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ABSTRACT
Objective. To study cortisol, adreno -
corticotropic hormone and C-reactive
protein responses to specific stimuli in
familial Mediterranean fever (FMF).
Methods. For the purpose of measur -
ing cortisol, ACTH, and CRP responses
to insulin induced hypoglycaemia dur -
ing at t a ck - f ree peri o d s , 14 FMF pa -
t i e n t s , 11 patients with anky l o s i n g
spondylitis or Behçet’s disease as dis -
ease controls (DC), and a further 10
h e a l t hy control subjects (HC) we re
involved in this study. None of the sub -
jects had ever received corticosteroids
before this study. Cortisol and ACTH
levels were measured by chemilumines -
cence enzyme immunoassay.
R e s u l t s. No at t a ck was observe d
among FMF patients during the test.
No significant difference in the mean
c o rtisol values after insulin induced
hypoglycaemia was observed between
the groups involved at any stage of the
test. The integral cortisol response to
hypoglycaemia expressed as the AUC
(0-90 min) was found not to diffe r
among the study groups (1827 ± 115.6
in FMF; 2196 ± 205.4 in DC, p = 0.12;
1771 ±98.4 in HC, p = 0.9). The delta
response of cortisol to insulin induced
hypoglycaemia was found to be statisti -
cally lower (-4 ± 0.8 mg/dl vs. -1.9 ±
0.7 g/ dl; p <0.03) only for the 0 to
30 min interval in patients with FMF
compared to HC respectively. Similar
results, though of no statistical signifi -
cance, were also found for the 0 to 45
min interval (1.17 ± 2.2 g/dl in FMF
patients vs. 3.3 ± 2 g/dl in HC; p =
0.6). The mean basal CRP level of pa -
tients with FMF was remarkably high -
er than that in HC. Although the mean
CRP level at 90 min for FMF cases
with cortisol levels under 12 g/dl at
30 min was found to be higher than
those with cortisol levels over 12 g/dl
at 30 min, no significant difference was
observed.
Conclusion. An early blunted cortisol

response observed in a stressful situa -
tion in FMF patients may well account
for the curious re l ationship betwe e n
s t ress and an infl a m m at o ry re a c t i o n
and/or at t a ck. Furt h e rm o re, the fa c t
that the CRP level was relatively high -
er in FMF patients with lower cortisol
levels might also highlight the impor -
tance of endogen cortisol in the inflam -
matory feature of this disease.

Introduction
Familial Mediterranean fever (FMF) is
a disease of unknown etiology charac-
t e rised by re c u rrent poly s e rositis at-
tacks (peritonitis, pleuritis, or synovi-
tis) with fever. It is widely accepted
that physical and emotional stress may
trigger attacks of FMF (1, 2) while rest
periods and vacations free from stress
may provide temporary relief (3). It is
not known exactly how stress precipi-
tates attacks. Activation of the hypotha-
lamo-pituitary-adrenal (HPA) axis is a
p a rt of the normal phy s i o l ogical re-
sponse to both inflammatory and be-
havioral stress (4). The principal effec-
tors of the generalized stress response
include the corticotropin-releasing hor-
mone (CRH) and locus coeruleus-nore-
p i n ep h rine (LC-NE) systems in the
central nervous system. For these sys-
t e m s , a c t ivation releases cat e ch o l a-
mines from nerves as well as from the
a d renal medulla, wh i ch ultimat e ly
leads to the secretion of corticotropin
from the pituitary. The corticotropin, in
turn, mediates the release of cortisol
from the adrenal cortex (5). 
It was suggested that FMF might be re-
lated to abnormal catecholamine me-
t abolism because an at t a ck could be
provoked by metaraminol infusion (6).
How cortisol responds to stress in pa-
tients with FMF remains to be elucidat-
ed. Taking this into account, we investi-
gated cortisol, ACTH, and CRP respon-
ses to insulin induced hypoglycaemia
in patients with FMF in at t a ck - f re e
periods. 
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Patients and methods
Patients
Fo u rteen patients with FMF (10 fe-
male, 4 male, median age 21 yrs, range
17-28), who were being followed in the
rheumatology outpatient clinics of the
Medical Faculty of Osmangazi Univer-

