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Abstract
Objective
To study the effects of antirheumatic drugs on hypothalamic-pituitary-adrenal (HPA) axis activity in patients with
rheumatoid arthritis (RA).

Methods
Twenty patients with recent-onset active RA were studied before antirheumatic treatment, after 2 weeks of naproxen, and
after 5% months of additional treatment with sulphasalazine or methotrexate. The results before treatment were compared
with those obtained in 20 age and sex-matched healthy controls (HC). Activity of the HPA-axis was assessed under basal
conditions and during insulin tolerance tests (ITT). The ex-vivo production of interleukin (IL)-1p, tumour necrosis factor-o
(TNF-a) and IL-6 in whole blood samples was measured with and without stimulation by LPS.

Results
At baseline, plasma ACTH and cortisol levels were not different between patients with RA and HC. The unstimulated
production of IL-6 was significantly higher in RA patients than in HC. After 2 weeks of treatment with naproxen, urinary
cortisol excretion decreased significantly (p=0.03), and the area under the curve for plasma cortisol during the ITT was
significantly lower (p=0.015). The LPS stimulated production of IL-1p was significantly lower compared with baseline.
After 6 months, basal plasma, salivary and urinary cortisol levels, and plasma cortisol and ACTH levels during the ITT,
were all unchanged in comparison to the pre-treatment period. The unstimulated ex-vivo production of IL-1 was
significantly lower than before treatment.

Conclusion
Our results suggest that the non-steroidal anti-inflammatory drug naproxen suppresses the HPA-axis in the first weeks of
treatment. After 6 months, this suppressive effect is no longer present, suggesting the existence of adaptive mechanisms.
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Introduction

One of the factors that may contribute
to the chronicity of joint inflammation
in patients with rheumatoid arthritis
(RA) is a deficient activity of the hy-
pothalamic-pituitary-adrenal (HPA) axis
(1-4). Non-steroidal anti-inflammatory
drugs (NSAIDs) have been shown to
influence the interactions between the
immune system and the HPA-axis in
animal studies (5, 6). However, the ef-
fects of NSAIDs on the activity of the
HPA-axis have not been studied ex-
tensively in patients with RA. In one
small study, the use of NSAIDs was
shown to be associated with decreased
adrenocorticotropic hormone (ACTH)
levels (7). There is evidence that pro-
inflammatory cytokines stimulate the
HPA-axis at either the hypothalamic,
pituitary or adrenal level (1, 8, 9); e.g.
IL-1 and IL-6 can stimulate the adrenal
cortex to produce cortisol independ-
ently from ACTH (10). Prostaglandins
may be involved in these stimulatory
effects as in rats it was shown, that
the responses of ACTH to IL-1f and
IL-6 are blunted by pretreatment with
indomethacin (11-13) ketoprofen (14)
and a selective cyclooxygenase-2 in-
hibitor (14).

The aim of our study was to examine
the effects of antirheumatic treatment
on HPA-axis activity in patients with
RA. HPA-axis activity was assessed
both under basal conditions and after
stimulation by insulin-induced hy-
poglycemia during the insulin toler-
ance test (ITT), a standardised form of
stress. Because of the possible role of
pro-inflammatory cytokines in stimu-
lating the HPA-axis in RA, the ex-vivo
production of interleukin (IL)-1p, tu-
mour necrosis factor-a (TNF-o) and
IL-6 was also assessed.

Subjects and methods

Subjects

Twenty patients with active, recent-on-
set (<1 year) RA and 20 age- and sex-
matched healthy controls (HC) were in-
cluded. All patients fulfilled the revised
criteria for RA of the American College
of Rheumatology (15) and were IgM
rheumatoid factor positive. Active dis-
ease was defined as a disease activity
score (DAS) =3.5 (16). None of the pa-
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tients had ever been treated with oral,
intramuscular or intra-articular gluco-
corticoids, or a disease modifying anti-
rheumatic drug (DMARD). Treatment
with NSAIDs was discontinued in all
patients one week prior to the study.
All patients with RA were studied
at baseline, after 2 weeks and after 6
months. At baseline all patients were
without treatment. Thereafter, all pa-
tients were started on naproxen 500 mg
twice a day and studied again after 2
weeks. A DMARD was then added by
the rheumatologist in charge of the pa-
tient, if indicated. The initial DMARD
was sulphasalazine which could be
switched to methotrexate if necessary.
After 6 months of therapy patients
were assessed again.

