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[Intervention Review]
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ABSTRACT
Background

Fatigue is a common and potentially distressing symptom for patients with rheumatoid arthritis (RA), with no accepted evidence-based
management guidelines. Evidence suggests that biologic interventions improve symptoms and signs in RA as well as reducing joint
damage.

Objectives
To evaluate the effect of biologic interventions on fatigue in rheumatoid arthritis.
Search methods

We searched the following electronic databases up to 1 April 2014: Cochrane Central Register of Controlled Trials (CENTRAL),
MEDLINE, EMBASE, Cochrane Database of Systematic Reviews, Current Controlled Trials Register, the National Research Register
Archive, The UKCRN Portfolio Database, AMED, CINAHL, PsycINFO, Social Science Citation Index, Web of Science, and Disser-
tation Abstracts International. In addition, we checked the reference lists of articles identified for inclusion for additional studies and
contacted key authors.

Selection criteria

We included randomised controlled trials if they evaluated a biologic intervention in people with rheumatoid arthritis and had self

reported fatigue as an outcome measure.
Data collection and analysis

Two reviewers selected relevant trials, assessed methodological quality and extracted data. Where appropriate, we pooled data in meta-
analyses using a random-effects model.
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Main results

We identified 32 studies for inclusion in this current review. Twenty studies evaluated five anti-tumour necrosis factor (anti-TNF)
biologic agents (adalimumab, certolizumab, etanercept, golimumab and infliximab), and 12 studies focused on five non-anti-TNF
biologic agents (abatacept, canakinumab, rituximab, tocilizumab and an anti-interferon gamma monoclonal antibody). All but two of
the studies were double-blind randomised placebo-controlled trials. In some trials, patients could receive concomitant disease-modifying
anti-theumatic drugs (DMARD:s). These studies added either biologics or placebo to DMARD:s. Investigators did not change the dose
of the latter from baseline. In total, these studies included 9946 participants in the intervention groups and 4682 participants in the
control groups. Overall, quality of randomised controlled trials was moderate with a low to unclear risk of bias in the reporting of
the outcome of fatigue. We downgraded the quality of the studies from high to moderate because of potential reporting bias (studies
included post hoc analyses favouring reporting of positive result and did not always include all randomised individuals). Some studies
recruited only participants with early disease. The studies used five different instruments to assess fatigue in these studies: the Functional
Assessment of Chronic Illness Therapy Fatigue Domain (FACIT-F), Short Form-36 Vitality Domain (SF-36 VT), Visual Analogue
Scale (VAS) (0 to 100 or 0 to 10) and the Numerical Rating Scale (NRS). We calculated standard mean differences for pooled data
in meta-analyses. Overall treatment by biologic agents led to statistically significant reduction in fatigue with a standardised mean
difference of —0.43 (95% confidence interval (CI) —0.38 to —0.49). This equates to a difference of 6.45 units (95% CI 5.7 to 7.35)
of FACIT-F score (range 0 to 52). Both types of biologic agents achieved a similar level of improvement: for anti-TNF agents, this
stood at —0.42 (95% CI —0.35 to —0.49), equivalent to 6.3 units (95% CI 5.3 to 7.4) on the FACIT-F score; and for non-anti-TNF
agents, it was —0.46 (95% CI —0.39 to —0.53), equivalent to 6.9 units (95% CI 5.85 to 7.95) on the FACIT-F score. In most studies,
the double-blind period was 24 weeks or less. No study assessed long-term changes in fatigue.

Authors’ conclusions

Treatment with biologic interventions in patients with active RA can lead to a small to moderate improvement in fatigue. The magnitude
of improvement is similar for anti-TNF and non-anti-TNF biologics. However, it is unclear whether the improvement results from a
direct action of the biologics on fatigue or indirectly through reduction in inflammation, disease activity or some other mechanism.

PLAIN LANGUAGE SUMMARY

Biological interventions for the management of fatigue in rheumatoid arthritis
Background

What is rheumatoid arthritis and what are biologics?

When you have rheumatoid arthritis, your immune system, which normally fights infection, attacks the lining of your joints, causing
swelling, stiffness and pain. The small joints of your hands and feet are usually affected first. There is no cure for rheumatoid arthritis
at present, so treatments aim to relieve pain and stiffness and improve your ability to move. Biologics are medications that can reduce

joint inflammation, improve symptoms and prevent joint damage.

Fatigue is an important symptom in people with rheumatoid arthritis. However, there is no consensus on the most effective management
approaches for it. A number of studies have explored the effects of biologic response modifiers (biologics) in the management of
rheumatoid arthritis and associated symptoms such as fatigue. We carried out the current review to evaluate the effects of these therapies
on fatigue in adults with rheumatoid arthritis.

Study characteristics

We searched for all research published up to 1 April 2014, finding 32 relevant studies. There were 19 studies on five ant-TNF
biologics (adalimumab, certolizumab, etanercept, golimumab and infliximab) and 12 studies on five non-anti-TNF biologics (abatacept,
canakinumab, rituximab, tocilizumab and an anti-interferon gamma monoclonal antibody).

Key results

Altogether 9,946 participants received biologics and 4,682 participants received standard therapy. All but two of the studies were
randomised placebo-controlled trials, the gold standard in terms of study quality. We compared the effects of biologics versus placebo.
In some studies, participants may have been taking standard therapy for rheumatoid arthritis at the start of the trial. In these studies,
investigators added either biologics or placebo treatment to standard therapy. Overall, treatment by biologics led to small to moderate
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reductions (9 units reduction on a 0-52 scale) in patient-reported fatigue compared with 3 units in participants treated by placebo.
It is unclear whether this improvement is due to a reduction in overall disease activity, a direct effect of the biologics or some other
mechanism.

Quality of the evidence

There may have been some potential bias in the way investigators analysed data, and some studies did not include all randomised
individuals, so we judged the quality of the evidence to be only moderate rather than high.

