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ABSTRACT

Introduction: Tofacitinib is an oral Janus kinase
inhibitor for treatment of ankylosing spondylitis
(AS). Using mediation modelling, we describe
interrelationships between fatigue, pain, morn-
ing stiffness, C-reactive protein (CRP) and tofac-
itinib treatment in patients with AS.
Methods: Data from phase 2 (NCT01786668)/
phase 3 (NCT03502616) studies of patients

receiving tofacitinib 5 mg twice daily (BID) or
placebo were used. Initial models included
treatment as the independent binary variable
(tofacitinib 5 mg BID versus placebo); fatigue
(Functional Assessment of Chronic Illness
Therapy-Fatigue [FACIT-F; model A] or Bath AS
Disease Activity Index [BASDAI] Q1 [model B])
as the dependent variable; and pain (total back
pain/nocturnal spinal pain [model A] or pain
measured by BASDAI Q2/3 [model B]), morning
stiffness (BASDAI Q5/6) and CRP as mediator
variables.
Results: Pooled data from 370/371 patients
were included in models A/B. Initial models
demonstrated that tofacitinib treatment affects
fatigue mainly indirectly via pain and morning
stiffness. As a result, initial models were
respecified to exclude direct treatment effect
and the indirect effect via CRP. For respecified
model A, 44.0% of the indirect effect of
tofacitinib treatment on fatigue was mediated
via back pain/morning stiffness, 40.0% via
morning stiffness alone and 16.0% via back
pain alone (all P\0.05). For respecified
model B, 80.8% of the indirect effect of
tofacitinib treatment on fatigue was mediated
via pain/morning stiffness and 19.2% via pain
alone (both P\0.05).
Conclusions: In tofacitinib-treated patients
with AS, improvements in fatigue were collec-
tively mediated through combined treatment
effects on morning stiffness and pain.
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Key Summary Points

Why carry out this study?

Treatment of fatigue, pain and morning
stiffness is a priority for patients with
ankylosing spondylitis (AS) and their
healthcare providers; however, the
mechanisms underlying the
interrelationships between these
symptoms, inflammatory markers and
treatment remain unclear.

Tofacitinib is an oral Janus kinase
inhibitor for the treatment of adult
patients with active AS that has been
shown to reduce fatigue, back pain,
morning stiffness and C-reactive protein
(CRP) in clinical studies.

Here, we used mediation modelling to
simultaneously quantify the
interrelationships between fatigue, pain,
morning stiffness, CRP and tofacitinib
treatment in patients with AS.

What was learned from the study?

We found that in tofacitinib-treated
patients with AS, improvements in fatigue
were collectively mediated through
combined indirect treatment effects on
morning stiffness and pain.

Further research is needed to explore how
the relief of pain and stiffness contributes
to observed improvements in fatigue.

INTRODUCTION

Ankylosing spondylitis (AS), often referred to as
radiographic axial spondyloarthritis (r-axSpA),
is a chronic inflammatory arthritis affecting
predominantly the axial skeleton [1–3]. Key

symptoms of AS include back pain, fatigue,
joint stiffness and reduced spinal mobility [4–6].
Fatigue is reported by more than 70% of
patients with AS [7, 8], and is associated with
higher levels of disease activity and functional
disability, as well as reduced health-related
quality of life (HRQoL) and wellbeing [5, 9, 10].
Therefore, fatigue is considered a core domain
of disease assessment in randomised controlled
trials in AS [11, 12].

Treatment of fatigue, pain and morning
stiffness is a priority for patients with AS and
their healthcare providers; however, the mech-
anisms underlying the interrelationships
between these symptoms, inflammatory mark-
ers (e.g. C-reactive protein [CRP] [13]) and
treatment remain unclear and have not yet
been quantified. Furthermore, because fatigue
impacts HRQoL in patients with AS, under-
standing how other AS symptoms affect fatigue,
and the mechanisms by which treatment can
improve fatigue, could be beneficial in
enhancing patient care.

