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Summary

Only scarce data exist concerning the relationship between dehydroepiandrosterone (DHEA) and/
or its sulfate form DHEAS and bone status in adolescents with anorexia nervosa (AN).

We investigated whether a relationship existed between DHEAS and bone metabolism (as asses-
sed based on serum osteocalcin [OC], and collagen type I cross-linked carboxy-terminal telo-
peptide [CTx]). We also aimed to establish whether the above mentioned relationship might be
affected by osteoprotegerin (OPG) and its soluble ligand sSRANKL.

Fifty-six female patients with AN and 21 healthy female subjects aged 13 to 16 years participa-
ted in the study. Serum DHEAS, OC, CTx, OPG and sRANKL were measured by ELISA.

Our female patients with AN demonstrated significant suppression of DHEAS and bone markers,
an increase in OPG and sSRANKL levels, and a reduction of the OPG/sRANKL ratio. DHEAS, CTx
and the OPG/sRANKL ratio correlated positively with BMI. A significant positive correlation was
also observed between DHEAS and the OPG/sRANKL ratio, OC and the OPG/sRANKL ratio,
and CTx and SRANKL. The correlation was negative in the case of DHEAS and CTx, DHEAS
and sSRANKL, CTx and the OPG/sRANKL ratio, and SRANKL and the OPG/sRANKL ratio.

DHEAS suppression in girls with anorexia nervosa was associated with a decrease in the levels
of bone markers, an increase in OPG and sSRANKL concentrations and a significant decrease in
the OPG/sRANKL ratio. DHEAS suppression in girls with anorexia nervosa might have a harm-
ful effect on their bone tissue, probably via a shift in the OPG/RANKL ratio toward a functional
excess of SRANKL.

Keywords: | anorexia nervosa ¢ female adolescents « DHEAS ¢ bone metabolism * OPG * sRANKL
Streszczenie
Wstep: Nieliczne i niejednoznaczne dane o zwigzku migdzy dehydroepiandrosteronem (DHEA) i/lub

jego siarczanem — DHEAS a stanem ko$¢ca u chorych na jadtowstret psychiczny (anorexia ne-
rvosa — AN) sktonily nas do podjgcia badari w tym zakresie.
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Celem pracy byto wykazanie, czy u dziewczat z AN istnieje zwiazek migdzy DHEAS a meta-
bolizmem kostnym (ocenianym na podstawie oznaczein w surowicy krwi osteokalcyny — OC i
C-koncowego usieciowanego telopeptydu tancucha ol kolagenu typu I — CTx) oraz ustalenie, czy
OPG i jej rozpuszczalny ligand SRANKL mogg mie¢ znaczenie w mechanizmie tych zaleznosci.

U 56 dziewczat z AN i 21 zdrowych w wieku 13—-16 lat oceniono stgzenia DHEAS, OC, CTx,

U dziewczat z AN wykazano znaczna supresj¢ stgzen DHEAS, markeréw kostnych, istotny wzrost
stezen OPG i sSRANKL oraz znamienne obnizenie wskaznika OPG/sRANKL. Stezenia DHEAS,
CTx i warto$ci wskaznika OPG/sRANKL u tych dziewczat korelowalty dodatnio z BMI. Dodatnia
korelacje stwierdzono réwniez migdzy DHEAS a OPG/sRANKL, OC a OPG/sRANKL, CTx a
SsRANKL. Natomiast w odniesieniu do DHEAS i CTx, DHEAS i sSRANKL, CTx i OPG/sRANKL,
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BACKGROUND

Anorexia nervosa (AN) is among the most common eating
disorders. Epidemiological data indicate that AN is the third
most common chronic illness affecting adolescent females,
with a peak at 14 to 18 years of age. It is a psychosomatic
disorder with calorie restriction diets, excessive exercise,
self-induced vomiting and other weight loss techniques —
all this in pursuit of slimness [20,44]. Apart from compli-
cations resulting from extreme weight loss, most AN pa-
tients display quite characteristic hormonal disturbances
related to the secretion and action of several osteotropic
hormones including sex, thyroid and adrenal cortex hor-
mones, somatotropic axis hormones and some adipose tis-
sue hormones [3,14,16,24,25,26,27,31,33,41,50,53,55,56,
58,59,62,63]. These disturbances may lead to a decrease
or non-occurrence of the expected accretion of bone mine-
ral density (BMD) during adolescence [3,14,16,24,25,26,
27,31,33,41,50,53,55,56,58,59,62,63], which is due to pre-
dominance of bone resorption over bone formation proces-
ses [2,7,13,15,29,30,32,35,36,39,56,59,62]. In the light of
more recent research results, the above mentioned hormo-
nes might affect bone turnover not only directly, but also
indirectly through the RANKL/RANK/OPG system (re-
ceptor activator of nuclear factor-kB ligand/receptor acti-
vator of nuclear factor-kB/osteoprotegerin), which controls
osteoclast activity, differentiation and apoptosis [4,64,65].

