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ABSTRACT
Objectives: Like morning stiffness, fatigue is a
common, debilitating symptom of rheumatoid arthritis
(RA). Delayed-release (DR) prednisone is designed for
evening administration (approximately 22:00) and
releases 4 h later to coincide with the rise of nocturnal
inflammatory cytokines associated with development of
morning stiffness. The impact of DR prednisone on
fatigue and other related patient-reported outcomes
was analysed with data obtained from the Circadian
Administration of Prednisone in Rheumatoid Arthritis
(CAPRA) 2 study.
Methods: Patients with symptomatic RA (n=350)
despite treatment with a disease-modifying
antirheumatic drug (DMARD) were randomised 2:1 to
receive additional therapy with DR prednisone 5 mg or
placebo once daily for 12 weeks. Fatigue was assessed
using validated instruments: the fatigue scale of the
Functional Assessment of Chronic Illness Therapy-
Fatigue (FACIT-F) and the vitality domain of the Short
Form-36 (SF-36). General quality of life was assessed
using the general score and individual domains of
Functional Assessment of Cancer Therapy-General
(FACT-G) and SF-36.
Results: The change from baseline to week 12 in
FACIT-F score was statistically significantly different
with DR prednisone/DMARD (3.8) versus placebo/
DMARD (1.6; difference 2.2, p=0.0032). Improvement
in FACIT-F score correlated positively with clinical
response. Compared with placebo/DMARD, DR
prednisone/DMARD showed a significantly greater
improvement in SF-36 vitality score (5.6, p=0.001),
physical component of SF-36 (2.3, p=0.0003) and
general score with FACT-G (2.6, p=0.0233).
Conclusions: DR prednisone in addition to a DMARD
significantly improves fatigue and other aspects of
health-related quality of life in patients with
symptomatic RA compared with DMARD treatment
alone.
Trial registration number: ClinicalTrials.gov
NCT00650078.

INTRODUCTION
Despite the reduction in disease activity
brought about by advances in synthetic and
biological disease-modifying antirheumatic
drug (DMARD) therapy, patients with
rheumatoid arthritis (RA) commonly suffer
from morning stiffness and pain, and asso-
ciated functional disability.1–4 Morning stiff-
ness is associated with elevated nocturnal
levels of inflammatory cytokines, especially
interleukin 6 (IL-6).3 5 Glucocorticoid
therapy ameliorates severity of morning stiff-
ness and suppresses IL-6 levels, with a more
pronounced effect when administered

Key messages

What is already known about this subject?
▸ Fatigue may be a troublesome and debilitating

problem in many patients with rheumatoid arth-
ritis (RA).

▸ Delayed-release (DR) prednisone was developed
for night-time administration, with the active
agent released approximately 4 h later, at around
the same time as peak levels of proinflammatory
cytokines.

What does this study add?
▸ The addition of DR prednisone to DMARD in

patients with active RA significantly reduces
fatigue compared with DMARD alone.

▸ Fatigue, reoccurrence of joint stiffness and pain
during the day are correlated, suggesting a common
underlying pathophysiological mechanism.

How might this impact on clinical practice?
▸ Patients with RA experiencing morning stiffness

and fatigue despite treatment with DMARD may
benefit from addition of DR prednisone.
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during the night (approximately 02:00) compared with
the traditional time for dosing (approximately 06:00–
08:00).6 7 However, waking at night to take treatment is
inconvenient for most patients.
Delayed-release (DR) prednisone was developed for

administration in the evening (approximately 22:00),
with glucocorticoid released after a delay of approxi-
mately 4 h. Once released, the drug’s pharmacokinetics
are the same as conventional immediate-release prednis-
one.8 Thus, the prednisone in DR prednisone peaks
around the same time as IL-6.3 The efficacy of DR pred-
nisone administered in the evening in comparison with
the same dose of conventional immediate-release pred-
nisone administered in the morning was demonstrated
with respect to reduced duration of morning stiffness
and IL-6 levels in a 12-week, randomised, double-dummy
study (Circadian Administration of Prednisone in
Rheumatoid Arthritis (CAPRA) 1).9 Compared with
baseline, the effects of DR prednisone on morning stiff-
ness and IL-6 levels were maintained when treatment
was continued long term in a follow-on study,10 with no
impact on the hypothalamic–pituitary–adrenal axis over
and above that seen with existing conventional prednis-
one therapy.11

