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Circadian variation in disease activity in rheumatoid
arthritis

J A L HARKNESS, M B RICHTER, G S PANAYI,
M GEDDAWI

Abstract

Disease activity in rheumatoid arthritis as measured by
repeated estimation of joint pain, stiffness, articular
index, and grip strength was shown to have a circadian
rhythm, maximal activity being seen between 0200 and
0400 and minimal activity in the early afternoon. This
variation in disease activity may be related to circadian
alterations in immune and inflammatory responses

(such as immune complexes and neutrophil function)
dependent on alterations in circulating concentrations of
steroids.
The circadian variation in disease activity has important

implications in assessment of patients, prescription of
drugs, and performance of drug trials.

Introduction

Rheumatoid arthritis is characterised by immunological
abnormalities such as hypergammaglobulinaemia, the presence

of immune complexes and rheumatoid factors in the serum, and
lymphocytic infiltration of the synovial membrane. The activity
of certain immune processes varies with the time of day or night
at which it is observed. The reaction to intradermal tuberculin'
is an example of an immune response which shows pronounced
circadian variation, and the time of rejection of renal allografts
may be influenced by this. In rheumatoid arthritis immune
responses to an as yet unidentified stimulus may be important
in the expression of disease. 4Many symptoms and signs of
active rheumatoid arthritis are worse at night or around the time
of waking, and objective measurements have confirmed a diurnal
variation in joint stiffness, hand volume, and grip strength5 6;
also a circadian rhythm in signs and symptoms was suggested by
a recent outpatient investigation. 7
We decided to investigate further the possibility of a circadian

rhythm of disease activity in rheumatoid arthritis and see

whether it was due to variations in immune processes, some of
which vary in a circadian pattern in healthy people and reportedly
occur in various immunological disorders but not, to our knowl-
edge, studied in rheumatoid arthritis.7 8
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Patients and methods

We selected for the study 10 inpatients with classic or definite
rheumatoid arthritis' being treated with strict bed rest-but allowed
to sit up-for generalised disease activity. Six were men and four
women, and their mean age was 54 6 years (range 33-76). All were

taking a non-steroidal anti-inflammatory drug-indomethacin (six),
naproxen (one), ibuprofen (one), benorylate (one), flurbiprofen (one)
-five were taking penicillamine, and one was receiving weekly gold
injections. None was taking corticosteroids or hypnotics.

Assessment of disease activity-Patients were studied over 24 hours.
Each patient was assessed clinically and a blood sample taken at 0600,
0800, 1200, 1800, and 2300. Pain and stiffness were each scored
subjectively according to an arbitrary scale of severe (3), moderate (2),
mild (1), and absent (0). A modified Ritchie articular index'0 was used
to assess joint tenderness, and grip strengths were measured with a

sphygmomanometer bag inflated to 30 mm of mercury.

Laboratory assessments-Laboratory measurements in serum samples
stored at -70 C were: C-reactive protein by single radial immuno-
diffusion," immune complexes by liquid-phase Clq-binding assay,'2

and IgM rheumatoid factor by an enzyme-linked immunoassay."3
White cell counts in peripheral blood were obtained with a Coulter
model S-Plus, and neutrophil and lymphocyte counts from a 500-cell
differential. Plasma cortisol concentrations were assayed by a modified
Mattingly technique."4
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FIG 1-Circadian rhythm of joint stiffness. (Mesor 1-35.
Amplitude 0 67. Peak time 0207. Peak value 2-02. Circadian
variation 99')

Results

Variations in clinical and laboratory measurements were seen during
the observation period. The table shows these changes in the 10
patients studied for those variables which showed a significant
circadian periodicity when analysed statistically (see below).

Clinical assessments-All measurements showed variations through-
out the study period, with pain, stiffness, and articular index each
showing maximal disease activity at around the time of waking and
grip strength being inversely related. Analysis of the variations by the
single and group rhythm analytical techniques of Nelson et all" defined
significant circadian rhythms (p < 0 05) of joint stiffnes and grip
strength only. Figures 1 and 2 show that the best-fitting sine wave
representing disease activity had its maximum between 0200 and 0400
and its minimum at about 1600.
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Laboratory assessments-Variations were seen in all measurements.
Analysis of sine waves, however, showed that only the Clq-binding
assay, peripheral blood neutrophil count, and plasma cortisol concen-

tration had demonstrable significant circadian rhythms (p < 0-05),
with the variations in peripheral blood lymphocyte counts just failing
to reach statistical significance. Figures 3, 4, and 5 show that the peak
of the sine wave representing Clq-binding activity occurred at about
0800 and that the wave for peripheral blood neutrophil count bore a

close inverse relation to those for disease activity, being lowest at
about 0200 and maximal at about 1400. Plasma cortisol concentrations
showed the usual circadian rhythm, with the peak between 0800 and
0900.
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causes an increase in the fluid content of joint tissues.5 6 ihis'
does not, however, explain the variation seen in our patients,
who were confined to bed day and night with little change in
mobility. This mechanism would not account for the progressive
worsening of symptoms observed during the afternoon and
evening. Another explanation is that there is an important
circadian variation in inflammatory processes. We observed
significant variations in peripheral blood neutrophil counts,
similar to those reported by other workers, and also noted that
immune complexes vary during the 24 hours. Corticosteroid
affects immune processes in several ways,16 including impaired

