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Inflammatory rheumatic diseases are a group of 
multi- system, immune- mediated rheumatic conditions 
that include primary Sjögren syndrome (pSS), systemic 
lupus erythematosus (SLE), vasculitis, psoriatic arthri-
tis and rheumatoid arthritis (RA). Although the clini-
cal manifestations of inflammatory rheumatic diseases 
vary, fatigue is a prevalent and often disabling symptom 
in many of them1. An international study of over 6,000 
patients found that approximately half were severely 
fatigued, defined by a score of ≤35 on the 36- item 
short- form survey (SF-36) vitality scale2. Fatigue rep-
resents the largest health economic burden and unmet 
need to patients and society. Fatigue has been identified 
as one of the most challenging symptoms to manage for 
patients with inflammatory rheumatic diseases and is 
associated with poor quality of life3–5. Fatigue is also an 
important independent predictor of job loss and dis-
ability in patients with RA, ankylosing spondylitis, SLE,  
pSS and vasculitis6–10. Considering the widespread per-
sonal and economic burden of fatigue, discerning the 
underlying mechanisms and finding effective treatment 
options are research priorities.

In this Review, we outline various biological, phys-
iological and psychosocial determinants of fatigue  
in inflammatory rheumatic diseases. We have taken 

a biopsychosocial approach11 to understanding fatigue 
mechanisms, systematically considering biological, 
physiological, psychological and social factors and their 
complex interactions. Owing to the vast number of pub-
lished articles mentioning “fatigue”, and the challenges in 
drawing comparisons between different research studies 
on fatigue, we have not performed a comprehensive, sys-
tematic literature search. Also, several excellent reviews 
have focused on the role of inflammation and the brain 
in fatigue pathogenesis12–15. Therefore, in this Review we 
discuss what we consider to be the relevant evidence in 
the literature and include potential contributing mech-
anisms of fatigue that currently do not receive much 
attention. We also present hypothetical mechanistic 
and conceptual models of fatigue to summarize cur-
rent understanding, stimulate debate and support the  
development of further research ideas.

The challenges of fatigue research
Fatigue is a complex, multifaceted phenomenon, and 
the many challenges in fatigue research limit our cur-
rent understanding (Box 1). Conceptually, no consensus 
exists on the definition of fatigue. Most people have 
experienced fatigue during their everyday life, but qual-
itative research suggests differences between fatigue 
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associated with chronic diseases and ‘usual’ or premor-
bid fatigue. The most distinguishing features of fatigue 
associated with chronic diseases include the perception 
of the fatigue as having no obvious ‘explanation’, a lack of 
improvement with rest, variability in severity, unpredict-
ability and fatigue being profound or overwhelming16,17. 
Patients often explain their fatigue in relation to the con-
siderable impact it can have on all aspects of their daily 
lives18. Such findings suggest the involvement of differ-
ent mechanistic pathways in pathological fatigue and the  
fatigue experienced by healthy individuals, although  
the mechanisms of fatigue in both settings remain poorly  
defined. A related consideration is whether occurrences 
of fatigue associated with different chronic conditions 
(for example, RA, fibromyalgia, inflammatory bowel dis-
ease, Parkinson disease and cancer) are similar phenom-
ena. Studies have shown similarities in the qualities of 
the fatigue experienced across a range of inflammatory 
and non- inflammatory chronic diseases19,20. Studies in 
different diseases have also identified similar ‘predic-
tors’ of fatigue21–23 (Box 2). Furthermore, fatigue corre-
lates poorly with the disease activity of the underlying 
conditions24–28. These observations suggest that fatigue 
might be the same phenomenon across different chronic 
conditions. In this Review, we focus on fatigue associated 
with inflammatory rheumatic diseases.

Measuring fatigue accurately and reliably is challeng-
ing. Fatigue is inherently a subjective phenomenon, and 
its assessment relies on the use of self- reported ques-
tionnaires. Many questionnaires have been developed 
to measure fatigue using different approaches and each 
having strengths and weaknesses29. Factors to consider 
when selecting a method to measure fatigue include 
whether the instrument should be generic versus disease- 
specific, whether it should be single- item versus 
multi- item, and/or whether it should provide a single 
overall score (usually for the severity of physical fatigue) 
versus sub- scale scores for different facets of fatigue (for 

example, physical, cognitive and emotional). The num-
ber of questionnaires in use and the lack of an agreed 
gold standard means that comparisons across studies are 
difficult, as demonstrated for studies in RA30. Additional 
issues contributing to cross- study comparisons include 
differing recall periods, variation in wording between 
questionnaires and the lack of cut- off values to define 
cases of fatigue in most questionnaires. Moreover, these 
questionnaires poorly capture the variability of the 
fatigue. Finally, patient- reported outcomes are prone to 
recall bias and other psychosocial influences, increas-
ing the subjectivity of patients’ responses. Objective  
assessment of fatigue, if available, would overcome 
some of these issues, although capturing patients’ per-
ceptions is also important to aid the interpretation of 
the outcomes.

Difficulties in fatigue research also arise from poten-
tial confounders of fatigue, such as mood disorder and 
pain, and a lack of information about the premorbid 
fatigue state. Without knowledge on the premorbid lev-
els of fatigue, one cannot determine whether the level of 
fatigue changes following the onset of the inflammatory 
rheumatic disease, thereby making it difficult to evalu-
ate how the inflammatory rheumatic disease contributes  
(if at all) to the symptom.

Putative mechanisms in fatigue
Many biological, physiological and psychosocial mecha-
nisms have been implicated in fatigue pathogenesis, such 
as the central nervous system, inflammation, pain and 
anxiety (Fig. 1). However, the cross- sectional nature of 
many of the studies investigating mechanisms of fatigue 
makes establishing causality and directionality a chal-
lenge. Furthermore, complex interactions exist between 
many of these mechanisms. It is likely that multiple 
mechanisms promote fatigue, with the contribution of 
each mechanism differing between patients and poten-
tially within patients over time. Therefore, support for 
fatigue should be tailored to individuals and involve 
exploration of possible contributing factors. A system-
atic review of factors associated with fatigue in RA iden-
tified a cluster of variables that should be considered as 
potentially maintaining fatigue, including psychologi-
cal and physical functioning, pain, sleep disturbance, 
depression and anxiety31.

In this section, we describe the evidence supporting 
each putative mechanism of fatigue in inflammatory 
rheumatic diseases.

Biological and physiological mechanisms
Immunological mechanisms. Inflammation is argu-
ably the most frequently studied mechanism underlying  
fatigue. The sickness behaviour model describes condi-
tions such as fatigue, anhedonia, social withdrawal and 
depression as immune- mediated responses by verte-
brates that enhance survival from infection32. Energy 
expenditure is thereby reserved for the immune system,  
and social withdrawal prevents further disease spread and  
reduces the risk of predation33. The production of type I 
interferons and other pro- inflammatory cytokines 
contributes to sickness behaviour32. Studies in animals 
and humans have not only provided strong evidence 

Key points

•	Fatigue is a common and disabling symptom of inflammatory rheumatic diseases.

