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ABSTRACT
Glucocorticoids (GCs) are widely used 
in clinical medicine because of their 
anti-inflammatory and immunosuppres-
sive effects. However, these agents have 
a considerable potential for adverse ef-
fects, especially if used in high doses. 
The currently most advanced approach 
to improve the risk-benefit ratio of GCs 
is low-dose prednisone chronotherapy 
with modified release (MR) prednisone 
timing drug release to chronobiological 
rhythms. In RA, the circadian rhythms 
of pain, stiffness and functional dis-
ability show maximum symptoms in the 
early morning hours, which is preceded 
by elevated levels of pro-inflammatory 
cytokines, in particular interleukin 6. 
It was hypothesised that preventing the 
nocturnal rise of pro-inflammatory cy-
tokines by GC therapy is more effective 
than treating established symptoms in 
the morning. As waking in the night for 
tablet intake is impracticable, modified 
release (MR) prednisone was devel-
oped, which releases prednisone ap-
proximately four hours after ingestion 
(i.e. at approximately 2 am if taken at 
10 pm bedtime). Data from two large-
scale trials in rheumatoid arthritis (RA) 
(CAPRA-1 and 2) document that MR 
prednisone has greater efficacy for long-
term, low-dose glucocorticoid treatment 
in patients with RA, with a significant 
reduction in morning joint stiffness, in 
addition to all known therapeutic effects 
with conventional prednisone and a 
similar safety profile without additional 
suppression of hypothalamic-pituitary-
adrenal (HPA) axis. For patients with 
RA on low to medium doses of pred-
nisone, especially those who continue 
to experience a long duration of morn-
ing stiffness, MR prednisone appears a 
valuable additional treatment option.

Introduction
Since the discovery of the anti-inflam-
matory and immunosuppressive effects 
of cortisone, glucocorticoids (GCs) 
have been widely used in the treatment 
of many diseases, including rheumatic 

diseases such as rheumatoid arthritis 
(RA), polymyalgia rheumatica and vas-
culitides, as well as allergic airway con-
ditions, inflammatory bowel diseases, 
dermatological and other diseases. The 
overall prevalence of GC use over the 
past 20 years has been more or less sta-
ble (1, 2). As soon as mineralocorticoid-
related and numerous other adverse ef-
fects (AEs) of GCs became apparent, 
such as osteoporosis, myopathy, skin 
atrophy, oedema and glaucoma, new 
drugs were synthesised with less min-
eralocorticoid activity but significant 
higher glucocorticoid potency (3).
In recent years our clinical view of GCs 
has changed considerably (3). First, 
low-dose GCs are no longer seen as 
providing “only” fast relief of inflam-
mation, but also having the capacity to 
slow radiographic joint damage in early 
RA (4). Second, the toxicity profile of 
low-dose GCs was shown to be modest, 
in contrast to high-dose therapy in RA 
(5). Guidelines for safe use of GCs and 
monitoring of AEs have been developed 
(6, 7). Nevertheless, dose-related AEs 
of GCs and the risk-benefit ratio remain 
issues and driving forces for further re-
search (8, 9).
The currently most advanced approach 
to improve the benefit of GCs is to use 
low-dose, taking advantage of knowing 
the chronotherapeutic strategy (3), in 
addition to possible selective glucocor-
ticoid receptor agonists, nitroso-GCs, 
liposomal GCs and others. In pred-
nisone chronotherapy, a new modi-
fied-release (MR) prednisone delivery 
system adapts the release of the admin-
istered GC to the circadian rhythms of 
the disease in order to improve efficacy 
(10). This review briefly summarises 
the development of chronotherapy with 
low-dose prednisone in RA and the 
current evidence for the efficacy and 
safety of MR prednisone.

Chronotherapy and the “single 
morning dose” in GC therapy
The roots of clinical chronobiology 
date back to the 5th century when 
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the nocturnal occurrence of asthma 
was described (11, 12). The concept 
of chronotherapeutics – i.e. timing 
medication to biological need to opti-
mise beneficial outcomes or to reduce 
or eliminate adverse effects (11, 13, 
14) – was used by Thomas Sydenham 
[1624–1689], who recommended that 
opium (laudanum) be dosed late in the 
evening, rather than in the morning, for 
optimum narcotic effect (11, 12). Cur-
rently, emerging concepts are being 
explored to design chronotherapeuti-
cals for major chronotherapeutic rel-
evant diseases such as asthma, allergic 
rhinitis, cardiovascular disorders, rheu-
matoid arthritis and cancer, and many 
other conditions (15).
According to Smolensky et al. the first 
“chronotherapy” to be widely applied 
in clinical practice was the alternate-
day morning schedule of glucocor-
ticoids introduced in the 1960s (13, 
16). At that time, the timing of GC 
administration was focused primarily 
on chronotoxicological aspects (i.e. 
rhythm-dependent differences in the 
manifestation and severity of adverse 
effects (17)) – rather than on chrono-
effectiveness (i.e. rhythm-dependent 
differences in the magnitude of the de-
sired therapeutic effects (17)).
Administration-time differences in 
adrenocortical suppression of GC 
medications have been described since 
1956 (13, 18). A series of studies in-
dicated that once-daily ingestion of 
small to moderate doses of GCs in the 
morning caused little or no adrenocorti-
cal suppression; however, when a part 
or all of a moderate daily dose of GC 
was administered later in the day, es-
pecially in the evening between dinner 
and bedtime, the risk of adrenocortical 
suppression was heightened (18-22). 
These findings significantly impacted 
the manner in which GC therapy was 
prescribed as single-daily or alternate-
day morning doses in the following 
years (13, 16, 18).