sity, voluntarily took part in our study.
These patients underwent a series of
tests during the remission period of the
disease. All the patients had been using
colchicine in doses of 1 - 1.5 mg/day,
with varying periods of usage from 3
months to 7 years. No amyloidosis was

observed in the involved study groups. 
Four patients with Behçet’s disease and
7 patients with ankylosing spondylitis
(8 female, 3 male , median age 22 yrs,
range 16-28) were studied as the dis-
ease controls (DC). Inclusion criteria
included: the absence of active synovi-
tis or oral and genital ulcerations, and a
erythrocyte sedimentation rate (ESR) <
20 mm/h. Five patients were using sul -
fasalazine and indomethacine, 2 only
indomethacine, and 4 colchicine. These
patients had at no time in the past been
administered corticosteroid. Ten heal-
thy controls (8 female, 2 male, median
age 23 yrs, range 22-28) were also stu -
died.

Insulin hypoglycaemia test
Cortisol secretion was assessed in re-
sponse to insulin induced hy p og ly-
caemia by giving crystalline insulin
0.15 units/kg body weight intravenous-
ly as a bolus. Samples for cortisol and
glucose were taken at -10, 0, 30,45, 60,
and 90 min after stimulation. We per-
formed the test at 9 am under standard
fasting and bed rest conditions. The test
was deemed valid if the glucose level
decreased to less than 40 mg/dl, associ-
ated with hy p og lycaemia symptoms.
C o rtisol was measured by ch e m i l u m i n e-
scence enzyme immunoassay (Immu-
lite, Cortisol, Diagnostic Products Cor-
poration, Los Angeles, CA). 

ACTH determination 
Samples for ACTH were obtained at 0
and 90 min after stimu l ation. Blood
samples for ACTH we re drawn into
tubes with EDTA and brought to the la-
b o rat o ry and fro zen without delay.
ACTH was measured by ch e m i l u m i n e s-
cence assay (Immu l i t e, AC T H ,D i ag n o s-
tic Products Corporation, Los Angeles,
CA).

C-reactive protein (CRP) 
CRP levels were determined at 0 and
90 min. The CRP level was determined
by rate nephelometry (Beckman,Image
Immunochemistry System).

Statistical analysis
The Kruskal Wallis or Mann Whitney-
U test was used to compare the study
groups. The cortisol response to hypo-

Table I. Laboratory characteristics of patients with FMF and control patients (mean ± SE)
during the test.

(min) FMF DC HC 

CRP 0 0.47 ± 0.11a 0.53 ± 0.17 0.17 ± 0.09

(N < 0.6 mg/dl) 90 0.69 ± 0.13b 0.84 ± 0.38 0.29 ± 0.14

Cortisol -10 20.8 ± 1.6 23.4 ± 2.7 18.9 ± 1.1

(N = 5-25 mg/dl) 0 18 ± 1.8 21.5  ± 2.4c 15.9 ± 0.8

30 13.8 ± 1.3 18 ± 2 13.9 ± 1.1 

45 19 ± 1.6 25.6 ± 3.1 19.2 ± 1.75

60 24 ± 2 27.9 ± 2.9 23.7 ± 2 

90 26 ± 2.4 28.4 ± 3.2 25.7 ± 2.2 

ACTH 0 26.7 ± 4.1d 15.7 ± 1.7 16 ± 1.3

(N = 7-30 pg/dl) 90 50.5 ± 5.9 59.07 ±17.9 48.7 ± 7.3

Glucose -10 85.6 ± 2.5 85.7 ± 2.7 80 ± 1.9

(N = 65-110 mg/dl) 0 87 ± 2.1 87.7 ± 2.6 80.6 ± 2.3

30 34.9 ± 4.9 31 ± 4.9 23 ± 2

45 41.7 ± 3.7 45 ± 3.7 39 ± 2.7

60 57.8 ± 3.4 51 ± 4.2 49 ± 4.8

90 73.8 ± 7.9 66.8 ± 7.7 58.9 ± 3.8 

ap < 0.04, FMF vs. HC; bp = 0.07, FMF vs. HC; cp < 0.04, DC vs. HC; dp < 0.02, FMF vs. DC; 
p < 0.03, FMF vs. HC (Kruskal –Wallis test). 
N: normal value; FMF: familial Mediterranean fever; HC: healthy control; DC: disease control.

