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Abstract
Objective
In a cohort of early rheumatoid arthritis (RA) patients, we aimed to determine and characterise fatigue trajectories
over 10 years of follow-up and identify predictors of trajectory membership.

Methods
We selected patients fulfilling the 2010 ACR/EULAR criteria for RA included in the ESPOIR cohort. We used a cluster
analysis to obtain fatigue (assessed by fatigue visual analogue scale) trajectories over the course of 10 years from
enrolment. Chi-square tests or ANOVA were performed to evaluate differences of baseline variables between fatigue
trajectories. Using a multinomial logistic regression we were able to identify predictors of trajectory membership.

Results
We analysed 598 patients with mean disease duration at enrolment of 26.2+40.9 days. Cluster analysis revealed 3
trajectories: high (18%), moderate (52%) and low fatigue (30%). Compared to patients with moderate or low fatigue
trajectory, patients with high fatigue trajectory were predominantly women and reported significantly higher duration
and intensity of morning stiffness, HAQ score, tender joints count, levels of pain, number of awakenings due to arthritis,
frequency of fibromyalgic RA, levels of physician and patient global assessment, more frequent sleep problems, and in-
creased psychological distress. Female patients with pain, psychological distress and presence of sicca symptoms
had a higher risk of being in the high trajectory group.

Conclusion
These findings suggest that levels of fatigue are rather stable over time in each trajectory. Baseline clinical measures
and baseline patient-reported measures of functional status better distinguished the three fatigue trajectories.
We did not find any differences between trajectories in baseline laboratory measures. Inflammatory activity was not
a predictor of being in the high trajectory fatigue group.
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Introduction

Fatigue is one of the most prevalent
symptoms (40-80%) reported by per-
sons with rheumatoid arthritis (RA)
(1-6). RA-related fatigue is a complex
concept with biological, psychological
and social interactions (5, 7, 8).

It is recommended that RA-related fa-
tigue should be measured in all RA
studies, using a validated instrument
(9-11). It is known that patients and
clinicians have different priorities (12).
From a patient perspective, fatigue is
one of the most important manifesta-
tions to address and it is defined as
an uncontrollable and overwhelming
symptom (13-15). There are three as-
pects of impact disease that require
assessment. This was developed by pa-
tients and researchers and termed the
“impact triad”; the severity of an out-
come, its importance to the patient, and
patient ability to self-manage it. It is
important to consider how symptom se-
verity and self-management may influ-
ence patient priorities or the importance
of outcomes for an individual (16).
However, no current treatment has
been described other than standard
pharmacological treatment (17).
Consistent with past analyses in estab-
lished RA, the strongest correlates of
RA related- fatigue were pain (1,2, 18-
20), psychological distress (2, 18, 21-
24) and physical disability (1, 15).

It has been shown that fatigue in RA
is correlated with disease activity (25-
28). However, a recent systematic re-
view found no link between fatigue and
inflammatory activity (29). This asso-
ciation is thus complex and far from
clear-cut (30)

To date, few longitudinal studies for
fatigue starting in early-RA exist (24,
27, 28, 31). They showed that fatigue
is present and related to female gen-
der (27, 28, 31), younger age (27, 31),
swollen and tender joint count (31),
smoking (27), pain (28), disease activ-
ity (28) and mental health (28). To our
knowledge, there has been no study
that has characterised fatigue trajecto-
ries in early RA.

The present work set out to identify tra-
jectories of long-term fatigue course in
patients with early RA and to explain
differences between theses subgroups.

The identification of distinct longitu-
dinal fatigue trajectories and their re-
lation with specific patient or illness
related aspects can provide the oppor-
tunity to know about fatigue in early
RA and might provide indications for
tailored interventions.

Materials and methods

Study population

We used data from the ESPOIR cohort.
ESPOIR is a prospective observational
cohort of patients with early arthritis
promoted by the French Society of
Rheumatology. A total of 813 patients
(aged between 18-70 years) with early
inflammatory arthritis (disease dura-
tion <6 months) and probable clinical
diagnosis of RA or undifferentiated ar-
thritis were enrolled between Decem-
ber 2002 and March 2005 in 14 French
academic regional centres. Patients
were naive to disease-modifying anti-
rheumatic drugs. Corticosteroids were
permitted only if prescribed for <2
weeks and with a maximum mean dose
of 20 mg/week (32, 33).

