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Abstract
Objective

To study the hypothalamic-pituitary-adrenal (HPA) axis in patients with rheumatoid arthritis (RA).

Methods
Fifty patients with RA participated in 3 groups: recent onset active RA (n = 20), longstanding active RA (n = 20) and

long-standing RA in remission (n = 10), and were compared with 20 healthy controls. The activity of the HPA-axis
was assessed under basal conditions and in response to stress (insulin tolerance test, ITT). In addition, patients with

recent onset RA underwent a corticotropin releasing hormone (CRH) test and a dexamethasone suppression test.
Plasma levels of interleukin (IL)-1 , tumor necrosis factor- (TNF- ) and IL-6 were also measured.

Results
Basal plasma, salivary and urinary cortisol levels and plasma adrenocorticotropic hormone (ACTH) levels were not
different between patients with RA and healthy controls. During the ITT, cortisol levels were consistently lower in RA

patients than in healthy controls. ACTH levels during the ITT were not different between patients with RA and
healthy controls. ACTH and cortisol responses to CRH were assessed only in patients with recent onset RA and were

found to be within normal limits. Basal circulating plasma IL-6 levels were significantly higher in patients with
active RA than in the other groups. 

Conclusion
Under the standardized conditions of the ITT, patients with RAhave decreased plasma cortisol levels compared to
healthy controls, despite elevated levels of IL-6. The defect is probably located at the adrenal level and may be of

pathogenetic significance for the development of chronic arthritis.
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Introduction
During inflammatory processes the
release of proinflammatory cytokines
like interleukin (IL)-1β, tumor necrosis
factor-α (TNF-α) and IL-6 stimulates
the hypothalamic-pituitary-adrenal axis
(HPA-axis) to produce larger amounts
of glucocorticoids. The increased adre-
nal glucocorticoid production suppres-
ses inflammatory responses. Defects in
glucocorticoid production might cause
an acute arthritis to develop into chron-
ic arthritis and such defects have been
suggested to contribute to the patho-
genesis of rheumatoid arthritis (RA).
The possible existence of a defective
HPA-axis in RA has been studied ex-
tensively. Three recent reviews agree
that previous, mostly small, studies
have failed to show significantly de-
creased basal cortisol levels in patients
with untreated RA, but indicate that
there may be an inability to mount ade-
quate cortisol responses in relation to
the level of inflammation (1-3). 
To further explore the possible role of
abnormal HPA-axis responses in the
pathogenesis of RA, we studied HPA-
axis activity in a group of 50 patients
with RA. Antirheumatic drug therapy
was discontinued prior to the study in
all patients. Results were compared
with those obtained in healthy controls.
The activity of the HPA-axis was asses-
sed by measuring plasma ACTH and
cortisol levels under basal conditions
and during the insulin tolerance test
(ITT), a standardized form of hypogly-
caemia induced stress. In addition, we
performed a corticotropin-releasing
hormone (CRH) test and a dexametha-
sone suppression test in patients with
recent-onset RA. In order to assess
whether abnormal reactions of the
HPA-axis might be related to abnormal
cytokine levels, we also measured the
plasma concentrations of the cytokines
IL-1β, IL-6 and TNF-α.

Patients and methods
Patients
Four different groups of subjects were
included: healthy controls (n =20), pa-
tients with recent onset (<1 year) active
RA(n = 20), patients with longstanding
(>5 years) active RA (n = 20) and pa-
tients with longstanding (> 5 years) RA