Fig. 1. Cortisol response to insulin induced hypoglycaemia in patients with FMF, DC and HC. FMF:
familial Mediterranean fever; HC: healthy controls; DC: disease controls.
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glycaemia was integrated over time and
expressed as area under the response
curve (AUC) from 0 to 90 min as men-
tioned before by Matthews et al. (7).
Results were expressed as mean ± SE.
P values below 0.05 were considered
statistically significant.

Results
Insulin induced hypoglycaemia 
(Table I)
The lowest glucose levels were deter-
mined at 30 min in all groups (34.9 ±
4.9 mg/dl in FMF patients; 31 ± 4.9
mg/dl in DC; 23 ± 2 mg/dl in HC).
Although basal serum glucose leve l s
were higher in FMF and DC than those
in HC, they were of no significant dif-
ference.

ACTH response (Table I)
The basal ACTH levels in patients with
FMF were significantly higher than DC
and HC (26.7 ± 4.1 pg/dl in FMF pa-
tients versus 15.7 ± 1.7 pg/dl in DC and
16 ± 1.3 pg/dl in HC; p < 0.02, p < 0.03
respectively). The levels of ACTH at 90
min compared to basal ACTH levels
were significantly higher in each of the
three groups. There was no difference

between the groups at 90 min (50.5 ±
5.9 pg/ml in FMF group vs. 59.07 ±
17.9 pg/ml in DC and vs. 48.7 ± 7.3
pg/ml in HC; p = 0.3, p = 0.7 respec-
tively).

Cortisol response (Table I, Fig. 1)
Although the basal serum levels of cor-
tisol in FMF and DC were higher than
in HC, a significant diffe rence wa s
found only between DC and HC (21.5
± 2.4 g/dl in DC vs. 15.9 ± 0.89

g/dl in HC; p < 0.04). The lowest
cortisol levels were determined at 30
min in the groups; therefore, the mean
i n c rement levels between the basal
value and 30 min value were negative
in the groups (Table II). The peak corti-
sol levels after hy p og lycaemia we re
observed at 90 min in the groups. No
significant difference in the mean corti-
sol values after insulin induced hypo-
glycaemia was determined between the
groups involved at any stage of the test 
The cortisol responses were analyzed
by the incremental elevation above the
baseline (Table II). The delta response
of cortisol to insulin induced hypogly-
caemia was found to be stat i s t i c a l ly
lower (-4 ± 0.8 g/dl vs. -1.9 ± 0.7

g/dl; p < 0.03) only for the 0 to 30
min interval in patients with FMF com-
pared to HC. Similar results, though of
no statistical signifi c a n c e, we re also
found for the 0 to 45 min interval (1.17
± 2.2 g/dl in FMF patients vs. 3.3 ± 2

g/dl in HC; p = 0.63). The blunted
delta cortisol response at 30 min disap-
peared after 45 min. No significant dif-
fe rence was observed between FMF
and DC at any time during the test. 
The integral cortisol response to hypo-
glycaemia expressed as the AUC (0-90
min) diffe red in none of the gro u p s
(1827 ± 115.6 in FMF; 2196 ± 205.4 in
DC, p = 0.1; 1771± 98.4 in HC, p =
0.9). 

C-reactive protein (Table I)
The basal mean CRP level in patients
with FMF did not differ from those in
DC (0.47 ± 0.11 mg/dl in FMF vs. 0.53
± 0.17 mg/dl in DC; p = 0.8), but it was
higher than in HC (0.17 ± 0.09 mg/dl in
HC; p = 0.01). The CRP levels at 90
min in FMF patients were not higher
than those of HC (0.69 ± 0.13 mg/dl in
FMF vs. 0.29 ± 0.14 mg/dl in HC; p =
0.07). Likewise, there was not a signif-
icant difference between FMF and DC
at 90 min (0.84 ± 0.38 in DC; p = 0.5).
The basal CRP levels in patients with
DC were higher than in HC (p = 0.03).
However, this difference did not appear
at 90 min (p = 0.06).
Before setting about doing this study,
we argued that if the cortisol response
to insulin induced hypoglycaemia was
blunt, then the CRP levels at 90 min in
p atients with lower cortisol levels wo u l d
most probably be higher. For this rea-
son, patients with cortisol levels below
12 g/dl (group I) and above 12 g/dl