Follow-up

Patients were followed with clinical
and laboratory examinations at base-
line and after 6, 12, 18, 24, 36, 48, 60,
72,84,96, 108 and 120 months.

For the current study, we selected those
patients fulfilling the 2010 ACR/EU-
LAR criteria for RA at the 12-month
(M12) visit.

Data collection

Demographic variables: age (years),
gender (male/female), smoking status
(yes/no), educational level (university/
primary or secondary school) and mar-
ital status (couple/single)

Laboratory measures: haemoglobin
(mg/dL), C-reactive protein (CRP)
(mg/L) erythrocyte sedimentation rate
(ESR) (/mg/L), positivity or negativity
of anti-cyclic citrullinated peptide an-
tibody (anti-CCP) (enzyme-linked im-
munosorbent assay (ELISA), DiaSorin,
positive 50 units/mL) and rheumatoid
factor (RF) (ELISA, Menarini, positive
9 IU/mL)

Clinical history: number of awakenings
due to arthritis, sleep problems (yes/
no), initial pattern of joint involvement
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(acute/chronic), joint symptoms (Sym-
metric/asymmetric), oligo or polyar-
ticular at onset of symptoms (yes/no),
presence of fever at onset of symptoms
(yes/no), menopausal status (yes/no),
history of thyroid problems (yes/no),
history of diabetes (yes/no) and pres-
ence of sicca symptoms at the time of
assessment (as indicated by the rheu-
matologist) (yes/no)

Clinical examination and disease-rel-
ated data: fatigue (fatigue VAS), func-
tional capacity assessed by the Health
Assessment Questionnaire (HAQ) (0-3
scale), Disease Activity Score in 28
joints (DAS28), swollen joint count
(S8JC), tender joint count (TJC) morn-
ing stiffness severity (range 0-100
VAS) and duration (min), and body
mass index (BMI) (kg/m?), pain (SF-36
pain scale transformed to a 0—100 score
range), patient and physician global
assessment (VAS 0-100), five-item
Mental Health Inventory questionnaire
(MHI-5) (a screening tool for identify-
ing depressive or anxiety symptoms,
lower scores indicate major psycho-
logical distress) (34). Fibromyalgic RA
(defined as having TJC/SJC=7) (35).
Radiological characteristics: presence
or absence of erosions.

Statistical analysis

Patient characteristics: Descriptive data
are presented as mean + standard devia-
tion (SD) or frequencies and percentage.
Fatigue trajectories: A hierarchical ag-
glomerative clustering procedure with
Ward’s method was used to obtain fa-
tigue trajectories over the course of 10
years from enrolment. Analysis was
performed in all patients who complet-
ed four or more visits over 10-year pe-
riod. To avoid the exclusion of patients
with missing values in some visits, an
imputation of missing data was made
using the maximisation expectation al-
gorithm. This method allows adjusting
parametric models for incomplete data
using maximum likelihood.
Description of baseline characteristics
of fatigue trajectories: Bivariate analy-
ses were performed to compare base-
line variables between the 3 fatigue tra-
jectories. Chi-square test and ANOVA
were used for qualitative and quantita-
tive variables respectively.
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Table I. Demographic and clinical characteristics at baseline of the 598 patients with early RA.

Baseline characteristics Values
Female* 459 (76.8)
Age at disease onset, years 48.7 (12.1)
Marital status (couple)* 434 (72.8)
Education level (secondary school)* 190 (31.8)
Menopausal* 219 (47.9)
Smoking status® 277 (46.5)
Initial pattern of the joint involvement (acute)* 456 (76.5)
Joint symptoms (symmetric)* 356 (59.7)
Oligo-polyarticular at onset* 484 (81.2)
Fever at RA onset* 53 (8.9)
Anti-CCP antibodies positive™® 289 (48.5)
Rheumatoid factor-positive* 308 (51.7)
Haemoglobin (mg/dL) 12.9 (1.3)
CRP (mg/L) 23.5 (35.7)
ESR (mm/hour) 30.3 (25.0)
Morning stiffness, duration, minutes 100.57 (12.1)
Morning stiffness intensity (VAS 0-100) 52.4 (26.6)
DAS 28 5.3 (1.2)
HAQ score (0-3 scale) 1.0 (0.7)
Swollen joint count/28 84 (5.7)
Tender joint count/28 9.7 (74)
Physician global assessment (VAS 0-100) 534 (21.5)
Patient global assessment (VAS 0-100) 61.5 (24.5)
SF-36 bodily pain scale 55 (19.5)
Awakenings due to arthritis 1.8 (2.5)
Sleep problems* 274 (66.2)
MHI-5 score (psychological distress) 52.6 (19.8)
Body mass index 249 (4.5)
>3 comorbidity* 249 (41.8)
History of thyroid problems* 68 (11.4)
History of diabetes™* 19 (32)
Sicca symptoms™® 179 (29.9)
Radiographic changes* 93 (15.6)
Fibromyalgic RA* 105 (17.5)

