No alterations of serum levels of adrenal and gonadal hor mones
in patients with ankylosing spondylitis

R.H. Straub, S. Struharova, J. Scholmerich, P. Harle

Department of Internal Medicinel,
University Hospital Regensburg,
Regensburg, Germany

Please address correspondence to:
Rainer H. Sraub, MD, Department of
Internal Medicine I, University Hospital,
93042 Regensburg, Germany.

E-mail: rainer.straub@Kklinik.uni-r.de

Clin Exp Rheumatol 2002; 20 (Suppl. 28):

$H2-359.

© Copyright CLINICAL AND
EXPERIMENTAL RHEUMATOLOGY 2002.

Key words: Ankylosing spondylitis,
cortisol, dehydroepiandrosterone
sulphate, progesterone, testosterone,
estrogens.

ABSTRACT

Ankylosing spondylitis (AS) isa chron -
ic inflammatory disease with a mar ked

preponderance of affected males com -
pared to females of approximately 6 to

1. During the last two decades, thiscir -
cumstance stimulated several research

groups to investigate serum levels of

gonadal and adrenal sex hormones.

From available results of cross-sec -
tional studies, there seems to be no par -
ticular defect in secretion or produc -
tion of adrenal, gonadal, and pituitary
hormones. This is in striking contrast

to diseases such as rheumatoid arthri -
tisand other chronic inflammatory dis -
eases. In the latter diseases, low serum
levels of dehydroepiandrosterone
(DHEA), DHEA sulphate (DHEAS),

and testosterone have been described

in an advanced chronic disease stage,

whereas estrogen serum levels remain

normal. Although ASis an inflammato -
ry disease with signs of systemic inflam-

mation such as elevated erythrocyte
sedimentation r ate or increased circu -
lating proinflammatory cytokines, ser -
um levels of adrenal and gonadal

androgens are normal. It is unclear

whether this can be considered as un -
expected. It may be that inflammation

does not reach the pituitary, adrenal,

and gonadal glands or does not alter

the aromatase complex in peripheral

tissue. Furthermore, the inflamma -
tion—induced changes may be subtle so
that only specific endocrine examina -
tion of these axes may reveal signs of
alterations. In conclusion, current data
on sex steroid hormones provide no

straightforward explanation for the
male predominance in AS. At the
moment, there is no rationale to treat

AS patients with sex steroid hor mones.

Introduction

In patients with ankylosing spondylitis
(AYS) there exists an obvious male to
femal e preponderance of approximate-
ly 3-6versus 1 (1-3) and a so severity
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seems to be more pronounced in male
patients. Due to this gender dysbal-
ance, and since serum levels of adrenal
and gonadal hormones and function of
endocrine organs were found to be
altered in other rheumatic diseases such
as eg. rheumatoid arthritis (recently
reviewed in (4)), several research groups
focused on serum levels of gonadal and
adrenal hormonesin AS during the last
two decades (5-20). The subject has
been reviewed in 1992 and 2000 (19,
21). In the original studies, hormones
such as testosterone, 5a-dihydrotestos-
terone, androstenedione (ASD), dehy-
droepiandrosterone sulphate (DHEAYS),
progesterone, 17a-hydroxyprogester-
one (170HP), follicle stimulating hor-
mone (FSH), luteinizing hormone
(LH) and 17b-estradiol were measured
(Fig. 1).

Thisreview will focus on the available
data from cross-sectional studies of
serum levels of hormones of the hypo-
thalamic-pituitary-adrenal (HPA) axis
and the hypothal amic-pituitary-gona-
dal (HPG) axis in patients with AS.
Before presenting this overview in
patients with AS, (1) the physiological
role of adrenal androgens and (2) the
role of adrenal and gonadal hormones
in chronic inflammatory diseases other
than AS will be discussed.

