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rheumatoid arthritis

Received: October 17, 2003 / Accepted: April 23, 2004

Abstract We have studied the effect of low-dose predniso-
lone administered before sleep on the hypothalamic—
pituitary—adrenal axis and the symptoms of patients with
rheumatoid arthritis (RA). Plasma adrenocorticotropic
hormone (ACTH) and serum cortisol levels were measured
in the basal state and after hypoglycemic stress induced by
the insulin tolerance test in 21 patients receiving predniso-
lone at 3-5mg daily. The patient’s global assessment of
their disease activity scores on a 100-mm visual analogue
scale (VAS) and self-reporting of their functional status
using the health assessment questionnaire (HAQ) were
evaluated. While both the cortisol and the ACTH responses
were impaired dose-dependently in patients treated with
prednisolone, the ACTH response was maintained in pa-
tients treated with a single daily 3-mg dose of prednisolone
before sleep. There was an inverse correlation between the
extent of the ACTH response and disease activity as re-
vealed by the VAS (r = 0.521, P < 0.05). There was also a
weak correlation between VAS and the self-rating depres-
sion scale (SDS) (r = 0.443), especially when only patients
with an HAQ score > 10 were included in order to exclude
any possible contribution of the limitations in the activities
of daily living to the SDS score (r = 0.859, P < 0.05). These
results suggest that a single daily low dose (3mg) of
prednisolone administered before sleep maintains the
ACTH response in RA patients, and patients with a good
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ACTH response appear to be less depressed and have
milder symptoms.
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Introduction

There has been considerable conjecture about the contribu-
tion of psychosocial stress to the flare-up and disease pro-
gression of rheumatoid arthritis (RA)."” Previous studies
have shown that there is a significant correlation between
depression and chronic pain in patients with RA, although
the causal direction remains unclear.*” It has also been
shown that under depressed or stressful conditions, corti-
cotropin-releasing hormone (CRH) was oversecreted from
the hypothalamus, thus enhancing the hypothalamic—
pituitary-adrenal (HPA) response.*"” The inflammatory
cytokines, including tumor necrosis factor-a, interleukin
(IL)-1, and IL-6, the secretion of which is increased in RA,
also stimulate CRH release." CRH activates the HPA axis
and ignites behavioral adaptation responses against envi-
ronmental stressors, thus maintaining the basal and stress-
related homeostasis of the host. It is therefore likely that a
mutual interaction between the immune system and the
central nervous system significantly modulates both the ar-
thritis and the emotional abnormalities in RA."""> Previous
studies indicated that the HPA axis was impaired in RA,"*"
thus significantly inhibiting the secretion of adrenocortico-
tropic hormone (ACTH) and cortisol in response to inflam-
matory stimuli.”

While chronic painful stress and arthritis, as well as pred-
nisolone, significantly affect the HPA axis of patients,'® we
previously reported that low-dose prednisolone adminis-
tered before sleep significantly suppressed the daybreak IL-
6 production and relieved the morning stiffness of patients
with RA."” We have extended that previous study to exam-
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Table 1. Study design and patient profile

Single bedtime dose Divided dose

3mg/day 4mg/day Smg/day 4 or Smg/day
No. of patients 5 4 6 6
CRP (mg/dl)  1.12 =1.74 2.08 = 1.62 2.78 +2.22 1.20 = 0.67
ESR (mm/h) 362 +27.5 633 £224 495 *26.1 57.5 *26.1
VAS (mm) 342 +39.6 33.8 145 53.8 £254 480 * 223
HAQ score 64 +78 138 £568 152 *6.97 134 =737

Values are expressed as mean *= SD
CRP, C-reactive protein; ESR, erythrocyte sedimentation rate; VAS,
visual analogue scale; HAQ, health assessment questionnaire

ine the contribution of a bedtime dose of prednisolone to
the HPA axis in patients with RA. The response of plasma
ACTH and serum cortisol to hypoglycemic stress induced
by the insulin tolerance test (ITT) was evaluated in patients
receiving low-dose prednisolone. The results showed that a
single daily dose of 3mg prednisolone administered before
sleep significantly improved the ACTH response of pa-
tients, and that patients with a good ACTH response ap-
peared to be less depressed and more comfortable.