The values are the mean (SD) unless otherwise indicated. *Frequencies (percentage)

Education level is missing in 2 patients, marital status in 2, smoking status in 2, initial pattern in 2,
Morning stiffness (range 0-100) is missing in 2 patients, DAS28 in 11, Haemoglobin in 1, CRP in 10,
ESR in 8, Sicca symptoms in 2, depression in 3, swollen joint count in 308, tender joint count in 308,
physician VAS in 2, patient VAS in 2, joint pain at rest in 2, joint pain at movement in 2 and pain in 2.

Menopausal woman: a total of 457 women.

Predictors of trajectory membership:
A multinomial logistic regression
analysis was used to search for the as-
sociation between potential predictors
of trajectory membership, with trajec-
tory as the outcome. Variables that did
not demonstrate significant group dif-
ferences in the bivariate multinomial
logistic regression at baseline were not
included in the multivariable analysis.
The final model was obtained after us-
ing a backward selection method. Ad-
justed odds ratio with 95% confidence
intervals are presented for variables in
the final model.

In order to avoid colinearity; DAS28,
SCJ, TIC and fibromyalgic RA were
not entered in the same statistical mod-
el, they were analysed separately with
the other variables.

The significance level was set at 0.05.
All analyses were conducted using SAS
v. 9.4, SAS Institute Inc., Cary, NC,
USA.

Results

Patient characteristics

Of the 813 ESPOIR patients, 677
(83.3%) fulfilled the 2010 ACR/EU-
LAR criteria for RA at M12. The num-
ber of patients with complete data re-
garding fatigue assessments was 598
(Table I): 76.8% women, mean age at
disease onset of 48.7+12.1 years. As
expected, at baseline, levels of disease
activity (mean + SD 5.3x1.2) and dis-
ability (mean + SD 1.0+0.7) were high.

Identification of fatigue trajectories
Cluster analysis of fatigue VAS scores
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Fig. 1. Trajectories of fatigue in early RA patients over 10 years of follow-up.

revealed 3 trajectories over 10 years
(Fig. 1): high (18%), moderate (52%)
and low (30%) fatigue trajectories. For
each trajectory group, fatigue shows a
stable trajectory over time.

Description of baseline

characteristics of fatigue trajectories
The key characteristics of each trajec-
tory were as follows:

The high fatigue group (18%) had the
lowest number of patients and were
predominantly females with low MHI-5
levels (major probability of psychologi-
cal distress) (p<0.001), greater duration
(p=0.009) and higher levels of morn-
ing stiffness (p<0.001). Levels of pain
(p<0.001), HAQ score (p<0.001), DAS
28 (p=0.004), number of awakenings
due to arthritis (p<0.017), percentage
of sleep problems (p<0.001), number of
tender joints (p=0.0164), fibromyalgic
RA (p=0.001) and levels of physician
and patient assessment (p<0.001) were
the highest among the three fatigue tra-
jectories (Table II).

The moderate fatigue group (52%) was
the largest, with more than a half of all
subjects in our study. This group had
significantly the highest number of pa-
tients with sicca symptoms (53.6%) at
baseline and the highest number of pa-
tients with high IMC. Among the three
fatigue trajectories groups, this group
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had the highest percentage of patients
presenting with an oligo or polyarticu-
lar onset.