Tofacitinib is an oral Janus kinase inhibitor
for the treatment of adult patients with active
AS. The efficacy and safety of tofacitinib versus
placebo in patients with active AS have been
established in phase 2 and 3 studies [14, 15]; in
these studies, greater improvements in fatigue,
back pain, morning stiffness and CRP were
reported in patients receiving tofacitinib versus
placebo at each of the studies’ respective pri-
mary analysis time points. For example, greater
improvements from baseline in Functional
Assessment of Chronic Illness Therapy-Fatigue
(FACIT-F) score were observed in patients
receiving tofacitinib 5 mg twice daily (BID)
versus placebo at week 12 of the phase 2 study
[14] and week 16 of the phase 3 study [15].
Further analysis of the phase 3 study showed
greater improvements from baseline in Bath AS
Disease Activity Index (BASDAI) Q1 score from
week 2 to week 16 in patients receiving tofaci-
tinib 5 mg BID versus placebo, and improve-
ments with tofacitinib 5 mg BID continued to
week 48 [16].

Mediation modelling is a statistical method
used to assess the mechanisms underlying
observed relationships between different inde-
pendent and dependent variables, via other
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explanatory variables, termed mediators
[17, 18]. It should be noted that mediation dif-
fers from confounding in relation to the direc-
tion of causality. Mediators and confounders
both have associations with treatment and
outcome, but mediators lie along the causal
pathway between exposure and outcome,
whereas confounding variables have a causal
effect on exposure and the outcome of interest
[19, 20]. Typically, randomised studies include
mediators but not confounding variables [20].
The objective of mediation modelling is to
determine the extent to which the effect of an
independent variable on a dependent variable is
indirect, via identified mediators, or direct,
which captures all other effects [17, 18]. Medi-
ation modelling has recently been used to
demonstrate that itch relief is a primary medi-
ator of tofacitinib-dependent improvements in
dermatology-specific HRQoL in patients with
psoriatic arthritis (PsA) [21], and to quantify the
role of inflammation-associated mediators in
pain reduction in tofacitinib-treated patients
with PsA [22].

Here, for the first time to our knowledge,
mediation modelling was used to describe the
extent to which pain, morning stiffness and
CRP mediate improvements in fatigue in
patients with active AS receiving tofacitinib.

METHODS

Study Design and Patients

This analysis used data from 16-week phase 2
(NCT01786668) [14] and 48-week phase 3
(NCT03502616) [15] randomised, double-blind,
placebo-controlled trials.

In the double-blind phase 2 study, patients
with a history of inadequate response (IR) to
two or more oral non-steroidal anti-inflamma-
tory drugs (NSAIDs) or intolerance to prior
NSAIDs were randomised 1:1:1:1 to tofacitinib
2, 5 or 10 mg BID or placebo for 12 weeks, fol-
lowed by a 4-week washout period [14].

The phase 3 study enrolled patients with a
history of IR to two or more oral NSAIDs; 76.7%
of patients were naı̈ve to biologic disease-mod-
ifying antirheumatic drugs (bDMARDs) and

23.3% had IR to at least one but no more than
two tumour necrosis factor inhibitors (TNFi) or
prior bDMARD use (TNFi or non-TNFi) without
IR. Patients were randomised to tofacitinib 5 mg
BID or placebo for 16 weeks (double-blind
phase), after which all patients received open-
label tofacitinib 5 mg BID to week 48 [15].

Both studies were conducted in accordance
with the International Council for Harmonisa-
tion Good Clinical Practice guidelines [23] and
the principles of the Helsinki Declaration of
1964 [24]. Ethics approval was not required by
any relevant institutional review board or
independent ethics committee for this post hoc
analysis. All patients provided informed
consent.

Mediation Modelling

For the current analysis, data were pooled from
the phase 2 and the phase 3 studies; only data
for patients receiving tofacitinib 5 mg BID or
placebo were included. The interrelationships
between fatigue, pain, morning stiffness, CRP
and tofacitinib treatment were assessed using
two different models, one based on FACIT-F
(model A) [25, 26] and one based on BASDAI Q1
(model B) [27–29]. FACIT-F is a 13-item patient-
reported measure of fatigue, whereby item
responses range from 0 (‘not at all’) to 4 (‘very
much’) [25, 26]. BASDAI comprises six ques-
tions pertaining to the main symptoms of AS
[27, 28]. Pain and morning stiffness were selec-
ted as mediator variables as these are key
symptoms experienced by patients with AS
[4–6]. CRP (mg/dL) was also selected as a
mediator variable as it is a marker of systemic
inflammation [13, 30]. Statistical analyses were
performed using the CALIS procedure
(SAS v9.4).