Patients and methods
Patients

Twenty-one outpatients with RA (18 women and 3 men;
mean age 60 years (range 43-80 years) who fulfilled the
diagnostic criteria of the American College of Rheumatol-
ogy'® were included in this study (Table 1). All 21 patients
were treated with 3-5mg prednisolone daily, and were di-
vided into four groups: 5 patients received 3mg predniso-
lone as a single dose at bedtime, 4 received 4mg
prednisolone at bedtime, and 6 received 5mg prednisolone
at bedtime. The other 6 patients received 2 or 2.5mg pred-
nisolone both in the morning and at bedtime (divided dose
group). The mean duration of the prednisolone treatment
was 13.8 = 15 months for the 3-mg group, 20.8 = 22.7
months for the 4-mg group, 29.7 + 16.5 months for the 5-mg
group, and 42.2 = 18.1 months for the divided 5-mg group.
The patients were also treated with disease-modifying
antirheumatic drugs, including methotrexate (n = 0),
bucillamine (n = 12), salazosulfapyridine (n = 3) and 4-
acetylaminophenylacetic acid (actarit) (n = 3). The inflam-
matory activity in each patient was estimated by measuring
their erythrocyte sedimentation rate (ESR) and C-reactive
protein (CRP) level. The patients’ global assessment of
their disease activity scores on a 100-mm visual analogue
scale (VAS)" and their self-reporting of their functional
status using the health assessment questionnaire (HAQ)™
were evaluated. There were no significant differences in the
parameters of the patients’ profiles between groups (Table
1). All the 21 outpatients included in this study at Kanebo
Memorial Hospital gave informed written consent for par-
ticipation, and the study protocol was approved by the Insti-
tutional Review Board of the hospital.

Insulin tolerance test

The ITT was performed at 13:00h before lunch by injecting
a regular insulin bolus of 0.1u/kg i.v. Blood samples were
collected to determine the cortisol, ACTH, and glucose
levels before and 30, 60, and 120min after the injection.
Cortisol was measured using competitive radioimmunoas-
say and ACTH by noncompetitive sandwich immuno-
radiometric assay.

Assessment of the depressive state of patients

The self-rating depression scale (SDS) was used to assess
the depressive state of the 21 patients with RA. The SDS is
a self-administered written questionnaire designed to assess
the depressive state of patients, and contains 20 items that
evaluate their emotional, physiological, and psychiatric
symptoms.” The patients are instructed to answer all 20
items on the scale with a response of “seldom,” “some-
times,” “often,” or “always,” and the total score ranges
between 20 and 80 points. A higher score means a greater
tendency toward depression. The score ranges between 23
and 47 (average 35) in healthy controls, between 39 and 59
(average 49) in patients with neurosis, and between 53 and
67 (average 60) in patients with depression.”

Statistical analysis

The unpaired Student’s ¢-test was used to compare differ-
ences between groups. The basal levels were the average of
values obtained at Omin, and the peak levels were the high-
est values achieved during the test period. The delta-ACTH
and cortisol levels were expressed as the levels calculated by
the peak value minus the basal value. In the patients treated
with a single dose of prednisolone (n = 15), the correlation
between delta-ACTH and clinical presentation was as-
sessed using Pearson’s correlation coefficient test. Values
were expressed as mean = SD, and P values < 0.05 were
considered to be significant.

Results
Basal levels of ACTH and cortisol

The basal cortisol levels in patients with RA treated with
a divided dose (4 or Smg daily) of prednisolone were
significantly lower than those of patients receiving a single
bedtime dose (3mg): 3.0 = 1.1ug/dl vs. 5.6 = 1.2ug/dl (P <
0.01) (Table 2). While the basal ACTH levels decreased
insignificantly in patients treated with a divided dose
of prednisolone, the ACTH/cortisol ratio decreased
significantly in those patients compared with the ratio in
those treated with a single bedtime dose of Smg predniso-
lone: 2.0 = 0.4 vs. 4.1 £ 1.5 (P < 0.05), suggesting that basal
ACTH release was significantly suppressed by treatment
with the divided dose of prednisolone.