“The nightly dose” – effect on 
morning stiffness
Despite the practice of the single morn-
ing dose, some RA patients required a 
nocturnal glucocorticoid dose to con-
trol morning stiffness (23). Some stud-

ies, as early as in 1964, specifically 
found a nightly prednisolone dose more 
effective regarding morning stiffness 
than an equivalent morning dose (24-
26). However, other studies described 
no differences in effectiveness between 
administration of prednisolone at three 
different times of day (27).

Chronobiology of inflammation 
in RA
In RA, the circadian rhythms of pain, 
stiffness and functional disability as 
well as the underlying cyclic variations 
in hormone levels and cytokine con-
centrations are well-known phenomena 
(28). It was demonstrated that the ma-
jor signs and symptoms in RA, such as 
pain, inflammation and stiffness, vary 
with the time of the day, usually with 
maximum severity in the early morn-
ing hours (29-34). Furthermore, it was 
shown that these clinical symptoms are 
preceded by elevated levels of pro-in-
flammatory cytokines, especially of 
interleukin 6 (IL-6) (28, 35-37), and a 
causal beyond a temporal relationship 
was suggested (3, 10, 38).
A hypothesis was generated, based on 
these considerations, that improved 
timing of GC administration may help 
to optimise RA therapy (3, 10), to tar-
get IL-6 and other humoral factors as 
well as cellular reactions involved in 
RA pathophysiology (39). The ration-
ale for this hypothesis was provided by 
the following points (3, 10): (i) pain, 
fatigue, morning stiffness and immo-
bility are important symptoms of RA 
which significantly affect the patient´s 
quality of life and the ability to remain 
gainfully employed (40); (ii) the nightly 
increase of IL-6 and other pro-inflam-
matory cytokines is thought to trigger 
a cascade of events promoting these 
symptoms (28, 41); (iii) preventing the 
nocturnal rise of pro-inflammatory cy-
tokines should be more effective than 
treating established symptoms (28, 42, 
43). From this point of view, adminis-
tration of GCs between 6 am and 8 am 
was suggested to be suboptimal.

MR prednisone – formulation
In 1997, Arvidson and co-workers 
demonstrated that low doses of pred-
nisolone taken at 2 am had significantly 

better therapeutic effects on duration of 
morning stiffness, joint pain and morn-
ing serum concentrations of IL-6 than 
equivalent doses taken at 7:30 am after 
only 5 days of treatment (44). However, 
a regimen which requires regular wak-
ing of the patient at 2 am was consid-
ered to be impractical for the therapeu-
tic routine, whereas evening treatment 
may not be optimal due to the short, 2 
hour, half-life of prednisolone (28).
These considerations and observations 
led to the development of a new modi-
fied-release (MR) prednisone tablet for-
mulation, which allows timed release 
of glucocorticoids 4 hours after oral 
administration at 2 am (10). The MR 
prednisone tablet is a “tablet-in-tablet 
dosage form”, which consists of an im-
mediate-release prednisone core tablet 
surrounded by an inactive outer tab-
let shell (10). MR prednisone releases 
prednisone approximately four hours 
after ingestion, (i.e. at approximately 
2 am if taken at 10 pm bedtime). Pred-
nisone release is triggered by penetra-
tion of gastrointestinal fluid into the 
tablet shell. The pharmacokinetic pro-
file and total drug exposure (maximum 
concentration and area under the curve) 
of 5 mg MR prednisone have been 
shown to be very similar to those of 
5 mg conventional immediate-release 
prednisone – of course apart from the 
4-hour delay (10).

Efficacy and safety of MR 
prednisone – the CAPRA-1 study
The efficacy and safety of MR pred-
nisone was investigated in a 3-month, 
double-blind, double-dummy, control-
led clinical study (Circadian Admin-
istration of Prednisone in Rheumatoid 
Arthritis (CAPRA-1)) (10). Altogether, 
288 patients with active RA were ran-
domised to receive their current pred-
nisone dose (2.5–10 mg prednisone per 
day) either as MR prednisone admin-
istered at approximately 10 pm or as 
conventional immediate-release (IR) 
prednisone administered in the morn-
ing. MR prednisone was shown to be 
clinically superior to the conventional 
IR preparation with respect to reduc-
ing morning joint stiffness, the primary 
endpoint of this study. This beneficial 
effect was noted in addition to clinical 
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control of disease resulting from treat-
ment with conventional prednisone. 
IL-6 serum concentrations were also 
significantly decreased by MR pred-
nisone after 3 months of treatment but 
remained unchanged by IR prednisone. 
The safety profile did not differ be-
tween the two regimens (10).
The CAPRA-1 study was followed 
by a 9-month, open-label extension, 
during which all patients were treated 
with MR prednisone (45). Reduction 
in morning stiffness duration and IL-6 
serum levels was sustained during 12 
months of treatment with MR-pred-
nisone, with a reduction from baseline 
by approximately 50% (45). Similar im-
provements were observed in patients 
who switched to MR prednisone in the 
open-label phase. Furthermore, 37% of 
all patients were improved according 
to ACR20 criteria (45). Adverse events 
did not differ from the known profile of 
low-dose prednisone.