Subjects, all aged between 18 and 65
years, were excluded if they had any
condition or medication (including oral
contraceptives) known to influence
HPA-axis activity. Other exclusion cri-
teria were anaemia (Hb <6.5 mmol/l),
renal or hepatic disorders, and contra-
indications for undergoing the stress of
an ITT, such as cardiovascular disor-
ders, hypertension and epilepsy.

All subjects voluntarily signed an in-
formed consent form. The study pro-
tocol was approved by the hospital's
ethics committee.

Methods

— Disease activity

Disease activity was assessed at base-
line, after 2 weeks and after 6 months
with a composite disease activity
score, 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 (16).

— HPA-axis activity

The activity of the HPA-axis was as-
sessed under basal conditions and dur-
ing an ITT in all subjects at baseline,
and after 2 weeks and 6 months in pa-
tients with RA.

For the assessments under basal con-
ditions, blood was drawn at 9:00 am
while patients were fasting, and at 4:00
pm for determination of plasma total
cortisol, free cortisol, cortisol binding
globulin (CBG) and ACTH concen-



trations. Urine was collected for deter-
mination of 24-hour cortisol excretion.
On the same day salivary samples were
collected every 4 hours starting at 8:00
am, for determination of the 24-hour
cortisol rthythm.

ITTs were performed on separate days
with the subjects fasting and in a su-
pine position. At 8:30 am a catheter
was inserted in an antecubital vein and
kept patent by saline solution. After
a 30 minute rest, insulin (Actrapid®
100 TU/ml, Novo-Nordisk, Denmark)
was administered as a bolus injection
at a dose of 0.1 units/kg body weight.
Blood samples were collected at 0, 20,
30,45, 60,90, 120 and 180 minutes for
determination of cortisol and ACTH
concentrations. The test was consid-
ered adequate if a glucose level <2.0
mmol/l was reached.

Blood for measurement of ACTH and
cortisol was collected in pre-chilled
EDTA tubes and centrifuged for 10
minutes at 1500g (4°C). The plasma
obtained was aliquoted and Trasylol®
(250 KIU; Bayer, Germany) was added.
ACTH was measured by an immunora-
diometric assay based on two polyclo-
nal antibodies (EuroDiagnostics, The
Netherlands). Standard curves were
prepared by spiking ACTH-free plasma
with ACTH, 5, (MRC 74/555, NIBSC,
Potters Bar, Hertfordshire, UK). The
sensitivity of the assay was 0.5 pmol/l
and the within- and between-assay co-
efficients of variation (cv) were 4.4%
and 7.2% respectively. Normal range at
8:00 am: 1.3-9.2 pmol/l.

Plasma cortisol levels were measured
by a radioimmunoassay which has
been described before (17). The sen-
sitivity of the assay was 0.02 umol/l.
The within- and between-assay coeffi-
cients of variation were 4.5% and 6.6%
at 0.21 wmol/l. Normal range at 8:00
am 0.19-0.55 umol/l and at 4.00 p.m.
0.06-0.38 wmol/l.

Plasma CBG was measured by means
of a radioimmunoassay kit manufac-
tured by RADIM (Angleur-Liege, Bel-
gium). Within- and between-assay pre-
cision were 3.7% and 7.0% at a level of
0.50 umol/1 .

The plasma free cortisol fraction was
measured by indirect equilibrium dialy-
sis by a method described earlier for an-
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drostenedione (18). Briefly, *H-cortisol
is added to the plasma sample. An aliq-
uot of 180 ul of this mixture is dialysed
against PBS for 4 hours. After dialysis,
50 ul aliquots were taken from the dia-
lysates and counted for radioactivity.
The fraction or percent free cortisol was
calculated while taking into account the
dilution inherent in equilibrium dialy-
sis. Multiplication of the free fraction
by the total concentration yields the free
cortisol concentration. The within- and
between-assay cv were 8.5% and 5.5%,
respectively, at an average free cortisol
fraction of 5.0%.

Salivary cortisol as well as 24-hour uri-
nary free cortisol were measured by ra-
dioimmunoassay after previous extrac-
tion and paper chromatography (19).

— Cytokines

The ex-vivo production of IL-1f3, TNF-
o 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 tubes con-
taining 250 kIU Trasylol®. Fifty micro-
liters LPS (final concentration 10 ng/
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-
1P, IL-6 and TNF-o. were measured in
duplicate by radioimmunoassay as de-
scribed previously (20).