Role of adrenal androgensin

normal physiology

Steroidogenesis in the human adrenal
glands consists of three major path-
ways (Fig. 1): A) mineralocorticoid
production (end point: aldosterone), B)
glucocorticoid production (end point:
cortisol), and C) androgen production
(end point: DHEA and androstene-
dione). The physiological roles of min-
eralocorticoids and glucocorticoids are
well known, however, the role of adre-
nal androgens is currently under in-
tense investigation. DHEAS is secreted
in large amounts from the adrenal
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Fig. 1. Schematic diagram demonstrating the biosynthesis of important steroid hormones. Hormones and precursors are depicted in light grey boxes, and
enzymes are demonstrated in dark grey boxes. The white boxes for the two hormones DHEAS and cortisone indicate that they are ineffective metabolites.
Abbreviations: 5a&-R: 5a-reductase; AROM: aromatase; DHEA: dehydroepiandrosterone; DHEAS: DHEA sulphate; DST: DHEA sulfotransferase; HSD:
hydroxysteroid dehydrogenase; ST: sulfatase; StAR, steroidogenic acute regulatory protein.

glands (90% of DHEAS from the
adrenal glands, serum concentration in
the umolar range) (22), reflecting the
adrenal production of its precursor
DHEA (22). DHEAS per se has no
effect, but after conversion to the bio-
logically active DHEA in peripheral
tissue, the hormone is intracellularly
processed, yielding active metabolites
such as testosterone and 17b-estradiol
and many other sex steroids (Fig. 2)
(23, 24). As DHEAS is linearly inter-
converted to DHEA (25), DHEAS is
the hormone pool of DHEA and is a
stable serum marker for DHEA avail-
ability. In the case of decreased
DHEAS serum levels, the active hor-
mone DHEA will also decrease
DHEA is converted to ASD by the 3b
hydroxysteroid dehydrogenase (3b-
HSD, Fig. 1) (22). ASD isan important
precursor of testosterone in the follicu-
lar phase of the menstrual cycle and in
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Fig. 2. Downstream conversion products of DHEA in macrophages. Monocyte-derived macrophages
were cultivated for 1 to 5 days in vitro, and the medium was initially supplemented with 360 nmolar
radiolabelled DHEA (*DHEA). After 1 and 5 days,the supernatant was collected and conversion prod-
ucts were investigated by thin layer chromatography and HPLC (24). All mentioned hormones
appeared in the supernatant and yielded the indicated concentrations. This study indicated that
macrophages (peripheral tissue) are able to convert prohormones to downstream effector hormones.
Abbreviations: DHEA: dehydroepiandrosterone; OH: hydroxy; testo.: testosterone.
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Table |. Typical changes of serum levels of adrenal, gonadal, and pituitary hormones in patients with inflammatory diseases such as
rheumatoid arthritis, inflammatory bowel disease, systemic lupus erythematosus, and polymyalgia rheumatica. Compare aso figure 1 for
steroidogenesis.

Alterationin
chronic inflammation

Alterationin
acute inflammation

Hormone

Hypothalamic-pituitary-adrenal axis

Adrenocorticotropic hormone Increased Normal, low in relation to inflammation
Cortisol Increased Normal, low in relation to inflammation
Progesterone Decreased Decreased

17-hydroxyprogesterone Decreased Decreased

DHEA, DHEAS Increased Decreased in chronic disease
Androstenedione normal Normal to decreased

Molar ratio of cortisol / DHEA (DHEAS, ASD) Normal Increased

Molar ratio of cortisol / 17-hydroxyprogesterone Increased Increased

Hypothalamic-pituitary-gonadal axis
Follicle stimulating hormone and
luteinizing hormone

Normal to increased Increased (response to low serum levels of

peripheral hormones)

Testosterone, 5a-dihydrotestosterone Decreased Decreased
17b-estradiol Normal Normal
Molar ratio of 17b-estradiol / testosterone Increased Increased in acute and chronic disease

ASD: androstenedione; DHEA: dehydroepiandrosterone; DHEAS: dehydroepiandrosterone sulphate.

postmenopausal women (22). DHEA
and ASD account for a significant part
of testosterone in aged male subjects
when the testicular production is mark-
edly decreased (22). Thus, adrenal an-
drogens play an important role in wo-
men and men when gonadal glands
undergo gradual age-related involu-
tion. The immune modulating capabili-
ties of androgens and estrogens will be
shortly discussed in the following
chapter.

Role of adrenal and gonadal
hormonesin chronic inflammatory
diseases other than AS

For both, acute and chronic inflamma-
tory diseases states, alterations of
serum levels of hormones of the HPA
axis and the HPG axis are demonstrat-
edinTablel.