Like morning stiffness, fatigue is a common symptom
of RA12–14 and has a marked adverse impact on patient
quality of life.12 15–17 Fatigue is a complex multidimen-
sional feature of RA and other inflammatory conditions
that is poorly understood but may reflect the impact of
heightened disease activity, low mood, sleep disturbance,
pain and other factors.18–23 There may also be common
elements in the underlying pathophysiology of fatigue
and morning stiffness, with IL-6 levels potentially impli-
cated in these systemic features of inflammation in
RA.24 25

Although there may be a pronounced response of RA
to treatment with biological therapies, as assessed using
response criteria such as those from the American
College of Rheumatology (ACR) or the European
League Against Rheumatism (EULAR) that include
swollen joints, tender joints and other markers of
disease activity, such treatments do not appear to have
comparable benefit on extra-articular systemic symptoms
such as fatigue and possibly stiffness.26–28 Given the high
patient need for adequate treatment of these disabling
aspects of RA, it was of interest to determine the effect
of DR prednisone on fatigue and other patient-reported
outcomes that assess health-related quality of life using
data from the CAPRA-2 study.

PATIENTS AND METHODS
Design
Details of the CAPRA-2 study have been reported in full
elsewhere.29 Briefly, this 12-week, double-blind,
parallel-group study randomised patients to treatment
with DR prednisone 5 mg or placebo once daily with or
after the evening meal, in addition to existing stable

DMARD treatment. The primary efficacy end point was
the proportion of patients with a 20% improvement in
RA signs and symptoms according to ACR criteria
(ie, ACR20 response) at week 12. Key secondary end
points were the change in duration of morning stiffness
and the outcomes reported here between baseline and
week 12.
The study was conducted in accordance with the

International Conference on Harmonisation Guideline
for Good Clinical Practice and the Declaration of
Helsinki. The protocol was approved by central or local
ethics committees (see Acknowledgements section for
details), and all patients provided written informed
consent. The trial was registered at ClinicalTrials.gov,
number NCT00650078.

Study centres
This multicentre study involved rheumatologists from
secondary or tertiary care centres in the USA (23
centres, 75 patients), Poland (10 centres, 145 patients),
Hungary (9 centres, 102 patients), the UK (3 centres, 12
patients), Germany (3 centres, 3 patients) and Canada
(2 centres, 75 patients).

Patients
Patients included in the study were aged 18–80 years
with a documented history of RA and were symptomatic
(morning stiffness ≥45 min duration on ≥4 days within
7 days of screening; ≥4 swollen and tender joints)
despite taking DMARDs for at least 6 months. Patients
treated with oral glucocorticoids within 6 weeks of the
screening visit were excluded. Changes in DMARD
therapy during the study were not permitted.

Randomisation and blinding
Patients were assigned a unique four-digit number. The
randomisation schedule linked sequential numbers to
treatment codes allocated at random with a 2:1 (active
treatment vs placebo) randomisation ratio. The random-
isation numbers were blocked, with patients within each
block allocated to each of the treatment groups. The
block size was not revealed. Randomisation to study
medication was balanced by investigational site.
Treatments were labelled with a three-digit number, and
patients at each site received the tablets with the lowest
available number. Tablets containing active treatment or
placebo were identical in appearance. Both patients and
investigators were blinded to treatment.

Data collection and outcomes
At each study visit (weeks 2, 6 and 12), disease activity
was assessed using the 28-joint Disease Activity Score
(DAS28). Patients assessed pain using a visual analogue
scale (VAS) ranging from 0 (no pain) to 100 mm (very
intense pain). Likewise, a VAS was used by patients to
rate global disease activity on a scale ranging from 0
(not active at all) to 100 mm (extremely active). Patients
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also completed the Functional Disability Index of the
Health Assessment Questionnaire (HAQ-DI).
Throughout the study, patients completed a daily

diary card twice daily. In the mornings, they recorded
the presence of any joint stiffness and its severity, the
time of resolution of joint stiffness, and pain levels on
waking. In the evening, patients recorded any reoccur-
rence of joint stiffness and pain during the day, and the
intensity of pain. Patients also recorded daily use of anal-
gesic medication.
Fatigue was assessed at baseline and week 12 using the