An overview of initial models A and B is
shown in Fig. 1. Both models included treat-
ment as the independent binary variable
(tofacitinib 5 mg BID versus placebo), fatigue as
the dependent variable, and pain, morning
stiffness and CRP as mediator variables. All
available post-baseline data were averaged for
every observed variable at the patient level over
the double-blind phase of both studies. In the
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initial models, the effects of tofacitinib treat-
ment on fatigue, mediated by pain, morning
stiffness and CRP, were designated as ‘indirect
effects’. All other possible effects of tofacitinib
treatment on fatigue not attributable to pain,
morning stiffness and CRP were designated as
‘direct effects’. Pathways with P\ 0.05 were
considered meaningful. Model construction is
dynamic; therefore, the mediation model could
be respecified and refined on the basis of the
results of the initial mediation model.

In initial model A (FACIT-F-based), latent
factor F3 represented overall fatigue with latent
factors F1 and F2 representing ‘experience’
(items 1–4 and 7) and ‘impact’ (items 5–6 and
8–13) domains, respectively. Latent factor F4
represented back pain which was measured by
the following two items: total back pain due to
AS on average during the last week (p1) and
nocturnal spinal pain due to AS during the last
week (p2). These items were scored from 0 to 10
on a numerical rating scale (NRS), with 0

Fig. 1 Initial mediation models a A (FACIT-F-based) and
b B (BASDAI Q1-based). Model A: Treatment was the
independent binary variable (tofacitinib 5 mg BID versus
placebo). Variables i1–i13 represented items of the
FACIT-F scale. Latent factor F3 represented overall
fatigue; latent factors F1 and F2 represented ‘experience’
(items i1–i4 and i7 of the FACIT-F) and ‘impact’ (items
i5–i6, i8–i13 of the FACIT-F) domains, respectively.
Latent factor F4 represented back pain as measured by
total back pain due to AS on average during last week (p1)
and nocturnal spinal pain due to AS on average during last
week (p2). Morning stiffness was considered an observed
variable and was represented by the mean of BASDAI Q5

and Q6. CRP was considered an observed variable.
Model B: Treatment was the independent binary variable
(tofacitinib 5 mg BID versus placebo). Observed variable
fatigue was represented by BASDAI Q1. Latent factor F4
represented pain as measured by BASDAI Q2 (p1) and Q3
(p2). Morning stiffness was considered as an observed
variable and was represented by the mean of BASDAI Q5
and Q6. CRP was considered an observed variable. AS
ankylosing spondylitis, BASDAI Bath Ankylosing
Spondylitis Disease Activity Index, BID twice daily, CRP
C-reactive protein, FACIT-F Functional Assessment of
Chronic Illness Therapy-Fatigue, Q question
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denoting ‘no pain’ and 10 denoting ‘most sev-
ere pain’. Morning stiffness was considered an
observed variable and was represented by the
mean of BASDAI Q5 (‘How would you describe
the level of morning stiffness you have had
from the time you wake up?’; NRS 0–10, where 0
denotes ‘none’ and 10 denotes ‘very severe’)
and Q6 (‘How long does your morning stiffness
last from the time you wake up?’; NRS 0–10,
where 0 denotes ‘0 h’ and 10 denotes ‘2 or more
hours’). CRP (mg/dL) was considered an
observed variable.

In model B, fatigue was based on BASDAI Q1
(‘How would you describe the overall level of
fatigue/tiredness you have experienced?’; NRS
0–10, where 0 denotes ‘none’ and 10 denotes
‘very severe’ [observed variable]). Latent factor
F4 represented pain which was measured by
BASDAI Q2 (‘How would you describe the
overall level of AS neck, back, or hip pain you
have had?’ [p1]) and Q3 (‘How would you
describe the overall level of pain/swelling you
have had in joints other than neck, back, and
hips?’ [p2]; NRS 0–10, where 0 denotes ‘none’
and 10 denotes ‘very severe’). As in model A,
morning stiffness was considered an observed
variable and was represented by the mean of
BASDAI Q5 and Q6 and CRP (mg/dL) was con-
sidered an observed variable.

