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a b s t r a c t

Objectives: To analyze the factors associated with fatigue focusing on comorbidities in a large cohort of
rheumatoid arthritis (RA).
Methods: Cross-sectional analyses were performed on RA patients from the French COMEDRA cohort
study, a nurse-led program for comorbidities management. Fatigue was assessed using Question 3 of the
Rheumatoid Arthritis Impact of Disease (RAID) score on a 0–10 numerical rating scale (NRS). Fatigue was
defined as acceptable if ≤ 2, moderate if 3 or 4, or severe if ≥ 5 out of 10. Using univariate and multivariate
models, the relationship between fatigue and demographics, social, disease characteristics, comorbidities
(cardiovascular, infections, cancer, pulmonary, osteoporosis, and psychiatric disorders), physical activity,
quality of life, and treatments was investigated.
Results: In total, 962 patients were analyzed. The mean fatigue score was 3.8 ± 2.7, 40% of patients
reported severe fatigue. Patients had an average of 1.8 additional morbid conditions, with anxi-
ety/depression the most common (52%). In univariate analysis, severe fatigue was more frequent in
women, in patients not working, and in those with less physical activity. It was associated with dis-
ease duration and activity, mHAQ, pain, sleeping and emotional difficulties. Severe fatigue correlated
with Multimorbidity index assessing the number of morbid conditions and was associated with obe-
sity, hypertension, COPD, and anxiety/depression. In multivariate models, the risk of severe fatigue was
associated with female gender, disease activity, mHAQ, current treatment with NSAIDs and biologics,
multimorbidity, obesity and anxiety/depression.
Conclusions: Assessment of comorbidities, psychological health and physical activity should be taken into
account in order to address frequent RA-related severe fatigue.

© 2018 Société française de rhumatologie. Published by Elsevier Masson SAS. All rights reserved.

Fatigue, along with pain, is the most frequent symptom in
patients with rheumatoid arthritis (RA), affecting more than 80%
of them [1,2]. In half of patients, fatigue is severe [1,3] and
persists in almost 30–40% of cases despite conventional or bio-
logic disease-modifying antirheumatic drugs (DMARDs) [2,4–6].
Mechanisms are complex and multidimensional, including fac-
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tors that are disease-associated (inflammation, pain, or disability),
patient-related, environment-related and medication-related [3].
The majority of studies conducted to date were cross-sectional
and analyzed fatigue’s predictive factors. Among the main factors,
associations have been demonstrated with disease activity, pain,
disability, sleep, and depression, but the causal link in longitudi-
nal studies has not been clearly established [3]. Several studies
have analyzed the impact of comorbidities on quality of life and
disability [7–11], but few have focused on fatigue [12]. The COMor-
bidities, EDucation in Rheumatoid Arthritis (COMEDRA) trial is a
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large multicenter French cohort study providing additional data
on disease-related factors, including fatigue, cognitive/emotional
functioning, social aspects, comorbidities, and treatments [13]. It
offered the opportunity to explore factors associated with fatigue
in a large RA cohort focusing on social aspects, comorbidities, and
treatment intake.

1Methods.

1.1. Study population and data collection

COMEDRA is a multicenter randomized controlled trial evalu-
ating the impact of a nurse-led program on the management of
comorbidities in a French cohort of RA patients [13]. The study com-
prised the recording of pre-existing comorbidities, presence of risk
factors, and implementation of the recommendation for detection
and management of such comorbidities. Patients with RA as defined
by the 1987 American College of Rheumatology criteria, between
18 and 80 years of age, and with disease considered by the treat-
ing rheumatologist to have been stable for at least 3 months, were
recruited from March 2011 to December 2011. Each patient gave
his/her free, informed consent to participate, and French authori-
ties approved the study protocol (Ethics approval: Ile-de-France III
Ethics Committee, file #4-11) (B110057-30).