Functional Assessment of Chronic Illness Therapy-
Fatigue (FACIT-F) questionnaire,30 31 which has been
validated for use in RA.30 32 The FACIT measurement
system is a collection of questionnaires to measure
health-related quality of life in chronic illnesses. FACIT-F
includes a 13-item domain specifically focused on
fatigue. Each item is assessed on a five-point scale
(0=not at all to 4=very much) giving a fatigue score
range of 0–52 (higher score indicating less fatigue). The
minimal clinically important change in the fatigue score
is 3–4.30 Fatigue was also assessed using the vitality
domain of the 36-item Short-Form Health Survey
(SF-36).33 34 The score ranges from 0=maximum disabil-
ity to 100=no disability (higher score indicating less
fatigue). The minimal clinically important change in the
vitality domain score is 11.35

The FACIT measurement system includes a generic
core questionnaire, originally developed for patients
with cancer (Functional Assessment of Cancer
Therapy-General, FACT-G).31 This is a 27-item instru-
ment, with four domains (physical well-being, social/
family well-being, emotional well-being and functional
well-being) that has been validated in patients with
cancer and other chronic illnesses. FACT-G was used in
this analysis to assess general health status as it has been
validated in RA.31 General health status was also assessed
using the scores from seven domains of the SF-36 (phys-
ical functioning, role physical, bodily pain, general
health, social functioning, role emotional, mental
health), and summary scores for physical components
and mental components (including vitality).34 In both
instruments, higher scores indicate less impact on
health status. Patient global assessments were also
undertaken.

Statistical analysis
The intent-to-treat (ITT) population was analysed, with
a modified ITT (excluding those without baseline data)
used for comparisons from baseline. All results relating
to severity of morning stiffness, duration of morning
stiffness, intensity of pain on waking, and reoccurrence
of joint stiffness and pain were based on the data
obtained from the daily diaries completed by patients.
Reoccurrence of joint stiffness during the day was calcu-
lated as the percentage of days with joint stiffness
reoccurrence over the 7 days prior to, and including, the
study visit day (≥3 days of data required). The least

squares means (LSMs) for the absolute change from
baseline were obtained from an analysis of covariance
model with baseline value, treatment and geographic
region as factors. Model effects were from the type III
estimates. Baseline observation carried forward imput-
ation was used to compare treatment groups.
Significance and 95% CI were established based on the
mean relative percentage change from baseline. Point
biserial correlation of daily reoccurrence of joint stiff-
ness (yes or no) and pain (100 mm VAS) for all patients
was performed. Statistical methods used did not control
for multiple testing.

RESULTS
Patient disposition
As reported previously, a total of 350 patients were ran-
domised to treatment (231 patients to DR prednisone
and 119 patients to placebo); 323 patients (92.3%) com-
pleted the study.29 Demographic and baseline disease
characteristics were generally well balanced between the
two treatment groups. After 12 weeks, 48% of patients
treated with DR prednisone achieved an ACR20
response, compared with 29% of patients who received
placebo (19% treatment difference, p<0.001).

Impact of treatment on measures of fatigue
There was a statistically significant difference between
treatments in the change from baseline to week 12 in
FACIT-F score (LSM difference 2.2, p=0.0032), favouring
DR prednisone, as compared with placebo. The
within-group change from baseline to week 12 in
FACIT-F score was clinically meaningful with DR prednis-
one/DMARD (3.8) but not with placebo/DMARD (1.6;
figure 1). Compared with placebo/DMARD, DR prednis-
one/DMARD showed significantly greater improvement
in SF-36 vitality domain score (5.6, p=0.001; table 1).

Correlation between improvement in fatigue and measures
of disease responses
A comparison of the mean change from baseline in
FACIT-F score within treatment, by responder status for
ACR20 was performed. This showed there was correl-
ation between improvement in FACIT-F score and
ACR20 response status, regardless of treatment arm
(figure 2). Furthermore, those who received DR prednis-
one and who reached ACR20 response had statistically
better FACIT-F scores as compared with those not reach-
ing ACR20 response (5.5 V. 2.2, p<0.0001). There was
also correlation between FACIT-F score and response
status defined by DAS28 (not shown).