RESULTS

Patients

Data from 370/371 patients with AS were
included in models A/B. Baseline demographics
and disease characteristics for all patients have
been previously published [14, 15].

Initial Models

Initial model A showed that 131.3%
(P\0.0001) of the tofacitinib treatment effect
on fatigue was mediated by indirect pathways
(Fig. 2a), with 57.1% (P = 0.0009) mediated by
the indirect path of treatment ? morning
stiffness ? back pain ? fatigue (Fig. 2b). Medi-
ation via treatment ? morning

stiffness ? fatigue was 49.6% (P = 0.0046;
Fig. 2b) and via treatment ? back pain ? fa-
tigue was 19.0% (P = 0.0346; Fig. 2c). The indi-
rect paths of treatment ? CRP ? back
pain ? fatigue and treatment ? CRP ? fatigue
were not considered meaningful (2.5%,
P = 0.4379 and 3.1%, P = 0.7620, respectively;
Fig. 2d). The effect of treatment on fatigue
attributable to all other possible factors except
the current set of mediators (i.e. back pain,
morning stiffness and CRP) was not considered
meaningful (- 31.3%, P = 0.3131; direct effect
in Fig. 2a).

Initial model B showed 122.8% (P\ 0.0001)
of the tofacitinib treatment effect on fatigue
was mediated by indirect pathways (Fig. 3a),
with 110.3% (P\0.0001) mediated by the
indirect path of treatment ? morning stiff-
ness ? pain ? fatigue (Fig. 3b). The indirect
path of treatment ? morning stiffness ? fa-
tigue was not considered meaningful in
model B (- 16.0%, P = 0.1520; Fig. 3b). The
indirect path of treatment ? pain ? fatigue
was 27.8% (P = 0.0400; Fig. 3c). As with
model A, the indirect paths of treat-
ment ? CRP ? pain ? fatigue and treat-
ment ? CRP ? fatigue were not considered
meaningful (6.3%, P = 0.3139 and - 5.6%,
P = 0.2889, respectively; Fig. 3d). The direct
effect of treatment on fatigue, attributable to
factors other than pain, morning stiffness and
CRP, was not considered meaningful (- 22.8%,
P = 0.1091; Fig. 3a).

Therefore, the results of the initial models
demonstrated that tofacitinib treatment affects
fatigue mainly indirectly via pain and morning
stiffness; and the direct effect of tofacitinib
treatment on fatigue/indirect effects of tofaci-
tinib treatment on fatigue via CRP were not
considered meaningful. On the basis of these
results, models A and B were respecified to
exclude the direct treatment effect on fatigue
and the indirect treatment effects via CRP.
Additionally, the respecified model B excluded
the path from morning stiffness to fatigue as the
indirect effect of tofacitinib treatment on fati-
gue via morning stiffness was not considered
meaningful in the initial model, but morning
stiffness itself played an important role as part
of the other indirect pathways.
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Fig. 2 Effects of tofacitinib treatment on fatigue in initial
mediation model A (FACIT-F-based). Estimated: a direct
effect and overall indirect effect,a b indirect effect via
morning stiffness and back pain or morning stiffness alone,
c indirect effect via back pain alone, and d indirect effect
via C-reactive protein and back pain or C-reactive protein
alone. Results based on pooled data from phase 2
(NCT01786668) and phase 3 (NCT03502616) studies.
Treatment was the independent binary variable (tofaci-
tinib 5 mg BID versus placebo). Fatigue was based on
FACIT-F. Back pain was represented by total back pain
due to AS on average during last week and nocturnal spinal

pain due to AS on average during last week. Morning
stiffness was considered an observed variable and was
represented by the mean of BASDAI Q5 and Q6. CRP
was considered an observed variable. aGreen shading
denotes all indirect effects of tofacitinib on fatigue via
back pain, morning stiffness and CRP. AS ankylosing
spondylitis, BASDAI Bath Ankylosing Spondylitis Disease
Activity Index, BID twice daily, CRP C-reactive protein,
FACIT-F Functional Assessment of Chronic Illness
Therapy-Fatigue, Q question
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Respecified Models