COMEDRA investigators collected data on socioeconomic char-
acteristics (age, gender, employment status, and education level)
and health-related risk factors (smoking status, BMI, physical
activity, and alcohol consumption). Physical activity and alcohol
consumption were self-reported as categorical variables ‘physical
activity ≥ 30 minutes by day’ (yes/no) and ‘alcohol consumption > 2
glasses by day’ (yes/no). Furthermore, RA-related characteristics
were recorded, including disease duration, tender 28-joint count,
swollen 28-joint count, patient and physician global assessment,
ESR, CRP, presence of rheumatoid factor or anti-citrullinated pro-
tein antibodies (ACPA), erosive disease, functional impairment
using the modified Health Assessment Questionnaire (mHAQ), dis-
ease impact using the Rheumatoid Arthritis Impact of Disease
(RAID) score, as well as health outcome using the EQ-5D. The fol-
lowing data on comorbidities was recorded by the nurse: coronary
heart disease, stroke, peripheral vessel disease, hypertension, dia-
betes, obesity, chronic kidney disease, inflammatory bowel disease,
thyroid disorders, alcohol problems, depression, anxiety, fracture,
bronchiectasis, chronic obstructive pulmonary disease (COPD),
cancer, and history of RA-related surgeries. This was employed to
calculate the Multimorbidity Index (MMI) assessing the number of
morbid conditions for a patient [14]. Two types of MMI were com-
puted, namely one enumerating comorbidities (MMI. count) and
the other weighting comorbidities (MMI. weight) based on their
association with health-related quality of life [14]. This index was
validated on two different cohorts, and showed good performance
as compared to the Charlson comorbidity index [14]. Information
on treatments comprised current and past use of synthetic and
biologic DMARDs, glucocorticoids, and NSAIDs. Intake of glucocor-
ticoids was assessed using the mean prednisone dose in milligram
per day during the last 3 months. Intake of NSAIDs was assessed
during the last 3 months.

1.2. Assessment of fatigue

Fatigue was assessed using Question 3 of the RAID score on a
0–10 numerical rating scale (NRS) [15]. Respondents answered the
question ‘select the number that best describes how much fatigue
you felt due to your rheumatoid arthritis during the last 7 days’ with
responses ranging from 0 (No fatigue) to 10 (Totally exhausted).
Fatigue was defined as acceptable if ≤ 2, moderate if 3 or 4, or severe
if ≥ 5 out of 10 [16–18].

1.3. Statistical analysis

By means of univariate analysis and multivariate models, we
investigated the relationship between fatigue and demographics,
social features, disease characteristics, comorbidities (cardiovas-
cular, infections, cancer, pulmonary, osteoporosis, and psychiatric
disorders), physical activity, quality of life, and treatments. All anal-
yses were performed using Stata software (Version 13, StataCorp,
College Station, TX) for a two-sided Type I error of � = 5%. Patient
characteristics were expressed as mean ± standard-deviation (SD)
or median (interquartile range) for continuous data (assumption of
normality assessed by using the Shapiro-Wilk test) and as numbers
and associated percentages for categorical parameters. The fatigue
was categorized according to the predefined clinical threshold
(acceptable ≤ 2; moderate 3–4; severe ≥ 5 out of 10) and analyzed
as a categorical variable in bivariate and multivariable analyses.
Because dichotomizing implies loss of information and hence loss
of statistical power [19], continuous variables were analyzed with-
out categorizing them unless predefined clinical thresholds have
been reported in the literature. Quantitative variables were com-
pared between independent groups by Anova, or Kruskal–Wallis
test if Anova conditions were not met (normality and homoscedas-
ticity analyzed using the Bartlett test). When appropriate, post-hoc
tests were performed taking into account multiple comparisons
(Tukey–Kramer post-Anova and Dunn after Kruskal–Wallis). Com-
parisons between independent groups were carried out using the
Chi2 or Fischer’s exact test for categorical variables. When appro-
priate, a post-hoc test was used (Marascuillo procedure).