Impact of treatment on other measures of quality of life
Compared with placebo/DMARD, treatment with DR
prednisone/DMARD showed a significantly greater
improvement in FACT-G score (2.6, p=0.0233) and other
aspects of well-being (table 2). Compared with placebo/
DMARD, treatment with DR prednisone/DMARD also
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showed a significantly greater improvement in physical
component summary score of SF-36 (2.3, p=0.0003) and
in some individual domains (table 3).

Impact of treatment on other patient-reported outcomes
Compared with placebo/DMARD, treatment with DR
prednisone/DMARD significantly reduced reoccurrence
of joint stiffness during the day (−27.0% of days vs
−7.1%, p=0.03; table 4). Pain during the day also
decreased for all patients, with no significant difference
between treatment groups, although there was a signifi-
cant reduction in daily analgesic use with active treat-
ment (−18.7% vs 1.9% days, p=0.02) and patient global
assessment (treatment difference −25.3, p=0.01).
Regardless of treatment, there was moderate correlation
between reoccurrence of joint stiffness and pain during
the day (r=0.47).

DISCUSSION
The analysis of the CAPRA-2 study reported here
demonstrates that low-dose DR prednisone added to
DMARD therapy has a beneficial impact on patient-
reported outcomes (reoccurrence of joint stiffness,
SF-36 physical functioning, fatigue and other aspects of
health-related quality of life) in patients who are symp-
tomatic despite DMARD treatment. Current DMARD
and biological treatments have shown varied impact on
fatigue.26 28 36 Consequently, there is considerable need
for treatments that have a positive and clinically relevant
impact on the fatigue.
Fatigue was assessed using instruments previously vali-

dated or used in RA.31 32 35 Fatigue is a complex feature
of inflammatory conditions such as RA, and includes
mental and physical aspects.15 18–21 23 There appears to
be interaction with sleep, pain and mood.20 22

Interestingly, IL-6 has been implicated in sleep disturb-
ance and low mood, as well as in fatigue associated with

Figure 1 Absolute change in

FACIT-F score from baseline to

week 12 (DMARD, disease-

modifying antirheumatic drug;

FACIT-F, Functional Assessment

of Chronic Illness Therapy-

Fatigue; LSM, least squares

mean).

Table 1 Impact of treatment on measures of fatigue

DR prednisone/DMARD Placebo/DMARD Treatment

difference

(95% CI)‡Measure of fatigue Baseline Week 12 Difference‡ Baseline Week 12 Difference‡

Mean FACIT-F score 28.8 32.5 3.8 28.7 30.3 1.6 2.2 (0.8 to 3.7)*

(SD) (10.4) (10.9) (10.7) (10.5)

Range 0–50 0–52 3–49 0–52

Mean SF-36 vitality domain 44.5 51.6 7.0 43.1 44.9 1.8 5.6 (2.3 to 8.9)**

(SD)§ (19.4) (20.6) (16.5) (19.3) (19.8) (14.1)

Range 0–100 0–100 0–94 0–100

*p=0.0032.
**p=0.0010.
‡LSM difference for FACIT-F score.
§Absolute difference from baseline, using baseline observation carried forward imputation.
DMARD, disease-modifying antirheumatic drug; DR, delayed-release; FACIT-F, Functional Assessment of Chronic Illness Therapy-Fatigue;
LSM, least squares mean; SF-36, Short Form-36.
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RA and fibromyalgia.24 37 There is also evidence to
support a link between systemic inflammation (as indi-
cated by elevated levels of IL-6 and other markers) and
fatigue in conditions as diverse as cancer and type 2 dia-
betes,38–40 and indication of an impact of IL-6 on fatigue
and mood in healthy volunteers.41 In fibromyalgia, there
is evidence of an association between elevated IL-6 levels
and a glucocorticoid receptor dysfunction.42 Although
there are still unanswered questions about the patho-
physiology of fatigue, the beneficial impact of the gluco-
corticoid chronotherapy on fatigue reported here is
consistent with a causative role of IL-6 in fatigue, like
that previously reported for morning stiffness.5 25