•	The mechanisms of fatigue in inflammatory rheumatic diseases are not fully 
understood but are likely to involve multiple biological, physiological, psychosocial 
and behavioural mechanisms.

•	The mechanisms of fatigue in inflammatory rheumatic diseases might change over 
time and vary between individuals.

•	Fatigue might reflect the body’s resource management strategy in response to 
chronic stressors, favouring rationing and storage over expenditure.

•	Studying fatigue has many challenges; consensus on a study framework for fatigue 
research and a multidisciplinary approach are essential.

•	optimal management of fatigue requires a personalized and holistic approach.

Box 1 | Challenges in fatigue research

•	No consensus has been reached on a definition of 
fatigue.

•	Difficulties exist in measuring fatigue accurately and 
reliably.

•	Addressing potential confounders of fatigue remains  
a challenge.

•	The premorbid state of fatigue is often poorly described.

Recall period
The period over which people 
are asked to recall a prior event 
(for example, their fatigue 
experiences, thoughts and/or 
behaviours).

Sickness behaviour
Adaptive behaviours (such as 
social withdrawal, reduced 
activity and increased sleep) 
developed by animals and 
humans during an acute 
infection that are presumed  
to be beneficial for recovery 
and survival.

Anhedonia
Loss of interest in activities 
that were previously enjoyed 
and a decreased ability to feel 
pleasure.
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for inflammation- induced fatigue but also revealed its 
potential molecular basis. A large body of data demon-
strates the links between inflammation and fatigue in 
inflammatory rheumatic diseases and is reviewed in the 
literature6,12,13,34. However, how far the acute sickness 
behaviour model and inflammation explain fatigue 
in chronic inflammatory rheumatic diseases remains 
unclear.

If inflammation is the only factor contributing to 
fatigue, one would expect a strong correlation between 
fatigue severity and production of pro- inflammatory 
cytokines and disease activity, and that fatigue should 
improve with immunomodulatory treatment and sub-
side when the underlying inflammatory rheumatic 
disease is in remission. However, although circulating 
concentrations of pro- inflammatory cytokines are typi-
cally elevated in patients with inflammatory rheumatic 
diseases compared with healthy individuals and those 
with non- inflammatory rheumatic disease35,36, higher 
circulating concentrations of these cytokines are not nec-
essarily associated with worse fatigue. In RA, although 
fatigue often accompanies disease flare14, no consist-
ent relationship between fatigue and validated disease 
activity scores has been identified25–27,37. In particular, 
a substantial proportion of patients with inflammatory 
rheumatic diseases continue to experience disabling 
fatigue despite seemingly being in clinical and biological 
remission, as observed in patients with RA37. Conversely, 
as shown in pSS, a small proportion of patients do not 
experience fatigue despite having active disease38,39.

In pSS, clinical trial data on the effect of immune-  
modulating therapies on fatigue are inconsistent. For 
example, out of seven trials of rituximab, a reduction 
in fatigue was shown in four40–42, two studies showed a 
mild improvement only at certain time points43,44 and 
one study showed no effect45. In a phase II trial, treat-
ment with RSLV-132 (an RNase- Fc fusion protein) led 
to improvement of fatigue in patients with pSS, which 
was intriguingly accompanied by an increase in expres-
sion of selected interferon‐inducible genes46. Several 
studies even revealed an inverse relationship between 
fatigue severity and circulating concentrations of the 
pro- inflammatory cytokines CXCL10 (also known 
as IP-10), TNF, lymphotoxin- α and IFNγ in patients 
with pSS, and such inverse relationships between these 
pro- inflammatory cytokines and fatigue, together with 
depression and pain, were important predictors of 
fatigue in a multi- regression model35,47. Similarly, an 
inverse relationship between interferon activation and 
fatigue was observed in patients with pSS in two sepa-
rate studies38,46. In addition, using gene set enrichment 
analysis of the genome- wide transcriptomic data of 
133 patients with pSS, 19 biological pathways were asso-
ciated with fatigue, but none was overtly inflammation 
related24. Thus, no consistent relationship between sys-
temic inflammation and fatigue has been demonstrated; 
one possible explanation is that the role of inflammation 
varies at different stages of the disease.

Many patients with RA continue to experience disa-
bling fatigue despite having no demonstrable synovitis 
or systemic responses37,48. A meta- analysis of studies 
on interventions for RA with fatigue as a primary or 

secondary outcome (most of which ran for 24 weeks or 
less) demonstrated that both anti- TNF agents and other 
biologic DMARDs (including rituximab, tocilizumab, 
canakinumab, abatacept and anti- IFNγ) similarly 
reduced fatigue in patients with active RA compared 
with placebo48. Whether fatigue improvement is a 
direct result of reduced disease activity and inflamma-
tion, or results indirectly via another mechanism, such 
as reduced pain, is unclear49. Notably, participants in 
the trials included in the aforementioned meta- analysis 
had a high level of disease activity, fatigue was measured  
as a secondary outcome and little adjustment was made 
for confounding factors. Thus, although immunomod-
ulatory therapies can improve fatigue in some patients 
with RA, whether this improvement is attributable to the 
reduction of inflammation remains unclear.

The relationship between fatigue and inflammation 
in SLE is also unclear. The BLISS-52 and BLISS-76 trials 
of the B cell- inhibiting biologic DMARD belimumab 
measured fatigue as a secondary outcome using the 
SF-36 Health Survey questionnaire over a study period 
of 52 weeks and 76 weeks, respectively50,51. In post hoc 
analysis, statistically significant improvements from  
baseline in SF-36 physical component score were 
demonstrated in the group who received 10 mg/kg beli-
mumab compared with placebo in BLISS-52, but not 
in BLISS-76 (reF.52). In a long- term extension study of 
BLISS-76 in which all participants who completed the 
parent trial had the option to continue belimumab or 
switch from placebo to belimumab, improvement in 
fatigue scores was maintained53. Interestingly, fatigue 
levels initially rose with belimumab treatment, sug-
gesting that sustained therapy could be needed to see 
improvement in fatigue.

Overall, these observations indicate a complex rela-
tionship between fatigue and disease activity in inflam-
matory rheumatic diseases, and that the relationships 
between pro- inflammatory responses and fatigue 
remain to be fully defined. Inflammation probably has 
an important function in initiating fatigue responses, 
particularly in the early stages of the disease and dur-
ing disease flares. However, the evidence for systemic 
inflammation in the maintenance of fatigue in chronic 
disease is less clear. In some individuals, inflammation 
might not be an important factor, and additional or dif-
ferent mechanisms are the predominant promoters of 
fatigue. Consistent with this idea, some patients with 
hepatitis C treated with IFNα therapy reportedly con-
tinued to experience fatigue even 6 months after com-
pleting treatment, that is, when IFNα would no longer 
be present54.