In order to determine factors associated to fatigue considered
as a 3 classes variable, a multivariable polynomial ordinal regres-
sion model was carried out using the stepwise approach (backward
and forward) on covariates fixed according to univariate results
(P < 0.05) and clinical relevance. A particular attention has been paid
to the study of multicollinearity and interactions between covari-
ates by studying the relationships between the co-variables and
by evaluating the impact to add or delete variables on multivari-
able model. More precisely, due to this collinearity with mHAQ,
pain and sleeping difficulty could not be conserved in the multi-
variable model including MMI count. Because mHAQ and anxiety
were strongly correlated, mHAQ was not conserved in multivari-
able analysis including anxiety/depression but was conserved in
the model with MMI count. Results were expressed as relative-risk
ratios and 95% confidence intervals (95% CI) and forest plots were
employed to present the results. A sensitivity analysis in patients
with low disease activity (DAS28 ≤ 3.2) was performed for multi-
variable analyses (data not shown).

1.4. Role of the funding source

This study has been conducted thanks to a grant from the French
Minister of health (PHRC 00-41).

2. Results

2.1. Baseline characteristics

The COMEDRA cohort included a total of 970 patients, with RAID
data available for 962, which were analyzed. The mean patient age
was 57.7 ± 11.1 years, and 763 (79%) were female. The median dis-
ease duration was 11.1 years [6.2–19.1], mean DAS28 CRP 3.1 ± 1.3
with 62% of patients having low disease activity as defined by a
DAS28 below 3.2., RAID 3 ± 2, and mHAQ 0.40 ± 0.45. Overall, 84% of
patients were positive for RF or ACPA and 73% had erosive RA, while
673 (70%) received methotrexate, 249 (26%) NSAIDs, and 364 (38%)
glucocorticoids. In total, 672 (70%) were treated with a biologic, 355
(37%) of which with TNF inhibitors, 143 (15%) with tocilizumab, 92
(9.6%) with rituximab, and 78 (8%) with abatacept.
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Table 1
Relationships between fatigue and socio-demographic aspects, comorbidities, and treatments.

Fatigue by class (n%) Risk ratio [95% CI]
Moderate fatigue
Severe fatigueAcceptable

0–1–2
Moderate
3–4

Severe
≥ 5

P-value

Gender
Female(n = 763)
vs. male (n = 199)

254 (33.3)
89 (44.7)

178 (23.3)
54 (27.2)

331 (43.4)
56 (28.1)

< 0.001 1.16 [0.78; 1.70]
2.07 [1.43; 3.01]***

Educational level
High school (n = 680
vs. university (n = 282)

236 (34.7)
107 (37.9)

157 (23.1)
75 (26.6)

287 (42.2)
100 (35.5)

0.14
0.95 [0.66; 1.36]
1.33 [0.94; 1.80]

Professional status
Not working (n = 628)
vs working (n = 334)

211 (33.6)
132 (39.5)

148 (23.6)
84 (25.2)

269 (42.8)
118 (35.3)

0.07
1.10 [0.78; 1.56]
1.43 [1.05; 1.94]*

Physical activity
< 30 min/day (n = 353)
vs. ≥ 30 min/day (n = 581)

100 (28.3)
237 (40.8)

97 (27.5)
128 (22.0)

156 (44.2)
216 (37.2)

0.001
1.80 [1.26; 2.55]***
1.71 [1.25; 2.34]***

Disease duration
(years); med [IQR]

10.3
[5.9–17.7]

10.9
[5.7–18.5]

12.1
[6.6–20.4]

0.05 1.01 [0.98; 1.03]
1.02 [1.01; 1.03]*

Disease activity (DAS28CRP)
> 3.2 (n = 361)

2.6–3.2 (n = 164)

< 2.6 (n = 437)

55 (15.2)

50 (30.5)

238 (54.5)

88 (24.4)

46 (28)

98 (22.4)

218 (60.4)