In respecified model A, 44.0% (P\0.0001) of
the indirect tofacitinib treatment effect

on fatigue was mediated via treat-
ment ? morning stiffness ? back pain ? fa-
tigue, 40.0% (P = 0.0005) via
treatment ? morning stiffness ? fatigue and

Fig. 3 Effects of tofacitinib treatment on fatigue in initial
mediation model B (BASDAI Q1-based). Estimated: a di-
rect effect and overall indirect effect,a b indirect effect via
morning stiffness and pain or morning stiffness alone,
c indirect effect via pain alone, and d indirect effect via
C-reactive protein and pain or C-reactive protein alone.
Results based on pooled data from phase 2
(NCT01786668) and phase 3 (NCT03502616) studies.
Treatment was the independent binary variable

(tofacitinib 5 mg BID versus placebo). Fatigue was based
on BASDAI Q1 (observed variable). Pain was represented
by BASDAI Q2 and Q3. Morning stiffness was considered
an observed variable and was represented by the mean of
BASDAI Q5 and Q6. CRP was considered an observed
variable. BASDAI Bath Ankylosing Spondylitis Disease
Activity Index, BID twice daily, CRP C-reactive protein,
Q question
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16.0% (P = 0.0049) via treatment ? back
pain ? fatigue (Fig. 4a).

In respecified model B, 80.8% (P\ 0.0001) of
the indirect tofacitinib treatment effect on
fatigue was mediated via treatment ? morning
stiffness ? pain ? fatigue and 19.2%
(P = 0.0206) via treatment ? pain ? fatigue
(Fig. 4b).

Correlations Between Outcomes
in Mediation Models A and B

The correlation (Pearson coefficient) between
fatigue in model A (total FACIT-F score) and
fatigue in model B (BASDAI Q1) was - 0.77
(P\0.0001). Correlations were 0.94/0.90 (both

P\ 0.0001) between total back pain/nocturnal
spinal pain in model A and BASDAI Q2 pain in
model B. Correlations were 0.73/0.71 (both
P\ 0.0001) between total back pain/nocturnal
spinal pain in model A and BASDAI Q3 pain in
model B.

DISCUSSION

Here, for the first time to our knowledge,
mediation modelling was used to describe and
quantify the extent to which pain, morning
stiffness and CRP mediate improvements in
fatigue in patients with active AS receiving
tofacitinib.

Fig. 4 Effects of tofacitinib treatment on fatigue in the
respecified mediation models a A (FACIT-F-based) and
b B (BASDAI Q1-based). Estimated indirect effects of
morning stiffness and pain, morning stiffness alone
(model A only) and pain alone. Results based on pooled
data from phase 2 (NCT01786668) and phase 3
(NCT03502616) studies. Treatment was the independent
binary variable (tofacitinib 5 mg BID versus placebo) in
both models. In respecified model A, fatigue was based on
FACIT-F. Back pain was represented by total back pain
due to AS on average during last week and nocturnal spinal
pain due to AS on average during last week. Morning

stiffness was considered an observed variable and was
represented by the mean of BASDAI Q5 and Q6. In
respecified model B, fatigue was based on BASDAI Q1
(observed variable). Pain was represented by BASDAI Q2
and Q3. Morning stiffness was considered as an observed
variable and was represented by the mean of BASDAI Q5
and Q6. AS ankylosing spondylitis, BASDAI Bath Anky-
losing Spondylitis Disease Activity Index, BID twice daily,
FACIT-F Functional Assessment of Chronic Illness
Therapy-Fatigue, Q question
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Using pooled data from phase 2 and 3 studies
of tofacitinib-treated patients with AS [14, 15],
we found that indirect pathways accounted for
more than 80% of the tofacitinib treatment
effect on fatigue: (1) tofacitinib treatment
affects morning stiffness, which impacts fati-
gue; and (2) tofacitinib treatment affects
morning stiffness, which affects pain, and ulti-
mately pain affects fatigue. The indirect path-
way via pain alone accounted for approximately
20% of the tofacitinib treatment effect on fati-
gue. The effect of tofacitinib treatment on fati-
gue due to factors other than pain and morning
stiffness (i.e. the direct effect, and the indirect
pathways involving CRP) were not considered
meaningful.