in remission (n = 10).
All patients with RA fulfilled the re-
vised criteria for RA of the American
College of Rheumatology (4) and were
IgM rheumatoid factor positive. Dis-
ease activity was defined according to
well accepted criteria (5). RA patients
with active disease had a Disease Ac-
tivity Score (DAS) ≥ 3.5, and patients
with RA in remission a DAS ≤ 1.5.
None of the patients had ever been
treated with oral or intravenous gluco-
corticoids, and none of them had been
treated with intramuscular or intra-
articular corticosteroids in the year pre-
vious to the study. The patients with
recent onset RA had not been treated
with a disease modifying antirheumatic
drug (DMARD), and treatment with
nonsteroidal antiinflammatory drugs
(NSAID) was stopped in all patients
one week prior to the study. In patients
with longstanding RA the use of a
DMARD was discontinued two weeks
before the study.
The healthy controls were age and sex
matched to the patients with active,
recent onset RA. 
All participants were aged between 18
and 65 years and were excluded if they
had any condition or medication that is
known to influence the activity of the
HPA-axis. This also excluded patients
using oral contraceptives (6). Other
exclusion criteria employed were ane-
mia (Hb ≤ 6.5 mmol/l), renal or hepatic
disorders, and contra-indications for
undergoing the stress of an ITT.
All participants voluntarily signed an
informed consent form. The study pro-
tocol was approved by the hospital’s
review board for experiments on
human subjects.

Disease activity
Disease activity was assessed with a
composite disease activity score
(DAS), which includes the erythrocyte
sedimentation rate (ESR), the Ritchie
articular index, the number of swollen
joints and a visual analogue scale for
general well-being (5).

HPA-axis activity
Basal values. Blood was drawn at 0900
h (fasting) and at 1600 h for determina-
tion of plasma total cortisol, free corti-
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sol, cortisol binding globulin (CBG;
only in healthy controls and patients
with recent onset RA) and ACTH con-
centrations. Urine was collected for
determination of total cortisol excre-
tion in 24 hours, and on the same day
salivary samples were taken every 4
hours for a period of 24 hours starting
at 0800 h, for determination of the cir-
cadian cortisol rhythm. Salivary sam-
ples were collected by means of an
absorbent swab, taken in the mouth for
5 minutes. It was then placed in a tube
and kept in the refrigerator, and the
next day all samples of 24 hours were
brought to the laboratory, where they
were centrifuged and the saliva sam-
ples frozen, until they were analysed.
C o rt i c o t ropin releasing hormone
(CRH) test. After an overnight fast,
subjects were placed in a supine posi-
tion. At 0830 h a catheter was inserted
in an antecubital vein and kept patent
by saline solution. After a 30 minute
rest 100 µg human CRH (CRH®, 100
µg/ml corticorelinetrifluoracetaat, Fer-
ring BV, Hoofddorp, the Netherlands)
was administered at 0900 h as a bolus
injection. Blood samples for A C T H
and cortisol assays were collected at 0,
20, 30, 60, 120 and 180 minutes. 
Dexamethasone suppression test. Two
tablets of 0.5 mg dexamethasone (Cen-
trafarm services BV, Etten-Leur, the
Netherlands) were taken orally at 2300
h, and the next morning, after an
overnight fast, blood was drawn at
0900 h for determination of ACTH and
cortisol.
Insuline tolerance test (ITT). Subjects
were fasting and in a supine position.
At 0830 h a catheter was inserted in an
antecubital vein and kept patent by
saline solution. After a 30 minutes rest
insulin (Actrapid®, Novo-Nordisk, Bags-
vaerd, Denmark) was administered at
0900 h as a bolus injection at a dose of
0.1 units/kg body weight. Blood sam-
ples were collected at 0, 20, 30, 45, 60,
90, 120 and 180 minutes.
C y t o k i n e s. Plasma levels of IL-1β, IL-6
and T N F -α were measured in all partic-
ipants at 0900 h (fasting) and at 1600 h.

Laboratory assays
ACTH. ACTH in plasma was measured
by an immunoradiometric assay