68 (41.5)

101 (23.1)

< 0.001 3.89 [2.58; 5.87]***
9.35 [6.41; 13.64]***
2.20 [1.39; 3.48]***
3.13 [2.04; 4.81]***
1

mHAQ
≥ 0.5 (n = 356)
vs. < 0.5 (n = 593)

54 (15.2)
285 (48.0)

78 (21.9)
151 (25.5)

224 (62.9)
157 (26.5)

< 0.001 6.58 [3.69; 11.73]***
28.88 [16.67; 50.01]***

Pain (Question 1 RAID NRS); med [IQR] 1 [0–2] 3 [2–4] 4 [3–6]
< 0.001

1.64 [1.47; 1.84]***
2.44 [2.16; 2.74]***

Sleeping difficulties (Question 4 RAID NRS)
med [IQR]

0 [0–1] 2 [1–3] 5 [2–7]
< 0.001

1.58 [1.42; 1.75]***
2.20 [1.97; 2.44]***

BMI
< 25 (n = 531)

25–30 (n = 276)

≥ 30 (n = 155)

207 (39.0)

98 (35.5)

38 (24.5)

128 (24.1)

73 (26.5)

31 (20.0)

196 (36.9)

105 (38.0)

86 (55.5)

0.001
1

1.20 [0.83; 1.75]
1.13 [0.81; 1.59]
1.32 [0.78; 2.23]
2.39 [1.56; 3.67]***

Hypertension
Yes (n = 281)
vs. no (n = 654)

83 (29.5)
255 (39.0)

63 (22.4)
162 (24.8)

135 (48.1)
237 (36.2)

0.002
1.19 [0.82; 1.75]
1.75 [1.26; 2.42]***

COPD
Yes (n = 63)
vs. no (n = 870)

15 (23.8)
322 (37.0)

15 (23.8)
210 (24.1)

33 (52.4)
338 (38.9)

0.06
1.53 [0.73; 3.20]
2.10 [1.12; 3.93]*

Fracture history
Yes (n = 296)
vs. no (n = 638)

92 (31.1)
246 (38.6)

78 (26.3)
147 (23.0)

126 (42.6)
245 (38.4)

0.08
1.42 [0.99; 2.04]
1.38 [0.99; 1.90]

RA-related surgery
Yes (n = 287)
vs. no (n = 674)

95 (33.1)
248 (36.8)

65 (22.6)
167 (24.8)

127 (44.3)
259 (38.4)

0.24
0.99 [0.68; 1.45]
1.27 [0.92; 1.75]

Anxious or depressed (EQ-5D-3L)
Moderately/extremely n = 500
vs. not n = 455

99 (19.8)
241(53.2)

133 (26.7)
95 (21)

267 (53.5)
117(25.8)

< 0.001
3.41 [2.4; 4.85]***
5.56 [4; 7.65]***

MMI count score (mean ± SD) 1.4 ± 1.3 1.8 ± 1.4 2.25 ± 1.4
< 0.001

1.27 [1.11; 1.17]***
1.60 [1.42; 1.82]***

Current NSAIDs
Yes (n = 249)
vs. no (n = 713)

64 (25.7)
279 (39.1)

65 (26.1)
167 (23.4)

120 (48.2)
267 (37.5)

0.001 1.70 [1.14; 2.52]**
1.96 [1.39; 2.77]***

Current glucocorticoids
Yes (n = 364)
vs. no (n = 598)

105 (28.8)
238 (39.8)

92 (25.3)
140 (23.4)

167 (45.9)
220 (36.8)

0.002 1.49 [1.05; 2.11]**
1.72 [1.27; 2.33]***

Current DMARD
Biotherapy (n = 672)
vs. conventional (n = 270)

232 (34.5)
106 (39.3)

155 (23.1)
74 (27.4)

285 (42.4)
90 (33.3)

0.03 0.96 [0.67; 1.38]
1.45 [1.04; 2.01]**

Current methotrexate
Yes (n = 673)
No (n = 289)