Chronic inflammatory diseases such as
inflammatory bowel diseases, rheuma-
toid arthritis, systemic lupus erythe-
matosus, progressive systemic sclero-
sis, polymyalgia rheumatica, and pem-
phigus are characterised by a decrease
of serum levels of adrenal and gonadal
androgens (26-33) but normal serum
levels of estrogens (34,35). Beside this
reversal of the molar estrogen / andro-
gen ratio in various chronic inflamma
tory diseases (importance of this ratio
will be discussed below), we and oth-

ersobserved a shift to cortisol in rela
tion to DHEA, ASD and DHEAS in
chronic inflammatory diseases (31, 33,
36-39). Even short-term inflammation
due to cholestasis over 5 to 12 days
induced a profound shift to cortisol in
relation to adrenal androgens (40).
Interestingly, very similar findings can
be observed in patients with long-term
disease states such as HIV or syphilis
infection (41, 42), chronic heart failure
(43), or in patients on intensive care
units (reviewed in (44)). During an
acute inflammatory response, one
would expect a parallel increase of ser-
um levels of aldosterone, cortisol, and
adrenal androgens due to an increase
of the serum levels of the stimulating
adrenaocorticotropic hormone (45, 46),
which also happensin acute inflamma:
tory rheumatic diseases (47). During
chronic inflammation, the reason for
the unexpected decrease of serum lev-
els of adrenal and gonadal androgens
relative to cortisol and estrogensis not
yet known. However, a decrease of
serum levels of adrenal androgens may
lead to a more proinflammatory dis-
ease state because DHEA and testos-
terone have been shown to inhibit pro-
inflammatory cytokines such as secre-
tion of TNF and IL-6 (48-56). Further-
more, it was demonstrated that testos-
terone inhibits the inflammatory dis-
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ease process in animal models and in
human subjects (57-64).

In contrast, estrogens, in physiological
concentrations, serve to enhance im-
mune responses and may act as impor-
tant stimulators of human humoral im-
munity [reviewed in (65)]. It was re-
ported that 17b-estradiol enhances 1gG
and IgM production by PBMC both in
men and women without altering cell
viahility or proliferation (66). One stu-
dy confirms that 17b-estradiol has the
capacity to increase the production of
polyclona 1gG, including IgG anti-
dsDNA in PBMC of SLE patients by
enhancing B cell activity via IL-10
(67). Concerning the effects of estro-
gens on proinflammatory cytokine pro-
duction (IL-1, IL-6, TNF), these ef-
fects seem to be bimodal with decreas-
ed synthesis using pharmacological
concentrations (10® M) and increased
synthesis using physiological concen-
trations (10° M) (68-70). Recently, it
has been demonstrated that estrogens
are able to enhance secretion of matrix
metall oproteinases from human fibrob-
last-like synoviocytes (71). Estrogens
inhibit immune cell apoptosis (72) and
induce neovascularisation (73). From
this point of view, an increase of serum
levels or an increase of local levels of
estrogens relative to androgens such as
DHEA or testosterone will lead to a



more proinflammatory situation.

In recent years, importance of DHEA
substitution has been investigated in
studies in chronic diseases such as
ulcerative calitis (74), systemic lupus
erythematosus (75, 76), and adrenal
insufficiency (77,78). The positive €f-
fect of DHEA has been demonstrated as
a reduction of disease activity (74, 75),
increase of bone mineral density (79,
80), and an improvement of well-being
and mental health (77). Thus, the third
major route of adrenal steroidogenesis—
androgen production — may be impor-
tant in normal physiology and in some
inflammatory diseases due to immuno-
modulatory properties of DHEA or
downstream hormones.

Beside the decrease of the adrena an-
drogens, in rheumatoid arthritis or re-
active arthritis cortisol secretion isalso
inadequately low in relation to system-
ic inflammation (47,81). This means
that the increase of serum cortisol is
relatively low in relation to the in-
crease of serum levelsof I1L-6 and TNF
in the acute disease state and, particu-
larly, in the chronic situation. Further-
more, inadequate secretion of cortisol
in relation to 1L-6 was associated with
amore severe form of arthritis (47).