Statistical analysis

Responses of ACTH and cortisol to hy-
poglycemia were integrated over time
as area under the response curve (AUC)
from O to 180 minutes. The calculated
AUCs were divided by 180 minutes
to obtain a mean integrated level of
ACTH and cortisol during the ITT. The
maximal rise in ACTH and cortisol
after insulin administration was calcu-
lated as the difference in concentration
between the levels of these hormones
at 0 minutes and at the time point with
the highest concentration during the
ITT. An AUC was also calculated for
the 24-hour cortisol measurements in
salivary samples.

Comparisons between HC and patients
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with RA were made with the unpaired
t-test or with the Mann-Whitney U-
test if data were not distributed nor-
mally. In patients with RA, changes
from baseline after 2 weeks and after
6 months were analysed with the Wil-
coxon signed-rank test. All p-values
are based on 2-tailed tests and consid-
ered significant at the 0.05 level. Due to
the explorative nature of this study the
Bonferroni correction was not used.

Results

Both the RA patient group and HC
group contained 3 men and 17 women.
The patients and HC had a mean (SD)
age of 49.0 (12.0) and 47.5 (9.8) years,
respectively. All patients with RA were
studied again after 2 weeks treatment
with naproxen. Subsequently, 1 pa-
tient was treated with systemic corti-
costeroids and 2 patients received no
DMARD therapy. These 3 patients did
not participate in the assessments after
6 months.

Disease activity

After 2 weeks of naproxen the DAS
decreased significantly with a mean
value of 0.7 (p=0.0003, Table I). The
individual components of the DAS also
showed significant decreases, except for
the ESR. After 5% months of additional
treatment with either sulphasalazine or
methotrexate, the DAS showed further
improvement (1.6 units, p=0.0002 ver-
sus baseline). The ESR however still
showed no significant change com-
pared to baseline.

HPA-axis activity: basal values

At baseline, patients with RA tended to
have higher mean basal ACTH levels
(»=0.09 at 9:00 am and p=0.10 at 4:00
pm) than HC (Table II). Other basal
hormone levels were not different be-
tween patients and HC. After 2 weeks
of naproxen, a significant decrease in
urinary cortisol excretion (p=0.03) was
observed. Other hormone levels were
unchanged. After 5% months of ad-
ditional DMARD treatment, urinary
cortisol excretion had returned to its
pre-treatment level. ACTH levels at
9:00 am showed a significant decrease
(p=0.005) compared with baseline but at
4:00 pm ACTH levels were unchanged
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Table I. Disease activity: baseline values and changes from baseline after 2 weeks and 6 months of antirheumatic drug therapy.

Change from baseline

Baseline (n=20) After 2 weeks (n=20) After 6 months (n=17)

mean SD mean SD median p* mean SD median p*
DAS (units) 43 0.7 -0.7 0.7 -0.6 0.0003 -1.6 12 2.0 0.0002
ESR (mm/hr) 21.6 247 34 8.1 2 0.13 2.6 322 2.0 0.30
RAI (units) 16.7 7.8 43 49 -5 0.001 -10.1 6.5 -13.0 0.0001
Number of swollen joints 114 6.3 24 5.1 -2 0.02 -4.6 8.1 -5.0 0.04
VAS general well-being (mm) 523 189 -12.8 19.1 -14.5 0.007 -25.1 259 -28.0 0.002

*for comparison with baseline. DAS: Disease activity score; ESR: Erythrocyte sedimentation rate; RAIL: Ritchie articular index; VAS: Visual analogue
scale.

Table II. Basal plasma levels of adrenocorticotropic hormone (ACTH), total and free cortisol and cortisol binding globulin (CBG), and
total 24 hrs urinary excretion of cortisol: baseline and changes from baseline after 2 weeks and 6 months of antirheumatic treatment.

Baseline Change from baseline in rheumatoid arthritis

Healthy Rheumatoid After 2 weeks After 6 months

controls (n=20) arthritis (n=20) (n=20) (n=17)