Table II. Interval-specific delta cortisol responses to insulin induced hypoglycaemia (mean ± SE).

minutes
0-30 0-45 0-60 0-90 30-45 30-60 30-90

FMF -4.3 ± 0.33 1.1 ± 0.43 5.4 ± 0.54 8.2 ± 0.65 5.5 ± 0.31 10.5 ± 0.39 12.6 ± 0.47 

HC -1.9 ± 0.19 3.3 ± 0.30 7.8 ± 0.34 8.9 ± 0.38 5.29 ± 0.39 9.82 ± 0.47 10.7 ± 0.52

DC -3.2 ± 0.94 4.0 ± 1. 6.38 ± 1.36 6.85 ± 1.5 7.3 ± 1.21 9.6 ± 1.13 10 ± 1.25 

P* 0.03 0.63 0.51 0.83 0.93 0.95 0.63

*Difference between FMF delta vs HC delta (Kruskal-Wallis test).
FMF: familial Mediterranean fever; HC: healthy control; DC: disease control.

Table III. CRP levels at 90 min in the status of cortisol level below 12 mg/dl and above 12
mg/dl at 30 min in groups.

Cortisol levels (30 min)
< 12 g/dl (Group I) > 12 g/dl (Group II) p*

FMF 0.93 ± 0.1 (7) 0.43 ± 0.1 (7) 0.94

DC 4 (1) 0.49 ± 0.16 (10) 0.11

HC 0.16 ± 0.12 (3) 0.34 ± 0.2 (7) 0.88

*Group I vs. Group II (Mann Whitney-u test)
Values between parentheses refer to the number of patients.
FMF: familial Mediterranean fever; HC: healthy controls; DC: disease controls.
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(group II) at 30 min were compared
with each other for their CRP levels at
90 min (Table III). The choice of 12

g/dl as the threshold level was arbi-
trary, thinking that this level would cor-
respond to the nearly half of the maxi-
mum level in healthy people. Although
the mean CRP level at 90 min in group
I was found to be higher than in group
I I , no significant diffe rence wa s
observed within or between the groups
(Table III).

Discussion
The HPA axis and adre n o m e d u l l a ry
( s y m p athetic) systems are peri p h e ra l
limbs of the stress system. It is widely
accepted that physical and emotional
stress may trigger attacks of FMF (1,
2). There exist some studies on cate-
cholamine metabolism in patients with
FMF (6). To the best of our knowledge,
no HPA axis studies have been carried
out in FMF patients to date. For this
reason, we investigated cortisol, ACTH
and CRP responses to insulin induced
hypoglycaemia (IIH), which is a ratio-
nal test of the HPA response to stress
(8), in patients with FMF. By the way,
it should be noted that CRH and ACTH
stimulation tests are the other alterna-
tives for HPA axis evaluation (8). Al-
though the baseline ACTH levels were
found to be significantly higher in FMF
than in DC and HC, baseline seru m
cortisol levels were not higher in FMF
compared to DC and HC. No signifi-
cant difference in cortisol was observed
b e t ween the groups during the test.
N eve rt h e l e s s , i n t e rva l - s p e c i fic delta
analysis revealed a lower cortisol re-
sponse to IIH in FMF patients when
compared to HC, which was significant
for the 0 to 30 min interval of hypogly-
caemia stimulus. These results suggest
that, despite increased basal levels of
ACTH in FMF, the early cortisol re-
sponse to hypoglycaemia stimulation is
deficient. Regarding this, we may po-
stulate the existence of some degree of
HPA axis dysfunction in the FMF pa-
tients.
The effects of glucocorticoids include
inhibiting production and release of cy-
t o k i n e s , s u ch as interl e u k i n - 1 , i n t e r-
leukin-6 and tumor necrosis fa c t o r
alpha (9). Stress-induced phy s i o l ogi c