(IRMA) based on two polyclonal anti-
bodies (EuroDiagnostics, Arnhem, The
Netherlands). The catching antibody is
directed against the C-terminal part of
the ACTH molecule and coupled via a
sheep anti-rabbit antibody to a poly-
styrene tube. The detecting antibody is
directed against the N-terminal part of
ACTH and radioiodinated. Standard
curves were prepared by spiking
ACTH-free plasma with ACTH-(1-39)
(MRC 74/555). The assay was per-
formed as follows. 200 µl of sample or
standard (0-220 pmol/l) were added to
the coated tubes and subsequently iodi-
nated ACTH antiserum (250,000 dpm/
2 0 0µl) was added. The mixture was
incubated for 24 hours at room temper-
ature. The supernatant was decanted
and the tubes washed two times with
0.9% NaCl. Radioactivity in the tubes
was counted using an automatic gam-
ma-counter (1470 Wizard TM Wallac,
Turku, Finland). The sensitivity of the
assay was 0.5 pmol/l and the within-
and between-assay coefficients of vari-
ation were 4.4% and 7.2% respectively.
All samples were measured in duplo.
The IRMA specifically detects ACTH-
(1-39). Crossreactivity with ACTH-(1-
24), CLIP and β-endorphin was <
0.1%. Normal range at 8:00 a.m.: 1.3-
9.2 pmol/l.
Plasma cortisol. Plasma cortisol levels
were measured by radioimmunoassay
(RIA) using an antiserum raised in rab-
bit against a cortisol-21-hemisuccinate-
bovine serum albumin conjugate. The
sensitivity of the assay was 0.02
µmol/l. The within- and between-assay
coefficients of variation were 4.5% and
6.6% at 0.21 µmol/l. Normal range at
0800 h 0.19 – 0.55 µmol/l and at 1600
h 0.06 – 0.38 µmol/l.
Plasma CBG. CBG was measured by
means of a radioimmunoassay kit man-
ufactured by RADIM (Angleur-Liege,
Belgium). Within- and between-assay
precision were 3.7% and 7.0% at a
level of 0.50 µmol/l.
Plasma free cortisol. The plasma free
cortisol fraction was measured by indi-
rect equilibrium dialysis by a method
described earlier for androstenedione
(7). The within-assay coefficient of
variation (cv) was 8.5% and the be-
tween-assay cv of duplicate means was

5.5% at an average free cortisol frac-
tion of 5.0%.
S a l i v a ry and urine cort i s o l. Salivary
cortisol as well as 24-hour urinary free
cortisol (i.e. extractable by organic sol-
vents) were measured by radioim-
munoassay after previous extraction
and paper chromatography (7). 
Cytokines. The ex-vivo production of
IL-1β, TNF-α and IL-6 was measured
in whole blood samples collected at
9:00 AM (fasting) and at 4:00 PM.
Blood was collected in two 4 ml
EDTA-K3 tubes containing 250 µl Tra-
sylol®. Fifty microliters LPS (final con-
centration 10 µg/ml; E. coli serotype
055:b5; Sigma St. Louis, USA) was
added under sterile conditions to one
tube; the other tube was incubated
without LPS. The tubes were incubated
for 24 hours at 37 °C and centrifuged
thereafter. Aliquots were stored at –20
°C until assay. IL-1β, IL-6 and TNF-α
were measured in duplicate by RIA as
described previously by Drenth et al.
(7). 

Statistical analysis 
The first analysis considered all groups
separately. All 3 patient groups were
compared with the healthy controls.
Subsequently, the 2 groups of patients
with longstanding RA were also com-
pared with the group of patients with
recent onset RAand with each other. In
the absence of differences between the
3 RA groups (p > 0.20 for all compar-
isons), all 50 patients with RA were
finally considered as one group and
compared with the healthy controls.
Responses of ACTH and cortisol to
hypoglycemia were integrated over
time as area under the response curve
(AUC) from 0 to 180 minutes. T h e
AUCs were calculated with the trape-
zoid method from the individual hor-
mone levels at the various time points
and expressed as square millimeters
(mm2). In these calculations 1 minute
equals 1 mm (both curves), 1 pmol/l
equals 1 mm (ACTH) and 1 µm o l / l
equals 1 mm (cortisol). The maximal
rise in ACTH and cortisol after insulin
administration was calculated as the
maximal difference in hormone levels
compared to the value at 0 minutes. An
AUC was also calculated with the



trapezoid method from the cortisol lev-
els in salivary samples over 24 hours.
Again AUC was expressed as s q u a r e
millimeters (mm2): 1 hour equals 1 mm
and 1 nmol/l equals 1 mm. 
Comparisons between groups were
made with the unpaired t-test or with
the Mann-Whitney test if data were not
normally distributed. P-values are
based on 2 tailed tests and considered
significant at the 0.05 level. Due to the
exploratory nature of the study, no
adjustments to probability values were
made for multiple comparisons.