Biologic interventions for fatigue in rheumatoid arthritis (Review) 3
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SUMMARY OF FINDINGS FOR THE MAIN COMPARISON [Explanation]

All biologics for fatigue in rheumatoid arthritis

Patient or population: patients with fatigue in rheumatoid arthritis
Settings: hospital, outpatient clinics

Intervention: all biologics

Comparison: placebo or usual care

Outcomes

lllustrative comparative risks* (95% Cl)

Assumed risk

Corresponding risk

Control

Biologics

No of participants
(studies)

Quality of the evidence
(GRADE)

Comments

Fatigue continuous mea-
sures
Follow-up:
weeks

median 24

The mean change in fatigue
score from baseline in the
control for all biologics -
was 3.3 units lower of the
FACIT-F score or 3.9 lower
of the SF-36 vitality

The standardised mean dif-
ference between control
and intervention groups at
study endpoint for all bio-
logics was 6.45 units lower
of the FACIT-F score or 7.
65 units of SF-36 vitality

14,628
(30 studies)

OODD
Moderate

SMD —0.43 (95% Cl —0.49
to —0.38). An SMD of 0.43
would be considered as a
moderate effect

This equates to a difference
of 6.45 units (95% Cl 5.70
to 7.35) of FACIT-F score
(range 0-52) or 7.65 units
(95% CI 6.76 to 8.72) of
SF-36 vitality (range 0-100).
NNTB 5 (95%Cl 5 to 6)

The mean change in fatigue
score from baseline in the
control for anti-TNF biolog-
ics - was 3.3 units lower of
FACIT-F score or 3.9 lower
of the SF-36 vitality

The standardised mean dif-
ference between control
and intervention groups at
study endpoint for anti-
TNF biologics was 6.3 units
lower of the FACIT-F score
or 7.5 units of SF-36 vitality

8946
(19 studies)

OODD
Moderate

SMD —0.42 (95% CI—0.35
to —0.49). An SMD of 0.
42 would be considered
as a moderate effect. This
equates to a difference of
6.3 units (95% CI: 5.3 to 7.
4) of FACIT-F score (range
0-52) or 7.5 units (95% ClI
6.2 to 8.7) of SF-36 vitality
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(range 0-100). NNTB 6 (95%

Cl5t07)
The mean change in fatigue The standardised mean dif- 5682 CDDD An SMD of 0.46 would be
score from baseline in the ference between control (11 studies) Moderate® considered as a moderate

control fornon-anti-TNFbi- and intervention groups at

ologics -was 0.5 units lower
of FACIT-F score or 0.59
lower of the SF-36 vitality

study endpoint for non-
anti-TNF biologics was 6.9
units lower of FACIT-F score
or 8.19 units of SF-36 vital-

ity

effect. This equates to a
difference of 6.9 units (95%
Cl 5.85 to 7.95) of FACIT-
F score (range 0-52) or 8.
19 units (95% Cl 6.94 to 9.
43) of SF-36 vitality (range
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‘¥ ‘suos B AS|IM uyof Aq paysi|gnd ‘uoiye.I0qe||0D SuBIY20D Y1 90T @ IYS1ikdoD

0-100). NNTB 5 (95%Cl 4 to
6)

*The basis for the assumed risk (e.g. the median control group risk across studies) is provided in footnotes. The corresponding risk (and its 95% confidence interval) is
based on the assumed risk in the comparison group and the relative effect of the intervention (and its 95%Cl).
Cl: Confidence interval; NNTB: number needed to treat for an additional beneficial outcome; SMD: standardised mean difference.

GRADE Working Group grades of evidence

High quality: Further research is very unlikely to change our confidence in the estimate of effect.

Moderate quality: Further research is likely to have an important impact on our confidence in the estimate of effect and may change the estimate.

Low quality: Further research is very likely to have an important impact on our confidence in the estimate of effect and is likely to change the estimate.
Very low quality: We are very uncertain about the estimate.

“The quality of the studies were downgraded from high to moderate because of potential reporting bias (studies included
post hoc analysis favouring reporting of positive result and studies did not always include all randomised individuals.



BACKGROUND

Description of the condition

Rheumatoid arthritis (RA) is an autoimmune, systemic, inflam-
matory condition causing pain and synovitis in the joints of the
hands and feet (Conaghan 1999). Repeated flares of disease ac-
tivity cause symptoms of pain, fatigue, stiffness and loss of func-
tion. People with RA have identified fatigue as a key problem,
which they consider harder to manage than pain (Hewlett 2005).
Quantitative studies consistently show that significant fatigue oc-
curs in up to 70% of patients in the UK (almost 0.4 million peo-
ple) and is as common and severe as pain (Department of Health
2006; Wolfe 1996). There is a Cochrane review on the effect of
non-pharmaceutical interventions on fatigue in patients with RA

(Cramp 2013).

Description of the intervention

Medication for controlling the inflammatory response (and there-
fore symptoms) in RA comprises non-steroidal anti-inflamma-
tory drugs (NSAIDs), rapid introduction of disease-modifying
anti-theumatic drugs (DMARD:), glucocorticoids and biologic
therapies to inhibit disease progression (Lugmani 2006). Al-
though there is evidence that biologic interventions can improve
symptoms of pain, stiffness, inflammation and loss of function
(Blumenauer 2002; Blumenauer 2003; Maxwell 2009; Mertens
2009; Navarro-Sarabia 2005; Singh 2009), and studies increas-
ingly include fatigue as a secondary outcome, no systematic re-
view has clearly established the evidence for improvement in RA
fatigue. Other pharmacological interventions such as anti-depres-
sants are often also used to improve intractable symptoms of RA
such as pain and may also improve fatigue. A separate review is

analysing these agents, along with DMARDs and NSAIDs.

How the intervention might work

RA fatigue probably acts through multiple and complex pathways
that vary between and within patients over time (Hewlett 2008).
Inflammatory activity may directly cause fatigue through systemic
effects or indirectly through its effects on pain and function (
Pollard 2006). Therefore, biologic agents may improve RA fatigue
by reducing the inflammatory components of fatigue, pain and
function.

Why it is important to do this review

People with RA have clearly identified fatigue as a common, un-
manageable symptom that reduces quality of life (Hewlett 2005),
and there is international consensus that all clinical trials should

measure it (Kirwan 2007). In addition, ongoing research identifies
fatigue as a key symptom associated with disease flare. Although
there is no systematic review on the evidence for the effect of phar-
macological interventions on RA fatigue, investigators often re-
port the symptom as a secondary outcome. Clinicians need to be
able to evaluate the potential (or limitations) of such interventions
for reducing RA fatigue in order to reach concordant decisions
with patients on treatment options.

OBJECTIVES

To evaluate the effect of biologic interventions on fatigue in
rheumatoid arthritis.