The low fatigue group (30%) was char-
acterised by patients with high MHI-5
levels (minor probability of psycholog-
ical distress) (p<0.001) and high edu-
cation level. They had lowest frequen-
cy of fibromylagic RA, lowest levels of
pain (p<0.001), HAQ score (p<0.001),
number of awakenings due to pain
(p<0.017), number of tender joints
(p=0.0164), levels of physician and
patient global assessment (p<0.001)
among the three fatigue trajectories.
No differences between the three tra-
jectories were found for age, history
of thyroid problems, SJIC, positivity of
Anti-CCP, RF, baseline levels of CRP,
ESR and haemoglobin.

Importantly, there were no significant
differences between the trajectory
groups for the proportion of people lost
to follow-up by the 10-year follow-up
(data not shown).

Predictors of trajectory membership

The results from the multinomial logis-
tic regression analysis, with odds ratios
for all potential predictors of being
in the high trajectory versus low and
moderate trajectory versus low trajec-
tory are presented in Table III. We did
not find differences analysing DAS2S,

SIC, TIC nor fibromyalgic RA sepa-
rately.

Being in the high trajectory versus the
moderate or low trajectory was predict-
ed by female sex, pain, psychological
distress and sicca symptoms at base-
line.

Discussion

We found three fatigue trajectories
over 10 years of follow-up. Although
a majority of our sample belonged to
the moderate fatigue trajectory group,
almost 20% of patients reported high
levels of fatigue over time.
Interestingly, we found that trajectories
are rather stable over time (just slightly
decreasing).

Gender, clinical measures of disease
activity, patient-reported measures of
functional status and history of psycho-
logical distress better distinguished the
three fatigue groups at baseline.

The different fatigue trajectories
groups also increase our knowledge of
why certain patients with RA are more
susceptible than others to experience a
high fatigue trajectory. To our knowl-
edge, the present work is the largest to
study the longitudinal course of fatigue
in early RA patients.

Druce et al. (30) previously reported
in a cohort of established RA, the pres-
ence of 3 trajectories: which consisted
of Improved or persistent moderate-
high paths for both sexes (and further
included a persistent high trajectory
in women). Participants who followed
persistent trajectories were best dis-
tinguished from improvers by patient-
reported measures rather than demo-
graphic or clinical variables.

Our results indicate that psychologi-
cal distress; pain and presence of sic-
ca symptoms at onset are more likely
to show a high fatigue pattern versus
moderate or low trajectory.
Interestingly, we did not find that
measures of disease activity (clinical
or analytical) were predictors to have
a worst fatigue trajectory. This is in ac-
cordance with the findings suggesting
that fatigue is not driven by inflamma-
tory disease factors (1-5, 29, 30, 38).
The DAS-28 has failed to demonstrate
a significant correlation with fatigue
in RA. A direct association between

Clinical and Experimental Rheumatology 2022
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Table II. Baseline chactereristics by fatigue trajectory groups.