mean SD mean SD p* mean SD  median  p** mean SD median  p**
9:00 AM
ACTH (pmol/l) 3.7 22 55 35 0.09 -1.2 29 -04 0.14 -1.8 23 -1.1 ~ 0.005
total cortisol (umol/I) 044 0.11 045 0.12 >02 -004 0.12 -0.04 0.18 -0.01 0.15 -0.04 >0.2
free cortisol (nmol/1) 20.1 4.7 20.5 4.6 >0.2 -1.7 93 -2.6 >0.2 -0.3* 8.6 1.8 >0.2
CBG (umol/l) 0.83 0.10 0.83 0.11 >02  -0.02 0.10 0 >0.2 nd
4:00 PM
ACTH (pmol/l) 33 1.6 43 24 0.10 -0.2 19 -0.5 >0.2 -0.6 19 -0.3 >0.2
Total cortisol (umol/l) 0.27 0.10 0.26 0.09 >02 -001 0.11 -0.01 >0.2 0.04 0.12 0.03 >0.2
Free cortisol (nmol/l) 123 43 123 44 >0.2 -04 5.8 -1.2 >0.2 4.01" 9.8 -1.6 >0.2
CBG (umol/l) 0.83 0.15 0.84 0.17 >02 -0.02 0.15 0.01 >0.2 nd
Urinary cortisol nmol/24 hrs ~ 69.9 26.5 67.5 36.0 >02 -204 37.1 -134 0.03 35 26.9 6.1 >0.2

*for the comparison between healthy controls and rheumatoid arthritis patients; “*for the comparison with baseline in rheumatoid arthritis patients; *available
for only 10 patients at 9:00 AM and 9 patients at 4:00 PM. nd: not done.

compared with baseline (p>0.2). Sali-
vary cortisol levels at baseline were not
significantly different between HC and
RA patients (Fig. 1). When salivary
cortisol levels after 2 weeks and after

6 months were compared with baseline
values, no significant changes were
found in RA patients, neither at indi-
vidual time points nor in AUC (p>0.2,
data not shown).

HPA-axis activity:

insulin tolerance tests

In response to insulin injection ad-
equate hypoglycemia (glucose level
<2.0 mmol/l) occurred in all patients
with a nadir at 30 minutes.

Figure 2 shows the ACTH responses to
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At baseline, the mean integrated level
of cortisol during ITT tended to be
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Fig. 2. Mean plasma levels of ACTH during insulin tolerance tests of healthy controls (HC, n=20)
and RA patients at baseline (n=20), after 2 weeks (n=20) and after 6 months (n=17) of antirheumatic
treatment. Insulin was administered at 9:00 AM. No significant differences were found between HC
and RA patients, and within RA patients before and after treatment.
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Fig. 3. Mean (SD) integrated plasma cortisol during insulin tolerance tests (calculated as area under
the curve for cortisol divided by 180 minutes) for healthy controls (HC, n=20), and RA patients at
baseline (n=20), after 2 weeks (n=20) and after 6 months (n=17) of antirheumatic treatment.
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Fig. 4. Mean plasma levels of cortisol during insulin tolerance tests of healthy controls (HC, n=20) and
RA patients at baseline (n=20), after 2 weeks (n=20), and after 6 months (n=17) of antirheumatic treat-
ment. Insulin was administered at 9:00 AM. After 2 weeks of treatment, cortisol levels were significantly
(p<0.05) lower than at baseline at the time points indicated with an asterisk. No significant differences
were found between HC and RA patients, and within RA patients after 6 months of treatment.
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lower in patients with RA than in HC
(p=0.07, Fig. 3). In patients with RA,
the mean integrated cortisol level
was significantly lower after 2 weeks
naproxen compared with baseline
(p=0.015). After 6 months, it had re-
turned to pre-treatment values.

At baseline no significant differences
in plasma cortisol during ITT at indi-
vidual time points were found between
patients and HC (Fig. 4), and the mean
(SD) maximal rise in plasma cortisol
also did not differ between HC and pa-
tients with RA: 0.31 (0.14) wmol/l and
0.31(0.15) pmol/l respectively (p>0.2).
In patients with RA treated for 2 weeks
with naproxen plasma cortisol levels
were significantly lower than baseline
levels at 45 (p=0.02), 60 (p=0.03), 90
(»=0.03) and 120 (p=0.045) minutes
after insulin injection. After 6 months
of treatment cortisol levels at individ-
ual time points and the maximal rise
in cortisol during the ITT were not
significantly different compared with
baseline (p>0.2).

Cytokines

Table Il shows the whole blood produc-
tion of IL-1f, TNF-a and IL-6 after 24
hrs of incubation with or without LPS.
Baseline values for IL-1f production
were not significantly different between
RA patients and HC. After 2 weeks use
of naproxen, the LPS-stimulated pro-
duction of IL-1f decreased significant-
ly compared with baseline, both at 9:00
am (p=0.03) and at 4:00 pm (p=0.01).
The spontaneous production of IL-1
did not change significantly compared
with baseline. After 6 months of treat-
ment however, the spontaneous produc-
tion of IL-1P had decreased signifi-
cantly (p=0.01 at 9:00 am and p=0.02
at 4:00 pm) while the LPS-stimulated
production of IL-18 was no longer sig-
nificantly different from baseline.