Variation with time of joint stiffness, grip strength, Clq-binding, and plasma cortisol concentrations in 10 patients with rheumatoid
arthritis

Case No
Time Mean

1 2 3 4 5 6 7 8 9 10

Joint-stiffness score (3 severe; 0 abseit)
0600 2 2 2 1 2 2 3 1 2 3 2.0
0800 2 2 1 1 1 1 1 0 1 2 1.2
1200 3 2 0 0 1 0 1 0 1 1 09
1800 1 2 1 1 1 0 2 0 2 2 1-2
2300 1 2 2 2 2 2 2 0 2 2 1 7

Grip strength (mm Hg)
0600 230 270 135 105 600 135 270 300 215 70 233
0800 315 290 150 105 600 205 335 330 230 160 272
1200 310 280 170 95 600 195 310 360 240 170 273
1800 480 290 150 120 >600 310 310 340 200 170 297
2300 415 255 155 105 -600 240 310 350 190 100 268

Clq-binding (normal < 15 ,)
0600 233 77 470 68 1 104 12.1 236 700 109 107 28-4
0800 215 5 7 43 2 71 1 135 11 1 238 810 78 97 289
1200 16 5 4 2 45 3 70 8 10.5 9 9 215 73-0 8.6 11 1 27-1
1800 18 6 6 9 44 2 63.8 9 9 9 9 20 2 72-0 8 1 11 0 26 5
2300 15 8 5 8 32-2 65 3 10-7 7 2 27 0 74 7 7-6 94 25 6

Plasma cortisol (nmol l)
0600 531 106 507 676 444 719 697 81 222 491 447
0800 264 138 395 482 459 697 475 212 396 399 392
1200 253 96 502 423 975 494 450 104 399 213 391
1800 135 50 182 514 306 243 444 107 197 - 218
2300 57 45 266 459 137 184 380 55 71 64 172

Conversion: SI to traditional units-Plasma cortisol: 1 nmolI 004 .g, 100 ml.
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FIG 2-Circadian rhythm of grip strength. (Mesor 234.
Amplitude 29. Peak time 1629. Peak value 263. Circadian
variation 25 0^).

Discussion

We have confirmed the observations of Kowanko et all and
agree with their suggestion that there is a circadian rhythm of
disease activity in rheumatoid arthritis, manifested by joint
stiffness and grip strength, which is estimated to be maximal
between 0200 and 0400 and minimal at about 1600, though some

method of assessment during sleep is needed to confirm that this
is an observed maximum as well as a calculated one.

What is the mechanism of this circadian rhythm ? The
simplest explanation is that the immobility of patients at night
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FIG 3-Circadian rhythm of Clq-binding assay. (Mesor 27.
Amplitude 1-4. Peak time 0807. Peak value 28 4. Circadian
variation 10lo).

migration of neutrophils and monocytes to inflammatory foci;
transient reduction in circulating lymphocytes, monocytes, and
eosinophils; transient neutrophil leucocytosis; impaired macro-
phage function; endothelial stabilisation; and effects on immuno-
globulin production. Furthermore, Pownall and Knapp and
colleagues showed that some of these interrelations vary with
the time of day.17

Suppression of lymphocytes and monocytes and stimulation
of neutrophils occurs maximally four to six hours after intra-
venous injection of hydrocortisone.iI Hence the natural variations
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in endogenous plasma cortisol, as observed in our patients,
probably influence the activity of immune processes and the
expression of disease activity in rheumatoid arthritis. When
plasma cortisol was viewed in relation to stiffness and grip
strength (fig 6) the sine wave representing disease activity was
seen to be minimal about six hours after the natural peak of
plasma cortisol, coinciding with the time of maximal corti-
costeroid effect on cells included in the inflammatory process. A
similar inverse relation between endogenous corticosteroid and
a delayed hypersensitivity-type reaction to oxazolone was
reported in rats.'8
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FIG 4-Circadian rhythm of neutrophil count. (Mesor 5-58.
Amplitude 1-35. Peak time 1407. Peak value 6-92. Circadian
variation 48 ',.)
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FIG 5-Circadian rhythm of plasma cortisol concentrations.
(Mesor 277. Amplitude 149. Peak time 0800. Peak value
426. Circadian variation (108'O.)

Conversiotn: SI to traditional uinits-Plasma cortisol: 1
nmol/1l 0 04 ,ug/100 ml.