Results
The characteristics of the patients in
each of the 4 groups are shown in Table
I. The 20 patients with recent onset RA
and the 20 healthy controls were
matched for age and sex, and included
3 men and 17 women. The groups of
patients with RA in remission included
more men than women. There were no
significant differences in age between
the groups. The high DAS in patients
with recent onset RA and longstanding
active RA reflects active disease, in
contrast to the low DAS in longstand-
ing RAin remission. 

Basal values
Basal plasma levels of ACTH and cor-
tisol in the 4 groups are shown in Table
II. No significant differences were pre-
sent between the healthy controls on
the one hand and any of the RA groups
on the other. The 3 RA groups also did
not differ from each other (p > 0.20 for
all comparisons). When all RApatients
were analysed in one group, again no
significant differences in plasma
ACTH, total and free cortisol levels
were found between the combined RA
group and the healthy controls. 
CBG was measured in healthy controls
and patients with recent onset RA. No
significant differences were present
between the 2 groups. At 9:00 a.m. the
mean (SD) CBG was 0.83 (0.10)
µmol/l and 0.83 (0.11) µmol/l respec-
tively (p>0.20). At 4:00 p.m. these val-
ues were 0.83 (0.15) and 0.84 (0.17)
µmol/l respectively (p > 0.20).
The urinary cortisol excretion in the 3
patient groups and in the combined RA
group, did not significantly differ from

the healthy controls (Table II).
Salivary cortisol levels (Fig. 1) showed
a normal circadian cortisol rhythm in
all groups with a somewhat higher
peak at 0800 h in patients with recent
onset RA than in healthy controls, but
this difference was not statistically dif-
ferent: 10.9 (7.4) versus 8.9 (4.0)
nmol/l (p > 0.20). The analysis of the
AUC’s for salivary cortisol also show-
ed no significant differences between
the healthy controls and the other
groups (p > 0.15; data not shown).
The mean (SD) plasma levels of IL-6 in
healthy controls were 8 (2) pg/ml at
0900 h and 8 (3) pg/ml at 1600 h. In pa-
tients with recent active RA these val-
ues were 28 (8) pg/ml (p = 0.004 versus
healthy controls) and 17 (16) pg/ml (p=
0.04) respectively. In patients with ac-

tive longstanding RAthese values were
37 (35) pg/ml (p = 0.002 versus healthy
controls) and 15 (13) pg/ml (p = 0.05)
r e s p e c t i v e l y. In patients with RA i n
remission, the values were not signifi-
cantly different from those in healthy
controls. Basal values of TNF-α and
IL-1β were similar in RA patients and
healthy controls and no significant dif-
ferences were present between the
groups (data not shown). 

CRH-tests and dexamethasone 
suppression tests
After stimulation with CRH all 20
patients with recent onset active RA
showed an increase of ACTH levels
followed by an increase in cortisol lev-
els in the normal range of our laborato-
ry (data not shown). After suppression
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Table I. Characteristics of the study subjects. 

Healthy controls Rheumatoid arthritis

Active disease Remission

Recent onset Longstanding Long-standing

N 20 20 20 10

Age (yrs.) 47.5 (9.8) 49.0 (12.0) 52.1 (7.4) 53.0 (7.4)

Male:female 3:17 3:17 10:10 9:1

Disease duration (yr) - 0.4 (0.3) 9.8 (6.8) 12.5 (9.1)

DAS (units) - 4.26 (0.67) 4.38 (0.76) 1.36 (0.54)

ESR (mm/hr) 4.2 (3.2) 21.6 (24.7) 19.8 (17.9) 10.5 (8.4)

Values are mean (SD).
DAS: disease activity score; ESR: erythrocyte sedimentation rate.

Table II. Basal plasma levels of adrenocorticotropic hormone (ACTH), total cortisol, free
cortisol and total urinary cortisol excretion.