At baseline, both spontaneous and
LPS-stimulated production of TNF-
a, did not significantly differ between
RA patients and HC. No significant
changes occurred in spontaneous TNF-
a production after 2 weeks and after
6 months. Compared to baseline the
LPS-stimulated production of TNF-a
had decreased after 2 weeks (at 4:00 pm
only, p=0.02), but not after 6 months.
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Table III. Spontaneous and LPS* stimulated ex-vivo whole blood production of IL-1f (ng/
ml), TNF-a (ng/ml) and IL-6 (ng/ml): baseline and changes from baseline after 2 weeks and

6 months of antirheumatic treatment.

Baseline

Change from baseline in rheumatoid
arthritis

Healthy controls Rheumatoid arthritis After 2 weeks After 6 months
(n=20) (n=20) (n=20) (n=17)
mean SD mean SD p** median  p***  median  p***
9:00 am
IL-18,LPS- 0059 0017 0.058 0.058 >0.2 0 >02  -0.02 0.01
IL-18,LPS+ 5.740 2.764 6.697 3.626 >02  -1.05 003 -058 >02
TNFa,LPS- 0343 0350 0.254 0.068 >0.2 0.02 >02 002 >02
TNFa, LPS+ 4934 1419 4.507 1.972 >0.2 04 >0.2 0.35 0.08
IL-6, LPS- 8 2 28 28 0.004 0 0.10 0 >02
IL-6, LPS+ 13538 7253 12002 7281 >0.2 -600 0.10 -1000  >0.2
4:00 pm
IL-18,LPS- 0065 0.015 0.061 0.069 >0.2 0 >02  -0.02 0.02
IL-18,LPS+ 6.066 3345 6.862 4015 >0.2 -29 001 -1475 >02
TNFa,LPS- 0252 0045 0.211 0.077 0.07 0.021 >0.2 0.03 0.11
TNFo,LPS+ 4.714 1414 5209 2.260 >0.2 -0.8 002 -0425 >02
IL-6, LPS- 8 3 17 16 0.04 0 >0.2 0 >02
IL-6, LPS+ 8540 4931 9691 5242 >02  -1650 0.10 700  >0.2

“LPS: measurement after 24 hrs incubation with (+) or without (-) lipopolysaccharide; **for the com-
parison between healthy controls and rheumatoid arthritis patients; ***for the comparison with base-

line in rheumatoid arthritis patients.

At baseline, the spontaneous produc-
tion of IL-6 was significantly higher in
RA patients than in HC: mean values
of 28 versus 8 ng/ml at 9:00 am and 17
versus 8 ng/ml at 4:00 pm (p=0.004 and
p=0.04, respectively). LPS-stimulated
production of IL-6 did not significantly
differ between RA patients and HC. No
significant changes occurred in stimu-
lated or unstimulated IL-6 levels after 2
weeks and 6 months of treatment.

Discussion

The main finding of our study is the de-
creased responsiveness of the HPA-axis
in patients with RA after 2 weeks of
treatment with naproxen, which results
in a decreased 24-hour urinary cortisol
excretion and decreased plasma corti-
sol levels during ITTs compared with
pre-treatment values. After 6 months,
in which naproxen was continued and
sulphasalazine or methotrexate were
added to the treatment, these cortisol
levels returned to pre-treatment values.
The significant decrease in plasma
cortisol levels during the ITT between
the assessments at baseline and after
2 weeks of treatment with naproxen,
was not found in plasma samples that
were collected for basal values on a

day separate from the day of the ITT.
Possibly, this is due to the less stand-
ardised conditions under which these
samples were collected. Therefore, the
decrease in basal plasma ACTH level
at 9:00 am after 6 months of treatment
compared with baseline, which was not
confirmed under the more standardised
conditions of the ITT, is most likely a
spurious result.