Studies showing pronounced circadian variations have
important clinical implications. Firstly, the time of day must be
considered when making clinical assessments, because for
patients seen in the early afternoon disease activity is likely to be
underestimated. Secondly-for example, during drug trials-
clinical assessments at different times of day may invalidate
results or at best reduce the ability to detect change. Further-
more, the circadian variations in disease activity may result in
misinterpretation when the apparent improvement from short-
acting drugs may be due to the natural decrease in symptoms.
Thirdly, they call into question the whole concept of prescribing
drugs based on their pharmacokinetic properties alone, which-
in the case of indomethacin, for example-may vary significantly

with the time of administration.19 Giving a non-steroidal anti-
inflammatory drug to patients in the late evening is usually
effective in reducing morning symptoms. It is, perhaps, not
surprising that a study investigating the best times to give
flurbiprofen found that missing either a morning or lunchtime
dose of a short-acting non-steroidal anti-inflammatory drug,
when natural improvement is occurring in most patients, had
no measurable effect on disease activity.7
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FIG 6-Circadian rhythms of stiffness and grip strength in
relation to plasma cortisol concentrations.

We agree with Halberg, Reinberg, Knapp, and others who
have, studied circadian rhythms, and their influence on pharma-
cology and therapeutics,20 that less effort should be spent on the
frequent changing of a patient's drug treatment and more on
the dosage and timing of administration to achieve best control
of the symptoms of disease. These principles seem relevant to
the use of non-steroidal anti-inflammatory drugs in rheumatoid
arthritis, as many doctors respond to a lack of response by
changing the drug when a change in timing might be more
effective.

We thank Dr R Grahame and Dr T Gibson for allowing us to study
some of their patients. We are grateful to Dr M Knapp for valuable
advice and criticism during the writing of the paper. The study was
financed by a programme grant from the Arthritis and Rheumatism
Council.
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Community care compared with hospital outpatient care
for hypertensive patients

C J BULPITT, M J DAYMOND, C T DOLLERY

Abstract

Three hundred and seventy-six patients with treated
diastolic blood pressures of less than 105 mm Hg and no
history of accelerated hypertension or renal failure were
selected from among those attending the Hammersmith
Hospital hypertension clinic. Their average lying treated
blood pressure was 146 mm Hg systolic and 90 mm Hg
diastolic and average age 56 years; 18% were black, 6%
Asian, and 76% white. The patients were mostly having
multiple treatment, 90% receiving a diuretic, 35%
methyldopa, 33% propranolol, 18% atenolol, 9% hydral-
lazine, and 7% bethanidine. They were randomly
allocated to either two years of further hospital out-
patient care or referred back to their general practitioners.
During the two years 19 (10%) of the 187 patients

followed up in hospital defaulted and three had their
treatment discontinued. Twelve (6%) of the 189 followed
up by their general practitioners defaulted from follow-
up and nine had their treatment discontinued. At the end
of the trial the average lying blood pressure was 148
mm Hg systolic and 88 mm Hg diastolic in the hospital
group and 149 mm Hg systolic and 90 mm Hg diastolic
in the general practice group. The change in blood
pressure was calculated for each individual and showed
an average fall of 16 mm Hg in standing diastolic
pressure in the hospital group and a rise of 14 mm Hg
in the general practice group (p <0 05). The 90% con-
fidence limits for a difference in standing diastolic
pressure between the groups were 1 and 5 mm Hg with
the pressure lower in the hospital group.
General practice care was not quite as effective in

controlling blood pressure as continued specialist super-
vision over two years in this selected group of treated
outpatients with mild or moderate hypertension, but
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these results show that the discharge back to general
practitioners of patients who are well controlled after
hospital treatment is a sensible policy.

Introduction

It is important to determine whether or not patients receiving
antihypertensive medication need to be followed in a specialist
hospital-based outpatient clinic or whether they can be dis-
charged to the care of their general practitioner. A recent survey
found that general practitioners tend to use as wide a range of
antihypertensive drugs as the hospital based clinics but use
these agents in smaller doses and thus achieve less good blood
pressure control.' When good blood pressure control is obtained
in a hospital clinic, however, the general practitioners may be
able to continue this process, with a saving in costs and a
reduction in the distances travelled by the patients. We therefore
report a randomised controlled trial which examined whether
blood pressure control was better or worse when patients
continued to attend a specialist hospital clinic than when they
were referred back to the care of their general practitioners.

Patients and methods

Patients attending the Hammersmith Hospital hypertension follow-
up clinic were entered into the trial if they fulfilled the following
criteria: a lying or standing diastolic blood pressure of 104 mm Hg
or less (point of muffling of the sound) on the day of randomisation
and at the preceding clinic visit; no history of malignant or accelerated
hypertension; plasma urea concentration never greater than 9 9
mmol/l (59 6 mg/100 ml); and no co-existent disease requiring
continued hospital surveillance. The patients had been followed in
the clinic and given antihypertensive treatment for periods ranging
from a few months to several years.
When the patients gave verbal consent they were randomised to

continued hospital outpatient care or for referral back to their general
practitioner. All patients were given a booklet about hypertension and
a card indicating their current treatment and blood pressure. They
were asked to present the card for completion whenever their blood
pressure was taken or treatment changed either by the clinic or by
their general practitioner.
When a patient was randomised for referred care a letter was sent

to the general practitioner stating the aims of the trial and the fact
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