at Rheumatology online). The linear growth
model was selected as the best fit to the data based on
fit statistics (Supplementary Table S7A and B, available
at Rheumatology online). From the unconditional linear
growth model (model without covariates), the mean vi-
tality score at baseline was 42.32 (95% CI 41.58, 43.06),
with an increase in vitality over the study duration of
B=0.19 (95% CI 0.05, 0.33) at each measurement occa-
sion. The fully conditional model showed little change
over time [p=-0.13 (95% Cl -0.23, —0.02)] and the
slope of the vitality trajectory was not affected by the
presence of covariates (Supplementary Table S8, avail-
able at Rheumatology online).

GBTM

The GBTM analysis of vitality scores revealed two tra-
jectory groups, which we named the ‘Fatigue’ (47%)
and ‘No-fatigue’ (53%) groups (Fig. 2). The two-trajec-
tory group estimates had a lower AIC, BIC and LL and a
higher entropy than a three-trajectory group model
(Supplementary Table S9, available at Rheumatology on-
line). The average posterior probabilities and odds of
correct classification were 94% and 13.7 for the Fatigue
group and 95% and 21.19 for the No-fatigue group, re-
spectively (Supplementary Table S10, available at
Rheumatology online). Participants in the No-fatigue
group had a mean vitality score of 49.67 (95% CI 48.70,
50.64), while in the Fatigue group the mean vitality score
was >1 s.0. less than the average population levels,
35.23 (95% CI 34.45, 36.00) (Supplementary Table S11,
available at Rheumatology online).

Table 3 describes the baseline characteristics of the
vitality trajectory groups. Individuals in the Fatigue group
were predominantly female, had a higher DAS28, worse
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TaBLE 2 Multivariable predictors of vitality at baseline

Fatigue in early rheumatoid arthritis

Multivariable linear regression (n = 973, R? = 0.49)

Characteristic Unit
Age at onset Years
Sex Female
TJC 0-28
Pain 0-100
Mental health 0-100
HAQ 0-3

Coefficient (95% CI) Standardized values
0.01(—0.03, 0.05) 0.01

—2.00(-3.11, —0.86)° —0.08

—0.10 (=0.19, —0.02)" —0.06
0.21(0.15, 0.28)" 0.24
0.42 (0.36, 0.47)" 0.42

—2.43 (-8.37, —1.50)° -0.17

*P < 0.05. Values are linear regression coefficients.
Fie. 1 Vitality trajectories over measurement occasions

o
~

50

SF36 Vitality
40

Time (Years)

Fic. 2 Vitality trajectory groups based on GBTM analysis

70
1

60

50

SF36 Vitality

30

20
Il

Time (Years)

----- Fatigue 526% = No Fatigue 47.4%

pain and mental health and worse HAQ and PGA than
those in the No-fatigue group. Table 4 shows the results
of the univariate and multivariable regression analysis
estimating the association between baseline characteris-
tics and group membership. Female sex, higher BMI,
higher HAQ, worse mental health, worse pain, higher
DAS28 and higher RDCI at baseline were all associated

https://academic.oup.com/rheumatology

with the Fatigue group. The area under the receiver
operating characteristics curve was 0.81
(Supplementary Fig. S5, available at Rheumatology
online).

Sensitivity analysis showed similar results when data
from participants who had a disease duration of
<6months at baseline or from participants with five
complete SF-36 vitality measurements were analysed
(Supplementary Tables S12A to 13B, available at
Rheumatology online). Analyses using unimputed data
also provided similar results.

Discussion

Fatigue is prevalent in early RA and associated with
worse patient-reported outcomes even in early disease.
Our study found that in early RA, more than half of the
RA population experienced clinically significant fatigue.
Fatigue remained persistent and did not undergo a clin-
ically significant change over time. Females with worse
mental health, pain and functional ability at presentation
with RA were more likely to experience fatigue through-
out the course of disease.

Our study aligns with previous studies that reported
similar high prevalence rates in established RA in both
UK and non-UK populations [1, 2], highlighting the prob-
lem across the disease course and in different
populations.

This study assessed the course of fatigue over the
first 3years of RA and overall the mean vitality scores
were remarkably stable over the duration, with values
less than the MCID of vitality [16], meaning that people
with fatigue at baseline continued to report fatigue longi-
tudinally. A deeper examination of the data using trajec-
tory analyses found two distinct groups, with and
without fatigue. This result reflects our findings on the
prevalence of fatigue, as not all people experience clin-
ically important fatigue in RA; however, those who ex-
perience fatigue at baseline continued to report fatigue
at follow-up.