Table 2. Response to the insulin tolerance test
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3mg/day 4mg/day Smg/day 4 or Smg/day
ACTH (pg/ml)
Basal 34.6 = 29.7 12.0 £ 7.26 11.8 £ 6.10 6.4 29
Peak 309.2 = 239.9 109.8 = 90.28 96.3 = 80.2 30.0 = 15.6
Delta 274.6 = 210.3* 96.8 = 83.0 84.5 = 83.0 23.5 = 13.3*
Cortisol (ug/dl)
Basal 5.6 £ 1.2%* 42 *+1.0 3321 3.0 = 1.1%*
Peak 14.7 = 2.07 102 = 3.07 7.8 + 3.1 6.8 + 3.8
Delta 9.1 + 2.2%%* 6.0 £ 2.8 4.5 £ 2.3%%* 3.9 & 7wk
ACTH/Cortisol
Basal 5.6 £38 3.0=*20 4.1 = 1.5% 2.0 = 0.4%
Peak 21.4 = 18.0 12.7 = 144 13.3 = 8.61 44 *+13
Delta 34.8 = 36.1 23.0 = 30.0 18.0 = 11.2 7.8 =3.0
*P < 0.05; ¥ P < 0.01; *#* P < 0.01
Response to insulin tolerance test p<001
Cortisol [ 001
(ug/d) p<0
The cortisol response to the ITT was inhibited in patients 2 !
treated with prednisolone in a dose-dependent manner
(Fig. 1). However, the serum cortisol level increased from
5.6 = 1.2pg/dl to 14.7 £ 2.1ug/dl in patients who received
a single 3-mg bedtime dose of prednisolone. The delta-
cortisol value decreased significantly in patients treated
with a single 5-mg bedtime dose or a divided dose of pred-
nisolone as compared with those treated with a single 3-mg
bedtime dose: 4.5 = 2.3pg/dl, 3.9 £ 2.7ug/dl vs. 9.1 = 2.2 ug/ '/‘
dl (P < 0.01) (Table 2). Furthermore, the ACTH response
. . . . Basal  Peak Basal  Peak Basal  Peak Basal  Peak
against I'TT was more pronounced in patients treated with a PSL 3 mlday PSL 4 melday PSL5 me/day Divided dose
single 3-mg bedtime dose as compared with those treated
with a single 4-mg or 5-mg bedtime dose of prednisolone .y | p<005
(Fig. 1). Instead, the ACTH response was markedly inhib- ~ ¢zm) |
ited in patients treated with a divided dose of prednisolone ™~
as compared with those treated with a single bedtime dose |
of 3mg prednisolone: 23.5 + 13.3 pg/ml vs. 274.6 = 210.3 pg/
ml (P < 0.05) (Table 2) 300 —|
Relationship between ACTH response and 7
clinical presentation 100
There was an inverse correlation between the ACTH re- e
_ Basal  Peak Basal  Peak Basal  Peak Basal  Peak
sponse and VAS (r = 0.521, P < 0.05), although the corre- PSL 3 meday PSL 4 melday bSL5 melday Dvided dose

lation between the ACTH response and CRP (r = 0.296) or
HAQ (r = 0.420) scores was not significant (Fig. 2a—c). The
VAS score showed a positive correlation with the HAQ
score (r = 0.578, P < 0.05) (Fig. 2d). The VAS also showed
a very weak correlation with the SDS score (r = 0.443) (Fig.
2e). However, when patients with a HAQ score < 10 were
excluded to eliminate the possible contribution of the limi-
tation in the activities of daily living to the SDS, the VAS
score showed a significant positive correlation with the SDS
(r = 0.859, P < 0.05) (Fig. 2f). The delta-ACTH value also
showed a weak inverse correlation with SDS (r = 0.554)
(data not shown).

Fig. 1. Cortisol and adrenocorticotropic hormone (ACTH) response to
the insulin tolerance test. Each point represents different individuals.
Basal, the basal levels were the average of values obtained at Omin.
Peak, the peak levels were the highest values achieved during the test
period. PSL, prednisolone. The mean = SD is indicated. Delta values
were compared between groups, and statistical analyses were per-
formed using the unpaired Student’s t-test

Discussion

While previous studies indicated that the ACTH response
against I'TT is impaired in 85% of rheumatoid patients who
do not receive corticosteroids,” patients who did not re-
ceive prednisolone were not included in this study. We
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Fig. 2. Relation between ACTH response and VAS, CRP, HAQ, and
SDS. VAS, visual analogue scale; CRP, C-reactive protein; HAQ,
health assessment questionnaire; SDS, self-rating depression scale.
Delta ACTH shows the difference between peak ACTH and basal