Factors other than pain and morning stiff-
ness can contribute to fatigue in patients with
AS, including inflammation, poor functional
ability, sleep disturbances and poor mental
health [9, 10, 31]. These factors do not appear to
participate in tofacitinib-mediated improve-
ments in fatigue, because in the current analy-
sis, the direct treatment effect (via all factors
except pain, morning stiffness and CRP) and the
indirect effect via CRP were not considered
meaningful. However, further research is
required to fully quantify the extent to which
other individual explanatory variables may
mediate improvements in fatigue with tofacitinib
treatment.

Previous studies in patients with AS have
shown that the effect of tofacitinib treatment
on fatigue may be the result of both indirect (via
back pain and morning stiffness) and direct (all
other possible ways) effects [9, 32–34]. We
found that the majority of the tofacitinib
treatment effect on fatigue is collectively
mediated indirectly by morning stiffness and
pain, and these findings were consistent
between both model A (FACIT-F-based) and
model B (BASDAI Q1-based), which used differ-
ent measures of fatigue. Inflammatory and
biomechanical pain would be expected to have
strong relationships to stiffness; accordingly, in
patients with rheumatoid arthritis, there is a
strong significant correlation between pain (vi-
sual analogue scale) and morning stiffness [35].
We can hypothesise that fatigue in patients
with AS may be related to the biomechanical

effects of aberrant muscular contraction in
response to axial pain. Notably, one of the best
ways to manage and ameliorate the fatigue
caused by AS is to encourage regular movement
and exercise [36]. It is likely that the ability to
exercise comfortably will be optimised by
pharmacological treatment, such as tofacitinib,
that reduces inflammation and associated axial
pain. These observations are a salutary reminder
of the value of both pharmacological and non-
pharmacological approaches to the manage-
ment of fatigue in AS. It should be noted that
the investigated mediation model is strictly for
tofacitinib-treated patients, explaining and
detailing the mechanism of action of tofacitinib
on fatigue. For a different drug with a different
mechanism of action, or for non-pharmacolog-
ical approaches, the overall results of a similar
mediation model would likely be distinct (with
the effects of morning stiffness and pain on
fatigue likely to be similar). However, this
would require exploration in further studies.

Previous studies report that back pain and
nocturnal back pain in patients with AS are
highly associated with poorer sleep quality and
fatigue [32, 33, 37, 38]. This is likely due to back
pain causing sleep disturbance, which in turn
could exacerbate fatigue. Accordingly, in
patients with AS, pain in the pre-sleep and sleep
periods is significantly correlated with daytime
fatigue [39]. Additionally, in golimumab-treated
patients with AS, reduced nocturnal back pain
was the most significant predictor of reduced
sleep disturbance [40]. In the current analysis,
approximately 20% of the indirect effect of
tofacitinib treatment on fatigue was mediated
via pain alone. Pain was represented by total
back pain/nocturnal spinal pain in model A and
BASDAI Q2/3 in model B; although model A
(FACIT-F-based) and model B (BASDAI Q1-
based) measured pain and fatigue using differ-
ent components, the correlations between these
components were relatively high.

Differences in results between models A and
B (e.g. the fact that the effect of morning stiff-
ness alone on fatigue was considered meaning-
ful in initial model A, but not in initial model B)
are likely to stem from differences in how fati-
gue and pain were measured in the models.
Fatigue was measured via the multi-item
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FACIT-F scale in model A and the single-item
BASDAI Q1 in model B. Multi-item scales are
generally considered to be more precise mea-
sures for complex outcomes (such as fatigue), as
they allow for a more detailed evaluation,
compared with single-item scales [41, 42].
While single-item scores may be more feasible,
they are more likely to provide limited infor-
mation to the physician, and may result in
ambiguous score meanings when used to rep-
resent complex outcomes, such as fatigue [41].
The FACIT-F scale has been shown to be a valid
and reliable tool to measure fatigue in patients
with AS [43]. However, there are no clear rec-
ommendations for fatigue assessment in AS as
current patient-reported outcome measures are
of limited methodological quality and relevance
to patients with AS [29]. This is perhaps unsur-
prising since fatigue in patients with AS is
multifaceted and triggered by a variety of
physical and mental factors [9, 10, 31, 37, 44].