Trajectory groups

High n Moderate n Low n p
fatigue fatigue fatigue
Female* 94 (87.9) 107 245 (78.3) 313 120 (67.4) 178 0.003
Age at disease onset, years 470 (12.1) 107 493 (11.7) 313 48.7 (12.7) 178 0.230
Marital status (couple)* 77 (72.6) 106 226 (72.4) 312 131 (73.6) 178 0.961
Education level (secondary school)* 22 (20.8) 106 91 (29.2) 312 77 (43.3) 178 0.001
Menopausal* 42 (45.2) 93 120 (49.2) 244 57 (47.5) 120 0.800
Smoking status* 52 (49.1) 106 136 (43.6) 312 89 (50.0) 178 0.330
Initial pattern of the joint involvement (acute)* 78 (73.6) 106 244 (78.2) 312 134 (75.3) 178 0.562
Joint symptoms (symmetric)* 68 (64.2) 106 184 (58.9) 312 104 (58.4) 178 0.588
Oligo-polyarticular at onset* 88 (83.0) 106 264 (84.6) 312 132 (74.2) 178 0.015
Fever at RA onset™* 14 (13.2) 106 24 (7.7) 312 15 (84) 178 0.219
Anti-CCP antibodies (positive)* 43 (40.6) 106 155 (49.7) 312 91 (51.1) 178 0.189
Rheumatoid factor-(positive)* 49 (46.2) 106 161 (51.6) 312 98 (55.1) 178 0.354
Haemoglobin (mg/dL) 13.0 (1.3) 107 129 (1.3) 313 129 (1.2) 177 0.473
CRP (mg/L) 21.1 (32.6) 105 224 (36.7) 310 269 (35.6) 173 0312
ESR (mm/hour) 28.5 (22.9) 106 30.1 (25.5) 309 31.7 (25.5) 175 0.568
Morning stiffness, duration, minutes 1444 (303.0) 107 102.2 (193.7) 313 714 (78.1) 178 0.009
Morning stiffness intensity (VAS 0-100) 57.7 (26.8) 107 54.5 (26.8) 313 45.6 (28.0) 178 <0.001
DAS 28 5.6 (1.16) 106 54 (1.2) 308 5.1 (1.3) 173 0.004
HAQ score (0-3 scale) 1.3 (0.75) 107 1.1 (0.67) 308 0.85 (0.63 178 <0.001
Swollen joint count/28 8.5 (5.2) 57 84 (5.9) 150 84 (5.8) 83 0.9874
Tender joint count/28 119 (8.0) 57 9.6 (7.2) 150 8.3 (6.9) 83 0.0164
Physician global assessment (VAS 0-100) 599 (20.3) 107 54.7 (20.6) 312 472 (22.2) 177 <0.001
Patient global assessment (VAS 0-100) 717 (21.1) 107 62.9 (22.6) 312 52.7 (26.8) 177 <0.001
SF-36 bodily pain scale 64.7 (18.9) 107 559 (18.3) 313 559 (18.3) 178 <0.001
Awakenings due to arthritis 24 (29 107 19 (2.6) 313 15 (1.9) 178 0.017
Sleep problems* 60 (76.9) 78 155 (70.8) 219 59 (50.4) 117 <0.001
MHI-5 score (psychological distress) 419 (19.5) 107 51.8 (19.1) 313 60.5 (17.9) 178 <0.001
Body mass index 249 (4.5) 106 253 (4.5) 309 24.1 (4.3) 177 0.015
>3 comorbidity * 47 (44.3) 106 135 (43.3) 312 67 (37.6) 178 0.402
History of thyroid problems* 10 (94) 107 36 (11.5) 313 22 (12.4) 178 0.730
History of diabetes* 3 (28) 106 10 (3.2) 312 6 (34) 178 0.969
Sicca symptoms* 51 (47.6) 107 96 (30.7) 313 32 (17.9) 178 <0.001
Radiographic changes * 12 (11.3) 106 47 (15.0) 312 34 (19.1) 178 0.202
Fibromyalgic RA* 30 (28.3) 107 55 (17.7) 313 20 (11.3) 178 0.001

The values are the mean (SD) unless otherwise indicated. *frequency (percentage).

raised inflammatory markers and fa-
tigue has not been demonstrated (1-3,
14,36, 39-41).

Moreover, fatigue can persist even after
successful treatment of inflammation
(19, 20, 22, 27, 36). However, it has
been shown in recent trials that fatigue
in RA is correlated with disease activ-
ity (24-26) and that treatment, in par-
ticular with biologic drugs, has shown
improvement in fatigue (2, 26, 42-44).
Given these conflicting data, it is not
possible to generate conclusions about
the relationship between fatigue and
disease activity in RA.

Pain is a commonly reported symptom
in RA, our results showed that pain is
a predictor of the high fatigue trajec-
tory group. These findings were ex-
pected and there were in line with the
pre-existing studies (1,2, 18-20,23, 24,
27, 45). Some authors have contended
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that it is pain, not disease activity, that
drives fatigue in RA (2, 22); other au-
thors have showed that, despite disease
remission fatigue and pain persist (20,
37). It is clear that the two symptoms
are associated; their link could be ex-
plained because the existence of a com-
mon aetiology.

We found that sicca symptoms were
predictors of being in the high fatigue
trajectory group. This might be related
to the relation between RA with sec-
ondary Sjogren’s syndrome, as fatigue
is a major aspect of the disease as pain
and dryness.

Perhaps the most consistent finding
across studies is the correlation be-
tween fatigue and depression in RA (1,
2,18,21,24, 25,29, 46-50). Our work
support that psychological distress is
a predictor of been in a worst fatigue
trajectory in this cohort of early RA

patients. Furthermore, cause and effect
have not been established, it is not pos-
sible to confirm if depression influences
fatigue or vice versa and maybe there
is a synergy between both (50, 51-55).
A major strength of this study is that it
presents real-world data in early rheu-
matoid arthritis patients, its large, well-
defined sample and its longitudinal de-
sign. These findings must be viewed in
the context of some limitations.