therefore cannot assess whether the ACTH response of
patients treated with 3mg prednisolone daily before sleep
was overstimulated or not. However, we may conclude that
a single bedtime dose of 3mg prednisolone significantly
improved the patients’ ACTH response against hypoglyce-
mic stress. A good ACTH response appeared to be in-
versely correlated with the patients’ VAS scores, and the
VAS score was positively correlated with the SDS of pa-
tients with high HAQ scores. Since the VAS faithfully
reflects the patient’s global disease activity and is sensitive
to changes in the disease outcome, it is likely that the aug-
mented ACTH response may improve the patients’ adapta-
tion responses against stressors and make their symptoms
feel less troublesome. As to the reason why patients with an
augmented ACTH response had lower VAS scores, we sim-
ply speculate that the -endorphin released simultaneously
with ACTH, and which is an important molecule that exerts
an adaptation response against stressors by increasing
the appetite and the pain threshold,” might have relieved
the patients’ emotional stress. ACTH is derived from

ACTH. Each point represents a different individual. Open circles,
patients with HAQ scores < 10; closed circles, patients with HAQ
scores > 10. Statistical analysis was performed using the unpaired
Student’s t-test

proopiomelanocortin, a common precursor of 3-endorphin
and other related peptides, and thus ACTH and p-
endorphin are released simultaneously from the pituitary
gland upon CRH stimulation.”

There have been several reports on the effectiveness of
low-dose prednisolone in RA. However, most previous
studies used daily doses of 5-10mg.**”’ Although one previ-
ous study showed that ACTH-stimulated cortisol secretion
was unimpaired in patients treated with 10mg prednisolone
daily,” we found that ITT-induced cortisol secretion was
significantly suppressed in our patients treated with Smg
prednisolone daily. It thus appears that prednisolone at
doses higher than Smg inhibit the responses of the HPA
axis against stressors, especially when given in a divided
dose. While increased cortisol does suppress the HPA axis,
endogenous corticosteroids also regulate the basal HPA
activity, including the ACTH response.””" A homeostatic
circadian rhythm also exists. Since the diurnal rhythm of
serum cortisol levels is markedly disturbed and reduced
in patients with RA,” it is likely that a single dose of



3mg prednisolone affected the fine tuning of endogenous
corticoisteroid regulation.

Taking these findings together, while we need further
studies to evaluate the long-term effects and any unex-
pected adverse effects of prednisolone, including os-
teoporosis, we speculate that 3mg prednisolone daily, taken
before sleep, could be beneficial to patients with RA not
only in terms of clinical well-being, but also for adaptation
against stressors.

References

1. Potter PT, Zautra AJ. Stressful life events’ effects on rheumatoid
arthritis disease activity. J Consulting Clin Psychol 1997;65:319-23.

2. Affleck G, Pfeiffer C, Tennen H, Fifield J. Attributional processes
in rheumatoid arthritis patients. Arthritis Rheum 1987;30:927-31.

3. Zautra AJ, Burleson MH, Matt KS, Roth S, Burrows LD. Interper-
sonal stress, depression, hormones, and disease activity in rheuma-
toid arthritis and osteoarthritis patients. Health Psychology
1994;13:139-48.

4. Parker JC, Wright GE. The implications of depression for pain and
disability in rheumatoid arthritis. Arthritis Care Res 1995;8:279-
82.

5. Frank RG, Beck NC, Parker JC, Kashani JH, Elliott TR, Haut AE,
et al. Depression in rheumatoid arthritis. J Rheumatol 1988;15:
920-5.

6. Katz PP, Yelin EH. Prevalence and correlates of depression symp-
toms among persons with rheumatoid arthritis. J Rheumatol
1993;20:790-6.

7. Wolfe F, Hawley DJ. The relationship between clinical activity and
depression in rheumatoid arthritis. J] Rheumatol 1993;20:2032-7.

8. Gold PW, Goodwin FK, Chrousos GP. Clinical and biochemical
manifestations of depression: relation to the neurobiology of stress
(1). N Eng J Med 1988;319:348-58.

9. Arborelius L, Owens MJ, Plotsky PM, Nemeroff CB. The role of
corticotropin-releasing factor in depression and anxiety disorders.
J Endocrinol 1999;160:1-12.

10. Nemeroff CB. The corticotropin-releasing factor (CRF) hypoth-
esis of depression: new findings and new directions. Mol Psychiatry
1996;1:336-42.

11. Chrousos GP. The hypothalamic—pituitary-adrenal axis and im-
mune-mediated inflammation. N Eng J Med 1995;332:1351-62.