Box 2 | Common predictors of fatigue in chronic 
diseases21–23

•	Pain

•	Depression

•	Sleep disturbances

•	reduced physical activities

•	Autonomic dysfunction

•	Altered hypothalamic–pituitary–adrenal axis responses
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Arguably, fatigue that correlates closely with activity 
of the underlying disease and/or systemic inflammation 
is not a large clinical and scientific unmet need, as such 
fatigue should improve when the underlying disease is 
treated or when systemic inflammation is suppressed. 
By contrast, fatigue dissociated from disease activity or 
systemic inflammation is a conundrum for clinicians, 
scientists and the pharmaceutical industry and repre-
sents a large health- economic burden and unmet need 
to society and patients.

Central nervous system changes. Several characteristics 
of fatigue point to the potential involvement of the central 
nervous system (CNS). For instance, symptoms such as 
cognitive impairment and lack of motivation are common 
among patients with inflammatory rheumatic diseases 
experiencing fatigue55. Furthermore, the CNS can con-
tribute to muscle fatigue during exercise by reducing the 
neural drive to the muscles56. As the neural drive decreases, 
a smaller number of motor neurons are  activated,  
resulting in a weaker force of muscle contraction.

Potential mechanisms by which inflammation might 
alter neurochemistry and functional connectivity in the 
brain, and in turn might contribute to fatigue, have been 
comprehensively reviewed elsewhere15. Bidirectional 
communication between the immune system and the 
brain is mediated by multiple signalling pathways32,57. 
Circulating pro- inflammatory cytokines transfer 
directly across the blood–brain barrier via various 
direct mechanisms (for example, receptor- mediated 
transcytosis, leakage across damaged tight junctions 
or via circumventricular organs), or indirectly via 
activated vascular endothelial cells or the vagus nerve 
(Fig. 2a), leading to microglia activation in the brain58. 
Pro- inflammatory activity in the brain in turn results 
in several changes. First, the release of the neurotrans-
mitter noradrenaline, which is important for increas-
ing arousal, alertness and attention, is inhibited59. 
Second, the uptake and breakdown of monoamines 

(serotonin, dopamine and noradrenaline) is increased, 
reducing their availability in the synaptic cleft15. 
These monoamines play a key role in mood, motiva-
tion and arousal. Third, tryptophan-2,3- dioxygenase 
and indoleamine-2,3- dioxygenase 1 (IDO-1), which 
promotes tryptophan conversion in the kynurenine 
metabolic pathway, is increased. The metabolites of 
the kynurenine pathway further induce local inflam-
mation in the brain. In a rat model of induced fatigue, 
metabolites of the kynurenine pathway were pres-
ent in the presynaptic neurons of the hypothalamus, 
hippocampus and cerebral cortex60. In patients with 
SLE or RA, kynurenine pathway activation and ele-
vated kynurenine to tryptophan ratios correlated with 
fatigue61,62. However, in a study of pSS, peripheral lev-
els of IDO1 mRNA were similar in patients with and 
without fatigue63. Furthermore, in a study of patients 
with hepatitis C receiving IFNα treatment (a model 
of inflammation- induced fatigue), although levels of 
kynurenine metabolites were altered, they were not 
associated with persistent fatigue54. Therefore, whether 
kynurenine metabolites directly mediate fatigue remains 
to be elucidated. Tryptophan also acts as a precursor 
for serotonin synthesis. Therefore, tryptophan deple-
tion could result in decreased serotonin synthesis,  
which could have important consequences for mood and  
cognitive functioning. However, in patients with SLE, 
tryptophan metabolism correlated with fatigue but not 
with depression61. Increased plasma concentrations of 
kynurenine were associated with exhaustion in athletes 
and correlated with worse fatigue and depression scores 
in patients undergoing haemodialysis64,65, suggesting 
that kynurenine metabolism could also be implicated in 
fatigue in other settings. Taken together, these findings 
support the notion that the CNS is implicated in fatigue 
pathogenesis in inflammatory rheumatic diseases.

Direct evidence of pro- inflammatory or meta-
bolic changes in the CNS in patients with fatigue 
remains elusive. Proteomic analysis using liquid 
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behavioural factors

Fig. 1 | Putative mechanisms implicated in the pathogenesis of fatigue. Putative pathogenetic mechanisms of fatigue 
include biological and physiological factors (purple) as well as psychosocial or behavioural factors (orange). Pain involves 
the conscious interpretation of a physiological signal as ‘pain’ and therefore can be considered as either type of factor.  
All these mechanisms could contribute to fatigue pathogenesis, and might also interact with each other. ANS, autonomic 
nervous system; CNS, central nervous system; HPA axis, hypothalamic–pituitary–adrenal axis.
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chromatography- mass spectrometry and tandem mass 
spectrometry identified 15 proteins present in cere-
brospinal fluid from patients with pSS that could dis-
criminate those with fatigue from those without, but 
none of the proteins has known pro- inflammatory 
functions66. Instead, many are associated with cellular 
stress responses, cellular metabolism and depression. 
However, in another study examining the role of the 
IL-1 pathway in fatigue in patients with pSS, the con-
centration of IL-1 receptor antagonist (IL-1RA), a natu-
ral inhibitor of IL-1β, was elevated in the cerebrospinal 
fluid from the patients with fatigue compared with 
those without, and predicted severity of fatigue (along-
side depression and pain)67,68. As IL-1RA is implicated 
in the IL-1β pathway via its role as an IL-1β antagonist, 
the detection of increased IL-1RA concentrations could 
indicate activation of the IL-1β pathway in the CNS  
in fatigue.

Neuroimaging is a promising tool for exploring the 
role of the CNS in fatigue. MRI can show volumetric 
changes in different areas of the brain, which might have 
implications for function, and functional MRI (fMRI) 
can reveal alterations in neural networks during fatigu-
ing tasks. For instance, fMRI has provided evidence for 
a positive correlation between fatigue and increased 
functional connectivity between the dorsal attention net-
work and right medial prefrontal cortex in patients with 
RA69. In another fMRI study, patients with granuloma-
tosis with polyangiitis and fatigue had hyperactivity in 
several brain regions during a mental challenge task, as  
compared with those without fatigue70. A meta- analysis of  
fMRI and PET studies that involved either markers  
of peripheral inflammation or induced inflammation 
(for example, following vaccination or immunotherapy 
such as IFNα) showed that these studies have identified 
changes in brain regions and networks that are associ-
ated with peripheral inflammation71. Some of these brain 
regions and networks could provide an explanation of 
sickness behaviour. However, this meta- analysis did not 
directly explore the relationship between CNS changes 
and fatigue. In a systematic review of MRI studies of 
fatigue in chronic diseases, the brain areas implicated 
in fatigue were highly heterogeneous, not only between 
diseases, but also within the same disease72. Similarly, 
another systematic review found conflicting data regard-
ing lesion location and post- stroke fatigue73. Thus, more 
research is needed to characterize the CNS changes  
relevant in fatigue.