Healthy controls Rheumatoid arthritis

Active disease Remission

Recent onset Long-standing Longstanding

N 20 20 20 10
0900 h

ACTH (pmol/l) 3.7 (2.2) 5.5 (3.5) 4.2 (2.3) 4.8 (3.1)
Total cortisol (mol/l) 0.44 (0.11) 0.45 (0.12) 0.43 (0.08) 0.41 (0.12)
Free cortisol (nmol/l) 20.1 (4.7) 20.5 (4.6) 21.6 (4.0) 22.7 (6.2)

1600 h
ACTH (pmol/l) 3.3 (1.6) 4.3 (2.4) 4.0 (2.6) 3.9 (2.0)
Total cortisol (mol/l) 0.27 (0.10) 0.26 (0.09) 0.26 (0.09) 0.25 (0.10)
Free cortisol (nmol/l) 12.3 (4.3) 12.3 (4.4) 13.0 (5.2) 13.8 (5.9)

Urinary cortisol 69.6 (26.5) 67.5 (36.0) 71.8 (37.7) 70.2 (18.2)
(nmol/24 hr)

Values are mean (SD). No significant differences were found between the healthy controls and any of
the other groups.



with dexamethasone all patients had
adequately low levels of cortisol (<
0.06 µmol/l).

Insulin tolerance tests 
In response to insulin injection, plasma
glucose levels decreased in all groups
with a nadir at 30 minutes. The test was
considered adequate if a glucose level
< 2.0 mmol/l was reached. If not, the
test was repeated with a 50% higher
dose of insulin. This occurred in two
patients, which both reached a glucose
level < 2.0 mmol/l when the test was
repeated. There were no significant dif-
ferences between the groups in the
hypoglycemia nadir that was reached
during the ITT. 
During the ITT no significant differ-
ences were found in plasma ACTH lev-
els between the group of healthy con-
trols and any of the 3 patient groups,
and the AUC’s for ACTH during the
I T T were not different between the
groups (p > 0.20, data not shown). The
3 groups with RA patients also did not
significantly differ from each other (p >
0.20 for all comparisons). Figure 2a
shows the ACTH curves for the healthy
controls and the combined RA group.
No significant differences were found
between the 2 groups at any point in
time.
In the 3 RA groups, plasma cortisol
levels during the ITTwere not different
from each other (p > 0.20 for all com-
parisons) and consistently lower than
in healthy controls. Figure 2b shows
the cortisol curves for the combined
R A group and the healthy controls
only. Plasma cortisol levels were sig-
nificantly lower in the RA patients at
all points in time (p-values varying
between 0.002 and 0.05). Figure 3
shows the AUC for cortisol during the
ITT for all groups. The patients with
active, recent onset RAshowed a trend
towards a lower AUC (p = 0.07 versus
healthy controls). For both groups with
longstanding RA the difference with
the healthy controls was statistically
significant (p = 0.01 for both compar-
isons). When all patients with RAwere
considered as one group, the AUC for
cortisol was also significantly lower
than in the healthy controls: 103 (18)
mm2 versus 89 (17) mm2 (p = 0.005).
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Fig. 1. Circadian levels of cortisol in salivary samples during 24 hours. No significant differences
were found between the different groups compared to healthy volunteers at any time point.

Fig. 2. Plasma levels (mean and SEM) of ACTH (A) and cortisol (B) during insulin tolerance tests of
healthy controls (n = 20) and all RApatients (n = 50). Insulin bolus injections were administered at
0900 h. Asterisks indicate a significant difference between the 2 groups (*p < 0.05, **p < 0.01 and
***p < 0.005) 

B
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The maximal rise of cortisol during the
test was not different between healthy
controls, recent onset RA, longstanding
active RA and longstanding RA i n
remission. The mean (SD) values were
0.31 (0.14), 0.31 (0.15), 0.29 (0.15)
and 0.30 (0.18) µmol/l respectively (p
> 0.20 for all comparisons). 