The results of this analysis support earlier
findings: a cross-sectional multicentre study of
2251 patients with AS reported that high fatigue
scores were associated with stiffness (BASDAI
Q5) and high levels of vertebral pain [34]. Fur-
thermore, a global survey of patients with AS
receiving TNFi reported that patients with high
levels of pain and fatigue had a significantly
higher severity and duration of morning stiff-
ness than those with low levels of pain and
fatigue [9]. Although results from model B in
the current analysis showed that the indirect
effect of tofacitinib on fatigue via morning
stiffness alone was not considered meaningful,
this may be due to how fatigue was defined in
model B in comparison to model A, as previ-
ously discussed. Interestingly, indirect path-
ways involving CRP were not considered
meaningful in either model, and so CRP
appeared not to be associated with morning
stiffness in this study. A lack of association
between CRP and clinical signs of disease
activity, including stiffness, has been reported
previously in patients with AS [45, 46]. CRP also
had low correlations with other outcomes in the
models of the current study.

Limitations of this post hoc analysis should
be considered. Data were used from clinical
trials that were not designed to evaluate

relationships among the various factors that our
models assessed, potentially limiting the inter-
pretation of our results. In model A, pain was
solely represented by total back pain/nocturnal
spinal pain, and in both models stiffness was
solely represented by the average of two ques-
tions in the BASDAI, referring to morning stiff-
ness only. Therefore, it is likely that models
with different sets of mediators representing
pain and stiffness would provide different
results. In addition, other explanatory variables
not assessed in this study may also mediate the
effect of tofacitinib treatment on fatigue
(e.g. sleep disturbance); however, these
explanatory variables would have been encom-
passed by the ‘direct effect’ that captured ‘all
other effects’. Furthermore, the patients with AS
analysed had long mean symptom duration and
therefore the results may not be applicable to
the entire spectrum of the disease (e.g. non-ra-
diographic axSpA or early axSpA). CRP may not
fully capture all of the inflammatory processes
occurring in patients with AS [47]. For example,
some studies have reported a lack of association
between levels of acute-phase reactants and
signs of disease activity in patients with AS
[45, 46].

CONCLUSIONS

Results from this mediation model analysis
suggest that in patients with AS, improvements
in fatigue during tofacitinib treatment are
mediated indirectly through effects on morning
stiffness and pain. Further research is needed to
explore how the relief of pain and stiffness
contributes to the observed improvements in
fatigue.

ACKNOWLEDGEMENTS

The authors would like to thank the partici-
pants of the study.

Funding. This study was sponsored by Pfizer
and the Rapid Service Fee was funded by Pfizer.

Rheumatol Ther (2023) 10:1073–1087 1083



Authorship. All named authors meet the
International Committee of Medical Journal
Editors (ICMJE) criteria for authorship for this
article, take responsibility for the integrity of
the work as a whole, and have given their
approval for this version to be published.

Medical Writing and Editorial Assis-
tance. Medical writing support under the
direction of the authors was provided by Robyn
Wilson and Emma Mitchell, CMC Connect, a
division of IPG Health Medical Communica-
tions, and was funded by Pfizer, New York, NY,
USA, in accordance with Good Publication
Practice (GPP 2022) guidelines (Ann Intern
Med. 2022;175:1298–304).