Neuroendocrine disturbances. The neuroendocrine 
system controls many physiological processes, includ-
ing stress response, metabolism and energy utilization; 
therefore, neuroendocrine disturbances may con-
tribute to fatigue. An appropriate cortisol response is 
important for the body to handle stressors, which can 
be physical (for example, injuries), physiological (for 
example, hypotension), pathological (for example, 
infections) or emotional (for example, significant life 
events). Cortisol production is primarily regulated by 
the hypothalamic–pituitary–adrenal (HPA) axis. Interaction 
between the HPA axis and the immune system is com-
plex. Pro- inflammatory cytokines (particularly gp130 

cytokines, such as IL-1 and IL-6) stimulate the pro-
duction of corticotropin- releasing hormone by the 
hypothalamus and of adrenocorticotropic hormone 
(ACTH) by the pituitary glands74, resulting in increased 
cortisol production by the adrenal glands. Cortisol in 
turn suppresses pro- inflammatory responses, complet-
ing a feedback loop (Fig. 2b). With persistent inflam-
mation, however, the response of the HPA axis could 
be blunted75. In addition to having immunomodula-
tory effects, cortisol is important for the regulation of 
metabolism. Cortisol and other glucocorticoid hor-
mones increase the availability of energy by mobilizing 
the release of glucose, free fatty acids and amino acids 
from endogenous stores. Fatigue and lack of motivation 
are well- recognized features of hypoadrenalism. In clin-
ical studies, HPA dysfunction can be demonstrated by 
reduced basal cortisol concentrations, relative cortisol 
insufficiency (for example, reduced cortisol to pro- 
inflammatory cytokine ratio) or suboptimal cortisol 
response to stimulation (for example, by exogenous 
ACTH and/or corticotropin- releasing hormone or by 
hypoglycaemic states). Blunted HPA axis response has 
been reported in patients with pSS76, RA77,78 and SLE79 
compared with healthy individuals.

However, few studies have directly explored the link 
between HPA axis dysfunction and fatigue in patients 
with inflammatory rheumatic diseases. A longitudinal 
study exploring the relationships between daily stress-
ors, worrying, the HPA axis (cortisol), pro- inflammatory 
cytokines, disease activity, pain and fatigue over 
6 months in 80 patients with RA showed that daily 
stressors, IL-1β and IFNγ predicted increased fatigue 
1 month later80. However, daily stressors, worrying, cor-
tisol and pro- inflammatory cytokines were not included 
in a single model, so whether they represent independ-
ent predictors is not clear. A multivariate analysis of a 
cohort of patients with SLE without concomitant fibro-
myalgia showed that stress, depression and pain inde-
pendently correlated with fatigue28, with stress being the 
largest contributor to fatigue whereas disease activity did 
not contribute. However, another study of patients with 
SLE concluded that pain, social support and depres-
sion predict fatigue, but perceived stress did not81. 
Dysfunction of the hypothalamic–pituitary–gonadal axis 
and hypothalamic–pituitary–thyroid axis has been reported 
in patients with pSS, SLE and RA82,83, although the 
relationship with fatigue was not examined84. Given 
that fatigue is a symptom of thyroid dysfunction and 
reduced sex drive is associated with fatigue, investigation 
into potential links between hypothalamic–pituitary– 
thyroid or hypothalamic–pituitary–gonadal dysfunction 
in fatigue is of interest.

Autonomic nervous system dysfunction. The autonomic 
nervous system (ANS) has a vital function in responses 
to stressors through its ability to rapidly implement 
anticipatory actions. Inflammation activates pattern- 
recognition receptors on innate immune cells and other 
cells, which in turn stimulate the vagus nerve, resulting 
in the release of the neurotransmitter norepinephrine. In  
animal models, norepinephrine activates T cells that 
produce the neurotransmitter acetylcholine and inhibit 

Hypothalamic–pituitary–
adrenal (HPA) axis
refers to the connections and 
interactions between the 
hypothalamus, pituitary gland 
and adrenal glands.

Hypothalamic–pituitary–
gonadal axis
refers to the connections and 
interactions between the 
hypothalamus, pituitary gland 
and the gonads.

Hypothalamic–pituitary–
thyroid axis
refers to the connections and 
interactions between the 
hypothalamus, pituitary gland 
and the thyroid glands.
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pro- inflammatory cytokine production by macrophages, 
completing a feedback loop85 (Fig. 2c). The sympathetic 
nervous system (SNS) and the parasympathetic nervous 
system (PNS) are part of the ANS; the SNS triggers the 
‘fight or flight’ response to enable rapid reactions to a 
threat, whereas the PNS tends to limit stress reactions 
and restore equilibrium once the threat has passed. 
Catecholamines have an important function in the 
regulation of energy mobilization and utility as well as 
cardio vascular function (which control the supply of fuel 
to tissues). Imbalances between the SNS and PNS can 
lead to hyper- arousal, emotional changes and attenu-
ated heart rate variability86. Symptoms of dysautonomia, 
such as postural hypotension and exercise intolerance, as 
well as objective measures of autonomic dysfunction, are 
both common in patients with pSS and have been associ-
ated with fatigue87–96. Of note, in one cohort study >40% 
of patients with pSS had decreased parasympathetic 
activities89. More interestingly, non- invasive vagus nerve 
stimulation twice daily for 4 weeks was accompanied by 
improvement in fatigue in patients with pSS97. These 
observations support a role for the ANS, particularly the 
vagus nerve, in the modulation of fatigue. Autonomic 
dysfunction has also been reported in other inflamma-
tory rheumatic diseases; however, the relationship with 
fatigue was not explored98–100. In RA, vagus nerve stim-
ulation is associated with clinical improvement and a 
reduction in pro- inflammatory cytokines, although the 
effect of this treatment on fatigue was not measured101,102.

These findings support a role for autonomic dys-
function in the pathogenesis of fatigue in inflammatory 
rheumatic disease.

Sleep disturbances. Sleep disturbances affect 40–75% of 
patients with rheumatic diseases and are often associ-
ated with fatigue103. The relationship between fatigue and 
sleep is not fully defined but is probably a bi- directional 

relationship, with poor sleep leading to fatigue and day-
time fatigue resulting in sleep disturbances104,105. Sleep 
has a complex relationship with inflammation, the HPA 
axis, the ANS and mood disorders, and is influenced by 
factors such as chronicity and type of sleep disruption104. 
As described earlier in this Review, inflammation affects 
synthesis of neuroendocrine mediators such as mono-
amines, melatonin, prolactin, and growth hormone, all 
of which can affect sleep106. Sleep disturbance is asso-
ciated with altered HPA activity and cortisol produc-
tion, and changes in the circadian pattern of circulating 
concentrations of cortisol in turn regulate sleep107. Sleep  
disruption is associated with activation of the SNS.  
Sleep disturbances in patients with RA are character-
ized by worse sleep efficiency, sleep quality, sleep latency, 
number of awakenings and time awake after sleep com-
pared with healthy individuals108,109. In patients with 
SLE, sleep disorders seem to be associated with disease 
activity alongside pain and fatigue110. In patients with 
pSS, poor sleep is prevalent and is associated with a high 
symptom burden, orthostatic symptoms and fatigue111.

These findings support a role for sleep disturbance in 
the pathogenesis of fatigue in inflammatory rheumatic 
disease.