Effect of MR prednisone on 
HPA axis
The hypothalamic-pituitary-adrenal 
(HPA) axis plays an important role in 
regulating and controlling immune re-
sponses, and dysfunction of the axis 
has been implicated in the pathogene-
sis of RA and other rheumatic diseases 
(28, 36, 46, 47). The influence of pred-
nisone therapy on the HPA axis func-
tion remains a matter of concern, par-
ticularly for longer treatment duration, 
as knowledge is rather limited.
In order to investigate the influence 
of long-term, low-dose chronotherapy 
with MR prednisone on the HPA axis, 
corticotrophin releasing-hormone 
(CRH) tests were performed in a sub-
group of 28 patients of the CAPRA-1 
study (48). The CRH tests were per-
formed (i) at baseline, (ii) at the end 
of the double-blind phase, and (iii) at 
the end of the 9-month open-label ex-
tension. There was no indication that 
changing treatments from IR pred-
nisone to MR prednisone increased 
the risk of HPA axis insufficiency, or 
resulted in deterioration of preexisting 
suppression. In addition, no adverse 
events that could be attributed to HPA 
axis insufficiency were observed dur-
ing the treatment with low-dose MR 

prednisone for the entire treatment pe-
riod of 12 months (48).

MR prednisone vs. placebo – the 
CAPRA-2 study
A second, large-scale, double-blind, 
placebo-controlled multicentre study 
(CAPRA-2) was conducted in order to 
quantify the net effect of low-dose MR 
prednisone in patients with RA poorly 
controlled by disease-modifying anti-
rheumatic drugs (DMARDs). In this 
12-week study, 350 RA patients were 
randomised to 5 mg MR prednisone or 
placebo once daily in addition to their 
pre-existing DMARD treatment. The 
ACR20 response rate at 12 weeks was 
48% for patients randomised to MR 
prednisone versus 29% for patients 
randomised to placebo (p<0.001). Sig-
nificant improvements were evident 
within two weeks of therapy initiation. 
Improvements in health-related quality 
of life, in particular physical function-
ing and fatigue, were also noted, while 
the safety profile of low-dose pred-
nisone chronotherapy was comparable 
to that of placebo (unpublished obser-
vations). These initial results were pre-
sented at the European League against 
Rheumatism (EULAR) meeting 2010.

Prednisone chronotherapy in 
other diseases?
Indications of circadian rhythms are 
reported in some other rheumatic dis-
eases such as polymyalgia rheumatica 
and ankylosing spondylitis (41). In 
asthma, several drugs have been de-
veloped based on chronopharmacol-
ogy, primarily administered once at 
night, including systemic and local GC 
preparations (17, 49, 50). Some data 
for chronotherapeutical applications of 
GC in other diseases are reported, e.g. 
multiple sclerosis (51). Modified-re-
lease hydrocortisone (MR-HC) is cur-
rently being tested in substitution treat-
ment of congenital adrenal hyperplasia 
(CAH) (52). However, available data 
are scarce and studies such as in RA are 
needed in other diseases.
The concept of chronotherapy for RA 
might also be extended to other drugs. 
For example, it has recently been re-
ported that switching RA patients from 
a standard methotrexate (MTX) appli-

cation three times/week to once-a-day 
at bedtime improves disease activity 
and functional capacity (53-55).

Conclusions
GCs remain important anti-inflamma-
tory and immunosuppressive drugs; 
however, the potential of these agents to 
produce adverse effects is notable. The 
currently most advanced approach to 
improve the risk-benefit ratio is chrono-
therapy with low-dose prednisone, in 
which the programmed delivery of MR 
prednisone is coordinated with chrono-
biological rhythms of RA to optimise 
treatment outcome. Two large-scale tri-
als (CAPRA-1 and 2) in RA support the 
view that MR prednisone is superior to 
conventional prednisone for significant 
long-term reduction of morning stiff-
ness in addition to the conventional GC 
effects. Furthermore, adverse effects of 
MR prednisone appear to be unchanged 
from conventional GCs and without 
additional suppression of HPA axis. 
Thus, MR-prednisone can improve the 
risk-benefit ratio of long-term low-dose 
GC treatment in patients with RA and 
provides an additional treatment op-
tion, in particular in RA patients with 
long-standing and disabling morning 
stiffness.
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