METHODS

Criteria for considering studies for this review

Types of studies

Inclusion criteria

Randomised controlled trials of biologics in adults with confirmed
RA that included fatigue as a primary or secondary outcome mea-
sure (and not just an adverse effect) and reported it separately for
RA participants (Arnett 1988).

Exclusion criteria

Studies that only investigated non-biologic interventions or non-

pharmacological interventions.

Types of participants

Adults (usually over 18 years of age) with a diagnosis of RA ei-
ther confirmed by rheumatologist or using American College of

Rheumatology (ACR) criteria (Arnett 1988).

Types of interventions

All recognised biologic interventions. These included anti-TNF
(infliximab, etanercept, adalimumab, certolizumab pegol and goli-
mumab) and non-anti-TNF (rituximab, abatacept, tocilizumab,
anakinra, canakinumab and anti-IFN gamma monoclonal anti-
body) biologic agents.

The comparison arm could have been a placebo, alternative inter-
vention (pharmacological or non-pharmacological) or usual care,
including no specific intervention for fatigue.

Biologic interventions for fatigue in rheumatoid arthritis (Review)
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Types of outcome measures

Primary outcomes

The primary outcomes for this systematic review were change in
self reported fatigue scores using validated measures and adverse
events. We defined validated measures as instruments used to assess
fatigue in clinical trials or observational studies as detailed in a
recent review (Hewlett 2007). We included adverse events in the
initial protocol; however, since then a separate Cochrane review
has assessed adverse events associated with anti-TNF and non-anti-
TNF biologic treatments, so we have referred to this publication
rather than conducting a separate analysis (Singh 2011).

Secondary outcomes

In addition to presenting data on the primary outcome of fatigue
in the’Summary of findings’ table, we also extracted the secondary
outcomes of pain, anxiety and depression.

Search methods for identification of studies

We developed our search strategies in line with recommendations
from the Cochrane Musculoskeletal Review Group and present
them in Appendix 1. We applied these search strategies to all
databases, adapting them appropriately to suit database style.

Electronic searches

We searched the following electronic databases.

e Cochrane Central Register of Controlled Trials
(CENTRAL) (2014, Issue no).

e MEDLINE (1966 to April 2014).

e EMBASE (1983 to April 2014).

e Cochrane Database of Systematic Reviews (2007 to April
2014).

e Current Controlled Trials Register (USA) (2000 to April
2014).

e The National Research Register (NRR) Archive (UK)
(2006 to April 2014).

e The UKCRN Portfolio Database (UK) (2006 to April
2014).

e AMED (1985 to April 2014).

e CINAHL (1982 to April 2014).
PsycINFO (1974 to April 2014).
Social Science Citation Index (1990 to April 2014).
Web of Science (1990 to April 2014).
Dissertation Abstracts International (1871 to April 2014).
WHO International Clinical Trials Registry Platform
(ICTRP) (Nov 2005 to April 2014).

Searching other resources

In addition, we handsearched the reference lists of included studies
and previous review papers to find additional studies, as well as
the Topical Review Series on fatigue in musculoskeletal disease
(Hewlett 2008). We contacted relevant authors in the field to ask
about unpublished research that the search strategies could not
have detected.

Data collection and analysis

Selection of studies

Two review authors assessed titles and abstracts for all records iden-
tified through the search strategies, retrieving full texts for all those
that appeared to meet the inclusion criteria. We also acquired the
full reports if there was any uncertainty or disagreement surround-
ing their inclusion, or if abstracts were not available and it was not
possible to exclude the trial on title alone. Two independent review
authors screened all full-text articles for inclusion/exclusion crite-
ria, resolving disagreements by discussion and the involvement of

an arbiter where necessary.

Data extraction and management

For data extraction, the review team allocated papers to different
authors according to their areas of expertise, and two reviewers
independently retrieved the following details for each publication,
tabulating them on a standardised form: intervention (including
characteristics and duration); details of the participants’ health sta-
tus; assignment to groups (including process used, concealment
and comparability of groups); outcome measures; details of out-
come measures used for assessing fatigue, timing of measurements;
adherence to intervention/control, sample size and statistical anal-
ysis methods (including use of intention-to-treat principle) as well
as power to detect a change in fatigue, adverse events and with-
drawals.

Assessment of risk of bias in included studies

The two review authors independently assessed the methodolog-
ical quality of each trial using individual components of quality
from tools such as the one provided by Cochrane. Additionally,
two independent review authors assessed the risk of bias of the
included studies. As recommended in the Cochrane Handbook for
Systematic Reviews of Interventions (Higgins 2008), we assessed the
following methodological domains.
1. Sequence generation.

. Allocation concealment.

(SN ]

. Blinding of participants, personnel and outcome assessors.

N

. Incomplete outcome data.

N

. Selective outcome reporting.

Biologic interventions for fatigue in rheumatoid arthritis (Review)
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6. Other potential threats to validity (e.g. appropriate use of
co-interventions).
We explicitly assessed each of these domains as being at "low’ or
’high’ risk of bias; where insufficient information was available,
or there was uncertainty over the potential for bias, we rated the
study as being at "unclear’ risk of bias in that domain.
We also assessed the power of the study to detect change in RA
fatigue by examining the power calculations reported in the stud-
ies. Where this was missing, we based our assessment on recent
publications focusing on the Patient Acceptable Symptom State or
the minimally important differences in RA fatigue (Heiberg 2008;
Wells 2007). We also used methods described in (Hewlett 2007)
to assess the validity of the fatigue measure.

Measures of treatment effect

As we expected, the identified studies used a range of fatigue out-
come measures, so we calculated standardised mean differences
(SMD). We recorded the central estimate (mean) and standard
deviation (SD). Where the standard deviations were not explicitly
stated, we calculated them from the standard error, the different
means and their respective confidence intervals (Cls) or P values.
Where studies described adverse events as dichotomous data, we
had planned to report them as the proportion of participants ex-
periencing the event in each arm and would have made compar-
isons using the risk ratio (RR) and the corresponding 95% CI.
For rare events (< 10%), we planned to report the Peto odds ratio.
However, as stated in Primary outcomes, in the end we did not
perform any analyses on adverse events since this has already been
studied in a separate Cochrane review (Singh 2011).