12. Sternberg EM, Chrousos GP, Wilder RL, Gold PW. The stress
response and the regulation of inflammatory disease. Ann Intern
Med 1992;117:854-66.

13. Hall J, Morand EF, Medbank S, Zaman M, Perrry S, Nicolas J, et
al. Abnormal hypothalamic—pituitary—adrenal axis function in
rheumatoid arthritis. Arthritis Rheum 1994;37:1132-7.

14. Templ E, Koeller M, Riedl M, Wagner O, Graniger W, Luger A.
Anterior pituitary function in patients with newly diagnosed rheu-
matoid arthritis. Br J Rheumatol 1996;35:350-6.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

25.
26.

27.

28.

29.

30.

31

32.

295

Chikanza IC, Petrou P, Kingsley G, Chrousos G, Panayi S. Defec-
tive hypothalamic response to immune and inflammatory stimuli in
patients with rheumatoid arthritis. Arthritis Rheum 1992;11:1281-
8.

Myles AB, Schiller LFG, Glass D, Dary JR. Single daily dose
corticosteroid treatment. Ann Rheum Dis 1976;35:73-6.

Kuroki Y, Iwakura H, Morita R, Suemitsu N. Chrono-
pharmacological administration of prednisolone to patients
with rheumatoid arthritis (in Japanese). Ryumachi 1999;39:
328.

Arnett FC, Edworthy SM, Bloch DA, McShane DJ, Fries JF, Coo-
per NS, et al. The American Rheumatism Association 1987 revised
criteria for the classification of rheumatoid arthritis. Arthritis
Rheum 1988;31:315-24.

Felson DT, Anderson JJ, Boers M, Bombardier C, Chernoff M,
Fried B, et al. The American College of Rheumatology prelimi-
nary core set of disease activity measures for rheumatoid arthritis
clinical trials. Arthritis Rheum 1993;36:729-40.

Pincus T, Summey JA, Soraci SA Jr, Wallston KA, Hummon NP.
Assessment of patient satisfaction in activities of daily living using
a modified Stanford Health Assessment Questionnaire. Arthritis
Rheum 1983;26:1346-53.

Zung WWK. Self-rating depression scale. Arch Gen Psychiat
1965;12:63-70.

Fukuda I, Kobayashi S. A study on a self-rating depression scale
(in Japanese). Seishin Shinkeigaku Zasshi 1973;75:673-9.

Demir H, Kelstimur F, Tunc M, Kirnup M, Ozugul Y.
Hypothalamo—pituitary—adrenal axis and growth hormone axis in
patients with rheumatoid arthritis. Scand J Rheumatol 1999;2841—
6.

Bertolini A, Poggioli R, Vergoni AV. Cross-species comparison of
the ACTH-induced behavioral syndrome. Ann NY Acad Sci
1988;525:114-29.

Plotsky PM. Regulation of hypophysiotropic factors mediating
ACTH secretion. Ann NY Acad Sci 1987:;512:205-17.

Kirwan JR. The effect of glucocorticoids on joint destruction in
rheumatoid arthritis. N Eng J Med 1995;333:142-6.

Everdingen AA, Jacobs JW, Reesema DS, Bijlsma JW. Low-dose
prednisone therapy for patients with early active rheumatoid
arthritis: clinical efficacy, disease-modifying properties, and side
effects. Ann Intern Med 2000;136:1-12.

Klinefelter HF, Walter L, Bledsoe T. Single daily dose predniso-
lone therapy. JAMA 1979;241:2721-3.

Pariante CM, Miller AH. Glucocorticoid receptors in major
depression: relevance to pathophysiology and treatment. Biol
Psychiatry 2001;49:391-404.

Spencer RL, Kim PJ, Kalman BA, Cole MA. Evidence for mineral
corticoid receptor facilitation of glucocorticoid receptor-
dependent regulation of hypothalamic—pituitary—adrenal axis
activity. Endocrinology 1998;139:2718-26.

Sapolsky RM, Romero LM, Munck AU. How do glucocorticoids
influence stress responses? Integrating permissive, suppressive,
stimulatory, and preparative actions. Endocrinol Rev 2000;21:55-
89.

Neeck G, Federlin K, Graef V, Rusch G, Schmidt KL. Adrenal
secretion of cortisol in patients with rheumatoid arthritis.
J Reumatol 1990;17:24-9.



	metapress.com
	Unbekannt


