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Time of day of prednisolone administration in
rheumatoid arthritis
I. C. KOWANKO, R. POWNALL, M. S. KNAPP, A. J. SWANNELL, AND
P. G. C. MAHONEY

From the City Hospital, Hucknall Road, Nottingham NGS JPB

SUMMARY Twelve patients with rheumatoid arthritis took low dosage prednisolone, mean 5 6 mg
daily, at either 0800 h, 1300 h, or 2300 h in a double-blind within-patient controlled trial. Each
patient was studied on each of the 3 regimens to assess control of symptoms and side effects and
also to examine circadian rhythms in signs and symptoms. For several days during each drug
regimen patients collected urine at each micturition and self-assessed their signs and symptoms.
Circadian rhythms of finger joint swelling and of grip strength were determined, and were similar
on all regimens, with morning peaks of symptoms and signs. Subjective and objective assessments
showed no differences in effectiveness between the 3 times of administration of prednisolone.
Urinary excretion patterns were similar to those observed in untreated people. The quantity and
circadian pattern of 1 1-hydroxycorticosteroids excreted were similar to those in healthy patients,
providing no evidence of adrenal cortical suppression at the dose levels studied, even when this
dose was taken in the evening. A single morning dose of prednisolone appears in many patients to
be as effective as a single evening dose or divided doses. It is therefore reasonable to initiate
therapy with a morning-only regimen, because adrenopituitary suppression should be minimised.

The symptoms of rheumatoid arthritis are worst in other glucocorticoids are often given in the evening
the morning, and treatment is often requested to help for rheumatoid arthritis, either as part of a divided
with this uncomfortable phase. Prednisolone and dose regimen or as a single evening dose. Some

authors recommend nocturnal-only administra-
Accepted for publication 2 October 1981. tion. 2
Correspondence to Dr I. C. Kowanko. The severity of glucocorticoid side effects depends
Table 1 Details ofpatients

Patient Age Sex Daily dose Concurrent Duration Maximum Usual
no. (years) prednisolone medication ofsteroid daily dose time of

during trial therapy prednisolone ever prednisolone
(mg) (months) (mg) therapy

1 61 M 5 Indomethacin, 34 5 0800
paracetamol

2 54 F 5 Indomethacin, sodium 336 10 0700
aurothiomalate 2300

3 54 F 5 Aspirin, penicillamine, 48 10 0800
indomethacin

4 69 F 10 Aspirin, cyclophosphamide 12 10 1000
5* 45 F 5 Ibuprofen, indomethacin 120 15 0800
6t 52 M 5 Paracetamol, sodium 1 5 0800

aurothiomalate
7t 49 M 5 Ibuprofen, fenoprofen, 18 7-5 2300

aloxiprin, paracetamol, sodium
aurothiomalate, nitrazepam

8 48 M 5 Ibuprofen, indomethacin 96 12-5 2100
9 61 F 5 Indomethacin, sodium 7 5 1900

aurothiomalate
10 57 F 5 Paracetamol, benorylate, 24 20 0900

penicillamine
11 50 M 7-5 Flurbiprofen, paracetamol, 264 15 0900

penicillamine 1300
2300

12 59 F 5 Aloxiprin, nitrazepam 120 40 0800
Mean 54 9 5-6 90 12 9

*No finger joint size measurements due to numerous subcutaneous nodules over the joints.
tWithdrew while on 1300 h dosing, after a recurrence of pulmonary oedema, for which diuretics were prescribed.
tWithdrew while on 1300 h dosing, of his own accord, with mild chest pains and faintness.
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on the time of day of administration.3 Adrenopituit-
ary suppression is maximal when steroids are given at
night but minimal or absent with morning administra-
tion.4 Other side effects, for example nocturia,5 may
be reduced by morning-only administration.6
The logic of giving prednisolone at night to reduce

or avoid symptoms which are troublesome in the
morning is clear, but side effects might be expected to
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be more severe. A controlled trial of prednisolone at
different times of day was performed to assess
therapeutic effectiveness and to study any alteration
in urinary excretion patterns.