In conclusion, in many chronic inflam-
matory diseases, serum levels of adre-
nal and gonadal androgens are decreas
ed, whereas serum levels of estrogens
and cortisol remain relatively stable
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(Table1). Anincrease of estrogens rel-
ative to androgens and relatively low
serum levels of cortisol may contribute
to the inflammatory disease process.
The relative high serum levels of estro-
gens may be due to an increased con-
version of androgens to estrogens in
gonadal glands and peripheral tissue,
which was found in synovial fluid and
synoviocytes of patients with rheuma
toid arthritis (unpublished observa-
tion).

Serum levels of hormones of the
hypothalamic-pituitary-adrenal
(HPA) axisin patientswith AS
Generally, most studies focused only on
very digtinct sex hormones, and often
pituitary hormones were not measured.
This does not provide a full picture of
endocrine changes of the HPA and HPG
axis in AS. Table Il summarises five
independent studies, which focused on
serum levels of cortisol, DHEAS, ASD,
and 170HP. In one study, serum levels
of cortisol were found to be normal
(14). The degree of inflammation in
relation to serum leves of cortisol has
not been mentioned in detail. Thus, rel-
ative low levels of serum cortisol in
relation to inflammation, as demonstrat-
ed in rheumatoid arthritis, can not be
confirmed.

Three other studies found normal ser-
um levels of ASD, the major precursor
of testosterone and estrogens (Fig. 1).

This does not indicate a marked ater-
ation of adrenal and gonadal androgen
secretion. Two independent studies
demonstrated increased serum levels
of 170HP, the precursor of cortisol
(Fig. 1) (10,14). Thisisinteresting be-
cause 170HP was found to be decreas
ed in other acute and chronic inflam-
matory diseases (47, 82). It was specu-
lated that this increase may be dueto a
deficiency of the enzyme steps of
P450c21 and P450c11 (14, 16), which
convert 170HP to cortisol (Fig. 1).
However, no specific testing of this
pathway has been carried out.

The major adrenal androgen DHEAS
was found to be normal in two studies
and decreased in one study (11,16, 20).
However, in the latter study decrease of
serum levels of DHEAS was attributed
to prior corticosteroid treatment which
is known to reduce the overall adrend
hormone production. From this point
of view, this important adrenal andro-
gen precursor seems to be norma in
AS. Interestingly, phenylbutazone
treatment was shown to influence the
assay systems so that a false positive
increase of DHEAS and testosterone
was observed (16).

Serum levels of hormones of the
hypothalamic-pituitary-gonadal
(HPG) axisin patientswith AS
Table Il summarises the data of nine
independent studies on patients with

Tablell. Changesin serum levels of hormones of the hypothalamic-pituitary-adrenal axisin patients with ankylosing spondylitis.

Reference no. Cortisol DHEAS Other findings
and diagnosis
Tapia-Serrano 1991 Elevated 170HP
22 maeAS Normal ASD
Hedman 1992
25 maleAS Normal inAS Normal pregnenolone sulphate
Arniaud 1998 Normal inAS Elevated 170HR, probably due
57 maeAS to 21-hydroxylase deficiency.
Normal ASD
Giltay 1998 DHEAS elevated but thisis due to Normal ASD
50 male AS prior phenylbutazone treatment
Dessein 2001 DHEAS islow which most probably
29 maleAS depends on prior corticosteroid treatment

AS: ankylosing spondylitis; DHEAS: dehydroepiandrosterone sulphate: 170HP; 17-hydroxyprogesterone.
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Tablelll. Changes of serum levels of the hypothalamic-pituitary-gonadal axis in patients with ankylosing spondylitis.