It has recently been suggested that adrenal androgens might
be involved in the development of osteoporosis [1,46,51,61].
Namely, the age-related deficiency of a well-established

and reliable marker of adrenocortical function, i.e., de-
hydroepiandrosterone (DHEA), might have an effect on
postmenopausal osteoporosis [1,51,61]. Hence a hypothe-
sis that reduced DHEA and/or dehydroepiandrosterone
sulfate (DHEAS) production, frequently observed in fe-
males with AN [5,8,9,10,17,52,57,68,69], might contribu-
te to bone loss. Such an effect could be mediated through
cytokines of the RANKL/RANK/OPG system [66]. The
relationships between DHEA and/or DHEAS and the pro-
cesses of bone formation and resorption in females with
AN have been investigated by very few authors [8,9,10].
In their investigations concerning young women with AN,
Gordon et al. [8,9,10] found suppression of bone formation
markers, and a significant correlation between increased
bone resorption and DHEA and/or DHEAS. However, no
data are available regarding the potential effect of OPG
and RANKL on the relationship between DHEA and/or
DHEAS and bone status in adult and adolescents with AN.

The aim of the present study was: 1) to investigate whe-
ther, in adolescent girls with AN, a relationship existed be-
tween DHEAS and bone metabolism (as assessed based
on serum osteocalcin [OC], and collagen type I cross-lin-
ked carboxy-terminal telopeptide [CTx]), 2) to establish
whether the above mentioned relationship might be affec-
ted by OPG and its soluble ligand sSRANKL.

MareriaL AND METHODS

The study involved 56 girls between 13 and 17 years of
age, hospitalized in the Pediatric Endocrinology Unit of
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Table 1. Mean values of age, height, body mass, body mass index (BMI), serum levels of dehydroepiandrosterone sulphate (DHEAS), osteocalcin (0C),
collagen type | crosslinked carboxyterminal telopeptide (CTx), osteoprotegerin (OPG), soluble receptor activator of nuclear factor-kB ligand
(SRANKL) and OPG/sRANKL ratio in girls with anorexia nervosa and the control group

Groups
Variables Control group Anorexia nervosa
(n-56)
Age [years] 15.50£1.91 14.86+2.91
Body mass [kg] 52.75+6.69 32.03£2.60%
Height [m] 1.62+0.85 1.57+0.09
BMI [kg/m?] 21.71£1.53 13.46+0.85*
DHEAS [pmol/I] 2.95+0.41 2.57+0.38*
0C [umol/1] 3.4740.22 1.61+0.80*
CTx [nmol/1] 7.76+0.86 7.19+0.72%
0PG [pmol/l] 3.49+0.69 4.19+0.89*
SRANKL [pmol/1] 0.280+0.119 0.401+0.148*
OPG/sRANKL ratio 13.22+4.03 10.49+4.06*

*p<0.05 versus control group.

the Pediatric Department in Zabrze (Medical University
of Silesia in Katowice, Poland), who, following pediatric
examination and psychiatric consultation, were diagno-
sed with AN according to the criteria from the American
Psychiatric Association’s Diagnostic and Statistical Manual
of Mental Disorders — DSM-IV (1994). All examined girls
were at Tanner puberty stages IV and V. The average dise-
ase duration was 12.1 months (range 3—-36 months). They
had normal liver and kidney functions; no severe somatic
complications or psychiatric disorders were observed. On
recruitment, no patients were taking medications known
to affect the nutritional and bone status, including calcium
or vitamin D supplements. Exclusion criteria included se-
vere somatic complications, i.e., gastrointestinal bleeding,
diarrhea, dehydration, peptic ulcer disease, liver and kid-
ney dysfunction, and pharmacotherapy, e.g., anti-anxie-
ty or psychotropic drugs. During hospitalization, patients
were placed at bed rest, which is the standard care. The
control group comprised 21 healthy regularly menstru-
ating adolescent females between 13 and 17 years of age,
with normal body mass and no endocrine or other disor-
ders that could possibly influence adipose and bone tissue
metabolism. During the three months preceding the stu-
dy, the control participants did not receive calcium and/or
vitamin D supplements.