We identified that female sex, pain, mental health and
functional ability showed a consistent association with
fatigue when examined cross-sectionally and predicted
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TasLe 3 Baseline characteristics based on trajectory groups

Characteristic i Baseline

Group 1 (Fatigue; n = 391) Group 2 (No-fatigue; n = 338)

Demographics

Age at onset, mean (s.p.) Years 56.44 (13.06) 56.67 (14.00)
Sex, n (%) Female 292 (74.68) 201 (59.47)
White ethnicity, n (%) Yes 384 (98.21) 325 (96.15)
BMI, median (IQR) kg/m? 27.91 (24.75-31.63) 26.29 (23.72-29.36)
Smoking status, n (%)

Never 137 (36.05) 143 (43.73)
Current 109 (28.68) 78 (23.85)
Ex-smoker 134 (35.26) 106 (32.42)
Disease activity/inflammation

DAS28-ESR, mean (s.p.) 5.14 (1.47) 4.39 (1.53)
TJC, median (IQR) 0-28 8 (3-14) 4(1-9)
SJC, median (IQR) 0-28 5(2-10) 4(1-9)
Seropositive, n (%) Yes 211 (63.94) 178 (61.38)
Erosions, n (%) Yes 113 (30.87) 100 (32.36)
Nodules, n (%) Yes 36 (10.11) 28 (9.21)
Haemoglobin, mean (s.p.) mg/dl 13.08 (1.40) 13.15(1.46)
ESR, median (IQR) mm/h 27 (13-47) 20 (12-36)
PROMs, mean (s.p.)

SF36BP 0-100 29.21 (9.14) 37.90 (9.14)
SF36VT 0-100 35.20 (8.51) 49.09 (8.39)
SF36MH 0-100 42.33(10.84) 52.02 (9.15)
HAQ 0-3 1.29 (0.72) 0.79 (0.67)
PGA 0-100 50.74 (23.60) 35.92 (24.09)
Comorbidity/medication

RDCI, median (IQR) 0-9 1(0-2) 0(0-1)
Medication, n (%) Yes 318 (81.33) 291 (86.09)
Disease duration, median (IQR) Months 12 (7-23) 13 (8-21)

SF36VT: SF-36 vitality.

TaBLE 4 Baseline predictors of vitality group membership

Variable Univariate logistic regression Multiple logistic regression

Unit OR (95% Cl) OR

Age Years 1.01(0.99, 1.02) 1.01 (0.99-1.02)
BMI kg/m? 1.07° (1.02, 1.11) 1.06 (1.02-1.10)
HAQ 0-3 1.57" (1.09, 2.27) 1.69" (1.22-2.33)
Mental health 0-100 0.94°(0.92, 0.96 0.94" (0.92-0.96)
Bodily pain 0-100 0.95 (0.93, 0.98) 0.96" (0.93-0.98)
Female Yes 1.717(1.08, 2.71) 1.94" (1.28-2.95)
Comorbidities (RDCI) 0-9 1.56  (1.20, 1.54) 1.32" (1.12-1.56)
PGA 0-100 1.00 (0.99, 1.01)
TJC 0-28 1.02 (0.99, 1.06)
SJC 0-28 1.02 (0.99, 1.04)
ESR mm/h 0.99 (0.99, 1.00)
Medication Yes 0.83(0.48, 1.46)
DAS28-ESR 1.40" (1.25, 1.56)

*P <0.05. Univariate and multiple logistic regressions with odds ratios (ORs) with 95% CI. Multiple logistic regression
model included age, sex and additional variables significantly predictive of vitality group membership in univariate analysis,
except that DAS28-ESR was excluded due to substantial collinearity with component indices.
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people more likely to belong to the Fatigue group. This
concurs with findings from another study [32] and is mir-
rored in people with inflammatory and non-inflammatory
diseases, including post-viral fatigue and post-
chemotherapy fatigue [33, 34]. Interestingly, many RA-
related characteristics such as inflammation and dur-
ation of disease were not consistently significantly asso-
ciated with fatigue cross-sectionally and longitudinally in
our analyses [35]. These results corroborate findings
from other cross-sectional studies that found little asso-
ciation between traditional measures of inflammation
(ESR and CRP) and fatigue [36, 37]. Although some pre-
vious studies reported an association between inflam-
mation and fatigue, these studies used either univariate
analysis or a composite measure of disease activity (e.g.
DAS28) [32, 38]. In addition, fatigue has been demon-
strated to persist in the presence of well-controlled in-
flammatory disease and in conditions with no strong
evidence of a systemic inflammatory component (e.g.
fibromyalgia) [39].