Unit of analysis issues

Some studies included multiple doses of the same intervention.
In these cases, we divided the control group into equal numbers
and included pairwise comparisons in the meta-analysis as recom-
mended in sections 9.3.9 and 16.5.4 of the Cochrane Handbook
for Systematic Reviews of Interventions (Higgins 2008).

Dealing with missing data

Where the change in scores was not available, we sought these data
from the authors. Failing that, we imputed them using methods
recommended in section 16.1.3.2 of Higgins 2008.

We carried out an intention-to-treat analysis in studies that in-
cluded participants allocated to the intervention arm regardless of
whether or not they completed the follow-up. In these studies we
assumed that participants who dropped out of the study had no
changes in their outcomes, assigning a conservative assessment of
response to treatment. We requested further details from authors
in cases where published data were incomplete.

Assessment of heterogeneity

Where appropriate, we formally assessed heterogeneity of the data
using the I? statistic (Higgins 2003). We judged a value greater
than 50% to represent substantial heterogeneity. Where we de-
tected this level of heterogeneity and there were sufficient studies
available, we conducted subgroup analyses in an attempt to ex-
plain the heterogeneity.

Assessment of reporting biases

We used a funnel plot to assess the possibility of publication bias.

Data synthesis

We evaluated the quality of included studies using the GRADE
approach (Schiinemann 2008), which employs the following rat-
ing system: randomised trials (high), downgraded randomised tri-
als (moderate), double-downgraded randomised trials (low) and
triple-downgraded randomised trials (very low). The quality rat-
ings may be decreased by:

1. limitations in the design and implementation of available
studies, suggesting a high likelihood of bias;

2. indirectness of evidence (indirect population, intervention,
control, outcomes);

3. unexplained heterogeneity or inconsistency of results
(including problems with subgroup analyses);

4. imprecision of results (wide confidence intervals); or

5. high probability of publication bias.
We expected a mixture of changes from baseline and absolute
group differences across a variety of measures of RA fatigue. We
also anticipated some variation in methods of analysis, includ-
ing absolute difference compared between groups, and baseline-
adjusted differences between groups. We followed the Cochrane
guidelines described in section 9.4.5.2 of Higgins 2008 to decide
which group of studies we could include in any meta-analysis. We
imputed the SD if necessary as described in section 16.1.3.
Summary of finding tables
We present the grading and meta-analyses in a’Summary of find-
ings’ table.
Where there was no heterogeneity, we used a fixed-effect model,
and where there was heterogeneity, we used a random-effects
model. When the outcome used, or the number, quality or het-
erogeneity of existing trials contraindicated meta-analysis, we re-
ported and discussed each study individually, using effect sizes
for fatigue difference (differences divided by the SD) and Cohen’s
statistic (0.2 to 0.5 = small effect, 0.5 to 0.8 = moderate, > 0.8 =
large effect) (Cohen 1998). We calculated SMDs for pooled data
in meta-analysis. If trials reported more than one outcome mea-
sure, such as FACIT and SF-36 VT, we used the latter. Negative
values indicated reduction in the fatigue.
In order to estimate the number needed to treat for an additional
beneficial outcome (NNTB) from the SMD, we performed a log
transformation of the SMD to an odds ratio (OR) (Chinn 2000).

Biologic interventions for fatigue in rheumatoid arthritis (Review)
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Subsequently, we combined the resulting OR with an assumed
control event rate (CER = 0.5) generating an estimated NNTB.
These control group risks refer to proportions of people who im-
proved by some (unspecified) amount in the continuous outcome
(responders’).

Subgroup analysis and investigation of heterogeneity

Where sufficient studies were available and the data were heteroge-
nous, we carried out separate meta-analyses for studies according

to different biologic agents.

Sensitivity analysis

We planned the following sensitivity analyses a priori in order to
explore differences in effect size and to assess whether the conclu-
sions were robust to the decision-making process.

1. The effect of risk of bias in included studies - defined as
adequate allocation concealment and blinding of outcome

aSSESSOrs.

2. The effect of imputing missing data or transforming
variables.

RESULTS

Description of studies

Results of the search

We undertook a comprehensive literature search, including screen-
ing of titles and abstracts (where available). We retrieved 54 full-
text references for further evaluation, including 32 that met the
criteria for the current review and excluding the remaining 22.
Handsearching of reference lists led to the retrieval of six further
full-text studies; we excluded one because fatigue was not an out-
come measure and five because we were unable to obtain necessary
data from the authors (Figure 1).

Biologic interventions for fatigue in rheumatoid arthritis (Review)
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Figure 1. Study flow diagram
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Included studies

All the studies recruited participants with established RA who
fulfilled ACR criteria (Arnett 1988). There were 20 studies of
five anti-TNF agents: one studied infliximab (Maini 1999), three
studied etanercept (Bae 2013; Emery 2008; Moreland 1999),
six studied adalimumab (Herslev-Petersen 2014; Keystone 2004;
Mittendorf 2007; Soubrier 2009; Strand 2012b; Weinblatt 2003),
five studied certolizumab pegol (Choy 2012; Fleischmann 2009;
Pope 2012; Smolen 2009a; Strand 2009), and five studied goli-
mumab (Emery 2009; Keystone 2009; Li 2013; Smolen 2009b;
Weinblatt 2013). All but two were randomised placebo-controlled
trials: Mittendorf 2007 reported the result of a pooled analysis of
six randomised placebo-controlled trials of adalimumab in RA,
while Bae 2013 was a randomised open-label active comparator
trial of etanercept. Of the 12 non-anti-TNF biologic studies, 4
studied abatacept (Genovese 2005; Kremer 2003; Kremer 2006;
Schiff 2008), three studied rituximab (Cohen 2006; Emery 2006;
Rigby 2011), three studied tocilizumab (Genovese 2008; Smolen
2008; Strand 2012a), one studied canakinumab (Alten 2011), and
one was an early phase trial of an anti-IFN gamma monoclonal
antibody (Lukina 1998). All but two of these studies were ran-
domised placebo-controlled trials: Bae 2013 compared etanercept
with standard DMARD, and Lukina 1998 (which was translated
from Russian) compared the effect of anti-interferon gamma (anti-
IFNy) monoclonal antibody with anti-TNF antibodies as well as
a combination of anti-IFNy and anti-TNF antibodies. The sam-
ple size of Lukina 1998 was not based on statistical estimation;
the study only recruited 25 participants and allocated just five to
each treatment arm. This study (Lukina 1998) and the study by
Maini 1999 did not contribute data to the meta-analysis as we
were unable to obtain precise estimate including standard devia-
tion of change from the authors. In some trials, both active partic-
ipants and controls could receive concomitant DMARD:s. These
studies added either biologics or placebo to DMARDs. The dose
of the latter did not change from baseline. In total, these studies
included 9,946 participants in the intervention groups and 4,682
participants in the control groups.