Core data sets in RA do not adequately capture
response of fatigue to treatment.36 Patient-reported out-
comes provide important information on disease
control, as indicated by the finding that 36% of patients
with RA report a different level of global disease control
than their physicians.43 Indeed, a ‘biopsychosocial
model’ of disease is appropriate for RA, with patient-
reported data collected using validated and reliable
questionnaires contributing important information to
support shared decision-making.44 Consistent with this
model, regulatory bodies such as the European
Medicines Agency and the Institute for Quality and
Efficiency in Health Care (IQWiG) in Germany take
into account patient-reported outcomes and clinical
disease measures when reaching decisions on approval
and reimbursement of medications. Recognising the
importance of the patient perspective, the WHO intro-
duced the International Classification for Functioning,
Disability and Health (ICF), which aims to shift the
focus from causes of disability to the impact on the
patient. Of note is the importance of patient participa-
tion in measuring health states such as RA flare, which
includes fatigue and other domains.45

With regard to RA, this suggested shift in thinking is
broadening the aim of treatment to encompass not only
clinical remission, demonstrated by measures such as

swollen joint count but also functional remission,
demonstrated by an improvement in patient quality of
life (or at the least, maintenance or reduction in rate of
decline in quality of life). The participation of patients
in different Outcome Measures in Rheumatology
(OMERACT) activities has resulted in recognition of the
importance of health domains such as fatigue, well-being
and sleep pattern not previously included in standard
assessments of RA.46 The composite index, Rheumatoid
Arthritis Impact of Disease (RAID), has been developed
to include the domains of pain, function, fatigue, phys-
ical and psychological well-being, sleep disturbance and
coping.47 The use of measures such as RAID may affect
data collected in future trials.48

A weakness of this study was its short duration of
12 weeks. It remains to be seen if the beneficial impact
of DR prednisone on fatigue is maintained over the
longer term. However, in an earlier study with DR pred-
nisone, reductions from baseline in duration of morning
stiffness and levels of IL-6 were maintained for up to 12
months.10 If IL-6 is involved in the pathophysiology of
fatigue, as suggested by some studies,24 it might be
anticipated that the beneficial effects on fatigue will also
be sustained, though this has yet to be demonstrated.
Although the study assessed pain, fatigue and overall
health-related quality of life, CAPRA-2 did not include
validated instruments to assess any impact of treatment
on sleep duration and quality. Given the links between
sleep and fatigue, this is a limitation of CAPRA-2.
Statistical tests did not control for multiple testing, with
the consequent risk of showing significance occasionally,
even when the difference between the underlying popu-
lations is not significant. CAPRA-2 investigated the bene-
fits of adding DR prednisone to prednisone-naïve
patients receiving conventional DMARDs. It remains to
be seen if similar benefits of adding DR prednisone are
observed in patients receiving biological DMARD treat-
ment or in patients previously on traditional prednisone
and DMARDs. However, the 9-month open-label

Figure 2 Improvement in

FACIT-F fatigue score according

to ACR20 response status (ACR,

American College of

Rheumatology; DMARD,

disease-modifying antirheumatic

drug; FACIT-F, Functional

Assessment of Chronic Illness

Therapy-Fatigue).
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Table 3 Impact of treatment on SF-36 component scores and domains

Mean component/domain

score (SD)

DR prednisone/DMARD Placebo/DMARD Treatment

difference (95% CI)Baseline Week 12 Difference‡ Baseline Week 12 Difference‡

Physical component 31.6 (7.0)§ 35.1 (8.1) 3.4 (5.8) 31.5 (6.9) 32.7 (7.3) 1.2 (5.1) 2.3 (1.1 to 3.5)*

Range 14–56 14–56 18–48 15–58

Mental component 45.3 (10.7)§ 46.9 (10.7) 21–70 1.6 (7.3) 45.4 (9.6) 45.9 (9.6) 0.5 (6.3) 1.1 (−0.4 to 2.5)

Range 17–68 23–64 14–64

Physical functioning 40.2 (21.2) 47.3 (24.1) 7.1 (16.5) 40.7 (20.5) 44.2 (22.3) 3.5 (13.8) 3.6 (0.2 to 7.0)**