Metabolic disturbances. Metabolic disturbances, 
including oxidative stress, are associated with fatigue. 
Oxidative stress refers to an imbalance of pro- oxidants 
and antioxidants in favour of the former112, whereas 
nitrosative stress is characterized by overproduction of 
nitric oxide113. Inflammation, a key pathological condi-
tion in inflammatory rheumatic diseases, increases oxi-
dative and nitrosative stress by inducing the production 
of free radicals and reactive intermediates of oxygen 
and nitrogen. Measurement of F2- isoprostanes has been 
used to assess oxidative stress. Increased concentrations 
of urine and plasma F2- isoprostanes independently pre-
dict fatigue levels in patients with SLE114. The activities of 
the antioxidant enzymes superoxide dismutase, catalase  
and glutathione peroxidase and the antioxidant molecule 
glutathione were reduced in patients with SLE compared 
with healthy individuals115, and might be responsible for  
the increased oxidative stress observed. The precise 
mechanisms by which increased oxidative or nitrosative 
stress results in fatigue, however, are unclear. Possible 
mechanisms include attenuation of aerobic metabolic 
capacity and reduction in muscle force production116. 
Antioxidant supplementation, which theoretically 
reduces oxidative stress, has been shown to improve 
exercise performance and reduce muscle fatigue117,118.

Cardiopulmonary fitness, physical activity and body 
mass index. Reduced physical activity is a hallmark of 
fatigue, and cardiopulmonary fitness and BMI are pre-
dictors of physical activity. In a cross- sectional study, 
female patients with pSS had lower VO2peak, muscle 
strength and function and higher levels of fatigue than 
healthy women matched for age and habitual phys-
ical activity levels119. Physical activity levels (meas-
ured using an accelerometer) were comparable in the 
two groups, and no statistically significant correla-
tion between fatigue and VO2peak, muscle strength and 

Dysautonomia
An umbrella term used to 
describe conditions 
attributable to malfunctioning 
of the autonomic nervous 
system.

Sleep disturbances
An umbrella term used to 
describe the spectrum of sleep 
disorders, such as difficulty 
falling asleep, frequent 
wakening and sleep apnoea.

Fig. 2 | The role of the nervous system in fatigue. a | Central nervous system. Circulating 
pro- inflammatory cytokines transfer directly across the blood–brain barrier by receptor-  
mediated transcytosis, leakage across damaged tight junctions or via the circumventri-
cular organ (not shown), or indirectly via the vagus nerve or activated vascular endothelial 
cells, causing brain microglial activation. Pro- inflammatory activities in the brain inhibit 
noradrenaline release, which is important for increasing arousal, alertness and attention, 
and also mediates increased uptake and breakdown of the monoamines serotonin, 
dopamine and noradrenaline, reducing their availability in the synaptic cleft. Additionally, 
inflammation increases tryptophan-2,3- dioxygenase and indoleamine-2,3- dioxygenase 
(IDO), which promotes tryptophan conversion in the kynurenine metabolic pathway, 
further promoting neuroinflammation. b | Hypothalamic–pituitary–adrenal axis. Stress 
and pro- inflammatory cytokines stimulate release of corticotropin- releasing hormone 
from the hypothalamus, causing release of adreno corticotrophin- releasing hormone from 
the anterior pituitary gland. Adreno corticotrophin- releasing hormone stimulates the 
adrenal gland to release cortisol, which affects mood, inhibits inflammation and promotes 
the release of amino acids, free fatty acids (FFA) and glucose into the circulation, 
enhancing oxidative stress. c | Autonomic nervous system. Stress promotes inflammation, 
antagonizes the parasympathetic nervous system (PNS) and primes the cardiovascular 
system to optimize cardiac output. Systemic nervous system (SNS) activation promotes 
shifts in metabolism, release of glucose and lactate, oxidative stress and emotional 
alertness leading to hyperarousal, anxiety and sleep disturbance. Inflammation stimulates 
the vagus nerve, causing acetylcholine (ACH) production by T cells and inhibiting  
pro- inflammatory cytokine production. The PNS limits stress reactions and restores 
equilibrium post- threat. Imbalances between the SNS and PNS lead to hyper- arousal, 
emotional changes and attenuated heart rate variability. CSF, cerebrospinal fluid;  
PRR, pattern- recognition receptor.
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function or physical activity was found. However, fatigue 
was measured using Functional Assessment Chronic 
Illness Therapy (Fatigue), which may not be the most 
appropriate tool for analysing the relationship between 
fatigue and these objective measurements as it contains 
question items that might not be affected by physical 
performance or capacity. Furthermore, only bivariate 
correlation analysis was performed, without taking 
into consideration potential confounders such as mood 
or pain119. Conversely, a randomized controlled trial 
of supervised walking in patients with pSS found that 
improvement in VO2max and cardiovascular fitness was 
associated with reductions in fatigue and depression120. 
Reduction of cardiopulmonary fitness could be a con-
sequence of reduced physical activity due to fatigue 
and musculoskeletal pain. Data from 273 patients in 
the UK Primary Sjögren’s Syndrome Registry revealed 
that self- reported physical activity levels at all intensity 
levels were reduced among patients with pSS compared 
with healthy individuals matched for age and sex121. 
Furthermore, reduced levels of moderate or vigorous 
physical activity were associated with fatigue in patients 
with pSS121. Consistently, reduced physical activity, 
activity avoidance and somatic focus were associated 
with fatigue among patients with pSS122. Thus, physical 
activity and physical capacity may contribute to fatigue 
and vice versa in pSS.

Poor exercise tolerance and reduced maximum aer-
obic capacity were also observed in patients with SLE or 
RA123,124. In a study of 443 patients with RA, Løppenthin 
and co- workers showed that 78% of the patients were 
mainly sedentary or had a low level of physical activity, 
which was higher than the general Danish population. 
Physical fatigue is the strongest predictor of reduced 
physical activity in RA125. Increased physical activity is 
associated with improved cardiorespiratory fitness and 
reduced fatigue in patients with RA126. In a meta- analysis 
and subsequent review the investigators concluded that 
physical activity potentially improved fatigue in patients 
with RA, although the effect size was described as small 
to moderate127,128. Furthermore, although physical activ-
ity intervention seemed to improve fatigue in patients 
with RA, the trials included in the meta- analysis were 
often performed over a short period of time (typically 
<12 weeks) without evidence of sustained improve-
ment. In two studies in patients with SLE, home exer-
cise interventions over longer periods (8 and 12 weeks) 
led to reductions in fatigue129,130, which were sustained at 
3 months if participants continued to exercise130. These 
findings suggest that in RA and SLE, physical activity 
may contribute to fatigue and vice versa.

Patients with fatigue often describe that their mus-
cles feel weak and unable to sustain prolonged or vig-
orous activity. Reduced muscle strength and endurance 
are well- documented in patients with inflammatory 
arthritis and correlate with disease activity and reduced 
physical activity131. Sarcopenia (reduced muscle mass) 
and myositis (muscle inflammation) can occur in many 
inflammatory rheumatic diseases132–135, which could also 
contribute to fatigue.