First, we used no definite diagnostic
criteria for Sjogren’s syndrome (only
the assertion of the rheumatologist). It
is not possible to determine the impact
of fibromyalgia on our results. Tender
points have been traditionally used to
diagnose fibromyalgia, however, this
measure is not always performed in
RA clinics. As Pollard et al. (35), we
used TIC/SIC>7 to identify fibromyal-
gic RA. It shows a sensitivity of 80%
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Table III. Predictors of trajectory membership.

Bivariate analysis

Final model

High vs.low Moderate vs.low High vs.low Moderate vs. low

OR P OR P OR )4 OR P
Female 349 <0.001 1.74  0.008 30 0.0002 1.60 0.033
Age at disease onset, years 099 0.261 1.00  0.585
Marital status (couple) 1.04 0.861 1.06 0.782
Education level 291 <0.001 1.85 0.0017
(secondary school)
Menopausal 091 0.743 1.07 0.763
Smoking status 103 0.877 129 0.171
Initial pattern of the joint 091 0.750 1.18 0458
involvement (acute)
Joint symptoms (symmetric) 127 0.340 1.02 0958
Oligo-polyarticular at onset 1.74 0.0859 1.92 0.0051
Fever at RA onset 1.65 0.201 091 0.772
Anti-CCP antibodies (positive) 1.53  0.085 1.06  0.758
Rheumatoid factor (positive) 143  0.150 1.15 0461
Haemoglobin (mg/dL) 1.12 0236 1.02  0.760
CRP (mg/L) 099 0218 097 0.199
ESR (mm/hour) 099 0298 099 0503
Morning stiffness, duration, 1.00 0.009 1.00 0.065
minutes
Morning stiffness intensity 102  0.001 1.01  0.001
(VAS 0-100)
DAS 28 1.39  0.001 1.18  0.037
HAQ score (0-3 scale) 2.68 0.001 1.62  0.001
Swollen joint count/28 101 0.876 1.00 0912
Tender joint count/28 1.07  0.005 1.03  0.189
Physician global assessment 1.03  0.001 1.02  0.001
(VAS 0-100)
Patient global assessment 1.04 0.001 1.02  0.001
(VAS 0-100)
SF-36 bodily pain scale 105 0.001 102 0001 103 0001 102 0.005
Awakenings due to arthritis 1.16 0006 1.09 0.044
Sleep problems 3.28 <0.001 2.38 <0.001
Psychological distress 095 0001 098 0001 096 0.001 09 0013
(MHI-5 score)
Body mass index 1.05 0.096 1.67  0.004
>3 comorbidity 1.32 0.26 126 0232
History of thyroid problems 136 0436 1085 0.771
History of diabetes 1.19 0.801 1.05 0921
Sicca symptoms 4.15  0.001 201 0002 293 0001 171 0.025
Radiographic changes 1.84 0.080 133 0.248
Fibromyalgic RA 3.09 0.0018 1.68 0.0018

and specificity of 83% for fibromyal-
gia (36, 37). Another limitation was the
use of VAS-fatigue (the measure avail-
able at the ESPOIR cohort); VAS fa-
tigue did not take into account the dif-
ferent fatigue dimensions. For futures
studies, perhaps as proposed by Santos,
the use of single item toll followed by
multidimensional instruments could be
appropriate (51).

As expected in a long-term cohort, the
loss to follow-up (36% of patients at
the last visit of follow-up) was a limi-
tation of the study.

In conclusion, in a cohort of early AR
patients, we identified three trajecto-
ries groups of fatigue with monotonous
trajectory over 10 years of follow-up.
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Baseline clinical measures and base-
line patient-reported measures of func-
tional status better distinguished the
three fatigue trajectories. Inflamma-
tory activity (clinical or analytical) and
positivity of Anti CCP or RF were not
predictors of being in the high trajec-
tory fatigue group.

The identification of these trajectories
and its predictors in the early course of
RA may warrant tailored interventions
for early RA-related fatigue. Differenc-
es in specific patient or illness related
aspects should be taken into considera-
tion in formulating treatment strategies
in the early course of the disease, when
interventions are mosts likely to benefit
the patient.
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