Female sex and worse mental health, pain and func-
tional capacity were consistently associated with fatigue
in our study. These factors, and indeed fatigue, are
components of a cluster of characteristics described as
fibromyalgianess. Fibromyalgianess is associated with
central sensitization, involving hyperexcitement of the
central neurons characterized by amplification of nox-
ious stimulus and increased sensitivity to environmental
stimuli such as heat or light [40]. Central sensitization is
an established pain mechanism in musculoskeletal dis-
eases and evidence of an association with fatigue has
been reported [41]. Central sensitization could explain
fatigue persistence and association with pain, metal
health and lower functional capacity and overall worse
outcomes even in the presence of well-controlled inflam-
matory disease [42, 43].

It is noteworthy that randomized controlled trials
(RCTs) showed a small improvement in fatigue levels
after 6months of follow-up after treatment with
bDMARD therapies, although these studies did not
examine the long-term changes in fatigue [44]. It
remains possible therefore that fatigue may originate
from an inflammatory process, whereby pro-inflamma-
tory cytokines fundamental to the development of an im-
mune response trigger long-term changes in brain
architecture, neural pathways and sensitization, culmi-
nating in central sensitization and fibromyalgianess [45].

RCTs have also demonstrated a therapeutic ‘window
of opportunity’ in RA management associated with bet-
ter outcomes in terms of radiological damage and dis-
ability [11]. There is some debate about the duration of
this therapeutic window, however, up to 2years post-
diagnosis is supported by the literature. It is proposed
that intervening while the disease process is less mature
and more reversible would facilitate modulation of the
disease. This non-linear progression has been demon-
strated in studies describing disease activity, pain and
psychological distress in RA [12]. Our study, although
not designed to examine the effect of treatment,

https://academic.oup.com/rheumatology

Fatigue in early rheumatoid arthritis

revealed that fatigue was present at the start of RA and
underscores another consideration that the causes of fa-
tigue may occur much earlier in the disease course,
possibly even in preclinical stages of the disease. More
studies in populations at risk of developing RA may pro-
vide greater insights into the mechanisms of fatigue [46].

Previous studies on the progression of fatigue in estab-
lished RA identified additional groups with improving fa-
tigue and worsening fatigue. In one of the studies,
individuals were assigned to groups a priori based on val-
ues of the fatigue measure on a population starting
bDMARD therapy [8]. The improving fatigue group could
result from higher baseline fatigue in the study population
and/or better control of inflammation with the initiation of
bDMARD therapy. Another study found two persistent fa-
tigue groups in women only; in contrast, our study did
not elicit the effect of sex on trajectory groups, although
females had lower starting fatigue than males in our
study population. Overall, the pattern of persistent fatigue
in certain groups of individuals with RA was consistent
across all studies [8, 47].

Current RA treatment guidelines include therapeutic
management with DMARDs and access to a multidisciplin-
ary team to manage other symptoms that affect the QoL
of these individuals, including fatigue. There is little pub-
lished data on the uptake of these services and a paucity
of information on specific interventions geared towards the
management of symptoms in people with RA, suggesting
that they are not used very frequently. This is probably
due to the hope that improving control of inflammatory
disease might resolve other problematic symptoms, and
maybe also the challenges of identifying people with defin-
ite central sensitization. Additional tools to identify people
with central mechanism traits in clinical practice are being
developed and would provide a means to identify individu-
als who may require additional treatments beyond periph-
eral pain and inflammation [48, 49].

This study is subject to some limitations. High attrition
rates precluded the inclusion of additional time points to
the longitudinal analysis. However, GBTM produces un-
biased results under the MAR assumption [30] and we
did not detect an effect from attrition on our findings.
Data were assumed to be missing at random. Results
may be subject to bias if data were missing not at ran-
dom, although sensitivity analyses using unimputed data
provided similar findings. Cases were eligible for partici-
pation in the ERAN if they had a physician diagnosis of
RA, and were subsequently excluded if the clinical diag-
nosis was revised. However, it remains possible that
some participants may have been inadvertently included
with diagnoses other than RA.

RA treatment strategies have evolved since the incep-
tion of this cohort and it is not clear if these new treat-
ment strategies would present a different picture. This
study did not address some notable factors associated
with fatigue (e.g. sleep quality). Univariate GBTM was
used, but perhaps modelling joint trajectories of other sig-
nificant fatigue risk factors would provide more insight into
the nature of heterogeneity observed in this analysis.
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Conclusion