Author Contributions. All authors were
involved in drafting the article or revising it
critically for important intellectual content, and
all authors approved the final version to be
submitted for publication. Lars Erik Kristensen,
Victoria Navarro-Compán, Andrew G. Bush-
makin, Joseph C. Cappelleri, Arne Yndestad,
Oluwaseyi Dina and Peter C. Taylor contributed
to the study conception/design. Andrew G.
Bushmakin, Joseph C. Cappelleri, Arne Yndes-
tad and Oluwaseyi Dina contributed to the data
acquisition. Lars Erik Kristensen, Peter C. Tay-
lor, Victoria Navarro-Compán, Andrew G.
Bushmakin, Joseph C. Cappelleri, Arne Yndes-
tad and Oluwaseyi Dina contributed to the
analysis and interpretation of data.

Disclosures. Lars Erik Kristensen has
received grant/research support from AbbVie,
Eli Lilly, Pfizer Inc and UCB; has been a con-
sultant for AbbVie, Biogen, Eli Lilly, Galapagos
NV, Gilead Sciences, Janssen, Pfizer Inc, Sanofi
and UCB; and has been a member of the
speakers’ bureau for AbbVie, Biogen, Eli Lilly,
Galapagos NV, Gilead Sciences, Janssen, Pfizer
Inc, Sanofi and UCB. Peter C. Taylor has
received grant/research support from Celgene
and Galapagos; and has been a consultant for
AbbVie, Bristol-Myers Squibb, Biogen, Celltrion,
Eli Lilly, Fresenius, Galapagos NV, Gilead Sci-
ences, GlaxoSmithKline, Janssen, Nordic
Pharma, Pfizer Inc, Sanofi and UCB. Victo-
ria Navarro-Compán has received grant/

research support from AbbVie and Novartis; has
acted as a consultant for AbbVie, Janssen, Lilly,
MoonLake, MSD, Pfizer Inc and UCB; and been
a member of the speakers’ bureau for AbbVie,
Janssen, Lilly, MSD, Pfizer Inc and UCB.
Marina Magrey has received research/grant
support from AbbVie and UCB; and is a con-
sultant for AbbVie, Eli Lilly, Janssen, Novartis,
Pfizer Inc and UCB. Andrew G. Bushmakin,
Joseph C. Cappelleri, Arne Yndestad and
Oluwaseyi Dina are employees and stockholders
of Pfizer Inc.

Compliance with Ethics Guidelines. Both
primary studies (NCT01786668; NCT03502616)
were conducted in accordance with the Inter-
national Council for Harmonisation Good
Clinical Practice guidelines and the principles of
the Helsinki Declaration of 1964. Trial protocols
for the primary studies were approved by the
institutional review board or independent eth-
ics committee at each participating centre.
Ethics approval was not required by any rele-
vant institutional review board or independent
ethics committee for this post hoc analysis. All
patients provided informed consent.

Data Availability. The datasets generated
during and/or analysed during the current
study are available from the corresponding
author on reasonable request. Upon request,
and subject to review, Pfizer will provide the
data that support the findings of this study.
Subject to certain criteria, conditions and
exceptions, Pfizer may also provide access to the
related individual de-identified participant data.
See https://www.pfizer.com/science/clinical-
trials/trial-data-and-results for more
information.

Open Access. This article is licensed under a
Creative Commons Attribution-NonCommer-
cial 4.0 International License, which permits
any non-commercial use, sharing, adaptation,
distribution and reproduction in any medium
or format, as long as you give appropriate credit
to the original author(s) and the source, provide
a link to the Creative Commons licence, and
indicate if changes were made. The images or
other third party material in this article are

1084 Rheumatol Ther (2023) 10:1073–1087

https://www.pfizer.com/science/clinical-trials/trial-data-and-results
https://www.pfizer.com/science/clinical-trials/trial-data-and-results


included in the article’s Creative Commons
licence, unless indicated otherwise in a credit
line to the material. If material is not included
in the article’s Creative Commons licence and
your intended use is not permitted by statutory
regulation or exceeds the permitted use, you
will need to obtain permission directly from the
copyright holder. To view a copy of this licence,
visit http://creativecommons.org/licenses/by-
nc/4.0/.

REFERENCES

1. Garcia-Montoya L, Gul H, Emery P. Recent advan-
ces in ankylosing spondylitis: understanding the
disease and management. F1000Res. 2018;7(F1000
Faculty Rev):1512.

2. van der Heijde D, Ramiro S, Landewé R, et al. 2016
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