The primary outcomes of the included studies were disease activ-
ity, mostly assessed by ACR response criteria. The only exception
is the pooled analyses in Mittendorf 2007, which focused on pa-
tient-reported outcomes. None of the studies used fatigue as their
primary outcome. These studies used five different instruments to
assess fatigue: the Functional Assessment of Chronic Illness Ther-
apy Fatigue Domain (FACIT-F), Short Form-36 Vitality Domain
(SE-36 VT), visual analogue scale (VAS) (0 to 100 or 0 to 10)

and the Numerical Rating Scale NRS (0 to 10). The most com-
monly used instrument was SF-36 VT, which authors reported in
15 studies. Nine studies used the FACIT-F, five used a VAS, and
three used an NRS. Fatigue measures were taken at the primary
endpoints, which for most trials were at 24 weeks or less. One
trial assessed fatigue at six weeks (Pope 2012), two trials at three
months (Genovese 2005; Kremer 2003), and two studies at week
52 (Keystone 2004; Kremer 2006). Most papers did not provide
data on pain, anxiety or depression, hence we were unable to con-
duct analyses of these secondary outcomes.

Excluded studies

Twenty-two excluded publications did not meet the review in-
clusion criteria for the following reasons: 8 were not randomised
controlled trials (Cella 2005; Duggan 2009; Frampton 2007;
Kavanaugh 2012; Sansonno 2003; Strand 2012; Strand 2014;
Yount 2007), 12 did not report fatigue as an outcome mea-
sure (Breedveld 2005; Furst 2003; Genovese 2010; Grigor 2004;
Haugeberg 2009; Moreland 2000; Moreland 2002; Kavanaugh
2003; Kim 2007; Kremer 2008; Song 2007; Tak 2008), and two
papers were conference abstracts superseded by another publica-
tion (Dougados 2007; Gnanasakthy 2013). We report details of
the excluded studies in the Characteristics of excluded studies ta-
bles. Of the additional six studies identified through reference lists,
five studies are awaiting classification until enough data is avail-
able to make a decision regarding inclusion (Elliott 1994; Kosinski
2000; St Clair 2004; Van der Kooij 2009; Westhovens 2006). We
excluded the one remaining study, as fatigue was not an outcome
measure and was a duplicate of a previously excluded study (Grigor

2004).

Risk of bias in included studies

Overall, for most of the included studies the risk of bias was low
or unclear (Figure 2). However, for Lukina 1998, an early phase II
trial of anti-IFNy monoclonal antibody, the risk of bias was high.
This study did not provide any precision estimates on fatigue, so
we did not include its results in the meta-analyses of this review.
Authors of study by Maini 1999 did not provide standard deviation
so data from the study were not included in the meta-analysis. Li
2013 and Pope 2012 were only available as conference abstracts, so
carried a potential high risk of bias since details on randomisation,
allocation concealment, blinding were not reported. Therefore,
details on method of allocation, blinding and completeness of
reporting could not be assessed adequately.
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Figure 2. Risk of bias summary: review authors’ judgements about each risk of bias item for each included

study.
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Allocation

Investigators described all the studies as randomised controlled
trials but did not report the method of randomisation in 12 studies.

Blinding
Investigators described all but two studies as double-blind,

placebo-controlled trials (Lukina 1998; Bae 2013); however, 10
studies do not provide details.

Incomplete outcome data

Four studies did not provide sufficient details on attrition (Bae
2013; Li 2013; Lukina 1998; Pope 2012), and four studies did
not account for a number of the participants who dropped out
before the end of the studies (Emery 2006; Kremer 2003; Kremer
2006; Smolen 2009b).

Selective reporting

Selective reporting bias was a concern in four studies that either
did not report details of improvement in fatigue or health-related

quality of life (HRQol) or did not report them at the primary
endpoint of the trial (Emery 2008; Fleischmann 2009; Keystone
2004; Soubrier 2009) . Four studies described patient-reported
outcomes from previously published RCTs (Bae 2013; Strand
2009; Strand 2012a; Strand 2014).

Other potential sources of bias

In four studies, the lack of information on completeness of data
from the questionnaire was a potential risk of bias (Emery 2006;
Emery 2008, Lukina 1998; Maini 1999). Maini 1999 reported
the second year result of a randomised controlled trial. After the
first year, 94 participants had a treatment gap of over eight weeks,
while the rest continued immediately into the second year. Those
participants with the gap may have received other medications.
Furthermore standard deviations of change were not provided by
the authors. Lukina 1998 had no placebo control arm and had a
very short-term follow-up as well as a very small sample size. Fur-
thermore, authors did not provide the statistical analysis method
or precision estimates. A funnel plot of all the studies did not sug-
gest significant publication bias (Figure 3).

Biologic interventions for fatigue in rheumatoid arthritis (Review)
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Figure 3. Funnel plot of comparison: | All Biologics, outcome: I.1 All studies - fatigue continuous measures.
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Some of the trials were multidose trials and therefore provided
at least two comparisons for the purpose of meta-analyses. Data
from Lukina 1998 and Maini 1999 did not contribute to the result
of the meta-analyses because the trial did not provide precision
estimates, and there was no placebo control group. All the ran-
domised placebo-controlled trials reported statistically significant
improvement in disease activity as well as pain score in the active
treatment groups when compared with controls. Two studies did
not use placebo controls (Bae 2013; Lukina 1998).

Primary outcomes

Self reported fatigue

Opverall treatment by biologic agents led to a statistically signifi-
cant reduction in fatigue with an SMD of —0.43 (95% CI —0.49
to —0.38; P < 0.00001; Analysis 1.1; Figure 4). There was statisti-
cally significant heterogeneity (I* = 48%, P < 0.0001). Anti-TNF
biologic agents had an SMD of —0.42 (95% CI —0.49 to —0.35,
P < 0.00001; Analysis 2.1; Figure 5) and non-anti-TNF agents
had an SMD of —0.46 (95% CI —0.53 to —0.39; P < 0.00001;
Analysis 4; Figure 5), showing similar effects on fatigue (Summary
of findings for the main comparison). However, there was statis-
tically significant heterogeneity in anti-TNF trials (I2 = 54%, P =
0.0002). The precise cause of heterogeneity is unclear but may be
due to different dosage, participant characteristics (early versus es-
tablished disease), previous treatment (biologic naive versus failed
biologic participants) and comorbidities that are associated with
fatigue (e.g. depression).