Discussion
For some time it has been hypothesized
that patients with RA may have a de-
fective activity of the HPA-axis. Three
recent reviews discuss this topic exten-
sively. Abnormalities, if any, could re-
side in the hypothalamus, the pituitary
or the adrenal gland (1-3). We have stu-
died a large group of RA patients and
tested the activity of the HPA-axis by
several methods. Basal ACTH and cor-
tisol levels were measured and the
response of the HPA axis to insulin
induced hypoglycamia, a standardized
form of stress, was also assessed.
The results of our study are compatible
with the hypothesis of alterations in
adrenal activity in RA. During the ITT,
lower plasma cortisol levels were con-
sistently found in all 3 groups of RA
patients when compared to healthy
controls, both before and after hypo-
glycaemia. In the group of recent-onset
RA a trend towards a lower AUC for
cortisol was observed (p = 0.07). In
both groups of patients with longstand-
ing RAthe difference in AUC for corti-
sol compared to healthy controls was
statistically significant (p = 0.01). Be-
tween the 3 RA groups no differences
were found and when the combined
group of all RA patients (n = 50) was
compared with the healthy controls, the
AUC for cortisol was also significantly
lower than in healthy controls (p =

0.005). The longstanding RA g r o u p s
had a male overrepresentation and one
might argue that this influenced our
results. We therefore performed an ad-
ditional analysis that was limited to the
female participants. Again, the A U C
for cortisol was significantly lower (p =
0.01) in female RA patients (n= 2 8 )
than in female healthy controls (n=
17). The differences in total plasma
cortisol levels between RApatients and
healthy controls are not due to differ-
ences in CBG levels because the mean
CBG levels were similar in RApatients
and controls.
The initial cortisol levels before hypo-
glycaemia were significantly different
between patients with RA and healthy
controls and may reflect basal hormon-
al activity better than the other basal
assessments. During the ITT the first
blood samplings were done 30 minutes
after insertion of an intravenous cath-
eter during which period all subjects
were at rest in a supine position. In
contrast, the other blood samplings
were done under conditions that were
not standardized and which probably
varied more between patients. T h i s
may explain why no significant differ-
ences were found in basal cortisol lev-
els outside the context of the ITT.
Patients with RA showed normal
ACTH responses to hypoglycaemia.
The hypothesis in the literature of a
defective hypothalamic function in RA
is supported by a study, in which a de-
fective cortisol response to major sur-
gery in combination with normal
ACTH and cortisol responses in the
CRH test, was found in 10 RA patients
(8). In a similar study, these results
were not reproduced (9). Dekkers et al.
used daily life stressors to study the

activity of the HPA-axis in 29 patients
with RA and found a trend towards a
smaller ACTH response than in healthy
controls (10). Most patients in their
study however, used NSAIDs which
have been associated with lower ACTH
levels (11). The ITT has sofar not been
used to compare ACTH responses be-
tween patients with RA and healthy
controls. CRH tests have been done
more widely. In most studies, ACTH
responses to CRH have been normal
suggesting no pituitary defects (8, 12-
16). In a study by Cutolo et al., the
peak ACTH value but not the AUC for
the ACTH response curve after CRH
was lower in RA patients than in con-
trols (17). In contrast in another study,
Hall et al . found significantly elevated
unstimulated ACTH levels in non-
treated RA patients (11). In our study
both basal ACTH levels and A C T H
levels during the ITT were not signifi-
cantly different compared to healthy
controls. We conclude that the decreas-
ed adrenal activity in RA is probably
not due to decreased pituitary ACTH
secretion.
Three other studies have found subtle
changes in stimulated cortisol levels.
First, Gudbjörnsson et al . showed that
patients with untreated RA(n = 18) had
a decreased cortisol response especial-
ly in the later phases after CRH admin-
istration (12). Other authors have found
no significant differences in cortisol
responses after CRH in RA p a t i e n t s
when compared to healthy controls (8,
12-16). In our study, the CRH test was
performed only in the patients with
recent-onset RAand plasma ACTH and
cortisol levels were found to be within
the normal range of our laboratory.
Second, Gutiérrez et al. studied 10 pa-
tients with active RA with an ITT.
Although the integrated cortisol re-
sponse to hypoglycaemia was not dif-
ferent from the control group, the early
rise in cortisol was significantly lower
in the RA patients than in the normal
controls (18). Finally, Dekkers et al.
found a significantly decreased cortisol
response after daily life stressors in RA
patients treated with NSAIDs (10).
Other factors may also influence HPA-
axis activity and must be taken into ac-
count, making interpretation of study