Obesity is a predictor of fatigue in patients with 
RA136–138 and SLE139,140. The association between obesity 

and fatigue is interesting from the perspective of energy 
management because although accumulation of adipose 
tissues in obesity results from a surplus in energy, there 
is an imbalance in energy expenditure and conserva-
tion in favour of the latter, and individuals with obesity 
experience fatigue and decreased physical endurance, 
reflecting an energy- deficient state. The mechanisms 
linking obesity and fatigue in inflammatory rheumatic 
disease are unclear. However, a study using electromy-
ography showed a greater reduction of voluntary (that 
is, CNS- mediated) activation of available motor units in 
obese participants when fatigued compared with par-
ticipants who were not obese141. Other possible mecha-
nisms linking obesity and fatigue include altered energy 
distribution or production and mitochondrial dysfunc-
tion, particularly in skeletal muscles. Obesity could 
also contribute to both oxidative stress and fatigue by 
increasing the inflammatory burden142. However, obesity 
is associated with several determinants of health includ-
ing the social and economic environment, the physical 
environment, and the person’s individual characteristics 
and behaviours. Therefore, the relationship between 
obesity and fatigue is an example of one that involves 
potentially interacting factors at the intra- individual, 
inter- individual and societal levels.

Psychosocial determinants
Mood disturbances. Depression is more prevalent in 
patients with inflammatory rheumatic diseases com-
pared with the general population143. Many factors 
can contribute to the co- occurrence of depression and 
inflammatory rheumatic diseases, such as common 
genetic risk factors and shared biological pathways, as 
well as the influence of social, behavioural and psycho-
logical factors144. Depression is also strongly linked with 
fatigue in inflammatory rheumatic diseases21,28,35,47,49,81,145 
as well as in non- inflammatory diseases146. Notably, 
‘marked tiredness’ is one of the classification crite-
ria for depression147. However, although it is possible 
that fatigue can contribute to depression via shared 
mechanistic pathways and consequences of daily life, 
depression and fatigue are distinct phenomena148 and 
many patients with fatigue do not have depression38. 
Distinguishing depression from fatigue in the clinic can 
be challeng ing. Depression is primarily psychological, 
and the main signs include sad mood, social isolation and  
negative thoughts, sometimes accompanied by physi-
cal symptoms such as headaches, cramps and stomach 
upsets. Fatigue is often a feature, but not the primary 
symptom, of depression. Patients with depression com-
monly experience anhedonia and become uninterested 
in taking part in activities, irrespective of the task or the 
amount of effort the task requires. By contrast, fatigue is 
primarily physical, and many patients report wanting to 
engage in activities but feel too tired to do so.

Inflammation has been implicated in the pathogenesis 
of depression on the basis of findings such as increased 
circulating concentrations of pro- inflammatory cytokines 
and microglial activation in the brain (as demon-
strated in post- mortem and in vivo imaging studies)149.  
The extent to which inflammation mediates all depres-
sive illness remains unclear. Notably, adverse childhood 

Somatic focus
Heightened attention to 
physical symptoms.
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events can result in immune activation150, raising the pos-
sibility of a bi- directional relationship between depres-
sive illness and inflammation. Furthermore, whether 
the same mechanisms by which inflammation mediates 
depressive symptoms also mediate fatigue is unclear. In 
this regard, the IL-1β pathway is a candidate mechanism 
linking depression and fatigue at a molecular level151,152.

Pain. Pain occurs as a complex interplay between 
peripheral and central sensitization, biological influ-
ences (such as pro- inflammatory cytokines) and the psy-
chological perception of pain152,153. Musculoskeletal pain 
is often a defining feature of many inflammatory rheu-
matic diseases39,154,155 and is an important predictor of 
fatigue28,35,47,49,81. Data from clinical trials further under-
line a relationship between pain and fatigue. In RA, 
improvement in fatigue is associated with pain reduction 
following treatment with DMARDs49. However, a causal 
link between pain and fatigue is not proven, and fatigue 
potentially also enhances pain152. Similar to fatigue, pain 
constitutes a survival mechanism and is an ‘alarm system’ 
of ongoing or impending damage. Therefore, pain and 
fatigue could be two symptoms of a coordinated response 
of the body to chronic stressors with shared underlying 
mechanisms. It has also been suggested that pain is an 
activator rather than a consequence of sickness behav-
iour, leading to a state of hyperalgesia to enable the body  
to remain vigilant against an external threat. The alter-
native model stipulates that peripheral pain leads to the 
production of cytokines, specifically IL-1β, which then 
promotes sickness behaviour including fatigue152.

Psychosocial factors. Adverse life events (whether in 
early life or adulthood), access to psychosocial sup-
port, relationship status, income and educational lev-
els are associated with fatigue in chronic diseases156. 
Additionally, coping strategies and attitudes to illness 
have been linked with fatigue157. One example is 
learned helplessness, which predicts fatigue in recent- 
onset inflammatory polyarthritis (that is, symptom 
duration of ≤2 years)158. Tendency to catastrophize, 
avoidance and negative illness perception or belief are 
associated with fatigue in many chronic diseases159,160. 
The mechanisms linking these factors to the develop-
ment or maintenance of fatigue are unclear. However, 
understanding which psychosocial factors are amena-
ble to intervention and can contribute to effective self- 
management of fatigue is helpful in making treatment 
decisions161. Indeed, cognitive behavioural therapy has 
shown promising short- term and long- term benefits in 
fatigue management in patients with RA3,161.

Access to data on premorbid fatigue would provide 
important insights into fatigue in inflammatory rheu-
matic diseases. Data on premorbid fatigue in patients 
with inflammatory rheumatic diseases are rarely avail-
able. However, premorbid fatigue is an important pre-
dictor of cancer- related fatigue22, an observation that 
supports the notion that genetic or environmental 
 factors pre- dispose individuals to fatigue.

The study of psychosocial factors in fatigue can be 
challenging and considered by some researchers to 
be less exciting or scientific or by some patients even 

to trivialize the seriousness of fatigue. Stigma around 
psychological factors can also contribute to prioritiza-
tion of physical over mental aspects of health, which 
can influence agendas and resources in research. In 
care provision, the preference for treating physical over 
mental health issues can be enacted by both patients 
and clinicians (for example, in a consultation) and by 
health- care systems, which could prioritize the com-
missioning of services for physical health). However, 
psychological and social factors are not merely epiphe-
nomena and emotions and feelings are no less ‘real’ than 
genes and molecules. The concept of ‘self ’ consists of 
not only a ‘neuro- biological self ’ but also a ‘psycholog-
ical self ’ that are intricately linked. For instance, a 2020 
meta- analysis suggested that mindfulness is associated 
with the reduction of pro- inflammatory biomarkers 
such as IL-6 and TNF in blood and in saliva in patients 
with mood disorders162. Research into neurobiological 
changes associated with thoughts, emotions or feelings 
as potential therapeutic targets is increasing. However, 
such a neurobiological approach is not without poten-
tial pitfalls if the thoughts and emotions are the triggers 
of those neurobiological changes. As an illustration, to 
move one’s right hand normally involves a conscious 
decision, leading to the activation of the left motor 
cortex, which sends signals to the muscles of the right 
hand. Electromagnetic stimulation of the left motor cor-
tex also causes our right hand to move, but it is unlikely 
to cause one to ‘make a conscious decision’. Therefore, 
critical issues in evaluating whether thoughts, emotions 
and feelings are amenable to therapeutic intervention 
include determining if they are a cause or consequence 
of the associated neurobiological changes. The evidence 
for cognitive- behavioural approaches in reducing fatigue 
suggests that cognitions can be helpfully re- framed using 
Socratic questioning to promote a change in beliefs and 
enhanced coping161. Such changed beliefs and enhanced 
coping lead to better knowledge of why the person thinks 
the way that they do and how that has been influencing 
their behaviours (for example, avoiding physical activity 
because they think it will make their fatigue worse and  
this thought frightens them). Such changed beliefs  
and enhanced coping also increase confidence and reac-
tivation in everyday activities. The use of daily activity 
diaries for patients to monitor their energy expenditure 
and individualized goal setting lends weight to the argu-
ment that a ‘personalized’ and ‘holistic’ approach is likely 
to be needed to optimally manage fatigue3. Psychosocial 
factors in fatigue research deserve more attention but 
require a multidisciplinary and open- minded approach.