Biologic interventions for fatigue in rheumatoid arthritis (Review)
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Biologics Control Std. Mean Difference Std. Mean Difference

Study or Subgroup Mean SD Total Mean SD Total Weight IV, R 95% CI IV, R 95% CI
1.1.1 All biologics
Alten 2011 -2.5 9.2 64 1} 9.4 23 1.0% -0.27 [0.75,0.21] T
Alten 2011 -4.4 9.3 1] 0 9.4 23 1.0% -0.47 [-0.94,0.01]
Alten 2011 -3.8 9.4 71 0 9.4 23 1.0% -0.37 [0.84,010] I
Eae 2013 -8 1042 183 -31 1042 a8 2.1% -0.48 [[0.73,-0.23] I
Choy 2012 -14.72 19165 119 -3.74 17833 102 21% -0.59 [-0.86,-0.37] I
Cohen 2006 -13.97 2234 298 -332 2109 M 29% -0.49 [0.67,-0.31] -
Emery 2006 -6.02 1082 122 -6 742 B1 1.8% -0.34 [-0.65,-0.03] —
Emery 2006 (1) -6.71  10.68 123 -2.69 T.42 61 1.8% -0.41 [[0.72,-0.10] I
Emery 2008 -4 219 265 -16.7 219 363 3% -0.21 [-0.38,-0.04] -
Emery 2009 -7.21 9666 302 -6.2 10896 1451 28% -0.10[0.30,0.10] -
Fleischmann 2008 (2) -1073 24327 111 -1.88 17643 109 21% -0.41 [-0.68,-0.18 i
Genovese 2005 -5.6 1088 258 0 1088 133 26% -0.81 [-0.72,-0.30] I
Genovese 2008 -81 1053 724 33 9.6 311 3.5% -0.47 [-0.60,-0.34] -
Harslev-Petersen 2014 -331 318 89 -233 313 £l 1.9% -0.30 [0.60,-0.01] —
Keystone 2004 -16.55  21.95 200 -787 213 96 23% -0.40 [-0.64,-0.15] -
Keystone 2004 (3) -18.1  21.94 208 -7.87 213 96 23% -0.33 [-0.58,-0.09] -
Keystone 2009 -T.16 8.58 88 -216 9.53 BT 1.7% -0.55 [-0.88,-0.23] -
Keystone 2009 -T.3 8.65 88 -216 9.53 Bf 1.7% -0.57 [-0.89,-0.24] —
Kremer 2003 -7.8 Ba&73 M5 -21 BT B0 1.7% -0.67 [-0.99,-0.35] I
Kremer 2003 (4) -3.6 8188 1058 21 BRI 59 1.7% -0.17[0.49,0.15] b
Kremer 2006 (5) -7.3 96BY 433 -48 G98Ys 219 31% -0.26 [-0.42,-0.09] -
Liz2013 -34 94 132 22 1.2 132 2.3% -0.54 [-0.79,-0.29] —
Mittencorf 2007 {8} -B.65 1019 99 -333  T67 93 1.9% -0.59 [0.87,-0.30 —
Moreland 1339 -22 B3z 76 -2 B3z 40 1.3% -0.31 [0.70,0.07] E—
Moreland 1999 (7} -28 737 Te -2 B3.2 40 1.3% -0.33 [0.71, 0.08] /T
Fope 2012 -1.3 316 851 -0.5 316 212 33% -0.25 [-0.40,-0.10] -
Righy 2011 -10.282 27159 280 683 1127 128 25% -0.74 [-0.96,-0.52] i
Righy 2011 -9362  27.25 249 G683 1127 124 25% -0.70 (0.92,-0.48] I
Schiff 2008 (8) -7 108 1656  -348 10 a4 1.8% -0.34 [-0.64,-0.03] I
Schiff 2008 -8 10 156 -345 10 55 1.8% -0.45 [-0.76,-0.14] —
Smolen 2008 (3) -9.2 108 172 -44 a7 61 1.9% -0.46 [-0.76,-0.17] m—
Smolen 2008 -84 101 154 -44 87 G1 1.8% -0.41 FO.71,-0.11] i
Smolen 2009a -13.45  18.52 248 -276 17.8 63 2.0% -0.56 [-0.84,-0.28] I
Smolen 2009a (10) =21 23 146 -05 2 63 2.0% -0.71 [-0.99,-0.43] -
Smolen 20092 -1264 1653 246 -276 17.8 64 2.0% -0.58 [-0.87,-0.31] —
Smolen 2009a =21 21 246 -05 2 64 20% -0.77 [1.05,-0.49] e
Smolen 2008h -5 10,37 153 -1 8.88 TP20% -0.40 [-0.68,-0.13] i
Smolen 2009b -6 10,37 153 -1 8.689 TE 2.0% -0.50 [-0.78,-0.23] —_—
Soubrier 2009 -3348 268 33 -#15 29 3z 0.9% 0.28 [-0.20,0.77] T
Strand 2009 -12.9 2577 393 -28 16 100 24% -0.42 [-0.64,-0.20 i
Strand 2009 (11} -144 2765 3890 -28 1582 93 25% -0.45 [0.67,-0.23] -
Strand 2012a -6.66 977 161 -303 8.42 78 21% -0.39 [-0.66,-0.13] -
Strand 2012a -9.07 104 170 -3.03 8.42 T4 2.0% -0.61 [-0.89,-0.34] -
Strand 2012k -146 1782 265 135 1782 254 31% -0.06 [-0.23,0.11] -T
‘Weinblatt 2003 -5.8 9.9 B3 -26 104 2 0.9% -0.32[0.81,047] ———
‘Weinblatt 2003 -8.1 11.2 67 26 101 21 0.9% -0.50 [-0.99,-0.00]
‘Weinblatt 2003 -15.2 208 63 -54 238 21 0.9% -0.46 [-0.95, 0.04]
‘Weinblatt 2003 (12) -10 108 T8 -26 101 20 0.9% -0.65 [-1.19,-0.19]
‘Weinblatt 2003 -18.3 268 B7  -54 238 2 0.9% -0.49[-0.99,0.01]
‘Weinblatt 2003 -209 208 74 -54 238 20 09% -0.71 [F1.22,-0.21]
‘Weinblatt 2013 -8 108 385 -248 1002187 3.0% -0.52 [-0.69,-0.34] -
Subtotal (95% Cl) 9946 4682 100.0% -0.43[-0.49, -0.38] +
Heterogeneity: Tau®=0.02; Chi*= 96.50, df= 50 (P < 0.0001); F= 48%
Testfor overall effect: Z=16.14 (P = 0.00001)