251 (37.3)
92 (31.8)

158 (23.5)
74 (25.6)

264 (39.2)
123 (42.6)

0.27
1.28 [0.89; 1.84]
1.27 [0.92; 1.75]

Type of biotherapy
TNF inhibitors (n = 355)

Tocilizumab (n = 143)

Rituximab (n = 92)

Abatacept (n = 78)

126 (35.5)

49 (34.3)

28 (30.4)

29 (37.2)

88 (24.8)

30 (21.0)

24 (26.1)

13 (16.7)

141 (39.7)

64 (44.8)

40 (43.5)

36 (46.1)

NS 1

0.88 [0.52; 1.49]
1.17 [0.75; 1.82]
1.23 [0.67; 2.26]
1.28 [0.74; 2.19]
0.65 [0.32; 1.30]
1.11 [0.64; 1.91]

Characters in bold: values of P.
*** P < 0.001.
** P < 0.01.
* P < 0.05.
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Fig. 1. Forest plot showing the overall risk ratio in multiple regression model including multimorbidity score (MMI.count) for severe fatigue (A) and moderate fatigue (B).

The median MMI. count was 2 [1–3], and MMI. weight was
8 [1–10.5]. The mean MMI. count was 1.8 ± 1.4. The most com-
mon comorbidities were anxiety/depression (52%), fracture (32%),
hypertension (30%), and obesity (16%). The mean and median
fatigue scores were respectively 3.8 ± 2.7 and 4 [1; 6]. Among this
stable RA population, 387 patients (40%) had severe fatigue as
defined by a fatigue NRS ≥ 5/10 out of 10.

2.2. Relationship between fatigue, socio-demographic aspects,
comorbidities, and treatment

Severe fatigue was more frequent in women, in patients not
working, and in those with less physical activity (Table 1). It was
associated with disease duration, disease activity, mHAQ, pain,
and sleeping difficulties (Table 1). Among comorbidities, severe
fatigue was associated with obesity, hypertension, COPD and anxi-
ety/depression. In addition to data shown in Table 1, no significant
association was observed with cancer (n = 49, P = 0.15), diabetes
(n = 56, P = 0.17) or inflammatory bowel disease (n = 10, P = 0.14).
The Multimorbidity score (MMI count) was correlated with fatigue
NRS (r = 0.28, P < 0.001) and patients with severe fatigue had an
increased number of comorbidities (Table 1). Current treatments
with NSAIDs, glucocorticoids, or biologics were associated with
severe fatigue. In contrast, methotrexate use and the biologic type
used did not impact the severity of fatigue.

2.3. Factors associated with fatigue level in multivariate models

The risk of being severely fatigued was associated with
female gender, disease activity and mHAQ, current treatment

with NSAIDs and biologics and multimorbidity (Fig. 1A). Obe-
sity and anxiety/depression were the comorbidities independently
associated with severe fatigue (Fig. 2A). Low physical activity,
anxiety/depression and MMI count were also associated with mod-
erate fatigue and but not female gender, obesity nor biotherapy
(Figs. 1, 2). Results in the 2 multivariable models were similar in
the subgroup of patients with low disease activity (DAS28 ≤ 3.2).

3. Discussion

Our results confirmed that a significant proportion of RA
patients (40%) suffered from persistent severe fatigue, though the
disease was considered stable and in low disease activity. Anxi-
ety/depression, reported by more than half of patients, was strongly
associated with severe fatigue. Low physical activity, others comor-
bidities, such as obesity, hypertension or COPD, and multimorbidity
contributed to this chronic fatigue. This study confirms that RA
patients are typically affected by more than one disease [12]. In this
large RA cohort, patients had an average of 1.8 additional morbid
conditions, with 50% having at least two additional conditions. MMI
developed and validated in RA based on health-related quality of
life [14] correlated with the intensity of fatigue. Fatigue levels were
associated with female gender, disease activity, mHAQ, pain, and
sleeping difficulties, in accordance with previous studies [1,3,6,18].