Putative models of fatigue
In this section, we present models of fatigue in inflam-
matory rheumatic diseases that take into consideration 
several important clinical observations that are among 
the most consistent findings (Box 3). We first explore the 
‘mechanistic’ model — that is, how the different mech-
anisms discussed in the previous sections might con-
tribute to the pathogenesis of fatigue in inflammatory 
rheumatic disease. We then discuss the possible physi-
ological and functional value of fatigue, which we term 
the ‘conceptual’ model of fatigue.

Learned helplessness
An attributional style whereby 
a person perceives that they 
have little control over the 
events in their life and so 
responds passively to the 
challenges that they face.

Mindfulness
The ability to be fully aware of 
one’s thoughts, feelings and 
sensations without being overly 
reactive.

Socratic questioning
The technique of asking 
focused, probing, open- ended 
questions that encourage 
reflection.
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Mechanistic model of fatigue
Both physical and psychological aspects are important 
considerations in fatigue research and have many inter-
connecting functional systems. Stressors elicit a coordi-
nated response from several functional systems, even if 
the stressor was directed primarily to one system. For 
instance, a simple cut to the skin triggers responses from 
multiple systems: vasoconstriction and coagulation to 
stop blood loss, inflammatory cascades to prevent 
infection and nociception and SNS activation to alert 
and prepare the body for danger. In chronic inflamma-
tory rheumatic diseases, multiple functional systems 
are affected. However, determining how these different 
functional systems contribute to fatigue is challenging.

As inflammation is the central pathological condi-
tion, it is probably the main initiator of fatigue through 
several interconnecting biological, psychological and 
physiological mechanisms. The relationship between 
inflammation and these various mechanisms is likely to 
be bi- directional. As the underlying inflammatory con-
dition becomes chronic, additional mechanisms, such as 
neuroendocrine and psychological mechanisms, might 
become involved in an attempt to establish a new equi-
librium. In individuals with fatigue, such maladaptive 
responses can perpetuate fatigue, and possibly suppress 
inflammation at the same time, providing a potential 
explanation for the observation of the inverse relation-
ship between circulating pro- inflammatory cytokines 
and fatigue severity. At this chronic stage of disease, sys-
temic inflammation might have a much lesser or even 
no role in the maintenance of fatigue. However, it is 
likely that an acute disease flare would disturb the estab-
lished equilibrium, with systemic inflammation again  
contributing to fatigue.

As some patients experience minimal or no fatigue 
despite ongoing systemic inflammation38, inflamma-
tion alone is therefore unlikely to be sufficient to cause 
fatigue. Furthermore, fatigue is prevalent in many 
chronic conditions in which evidence of an inflamma-
tory basis is weak, and yet very similar predictors of 
fatigue have been identified, such as pain, depression, 
autonomic dysfunction, neuroendocrine disturbances 
and sleep disturbances22,163. Moreover, a study of fatigue 
across five chronic conditions (RA, heart failure, multiple 

sclerosis, chronic kidney disease and chronic obstructive 
pulmonary disease) found that the qualitative experi-
ence of fatigue is similar across these conditions20. In 
addition, the unpredictability and variability of fatigue 
experienced by many patients within short timeframes 
is also difficult to explain with a mechanistic model 
centred solely on inflammation. We hypothesize that 
inflammation is one of the many interconnecting 
mechanisms that contribute to the development of 
fatigue in response to external or internal stressors to 
the body (Fig. 1). Consistent with this model, circulat-
ing levels of the stress protein HSP-90α are elevated in 
patients with pSS and fatigue compared with patients 
with pSS without fatigue149. Furthermore, together with 
depression, plasma concentration of HSP-90α was an 
independent predictor of fatigue in patients with pSS in 
multi- regression analysis149.

The ANS, the HPA axis and the immune system have 
important functions in the body’s response to biological, 
physiological and psychosocial stressors and are probably 
the systems mainly involved in the initiation of a com-
plex network of responses that contribute to fatigue. For 
instance, the ANS is adept at prompting rapid reactions 
to a threat and engaging the body in anticipatory actions, 
and therefore is likely to be an important contrib utor 
in the day- to- day (even hour- to- hour) variability of  
fatigue severity. By contrast, the HPA axis and aspects 
of the immune system are less flexible than the ANS164, 
and therefore might contribute to other facets of fatigue.

Different subtypes of fatigue have been proposed, 
such as ‘physical’, ‘mental’ and ‘motivational’. However, 
no formal definition for such fatigue subtypes exists. 
Furthermore, studies using fatigue questionnaires 
including different subscales to assess different facets of 
fatigue that are similar to the proposed fatigue subtypes 
(for example, the Multidimensional Fatigue Inventory, 
which has five subscales: general, physical, activity, 
motivational and mental) did not reveal any clear sub-
sets of patients with different subtypes of fatigue165–167. 
Additional research is needed to determine if these 
fatigue subtypes exist in inflammatory rheumatic dis-
eases. Our view is that different subtypes of fatigue are 
different facets of the same symptom, with the relative 
manifestations of each facet of fatigue depending on the 
relative contribution of the various mechanisms dis-
cussed in this Review (Fig. 3). For instance, autonomic 
dysfunction might contribute more to the ‘physical’ than 
to the ‘mental’ facet of fatigue, whereas depression might 
contribute more to the ‘mental’ and ‘motivational’ than 
the ‘physical’ facet of fatigue. Individual differences in 
how patients interpret and respond to fatigue complicate 
the identification of the underlying mechanisms.

Overall, fatigue is a phenomenon that is experienced 
physically and mentally and is driven by physiological, 
psychological, behavioural, socio- cultural and tempo-
ral factors. The relative contribution of these factors is 
dynamic and varies between individuals.

Conceptual model of fatigue
What is the physiological or functional relevance of 
fatigue in chronic conditions? Fundamentally, fatigue 
describes an inability to achieve the expected or maximal 

Box 3 | Important consideration for developing mechanistic and conceptual 
models of fatigue

below are some of the most consistent clinical observations that should be considered 
in the development of mechanistic and conceptual models of fatigue.
•	Defining features of fatigue include a multifaceted, overwhelming, highly variable 

and unpredictable nature, and lack of improvement with rest1.