Patients and methods

Twelve patients with rheumatoid arthritis were
studied in a double-blind trial. Details of the patients
are given in Table 1.

Single daily doses of prednisolone at 3 times of day
were compared: 0800 h, 1300 h, and 2300 h. Placebo
tablets were taken at the other times. Each patient's
daily dose of prednisolone remained the same
throughout the-trial, and only the time of its adminis-
tration was changed. All other medication was taken
at the same time and dosage. The patients were
studied on all 3 regimens in randomised order and
served as their own controls.
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Fig. 1 Mean grip strengths for both hands ofeach patient on
different times ofprednisolone administration. Grip
strengths were slightly better when prednisolone was

administered at 1300 h (dominant hands p<0 -05, otherhand
p =0 -05). There was no difference in grip strength between
the 0800 h and the 2300 h administration times.
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Fig. 2 Group circadian rhythms ofgrip strength of the
dominant hand and of the sum of 10 finger joints for 12
patients taking prednisolone at 0800 h. The data are
expressed as the best fitting sine wave with a period of24
hours. Joint swelling is maximal and grip strength is minimal
at about 0500 h. Similar patterns were observed when
patients took prednisolone at 1300 h or at 2300 h.
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Time ofday ofprednisolone administration in rheumatoid arthritis 449

All measurements were made by the patients
at home7 to avoid the stress of hospitalisation and
to collect information in the situation where the
treatment is usually given. No attempt was made to
control diet or activity, but patients were asked to
maintain as stable a routine as possible.
For at least 3 days during the fourth week of each

treatment regimen patients collected urine and made
objective and subjective assessments of their arth-
ritis. At each micturition, which was not required at a
set time, patients measured the urine volume and
refrigerated an aliquot. Signs and symptoms were
assessed following micturition by measuring finger
joint sizes, grip strength, subjective stiffness, and
pain as described elsewhere.8 When necessary
patients recorded the number of paracetamol tablets
they took for extra analgesia.

Urine sodium, potassium, chloride, calcium,
creatinine, and osmolar concentrations were deter-
mined by standard laboratory techniques. Urinary
11-hydroxycorticosteroids (11-OHCS) were ana-
lysed by a fluorimetric method.9
The trial was conducted between February 1979

and April 1980.

Results

SIGNS AND SYMPTOMS
The mean sum of 10 joints was calculated for each
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patient on each regimen. No significant difference in
finger joint sizes due to timing of treatment was
observed by Wilcoxon's paired test.
The mean grip strengths for each patient's right

and left hands were calculated for each treatment
regimen and are shown in Fig. 1. Prednisolone at
0800 h and at 2300 h was equally effective as assessed
by grip strength. Administration at 1300 h was
associated with stronger grip in the right hands
(p<0 05). There were no differences in pain or stiff-
ness ratings, or in the number of paracetamol tablets
ingested between treatments.

Circadian variations in grip strength and finger
joint sizes were investigated. Grip strength was mini-
mal in the morning at about 0500 h, when joint
swelling was maximal. This pattern did not change
with different timing of prednisolone therapy and is
similar to the circadian variations observed by us in
patients with rheumatoid arthritis treated with other
drugs8 and to those in normal subjects.'0 Fig. 2 shows
the average circadian rhythm of grip strength and
joint size for patients taking prednisolone at 0800 h,
calculated by the methods of Nelson et al. '1

URINARY EXCRETION PATTERNS
Using paired nonparametric tests we found no differ-
ences in the 24-hour excretion rates due to the timing
of prednisolone administration for any of the urinary