t t t t
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Figure 4. Forest plot of comparison: | All Biologics, outcome: I.1 All studies - fatigue continuous measures.
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Biologics Control Std. Mean Difference Std. Mean Difference
Study or Subgroup Mean SD_Total Mean SD_Total Weight IV, Random, 95% CI IV, Random, 95% CI
2.1.1 Anti-TNF
Bae 2013 -81 1042 183 -31 1042 a8 3E% -0.48[0.73,-0.22] I
Choy 2012 -1472 19165 119 -374 17833 102 3.4% -0.59 [-0.86,-0.33] m—
Emery 2008 (1) -21.4 229 285 -167 219 263 4T% -0.21 [-0.38,-0.04] -
Emery 2009 -7.21 9BBE 302 -62 10896 151 4.4% -010F0.30, 010 -
Fleischmann 2008 (2) -10073 24327 111 -1.88 17649 109 3.4% -0.41 [-0.68,-0.19] —
Herslev-Petersen 2014 -331 319 88 -233 iz 91 31% -0.30 [-0.60,-0.01] /]
Keystone 2004 -151 21.94 206 -7.87 213 96 37% -0.33 [-0.58,-0.09] —_—
Keystone 2004 (3) -16.85 21.85 200 -7.87 213 96 3T% -0.40[-0.64,-0.15] n—
Keystone 2009 -716 8.58 89 -2.16 9.53 B7  28% -0.55 [-0.88,-0.23] I
Keystone 2009 -73 8.65 89 -216 G953 B 28% -0.57 [0.89,-0.24] —
Liz013 -3.4 94 132 212 1.2 132 37% -0.54 [-0.79,-0.29] —
Mittendarf 2007 (4) -B.68 1018 99 -3.33 767 93 32% -0.59 [-0.87,-0.30] -
Mareland 1999 -25 737 7a -2 63.2 40 23% -0.33F0.71, 0.08] B
Maoreland 1999 (5) -22 B3.2 TE -2 63.2 400 23% -0.31 F0.70,0.07] —
Pope 2012 -1.3 316 881 -05 316 M2 50% -0.25 [-0.40,-0.10] -
Smaolen 2009a -1264 16563 246 -276 178 B4 33% -0.59 [-0.87,-0.31] e
Smaolen 2009a -21 21 246 -05 2 64 32% -0.77 [-1.05,-0.49] I
Smaolen 2009a -13.45 1952 246 -176 17.8 B3 33% -0.56 [-0.84,-0.24] e
Smaolen 2009a (8) -21 23 46 08 2 B3 32% -0.71 [0.99,-0.43] —
Smaolen 2008k -6 1037 153 -1 a.89 TH 33% -0.40 [-0.78,-0.22] I
Smalen 2008k -6 1037 153 -1 a.a9 7 33% -0.40 [-0.68,-0.13] —
Soubrier 2009 -3358 26.6 33 -#15 249 32 16% 0.28[-0.20,0.77] ]
Strand 2009 (7) -144 2765 390 -28 1592 99 40% -0.45[-0.67,-0.23] I
Strand 2009 -129 2577 393 -2@ 16 100 4.0% -0.42[0.64,-0.20] —
Strand 2012h -146 1782 265 134 1782 244 47% -0.06 [-0.23,0.11] -1
Weinhlatt 2003 -208 208 7o 54 238 20 16% -0.71 [1.22,-0.21]
Weinhlatt 2003 -18.3 26.8 BT 54 238 21 1.6% -0.49[-0.89, 0.01]
Weinhlatt 2003 -15.2 205 B9 -54 238 21 1.6% -0.46 [-0.95, 0.04] T
Weinblalt 2003 (8) -10 108 A 26 101 20 16% -064[1.19,-019]
Weinblatt 2003 -81 11.2 B7  -26 101 21 1.6% -0.50 [-0.99,-0.00]
Weinhlatt 2003 -5.8 9.9 B9 -26 101 21 1.6% -0.32F0.81,007] —
Weinhlatt 2013 -8 1008 395 -25 102 197 47T% -0.52 [-0.69,-0.34] -
Subtotal (95% CI) 6087 2859 100.0% -0.42[-0.49, -0.35] [
Heterogeneity: Tau= 0.02; Chi*= B7.51, df= 31 (P = 0.0002); F= 54%
Testfor overall effect: £=11.40 (P < 0.00001)
2.1.2 Non-anti-TNF
Alten 2011 -4.4 9.3 B9 1} 9.4 23 20% -0.47 [0.94, 0.01]
Alten 2011 -2.48 9.2 B4 1} 9.4 23 20% -0.27 [0.745,0.27] —
Alten 2011 -34 9.4 7 1} 9.4 23 20% -0.37 0.84,0.10] B
Cohen 2006 -13.97 2234 288 -332 2108 201 9.6% -0.49 [-0.67,-0.31] -
Emery 2006 (9) -6.02 1082 122 -169 742 81 4.2% -0.34 [-0.65,-0.03] I
Emery 2008 -6.71 1065 123 -2643 742 61 4.1% -0.41 [0.72,-010] —
Genovese 2006 (10} -56 1098 258 0 1086 133 1% -0.51 [-0.72,-0.30] —
Genovese 2008 -81 10483 724 -33 9456 321 11.6% -0.47 [-0.60,-0.34] -
Kremer 2003 -7.9 8579 Ms  -21 8727 B0 39% -0.67 [-0.99,-0.35] I
Kremer 2003 {11} -35 8198 105 -21 8717 59 39% -0A47 [-0.49,0.15) I
Kremer 2006 {12) -7.3 BERS 433 -48 9875 MO B6% -0.26 [-0.42,-0.09] -
Rigry 2011 -10.282 2715 250 683 1127 124 B.8% -0.74 [-0.96,-0.52] I
Righy 2011 -9.362 2725 249 683 11.27 124 68% -0.70[-0.92,-0.48] I
Schiff 2008 {13) -7 1008 185 -35 10 55 42% -0.34 [-0.64,-0.03] ]
Schiff 2008 -8 10 156 -35 10 55 41% -0.45[-0.76,-0.14] —
Smolen 2008 (14) -9.2 1mMm8 172 -4.4 a7 61 4.5% -0.46 [-0.76,-0.17] —
Smaolen 2008 -84 1M1 154 -44 8.7 61 4.4% -0.41 [-0.71,-0.11] —
Strand 20123 -6.66 977 161 -3.03 8.42 T4 81% -0.39 [-0.66,-0.12] -
Strand 20123 -9.07 104 170 -3.03 2 79 81 -0.61 [-0.89,-0.34] I
Subtotal (95% CI) 3859 1823 100.0% -0.46[-0.53, -0.39] +
Heterogeneity: Tau®= 0.01; Chi*= 2637, df= 18 (F=012), F= 29%
Testfor overall effect: Z= 1276 (F < 0.00001)
t + t t
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Figure 5. Forest plot of comparison: 4 Subgroup comparison: anti-TNF vs non anti-TNF, outcome: 4.1 Anti-
TNF and non anti-TNF - fatigue continuous measures.
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We performed sensitivity analyses to explore the potential cause(s)
of heterogeneity. Excluding dose-ranging studies or trials in partic-
ipants who had failed previous biologic therapy did not affect het-
erogeneity. Disease duration was, however, a significant factor. Five
studies assessed the effect of anti-TNF agents in early rheumatoid
arthrits (Emery 2008; Horslev-Petersen 2014; Moreland 1999;
Soubrier 2009; Strand 2012b). Excluding these studies reduced
heterogeneity to statistical insignificance in the anti-TNF meta-
analysis (I = 30%, P = 0.08). Most of the studies also reported
significant improvement in disease activity as measured by ACR
response criteria, disease activity score or both.