Our findings cannot be explained by
competition between naproxen and cor-
tisol in binding to CBG or by a change
in CBG levels, because the ratio be-
tween free and total cortisol as well as
CBG levels remained unchanged after
treatment with naproxen. Adaptation
of patients to the test situation and im-
provement of disease activity are also
unlikely to explain our results, espe-
cially because cortisol levels returned
to pre-treatment levels after 6 months.
The effects of NSAIDs on ACTH and
cortisol have not been studied exten-
sively in patients with RA. As far as
we know, this is the first study that
shows an effect of NSAID treatment
on hypoglycaemia stimulated cortisol
levels in patients with RA. Hall et al.
did a cross-sectional study in which
they compared 8 untreated RA patients
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with 7 NSAID treated RA patients and
13 HC (7). Unlike in our longitudinal
study, they found that plasma corti-
sol levels were not different between
untreated and NSAID treated RA pa-
tients while the latter had lower plasma
ACTH levels.

The most likely explanation for our ob-
servations is that naproxen has transient
effects on HPA-axis activity in patients
with active RA e.g. through inhibition
of prostaglandin synthesis or induction
of changes in pro-inflammatory cy-
tokine production. Naproxen and other
NSAIDs inhibit the enzyme cyclooxy-
genase (COX) and thereby decrease
prostaglandin synthesis. Prostaglandins
are known to be involved in the regula-
tion of ACTH and cortisol secretion (1,
5). Studies of the effects of cyclooxy-
genase inhibitors on ACTH and cortisol
levels in healthy humans have yielded
conflicting results. NSAIDs had no ef-
fects on basal ACTH and cortisol lev-
els (21-23). An iv infusion of sodium
salicylate increased ACTH and cortisol
responses to hypoglycaemia (24). In
contrast, a few days use of acetylsali-
cylic acid decreased ACTH and corti-
sol responses (25) and morning plasma
cortisol concentrations (26). Treatment
with indomethacin has resulted in in-
creased ACTH and decreased cortisol
responses (25), and in decreased ACTH
and normal cortisol responses to hy-
poglycaemia (22), but did not influence
ACTH and cortisol responses to cor-
ticotropin-releasing hormone (27). A
single oral dose of acetylsalicylic acid
reduced ACTH and cortisol responses
to arginine vasopressin (28) and to ex-
ercise related stress (29) but increased
ACTH responses to naloxone (21).

In addition, it has been reported that
the ACTH response to ITT in patients
with RA improved due to TNF inhibi-
tion (30). Also, in patients with psoriat-
ic arthritis it was shown that anti-TNF
therapy resulted in a relative increase
in serum cortisol relative to other adre-
nal hormones (31). A change in the pro-
duction of pro-inflammatory cytokines
might explain the transient decrease in
plasma cortisol levels during ITT and
24-hour urinary cortisol excretion in
our patients. We observed a transient
decrease in LPS-stimulated production
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of IL-1p after 2 weeks treatment with
naproxen. Because IL-1f stimulates
the adrenal gland to produce cortisol
(10), this may have contributed to the
transient decrease in cortisol levels.
However, the spontaneous ex-vivo pro-
duction of IL-1f had significantly de-
creased after 6 months compared with
baseline. If anything, this should have
reduced the activation of the HPA-axis
and have resulted in a further decrease
in cortisol levels. Furthermore, we ob-
served an increased production of IL-
6 in RA patients compared with HC.
An increased IL-6 production would
be expected to activate the HPA-axis.
However, levels of cortisol during the
ITT tended to be lower in our RA pa-
tients than in HC before treatment. This
finding is consistent with the hypoth-
esis that cortisol levels are inappropri-
ately low in patients with RA (1-3).
Apart from the potential influence on
prostaglandin and cytokine production,
NSAIDs might also establish an indirect
effect on the HPA-axis via reduction
of pain, inflammation and subsequent
stress in patients with RA. Indeed, in
healthy volunteers preliminary obser-
vations have shown that naproxen did
not influence the activity of the HPA-
axis (23).

A limitation of our study is that the only
NSAID tested was naproxen; other
NSAIDs and especially selective COX-
2 inhibitors may have different effects.
Besides, we chose to use the ITT to
evaluate the integral HPA-axis, where-
as other tests like the corticotrophin
releasing hormone and ACTH test are
necessary to evaluate specific parts of
the axis.

To our knowledge, this is the first longi-
tudinal study of the effects of antirheu-
matic treatment on HPA-axis activity
in patients with RA. We conclude that
naproxen treatment results in a tran-
sient suppression of HPA-axis activity.
The degree of suppression is mild and
probably without direct clinical conse-
quences. It is nevertheless noteworthy
because it adds up to the relative sup-
pression of the HPA-axis seen in un-
treated patients with RA. Furthermore,
our findings point to the fact that exist-
ing data should be re-interpreted due to
possible influence of NSAIDs.
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