Reference no., Testosterone Estrogens LH, FSH Other findings
gender, diagnosis
Gordon 1986 Negative correlation of T with ESR,
31 maeRA Low in RA Elevated positive correlation of T with haemoglobin
33maeAS Normal Normal
Spestor 1989
87 maeRA Low in RA
48 male AS Normal No evidence of hyperandrogenicity in AS
Jimenez-Balderas 1990 Lower in menstruating
17 femaeAS women with active disease
(also progesterone) Negative correlation of E2 with ESR
Tapia-Serrano 1991 Slightly increased E2, Injection of HCG
22maeAS Normal inversion of E2/ T ratio increases E2 and ameliorates the disease
Hedman 1992
25RA Lowin RA
25 maeAS Normal
Arniaud 1998
57 maeAS Normal Normal E2/T ratio
Giltay 1998 Normal Normal Normal SHBG was normal, phenylbutazone treatment
50 maeAS interferes with T measurement (increase of T)
Bronson 1998 Normal
19 maleAS
Mitra 1999 Normal Normal SHBG was lower,
56 maleAS, no association of T serum levels with fractures
mild disease

AS: ankylosing spondylitis; E2; 17b estradiol; ESR: erythrocyte sedimentation rate; HCG:human chorion gonadotropin; RA: rheumatoid arthritis, SHBG:

sex hormone binding globulin; T: testosterone.

AS. A total number of eight studies de-
monstrated that serum levels of testo-
sterone were normal in male patients
with AS (5,7,8,10,11,14-16,18). Three
studies directly compared the results of
AS patients to data of patients with
rheumatoid arthritis and found normal
hormone levels in AS but decreased
levels in rheumatoid arthritis (5,7,11).
Furthermore, there was a subtle in-
crease of 17b-estradiol in relation to
testosterone in one study (10), which
was not confirmed by others (14,16). In
addition, the serum levels of gonado-
trophins such as LH and FSH were
found to be normal in patients with AS
(5,16,18). The sex hormone binding
globulin, the major transport protein of
sex hormones in blood, was found to be
normal in one study and dightly lower
in another (16, 18). In conclusion, there
is no indication for hyper- or hypoan-
drogenicity in these male patients with
AS.

It is not surprising that studies on ser-
um levels of sex hormones in women
with AS arerare. One study investigat-
ed 10 female menstruating women with
AS and found normal serum levels of
17b-estradiol and progesterone as conm-
pared to 6 menstruating controls, which
was confirmed by Giltay et al. (16).
Two other studies found similar serum
levels of 17b-estradiol in postmeno-
pausal AS patients as compared to con-
trols (8, 16). In conclusion, there are no
changes of sex hormones in female
patientswith AS.

Conclusion

In contrast to the earliest uncontrolled
studiesin patients with AS, serum hor-
mone levels of testosterone, DHEAS,
17b-estradiol, and gonadotrophins are
normal. The importance of the small
elevation of serum 170HP, has to be
confirmed by further studies. These
findings in AS are in striking contrast
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to diseases such as rheumatoid arthritis
and other chronic inflammatory dis-
eases. In the latter diseases, low levels
of dehydroepiandrosterone (DHEA),
DHEA sulphate (DHEAS), and testos-
terone have been described in an ad-
vanced chronic disease stage, whereas
estrogen serum levels remain normal.
Recent research in rheumatoid arthritis
pointed to an increased activity of the
aromatase complex in inflamed tissue
due to elevated loca proinflammatory
cytokines stimulating this enzyme (un-
published observation). This mecha-
nism would explain normal serum lev-
€ls of estrogens and low serum levels of
testosterone and the precursors DHEA
and DHEAS in rheumatoid arthritis.
Although AS is an inflammatory dis-
ease with signs of systemic inflamma-
tion such as elevated erythrocyte sedi-
mentation rate or increased circulating
proinflammatory cytokines, serum lev-
els of adrenal and gonadal androgens
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remain normal. It is unclear whether
this can be considered as unexpected. It
may be that the inflammatory process
does not reach the pituitary, adrenal,
and gonadal glands or does not alter the
aromatase complex in peripheral tissue.
Furthermore, the inflammation-induc-
ed changes may be subtle so that only
specific endocrine examination of these
axes may reveal signs of alterations.
These data provide no straightforward
explanation for the male predominance
in AS. Furthermore, the present studies
do not suggest amajor role for adrenal
and gonadal hormones in perpetuation
of the disease. Since these data are
from cross-sectional studies of patients
withlong-standing AS, the role of these
hormones during the initiation phase of
the disease is unclear. At the moment,
thereis no rationaleto treat AS patients
with sex steroid hormones.
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