concentrations of glucocorticoids sup-
p ress neutrophil activation (10). Th e
p ri m a ry role of glucocorticoids in a
stress state is to restrain or counter-re-
gulate behavioral mechanisms, as well
as many of the peri p h e ral adap t ive
mechanisms of the stress response, in-
cluding the inflammatory and immune
responses that, if left unchecked, may
produce disease. 
E n d o c rine dysfunction involving the
HPA axis might contribute to the devel-
opment or the persistence of inflamma-
tion (11, 12). A dysfunction of the HPA
axis in some chronic inflammatory dis-
e a s e s , s u ch as rheumatoid art h ri t i s
(RA) and Sjögre n ’s syndro m e, h a s
been reported, as well as having been a
subject of discussion for polymyalgia
rheumatica (13-15). Recent studies of
patients with RA have shown that over-
all activity of the HPA axis remains in-
appropriately normal and is apparently
not sufficient to inhibit ongoing inflam-
m at i o n , at least in early untre at e d
patients (16). In addition, high basal
ACTH levels, without the presence of
expected hypercortisolemia, have been
o b s e rved in patients with active RA
(17). Research reveals that neuro e n-
d o c rine and immune mech a n i s m s
m e d i ate the inter- re l ations betwe e n
stress-inducing factors and rtheumatic
disease-related outcomes (18). 
FMF is also a ch ronic infl a m m at o ry
disease, considering the fact that there
is a subclinical inflammation even be-
t ween at t a cks in some FMF pat i e n t s
(19). The well-recognized association
of FMF with ch ronic vasculitis also
suggests a persisting inflammation in
some FMF patients (20). Furthermore,
the first degree relatives of FMF pa-
tients, who are free of this clinical dis-
ease, have also shown evidence of an
acute phase response (21).
Although we did not observe any at-
tacks during the test in our patients us-
ing colchicine regularly, patients with
cortisol levels below 12 g/dl at 30
min showed higher CRP levels at 90
min than those with above 12 g/dl at
30 min, which was not of a statistical
significance. This may well account for
the importance of the endogen cortisol
response to an acute phase response in
a stressful condition. 

The basal CRP levels were significant-
ly higher in FMF in comparison with
those in DC, but this significance di-
sappeared at 90 min. We therefore be-
lieve that if a serial measurement had
been undertaken over a longer period
of time, the CRP levels might well have
reached a marked level in FMF in com-
parison with DC because, as is known,
a rise in CRP levels generally appears
only after 4 to 6 hours following the
inflammatory stimuli (22). 
These results raise the question as to
whether the administration of gluco-
corticoids at an early stage of an attack
could prevent the progression of the at-
tack. Many contradictory studies exist
regarding the influence of glucocorti-
coids on FMF. Some French (23) and
Israelis (24) have reported no benefit
from steroid therapy. Contradictory to
these studies,Sieagal suggested (3) that
if the steroid is administered promptly,
and in an adequate dosage, it can con-
trol acute attacks, but if the drug is dis-
continued too soon, attacks can recur at
much shorter intervals, or in greater in-
tensity, the total effect being an aggra-
vation of the course of the disease. This
was explained by the post-treatment in-
hibition of endogenous pituitary-adren-
al hormonal activity, which results in
lessened control of the attacks (3). 
Matzner et al. have reported the C5a
inhibitor to be deficient in peritoneal
fluids obtained from FMF pat i e n t s
(25), as a result of which the uninhibit-
ed C5a activity leads to the influx of
n e u t rophils into serosal membra n e s ,
with the ultimate result being an in-
flammatory reaction and/or attack (26). 
Another speculation made is that FMF
mu t ations might contri bute to the
downregulation of granulocyte-mediat-
ed inflammation, either by downregu-
lating inflammatory mediators, or ad-
hesion molecules, or by upregulating
a n t i - i n fl a m m at o ry mediat o rs such as
the C5a inhibitor (2).
Assuming from the fact that steroids
might play a part in the inhibition of
C5a production (27,28), we can specu-
late that, aside from MEFV gene muta-
tions and a deficiency of the chemotac-
tic inhibitor, an early blunted cortisol
response to a stressful situation might
well contribute to a failure to prevent
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the development of a full-bl own in-
fl a m m at o ry reaction and/or at t a ck s .
Relying on our results, we suggest that
l o n g - t e rm low dose cort i c o s t e ro i d s
combined with colchicine may prove
beneficial for colchicine-resistant FMF
p atients. We also suggest that this
should be supported by further studies
into this subject.
We did not deal with the status of the
LC-norepinephrine system in patients
with FMF in this study. Therefore, we
believe that further studies featuring a
larger number of patients are required
in order to assess the LC-norepineph-
rine system, t ogether with the HPA
axis, and to point out the stress rela-
tionship of this disease. 
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