Fatigue is a prevalent symptom in RA, even in early dis-
ease. Those with fatigue at baseline were likely to con-
tinue to report fatigue at follow-up. Diverse baseline
characteristics indicative of central mechanisms are
associated with persistent fatigue. Management of fa-
tigue might require complex interventions targeted at
central mechanisms in addition to disease modification,
and people who require such interventions might be
identified at presentation with early RA.
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Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod
tempor incididunt ut labore et dolore magna aliqua. Ut enim ad minim
veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea
commodo consequat. Duis aute irure dolor in reprehenderit in voluptate
velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat
cupidatat non proident, sunt in culpa qui officia deserunt mollit anim id
est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed
do eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim
ad minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip
ex ea commodo consequat. Duis aute irure dolor in reprehenderit in
voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint
occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit
anim id est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing
elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi
ut aliquip ex ea commodo consequat. Duis aute irure dolor in
reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur.
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia
deserunt mollit anim id est laborum. Lorem ipsum dolor sit amet,
consectetur adipiscing elit, sed do eiusmod tempor incididunt ut labore et
dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation
ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure
dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla
pariatur. Excepteur sint occaecat cupidatat non proident, sunt in culpa
qui officia deserunt mollit anim id est laborum. Lorem ipsum dolor sit
amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt ut
labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud
exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat.
Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore
eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident,
sunt in culpa qui officia deserunt mollit anim id est laborum. Lorem
ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam,
quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo
consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse
cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat
non proident, sunt in culpa qui officia deserunt mollit anim id est
laborum. Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do
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eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim ad
minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex
ea commodo consequat. Duis aute irure dolor in reprehenderit in
voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint
occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit
anim id est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing
elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi
ut aliquip ex ea commodo consequat. Duis aute irure dolor in
reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur.
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia
deserunt mollit anim id est laborum. Lorem ipsum dolor sit amet,
consectetur adipiscing elit, sed do eiusmod tempor incididunt ut labore et
dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation
ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure
dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla
pariatur. Excepteur sint occaecat cupidatat non proident, sunt in culpa
qui officia deserunt mollit anim id est laborum. Lorem ipsum dolor sit
amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt ut
labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud
exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat.
Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore
eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident,
sunt in culpa qui officia deserunt mollit anim id est laborum. Lorem
ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam,
quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo
consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse
cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat
non proident, sunt in culpa qui officia deserunt mollit anim id est
laborum. Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do
eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim ad
minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex
ea commodo consequat. Duis aute irure dolor in reprehenderit in
voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint
occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit
anim id est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing
elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua.
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Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi
ut aliquip ex ea commodo consequat. Duis aute irure dolor in
reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur.
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia
deserunt mollit anim id est laborum. Lorem ipsum dolor sit amet,
consectetur adipiscing elit, sed do eiusmod tempor incididunt ut labore et
dolore magna aliqua. Ut enim ad minim veniam, quis nostrud exercitation
ullamco laboris nisi ut aliquip ex ea commodo consequat. Duis aute irure
dolor in reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla
pariatur. Excepteur sint occaecat cupidatat non proident, sunt in culpa
qui officia deserunt mollit anim id est laborum. Lorem ipsum dolor sit
amet, consectetur adipiscing elit, sed do eiusmod tempor incididunt ut
labore et dolore magna aliqua. Ut enim ad minim veniam, quis nostrud
exercitation ullamco laboris nisi ut aliquip ex ea commodo consequat.
Duis aute irure dolor in reprehenderit in voluptate velit esse cillum dolore
eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat non proident,
sunt in culpa qui officia deserunt mollit anim id est laborum. Lorem
ipsum dolor sit amet, consectetur adipiscing elit, sed do eiusmod tempor
incididunt ut labore et dolore magna aliqua. Ut enim ad minim veniam,
quis nostrud exercitation ullamco laboris nisi ut aliquip ex ea commodo
consequat. Duis aute irure dolor in reprehenderit in voluptate velit esse
cillum dolore eu fugiat nulla pariatur. Excepteur sint occaecat cupidatat
non proident, sunt in culpa qui officia deserunt mollit anim id est
laborum. Lorem ipsum dolor sit amet, consectetur adipiscing elit, sed do
eiusmod tempor incididunt ut labore et dolore magna aliqua. Ut enim ad
minim veniam, quis nostrud exercitation ullamco laboris nisi ut aliquip ex
ea commodo consequat. Duis aute irure dolor in reprehenderit in
voluptate velit esse cillum dolore eu fugiat nulla pariatur. Excepteur sint
occaecat cupidatat non proident, sunt in culpa qui officia deserunt mollit
anim id est laborum. Lorem ipsum dolor sit amet, consectetur adipiscing
elit, sed do eiusmod tempor incididunt ut labore et dolore magna aliqua.
Ut enim ad minim veniam, quis nostrud exercitation ullamco laboris nisi
ut aliquip ex ea commodo consequat. Duis aute irure dolor in
reprehenderit in voluptate velit esse cillum dolore eu fugiat nulla pariatur.
Excepteur sint occaecat cupidatat non proident, sunt in culpa qui officia
deserunt mollit anim id est laborum.
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