The height (stadiometer), body mass (electronic scale),
and body mass index (BMI) of each female subject were
measured and documented. Between 8 and 9 a.m. (after a
12-hour fast), 8 ml blood samples were collected for the
determinations of DHEAS, OC, CTx, OPG and its solu-
ble ligand sSRANKL. Centrifuged serum was frozen and
stored at —75°C until assay.

Serum DHEAS concentrations were determined using
ELISA kits (IBL, Germany); OC with ELISA kits from
Diagnostic Systems Laboratories, Inc. (USA). CTx levels

were analyzed by the serum CrossLaps ELISA (Nordic
Bioscience Diagnostics A/S, Denmark) while OPG and
sRANKL were determined by ELISA kits (Biomedica,
Austria). The respective sensitivity and intra- and inter-
-assay errors were: 0.11 umol/l, 4.8 and 7.5% for DHEAS;
0.05 pmol/l, 5.8 and 7.3% for OC; 0.08 nmol/l, 5.2 and 6.7%
for CTx; 0.14 pmol/l, 7 and 7.5% for OPG; 0.04 pmol/l, 5
and 7% for RANKL.

The database was prepared using Excel 2000 (Microsoft
Corporation). Statistical analysis was carried out with
Statistica 5.5 for Windows (StatSoft Inc., USA). The t-
-test was used for the significance of the difference betwe-
en groups (normal distribution of variables). In the case of
non-normal distribution, the significance was tested using
the Mann-Whitney U test. Relationships between DHEAS,
BMI, OC, CTx, OPG, sRANKL and the OPG/sRANKL
ratio were estimated with Spearman’s correlation coeffi-
cients. The level of significance was set at p<=0.05.

The study was approved by the Bioethics Committee at the
Medical University of Silesia in Katowice (KNW/0022/
KB1/105/09). Written informed consent was obtained from
all examined participants and their parents or legal guar-
dians before participation.

ResuLts

The mean values of body mass and BMI were significan-
tly decreased in adolescent females with AN compared to
the control. Similarly, mean DHEAS concentrations were
lower than those found in control participants with normal
body weight. These findings were associated with signifi-
cant reductions in mean concentrations of OC (bone for-
mation marker) and CTx (bone resorption marker) as well
as a significant increase in mean OPG and sSRANKL levels
and a reduced OPG/sRANKL ratio (Table 1).
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Table 2. Correlation between values of body mass index (BMI), serum levels of dehydroepiandrosterone sulphate (DHEAS), osteocalcin (0C), collagen
type | crosslinked carboxyterminal telopeptide (CTx), osteoprotegerin (OPG), soluble receptor activator of nuclear factor-kB ligand (SRANKL)

and OPG/sRANKL ratio in girls with anorexia nervosa

Variables BMI DHEAS 0C CTx 0PG SRANKL 0PG/ sRANKL
(n-56) kg/m2 pmol/l pmol/l nmol/l pmol/l pmol/I ratio
BMI 5 - 0.334* 0.167 0.315* —-0.152 0.101 0.265*
kg/m
DHEAS 0.334* - 0.132 —-0.387% 0.199 —-0.261* 0.245*
pmol/l
o 0.167 0.132 - ~0.081 0.132 0,067 0.262*
pmol/I
0.315 —-0.387 —-0.081 - -0.150 0.301 —-0.257
nmol/|
0PG
—-0.152 0.199 0.132 —-0.150 - 0.046 0.192
pmol/l
SRANKL 0.101 0,261 ~0.067 0.301% 0.046 - _0.612*
pmol/l
OPG:;EQNKL 0.265* 0.245* 0.262* —0.257* 0.192 -0.612* -

*p<0.05 - statistically significant values of correlation coefficients.

A positive and statistically significant correlation was obse-
rved in female adolescents with AN between BMI and both
DHEAS and CTx concentrations as well as between BMI
and the OPG/sRANKL ratio. A significant negative corre-
lation was found between DHEAS and CTx and DHEAS
and sSRANKL. DHEAS also correlated positively and si-
gnificantly with the OPG/sRANKL ratio. CTx concentra-
tions demonstrated a positive and significant correlation
with SRANKL. The OPG/sRANKL ratio correlated posi-
tively and significantly with OC, and negatively and signi-
ficantly with CTx and sSRANKL concentrations (Table 2).