Fig. 3 Example of the
histogram of
I l-hydroxycorticosteroid
excretion rate against time (solid
line) and the best fitting sine
wave with a period of24 hours
(broken line). This patient took
prednisolone at 0800 h. Similar
circadian patterns were
observed for other times of
administration.
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constituents investigated, and they were all within the
normal range in our laboratories. Mean 24-hour
11-OHCS excretion (+ SEM) was 192 ± 41,161 + 15
and 176 + 27 ug for 0800 h, 1300 h, and 2300 h
prednisolone administration respectively. The range
in untreated subjects is 80 to 380 jg per 24 hours.
To examine the pattern of urinary excretion within

each 24-hour period the ratio of the amount excreted
during daytime activity to the amount excreted dur-
ing nocturnal recumbency (D/N ratio) was used. No
significant differences in the D/N ratio between
regimens were found by paired nonparametric tests
for any of the urinary variables studied.
Generally about twice as much of all constituents

was excreted during daytime activity as during noc-
turnal recumbency on all regimens. This pattern is
similar to that seen in untreated controls of compar-
able age."2
The pattern of excretion within the day was also

investigated by calculating the sine wave with a
period of 24 hours that best fitted the histogram of
excretion rate against time."3 An example is shown in
Fig. 3. The parameters defining the best-fit sine wave
were calculated for each patient on each treatment
regimen, and were then used to derive group circa-
dian rhythms of excretion.11
When prednisolone was administered at 0800 h,

group circadian rhythms of volume, potassium,
sodium, chloride, and osmolar excretion rates were
maximal in the afternoon. In some individuals excre-
tion rates peaked later in the evening, or even during
the night and early morning hours when prednisolone
was taken at the later times of 1300 h and 2300 h. But
for the whole group this tendency did not reach statis-
tical significance.
Group circadian rhythms of calcium and creatinine

excretion were maximal in the afternoon on all
treatment regimens. The maximal rate of excretion of
1 1-OHCS for the group was in the middle of the day
on all treatments (Fig. 3), as it is in untreated
patients.14 Individual patients varied greatly from
each other, so paired comparisons were made be-
tween the best-fitted sine waves for each patient on
each treatment regimen. No consistent changes
attributable to the timing of steroid therapy could be
discerned.

Discussion

When prescribing potentially harmful drugs a bal-
ance between side effects and therapeutic effective-
ness is attempted. It has been assumed that to control
the symptoms of rheumatoid arthritis at least part of a
dose of prednisolone should be given in the even-
ing' 15 despite this not being the most appropriate
time if adrenopituitary suppression is to be
prevented.

De Andrade et al.2 compared morning and evening
administration of 5 mg prednisolone and found that
23 out of 49 patients preferred the evening dose.
However, 75 % of these patients were accustomed to
taking the drug at night for a mean of 8 months. Our
observations suggest that prednisolone was equally
effective when given at 0800 h, 1300 h, or 2300 h and
could therefore be prescribed at any of these times if
this resulted in fewer side effects. Our study differs
from that of De Andrade et al. in the method of
assessing therapeutic effect, and also the patients in
our study were taking other anti-inflammatory drugs
as well as prednisolone. Combined drug therapy is
more usual in clinical practice, and so our conclusions
may be more relevant.
Our findings support the work of Nugent et al.,16

who found that once-daily morning prednisolone was
as effective as 4 smaller doses per day in 28 patients
with rheumatoid arthritis who took a mean daily dose
of between 7 and 16 mg. Single morning administra-
tion for diseases other than rheumatoid arthritis is
also reported to be as effective as divided doses.'7 18

Suppression of the adrenopituitary axis is mini-
mised when low-dose corticosteEoids are taken only
in the morning to coincide with high endogenous
plasma cortisol levels.4 '9 In a morning-only regimen
the normal circadian rhythm of plasma cortisol levels
is preserved, whereas the literature indicates that
with long-term evening doses, or with divided doses,
the morning increase of endogenous corticosteroids
is likely to be abolished or reduced on the next
day.20 21 It follows that if corticosteroids are given at a
dose level and at a time that suppresses the
adrenopituitary axis, the total amount of corticos-
teroid available to the patient may be less than if the
same dose is given at a time when suppression is
reduced, because in the latter circumstances the cor-
ticosteroids produced by the patient's adrenals will
be additive to the exogenous drug treatment.
The 11-OHCS excretion exhibited a circadian