Range 0–95 0–100 0–90 0–100

Role physical 44.5 (22.3) 50.8 (23.8) 6.0 (20.1) 43.3 (21.9) 45.4 (21.1) 2.1 (14.6) 4.5 (0.7 to 8.3)**

Range 0–100 0–100 0–100 0–100

Bodily pain 34.4 (16.2) 45.7 (20.5) 11.3 (17.8) 34.0 (15.5) 38.4 (18.8) 4.5 (16.1) 7.0 (3.3 to 10.7)*

Range 0–84 0–100 0–74 0–100

General health 39.8 (18.4) 44.6 (20.1) 4.7 (12.9) 40.6 (16.5) 41.9 (17.1) 1.3 (13.7) 3.3 (0.5 to 6.2)**

Range 0–97 0–97 0–92 5–100

Social functioning 57.9 (25.6) 63.9 (25.1) 5.9 (18.9) 56.5 (23.3) 58.5 (23.7) 2.0 (19.8) 4.4 (0.5 to 8.4)**

Range 0–100 0–100 0–100 0–100

Role emotional 57.2 (28.8) 59.6 (26.6) 2.5 (22.5) 56.0 (25.6) 58.5 (27.1) 2.5 (21.2) 0.7 (−3.6 to 5.1)

Range 0–100 0–100 0–100 0–100

Mental health 59.1 (20.7) 63.7 (21.1) 4.6 (15.7) 61.0 (20.0) 62.5 (19.5) 1.5 (12.3) 2.7 (−0.4 to 5.7)

Range 0–100 10–100 10–95 0–100

*p≤0.0003
**p≤0.0374.
‡Absolute difference from baseline, using baseline observation carried forward imputation.
§Data missing for two patients.
DMARD, disease-modifying antirheumatic drug; DR, delayed-release; SF-36, Short Form-36.

Table 2 Impact of treatment on FACT-G score and domains

DR prednisone/DMARD Placebo/DMARD Treatment

difference (95% CI)Mean total/domain score (SD) Baseline Week 12 Difference Baseline Week 12 Difference

FACT-G ( score) 67.3 (16.6) 71.1 (18.0) 3.6 (10.4) 68.1 (14.5) 69.1 (15.3) 1.0 (9.8) 2.6 (0.4 to 4.8)*

Range 14–105 27–107 29–96 32–104

Physical well-being 16.7 (5.3) 18.8 (5.7) 2.0 (4.1) 16.8 (5.6) 17.9 (5.0) 1.1 (3.9) 0.9 (0.1 to 1.8)*

Social/family well-being 20.1 (5.6) 19.9 (6.3) −0.26 (5.0) 20.6 (4.9) 20.0 (5.1) −0.6 (4.2) 0.2 (−0.8, 1.2)
Emotional well-being 14.5 (5.1) 15.5 (5.3) 1.0 (3.4) 14.6 (4.7) 15.5 (4.9) 0.9 (2.9) 0.1 (−0.6 to 0.8)

Functional well-being 16.0 (5.8) 17.0 (5.6) 1.0 (4.1) 16.2 (5.3) 16.0 (5.4) −0.21 (4.2) 1.2 (0.3 to 2.0)**

*p≤0.0297.
**p=0.0065.
DMARD, disease-modifying antirheumatic drug; DR, delayed-release; FACT-G, Functional Assessment of Cancer Therapy-General.
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follow-on trial of the controlled CAPRA-1 study demon-
strated significant morning stiffness improvements in
patients on stable DMARDs and conventional prednis-
one who were switched to equivalent doses of DR
prednisone.10

CONCLUSION
In conclusion, there is a theoretical rationale for a bene-
ficial impact of DR prednisone on fatigue, based on the
targeted suppression of the inflammatory cytokine IL-6
when it is most elevated during the night. This analysis
of results from the CAPRA-2 study is consistent with the
concept that higher levels of inflammation may mediate
fatigue and that directed therapies may be required to
address it.49 In patients with symptomatic RA despite the
use of DMARDs, the addition of DR prednisone 5 mg/
day for 12 weeks resulted in a statistically significant and
clinically meaningful improvement in measures of
fatigue and improved other aspects of health-related
quality of life.
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