Fig. 3. Area under the curve
(mean and SD) for plasma cor-
tisol during insulin tolerance
tests for 4 study groups: 1 =
healthy controls (n = 20), 2 =
recent onset RA (n = 20), 3 =
longstanding active RA (n =
20), 4 = longstanding RA i n
remission (n = 10). P-values
refer to the comparison with
the healthy controls.
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results even more difficult. Psychologi-
cal stress for instance and the way of
coping with it has been shown to influ-
ence HPA-axis activity in patients with
RA and may contribute to the varying
results described in the literature (19).
The changes in the adrenal responsivity
that we observed are subtle and not
associated with decreased basal corti-
sol levels assessed under less standard-
ized conditions, neither in our nor in
previous studies (1-3). Nevertheless, it
may be argued that normal cortisol lev-
els are inappropriately low for the de-
gree of inflammation in active RA.
Proinflammatory cytokines can stimu-
late the HPA-axis. In our study we
observed high levels of IL-6 in patients
with active RA and normal levels in
patients with longstanding RA in re-
mission. Decreased plasma cortisol
levels were found during the ITT both
in RA in remission and in active RA.
Apparently, elevated plasma IL-6 lev-
els failed to stimulate the HPA-axis in
patients with active RA. This may have
contributed to the development of
chronic arthritis since glucocorticoids
inhibit inflammatory responses (3). In
other chronic inflammatory diseases,
such as Crohn’s disease, decreased ac-
tivity of the HPA-axis has also been
suggested to exist (3).
In the aforementioned study by Gudb-
jörnsson et al., treatment with an
NSAID has been suggested to influ-
ence the HPA-axis response, especially
at the hypothalamic or pituitary level
(12). In our study all patients with RA
had discontinued their antirheumatic
drugs. NSAIDs were stopped one week
and DMARDs two weeks before the
tests. Our results therefore apply to
patients with RAwithout anti-rheumat-
ic treatment.
We conclude that HPA-axis respon-
siveness is reduced in untreated pa-
tients with RAwhen compared to heal-
thy controls and that the defect may be
located at the adrenal level. This phe-
nomenon may contribute to the patho-
genesis of the disease. However, the
observation that elevated plasma IL-6

levels failed to stimulate the HPA-axis
in patients with active RA, also sug-
gests a possible defect at the hypothala-
mic level. A single defect at only one of
the levels of HPA-axis function can not
fully explain our findings, demonstrat-
ing the complexity of this system in
which hormones and cytokines influ-
ence each other and are themselves
influenced by inflammatory status and
the use of medication.
Further research is needed to elucidate
the underlying mechanisms and the
influence of antirheumatic drug thera-
py on HPA-axis responsivity.

Acknowledgements
Financial support by the Dutch League
against Rheumatism (‘Het Nationaal
Reumafonds’) is gratefully acknowl-
e d g e d .

References
1. HARBUZ MS, JESSOP DS: Is there a defect in

cortisol production in rheumatoid arthritis?
Rheumatology 1999; 38: 298-302.

2. MASI AT, BIJLSMA JWJ, CHIKANZA I C ,
PITZALIS C, CUTOLO M: Neuroendocrine,
immunologic, and microvascular systems in-
teractions in rheumatoid arthritis: physio-
pathogenetic and therapeutic perspectives.
Semin Arthritis Rheum 1999; 29: 65-81.

3. S T R A U B RH, CUTO L O M: Involvement of
the hypothalamic-pituitary-adrenal/gonadal
axis and the peripheral nervous system in
rheumatoid arthritis. Viewpoint based on a
systemic pathogenetic role. Arthritis Rheum
2001; 44: 493-507.

4. ARNETT FC, EDWORTHY SM, BLOCH DA et
al.: The American Rheumatism Association
1987 revised criteria for the classification of
rheumatoid arthritis. Arthritis Rheum 1988;
31: 315-24.

5. VAN DER HEIJDE DMFM, VAN ‘T HOF MA, VAN

RIELPLCM et al: Judging disease activity in
clinical practise in rheumatoid arthritis: first
step in the development of a disease activity
score. Ann Rheum Dis 1990; 49: 916-20.