Secondary outcomes

Five studies did not report results of pain score, tender and swollen
joints, or depression (Emery 2006; Kremer 2006; Maini 1999;
Mittendorf 2007; Schiff 2008). All the other studies reported sta-
tistically significant reduction in pain score, physical function, and
tender and swollen joint counts. However, improvement in pain
was reported but data were not provided in many papers. Dif-
ferent pain instruments were used, visual analogue scale, SF-36
bodily pain, numeric rating scale and percentage of patients with
improvement in pain. Consequently, we were unable to pool data
on pain for meta-analysis. Most of the studies did not assess anxi-
ety or depression. We could not determine whether reduction in
fatigue is due to reduction in disease activity, pain, depression or
a combination of these.

DISCUSSION

Summary of main results

The aim of this review was to provide an overview of the effects
of biologic interventions on fatigue in people with RA. The re-
view revealed 32 RCTs investigating biologic interventions and
including fatigue as an outcome measure. There were two main
categories of biologic interventions: anti-TNF (20 studies) and
non-anti-TNF biologics (12 studies). Overall the quality of the
evidence was moderate. Both anti-TNF and non-anti-TNF bio-
logic treatments led to a small to moderate reduction in fatigue in
participants with RA.

Overall completeness and applicability of
evidence

Randomised controlled trials of biologic agents for RA commonly
assess fatigue. Clinical trials included in this review included all
current biologic agents licensed for the treatment of RA. The mag-
nitude of improvement is similar in the included studies. However,
most of the studies were phase III trials conducted for the purpose

of registration. Consequently, participants recruited into these tri-
als had high disease activity, and the primary outcome measure
was improvement in disease activity; change in fatigue was a sec-
ondary outcome measure. As the primary purpose of the inter-
ventions was not fatigue reduction, no consideration was given to
factors that may confound or explain it, such as depression and
reduced haemoglobin. Moreover, it is unclear whether improve-
ment in fatigue was due to a reduction in overall disease activity or
due to specific actions of the biologic agent. Analysis of fatigue in
these studies did not make any adjustment for possible confound-
ing factors such as change in pain, haemoglobin or mood. The
duration of most of the double-blind randomised controlled trials
was 24 weeks or less. It is unclear whether improvement in fa-
tigue is sustained with long-term therapy. In these trials, recruited
participants had highly active disease and moderate to high levels
of fatigue at baseline. It is unclear whether biologic interventions
improve fatigue in patients with moderate or low level of fatigue.

Quality of the evidence

Almost all the studies included are double-blind, randomised
placebo-controlled trials. The quality of these trials was moder-
ate, with highly variable reporting of fatigue using different mea-
surement instruments. The SF-36 VT was the most commonly
used instrument. Many of these instruments were not developed
specifically for assessing fatigue in RA, although they have been
validated for assessing fatigue in other medical conditions and in
general health. The use of the SF-36 VT may also be question-
able, as vitality may not be at the opposite end of the spectrum
to fatigue. Consistent use of outcomes would simplify pooling of
data and allow comparison between interventions.

Potential biases in the review process

There are two trials for which we failed to obtain data on fatigue
from the authors; therefore there is some risk of reporting bias.

Agreements and disagreements with other
studies or reviews

A recently published systematic review suggested that the biologic
agents have a small to moderate effect in improving fatigue in
RA, although it only included 10 studies (Chaufhier 2012), all of
which are included in this review. By including more studies, this
Cochrane review reduces the risk of publication bias.

AUTHORS’ CONCLUSIONS

Implications for practice

Treatment with biologic interventions in patients with active RA
and moderate to high levels of fatigue may lead to a small to mod-
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erate improvement in fatigue. The magnitude of improvement is
similar for anti-TNF and non-anti-TNF biologic agents. How-
ever, it is unclear whether the improvement results directly from
the biologic interventions on fatigue or indirectly through reduc-
tion in inflammation and disease activity.

Implications for research

Future research needs to determine the mechanisms whereby bi-
ologic interventions reduce fatigue in patients with RA, in par-
ticular, to assess whether this is a direct or indirect effect of bio-
logic agents through intermediary factors such as disease activity.

In addition, it is important to assess whether the improvement in
fatigue associated with biologic interventions observed in short-
term randomised controlled trials is maintained in the long term.
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