Severe fatigue was more common in patients receiving gluco-
corticoids, NSAIDs, and biotherapies, with similar fatigue regardless
of biologic type used. Contrasting with common patient-reported
side effects [20], methotrexate use was not correlated with fatigue
intensity in our study. While several recent studies on biological
agent use in RA reported that these drugs had a beneficial effect on
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Fig. 2. Forest plot showing the overall risk ratio in multiple regression model including each comorbidity for severe fatigue (A) or moderate fatigue (B).

fatigue [2,4,5,21], our findings indicated that current NSAIDs and
biological treatments were associated with severe fatigue, which
may be due to the severity of the disease even the association per-
sisted after adjusting for disease activity. In randomized controlled
trials, anti-TNF and non-anti-TNF biologic agents had similar small
to moderate effects on fatigue improvement whether this was a
direct or indirect effect [21,22]. Anti-inflammatory drugs, such
as NSAIDs, glucocorticoids, and cytokine inhibitors, may directly
act on pro-inflammatory cytokines involved in fatigue’s biological
mechanisms, in particular IL1 and IL6 [23]. This may impact
fatigue’s inflammatory mechanism, operating early in the cascade.
However, other non-inflammatory pathways of fatigue may be
involved at a later time point in the chronic disease process and
may explain the persistent fatigue despite well-controlled disease.
Disturbance of the hypothalamus-pituitary-adrenal axis, cortisol
production, and complex interactions with the immune system
may influence fatigue [23]. Muscle fatigue and dysfunction during
recovery induced by the production of reactive oxygen/nitrogen
species due to mitochondrial dysfunction may also be involved in
peripheral or physical fatigue [24]. In addition, fatigue’s dimen-
sions may vary over time, and the pathogenesis of fatigue’s
physical and cognitive dimensions may differ, as demonstrated
in cancer-related fatigue, where fatigue can persist up to 10 years
after remission [23,25].

This study displays several limitations. Because of its cross-
sectional study design, the causal relationship between fatigue
and associated factors could not be established. Fatigue NRS are
unidimensional measures that capture only one aspect of fatigue,
typically either the severity or intensity. This study can thus not
analyze all dimensions of fatigue. High acceptability, completion

rates, and good validity support fatigue NRS usability, although
it does not allow for assessing fatigue’s multidimensional aspect
[17,26]. There is no standardized VAS or NRS cutoff for distinguish-
ing high and low levels of fatigue. The selected cutoff of NRS > 2/10
for moderate fatigue and ≥ 5/10 for severe fatigue were supported
by a mean VAS fatigue score in healthy controls of 20.5 ± 0.02 mm
and corresponded to what is described in previous studies in RA
[16–18].

Fatigue NRS measurement was obtained using the RAID score,
which was developed in an effort to combine easily, in only one
questionnaire, the seven most important domains of RA impact
(pain, functional capacity, fatigue, physical and emotional well-
being, quality of sleep, and coping) without missing relevant
information. The RAID questionnaire considering fatigue a core
domain is very simple (seven NRS). Content and construct valid-
ity, comprehensibility, reliability, and sensitivity to change were
well-documented [15,27].

This study has strengths as well involving a large cohort of
patients followed up in real-life, with stable and low disease activ-
ity, and treated with various conventional and biologic DMARDs.
Above all, this study allowed us to collect psychosocial and envi-
ronmental variables, as well as data on comorbidities.

4. Conclusion

Severe fatigue is a common symptom, even in patients
with stable and well-controlled disease. In addition to anti-
inflammatory medications, the possibilities of improving RA-
related chronic fatigue in these patients should take into
account non-pharmacological interventions, such as management
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of comorbidities [13], physical activity [28,29], as well as edu-
cational programs including self-management strategies and
cognitive behavioral therapy [30].
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