•	Shared predictors of fatigue exist across different diseases, with pain and depression 
often being the strongest predictors21–23.

•	There is an inconsistent relationship between systemic inflammation and fatigue — 
perhaps stronger correlation exists in the early stages and during acute flares, but 
poor, or even inverse, correlation exists with systemic inflammation in the chronic 
stages14,25–27,35,38,46,47.

•	Fatigue often persists despite the underlying inflammatory rheumatic disease being 
in remission37,48.

•	Some people with inflammatory rheumatic disease do not experience fatigue despite 
clear evidence of systemic inflammation38,39.
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levels of performance. Fatigue can be considered as part 
of the sickness behaviour response to inflammation, and 
chronic fatigue a consequence of maladaptive sickness 
behaviour. However, fatigue is not a condition that a per-
son either has or not, but a continuum. Therefore, we 
believe that fatigue is a bio- psycho- physiological state 
reflecting the body’s overall resource (energy) man-
agement strategy. These resources include the energy 
needed for physical activities and other bodily functions, 
cognition and emotions, providing an explanation for 
the multifaceted nature of fatigue. Interestingly, in the 
aforementioned qualitative metasynthesis of the expe-
rience of fatigue, the most prominent themes noted by 
participants were ‘running out of batteries’ and having a 
‘bad life’ (defined as restrictions in their ability to engage 
in physical and social activities)20, which could be con-
sidered consistent with our model in that patients with 
fatigue perceive a (relative) lack of energy or resources in 
the context of perceived sustained threat and they adopt 
a rationing approach to restrict energy use for essential 
activities at the expense of other activities such as leisure. 
Furthermore, resource management is part of a coor-
dinated bio- psycho- physiological response to perceived 
current and anticipated stress. Therefore, fatigue can be 
accompanied by responses of multiple systems, such as 
altered ANS activity, altered pain sensitivity, changes 
to the immune system and changes to diurnal rhythm. 
Several factors could determine resource management 
strategies, including perceived current dangers or stress-
ors, the anticipated dangers or stressors, assessment of 
the body’s physiological state (interoception), outcomes 
from previous exposure to danger or stressors, and var-
ious other factors (such as genetic and environmental 
factors). In addition, perceptions and related behavioural 
responses are shaped by individual beliefs, expectations 
and cultural norms.

There are several non- mutually exclusive explana-
tions for the persistence of fatigue despite remission 
of the underlying disease. First, clinical remission does 
not always equate to molecular remission. Furthermore, 
in the context of inflammatory rheumatic diseases, if 
immune tolerance has not been restored, the ‘threat’ 
remains. After all, resource management has as 
much to do with planning for the future (perceived 
threats) as for the present. Additionally, irreversible or 
semi- permanent changes might occur in some of the 
mechanistic pathways that mediate fatigue (for example, 
through epigenetic changes, changes in neural connec-
tions or depletion of certain proteins or other bioactive 
substances). Furthermore, other comorbidities that per-
petuate fatigue can develop. For instance, chronic fatigue 
can lead to reduced cardiovascular fitness or sleep dis-
orders. Finally, factors such as genetics, medical or life 
history, or other psychosocial factors can influence 
the susceptibility of an individual to fatigue. If fatigue 
reflects the body’s resource management, genetics and 
past medical and life events might shape interoception 
and anticipatory danger perception. Psychologically, 
a patient’s coping resources might reduce over time, 
which can affect their experiences of fatigue168. As well 
as fatigue and flares, other health and life circumstances 
can affect the coping strategy of the patient. Patients 

whose inflammatory rheumatic disease is stable can 
still be inconsistent in their ability to cope with their 
circumstances and distress can steadily increase. Rather 
than a gradual deterioration, a patient’s ability to cope 
with their disease might not fully recover from a setback 
even though their symptoms have returned to the pre-
vious state. They might withdraw from social activities, 
discontinue regular exercise or increase their reliance 
on medication, all of which can exacerbate or maintain 
fatigue.

To summarize, fatigue might be a consequence of 
the body’s resource management strategy favouring 
conservation over expenditure in response to a stressor; 
in the context of inflammatory rheumatic disease, the 
stressor could be inflammation or loss of immunological  
tolerance, but other factors might also contribute.

Conclusions
Fatigue is a symptom that is prevalent, disabling 
and difficult to manage for patients with inflamma-
tory rheumatic diseases, as well as those with many 
other rheumatic and non- rheumatic conditions5,169,170. 
Consensus on how to define and measure fatigue is 
urgently needed, to provide a broad framework covering 
the various facets of fatigue. For example, fatigue could 
be described as a multifaceted phenomenon in which 
the biological, physiological, cognitive, motivational 
and emotional state of the body is affected, resulting in 

Inflammation or
other stressors

Initiation of fatigueAcute	flare

Genetic
factors

Maintenance
of fatigue

Maladaptive
responses

Biopsycho-
physiological
states

Fatigue

Fig. 3 | Mechanistic model of fatigue. Fatigue is driven by 
physiological, psychological, behavioural, socio- cultural 
and temporal factors. The relative contribution of these 
factors is dynamic and varies between individuals. 
Inflammation, the central pathological condition in 
inflammatory rheumatic diseases, is probably the main 
initiator of fatigue through several interconnecting 
biological, physiological and psychological mechanisms.  
As the underlying inflammatory condition becomes 
chronic, maladaptive responses might develop that 
perpetuate fatigue. During this chronic stage of disease, 
systemic inflammation might have a much smaller or even 
no role in the maintenance of fatigue. However, it is likely 
that an acute disease flare would disturb the established 
equilibrium, with systemic inflammation again contributing 
to fatigue. In addition, genetic factors might also influence 
the biological, physiological and psychological responses 
to stressors, which, in turn, can affect fatigue pathogenesis.
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impairment of an individual’s ability to function in their 
normal capacity. Such a definition is still up for debate 
but could function as a starting point for future discus-
sions. The mechanistic and conceptual models of fatigue 
presented in this Review could also provide a framework 
for future research into the mechanisms underlying this 
condition in the context of inflammatory rheumatic 
diseases and other diseases. Recommendations on the 
categories of data to be included and reported in fatigue 
research will facilitate harmonization of datasets for 
comparison and meta- analysis. Caution is needed in 
extrapolating findings based on experimental models 
of induced physiological fatigue unless they have been 
replicated in patients with pathological fatigue. This 
is because many induced fatigue models are transient 

and self- limiting, unlike fatigue in chronic conditions, 
which is often long- standing and not relieved by rest. 
Identification of objective biomarkers of fatigue should 
improve fatigue assessment and understanding of patho-
physiology. Given the complexity of the underlying 
mechanisms of fatigue, future research should ideally 
involve multidisciplinary expertise to enable concurrent 
investigation of different mechanisms and confound-
ing factors. Future studies investigating fatigue patho-
genesis could help to identify targets for interventions 
across multiple chronic diseases. Optimal management 
of fatigue is likely to require a personalized and holistic 
approach.
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