rhythm in the patients studied, with a peak at about
midday on all 3 treatment regimens (Fig. 3). The
pattern observed is similar to that seen in untreated
people,'4 and the total 11-OHCS excreted per 24
hours for all 3 regimens was well within the range
seen in our laboratory for normal subjects. Impair-
ment of rhythmic cortisol production was not
detected in these patients, irrespective of the time of
prednisolone administration. There is no reason to
suppose that the urinary method used was not suffi-
ciently sensitive to detect suppression, particularly as
multiple collections were available each day rather
than a single 24-hour combination, and this permits a
critical evaluation of the cyclical pattern of excretion.

Klinefelter et al. 1 showed that the adrenal response
to stimulation with ACTH may not be impaired when
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Time ofday ofprednisolone administration in rheumatoid arthritis 451

doses of less than 15 mg prednisolone per day are
taken, even when ingested once daily at night for up
to 3 years. In contrast Jasani et al.22 found that about
half their patients, who took similar doses of a variety
of glucocorticoid preparations, had abnormal circa-
dian variations of plasma cortisol irrespective of the
timing of treatment.

It seems that adrenal suppression is a side effect of
low-dose prednisolone in some but not all patients.
The 12 patients in our study did not show any signs of
impaired cortisol production, and as they were all
taking low doses of prednisolone this is not inconsis-
tent with the literature.
To summarise, suppression of the adrenopituitary

axis by exogenous glucocorticoids depends on the
duration of therapy, the daily dosage, the time of
administration, the molecular structure, and the for-
mulation of the steroid used.23 Many publications do
not provide this information, making comparison of
studies difficult.

Nocturia is sometimes a side effect of steroid
therapy.5 Patients who have constantly high circulat-
ing cortisol levels due to Cushing's syndrome excrete
more water and electrolytes at night than in the day,24
and this disturbed excretory pattern was reproduced
by Imrie et al.2' who administered 5 mg. of pred-
nisolone 5 times a day to healthy subjects.
Reindl et al.26 found that potassium and chloride

excretion rates peaked as much as 10 hours later
when prednisolone was given in the evening to chil-
dren with asthma. Dose levels were not specified by
the authors. In a pilot study of the effect of the time of
prednisolone administration on urinary excretion
patterns we found that prednisolone at 2300 h was
associated with decreased amplitude and delayed
peak excretion of sodium, potassium, and total sol-
utes compared with 0800 h administration.27 In some
patients with small bladder capacities the shift of
excretion to the night hours resulted in nocturia. The
patients studied in this trial did not get this trouble-
some symptom, though there was a trend for the
time of the peak of urinary electrolyte excretion to be
later when prednisolone was taken at 2300 h.

Adrenal and renal rhythms may be linked, particu-
larly the rhythm of circulating cortisol with the
excretory rhythms of potassium.28 On the basis of
11-OHCS excretion the patients in this study had
normal adrenal cortical function. Their urinary elec-
trolyte excretion patterns were similar to those
reported from healthy subjects.'4 29

It may be concluded that in many patients a single
morning dose of prednisolone will be as effective as
the same dose taken at other times of day. Side effects
were not seen in this study with evening doses, but it
would seem appropriate to prescribe the drug once a
day in the morning initially, as the integrity of the

hypothalamic-pituitary-adrenal axis will be better
preserved. Patients may be less at risk from other side
effects but will have symptoms adequately control-
led. The dose reduction and withdrawal of corticos-
teroid may be easier to achieve with regimens that
ensure adrenopituitary function during steroid
therapy.

This study was carried out with financial assistance from the
Nottingham and Notts Kidney Fund, the Boots Company Ltd, and
the Medical Research Council. Prednisolone and placebo tablets
were donated by Pfizer Ltd. Julia Mackenzie performed the
computer analyses and Judith Hayes typed the manuscript.
Thanks are due especially to the patients, who all made many
collections and measurements.
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