6. SWINKELS LMJW, MEULENBERG PMM,
R O S S HA, BENRAAD T H J: Salivary and
plasma free testosterone and androstenedione
levels in woman using oral contraceptives
containing desogestrel or levonorgestrel. Ann
Clin Biochem 1988; 25: 354-9.

7. DRENTH J, VA N UUM S, VA N DEUREN M,
PESMAN G, VA N D E R VEN-JONGEKRIJG J,
VAN DER MEER J: Endurance run increases
circulating IL-6 and IL-1ra but downregu-
lates ex vivo TNF-α and IL-1β production. J
Appl Physiol 1995; 79: 1497-503.

8. C H I K A N Z A IC, PETROU P, KINGSLEY G ,

CHROUSOS G, PANAYI GS: Defective hypo-
thalamic response to immune and inflamma-
tory stimuli in patients with rheumatoid arth-
ritis. Arthritis Rheum 1992; 35: 1281-8.

9. EIJSBOUTS A, VAN DEN HOOGEN F, LAAN R
et al.: Similar response of ACTH, cortisol
and prolactin to surgery in rheumatoid arthri-
tis and osteoarthritis [letter]. Br J Rheumatol
1998; 37: 1138-9.

10. DEKKERS JC, GEENEN R, GODAERT GL et
al.: Experimentally challenged reactivity of
the hypothalamic pituitary adrenal axis in
patients with recently diagnosed rheumatoid
arthritis. J Rheumatol 2001; 28: 1496-504.

11. H A L L J, MORAND EF, MEDBAK S et al . :
Abnormal hypothalamic-pituitary-adrenal
axis function in rheumatoid arthritis. Effects
of nonsteroidal antiinflammatory drugs and
water immersion. Arthritis Rheum 1994; 37:
1132-7.

12. GUDBJÖRNSSON B, SKOGSEID B, ÖBERG K,
WIDE L, HÄLLGREN R: Intact adrenocorti-
cotropic hormone secretion but impaired cor-
tisol response in patients with active rheuma-
toid arthritis. Effect of glucocorticoids. J
Rheumatol 1996; 23: 596-602.

13. TEMPLE, KOELLER M, RIEDLM, WAGNER O,
GRANINGER W, LUGER A: Anterior pituitary
function in patients with newly diagnosed
rheumatoid arthritis. Br J Rheumatol 1996;
35: 350-6.

14. FOPPIANI L, CUTOLO M, SESSAREGO P et
al.: Desmopressin and low-dose ACTH test
in rheumatoid arthritis. Eur J Endocrinol
1998; 138: 294-301.

15. CROFFORD LJ, KALOGERAS KT, MAS-
TORAKOS G et al.: Circadian relationships
between interleukin (IL)-6 and hypothalam-
ic-pituitary-adrenal axis hormones: Failure
of IL-6 to cause sustained hypercortisolism
in patients with early untreated rheumatoid
arthritis. J Clin Endocrinol Met 1997; 82:
1279-83.

16. JORGENSEN C, BRESSOT N, BOLOGNA C ,
SANY J: Dysregulation of the hypothalamo-
pituitary axis in rheumatoid arthritis. J Rheu -
matol 1995; 22: 1829-33.

17. C U TOLO M, FOPPIANI L, PRETE C et al . :
Hypothalamic-pituitary-adrenocortical axis
function in premenopausal women with
rheumatoid arthritis not treated with gluco-
corticoids. J Rheumatol 1999; 26: 282-8.

18. GUTIÉRREZ MA, GARCÍA ME, RODRIGUEZ
JAMARDONEZ G, JACOBELLI S, RIVERO S:
Hypothalamic-pituitary-adrenal axis function
in patients with active rheumatoid arthritis: A
controlled study using insulin hypoglycemia
stress test and prolactin stimulation. J Rheu -
matol 1999; 26: 277-81.

19. ISHII H, NAGASHIMA M, TANNO M, NAKA-
J I M A A, YOSHINO S: Does being easily
moved to tears as a response to psychological
stress reflect reponse to treatment and the
general prognosis in patients with rheuma-
toid arthritis ? Clin Exp Rheumatol 2003; 21:
611-6.