Discussion

Anorexia nervosa is associated with low BMD in adults
and adolescents [3,14,16,24,25,26,27,31,33,41,50,53,55,
56,58,59,62,63]. Adults with AN demonstrate an unco-
upling of bone turnover, with a decrease in bone forma-
tion and increase in bone resorption markers [30,31,32,33].
This has been attributed to a loss of endogenous factors
leading to abnormal bone formation and estrogen defi-
ciency leading to an increase in bone resorption markers
[30,32,33]. However, in adolescents with AN, there is a
decrease in levels of both bone formation and bone re-
sorption markers [2,7,13,15,30,32,34,35,39,48,49,56,58,5
9,62], indicating a low bone turnover, which is in contrast
to normal adolescence, a time of increased bone turnover
from increased bone modeling [30,31,32,33]. The adole-
scent years are a time of significant increases in bone mass
accrual towards the attainment of peak bone mass (an im-
portant determinant of both bone health and fracture risk
in later life), and the development of AN in the pubertal
years raises significant concerns not only for an immedia-
te increase in fracture risk, but also for future bone health
[32]. The studies of Misra et al. [37] indicate a slight de-
crease in bone mass and BMD in girls with AN who per-
sist at a low-weight state, compared to healthy girls, who

have continued increase in bone mass and BMD over a fol-
low-up period. Hence the z-score, which compares BMD
to the mean for age and gender, continues to decrease in
girls with AN over time. Adult women who developed AN
in the adolescent years have lower measures of BMD than
those who develop AN in adult life [32].

Although the most recent studies seem to confirm a signi-
ficant role of OPG and/or RANKL in bone metabolism di-
sturbances [12,19,47], there are very few reports concerning
the relationship between bone status and the cytokines of
the RANKL/RANK/OPG system in adults and adolescents
with AN [18,39,42.45,48.,49]. Also, the results of these in-
vestigations are not always unambiguous. Ohwada et al.
[45], who investigated bone status in young females with
AN, found a significant increase in urine CTx and serum
OPG while 17B-estradiol [E2], insulin-like growth factor I
(IGF-I) and leptin levels were significantly lower compared
to the controls. OPG levels correlated negatively and signi-
ficantly with BMI, E2, IGF-I and leptin. However, no rela-
tionships were observed between OPG and either BMD or
RANKL, or between OPG or RANKL and disease dura-
tion, bone alkaline phosphatase (BAP), OC or CTx. These
results suggest that serum OPG levels may be increased
by a compensatory mechanism for estrogen deficiency in-
duced by malnutrition [45]. Kahl et al. [18], on the other
hand, demonstrated that TNF-o correlated significantly
negatively with OPG decrease in females with major de-
pressive disorders and a lifetime history of AN, which was
associated with a significant BMD decrease. These results
suggest that TNF-o. and OPG may play a role in the pa-
thogenetic process underlying osteopenia in these patients
[18]. Adolescents with AN usually showed suppression
of bone formation and bone resorption markers positively
correlated with BMI and/or BMD [2,29,30,32,34,35,36,3
9,50,56,58,59,62] as well as a negative correlation betwe-
en OPG increase and BMI and/or BMD [39]. OPG levels
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also correlated negatively with percent fat mass and lep-
tin [39]. Similar to our previous investigations [48,49], our
adolescent female patients with AN showed OC and CTx
suppression, increase in OPG and sRANKL levels, and
OPG/sRANKL ratio reduction. Positive correlations were
found between BMI and CTx, BMI and the OPG/sRANKL
ratio, CTx and sSRANKL, and OC and the OPG/sRANKL
ratio, while OC concentrations correlated negatively with
CTx and sSRANKL. Misra et al. [39] suggest that the de-
crease in markers of bone resorption may reflect the sup-
pressive effects of higher OPG levels on osteoclastic acti-
vity in adolescent female patients. In the Misra et al. study
[39], a negative correlation was noted between lumbar spi-
ne BMD z-score and OPG, suggesting that higher OPG le-
vels in girls with lower BMD may indeed be a compensato-
ry phenomenon. However, like Misra et al. [39] we did not
find a significant association between OPG and a marker
of bone resorption. On the other hand, low values of the
OPG/sRANKL ratio associated with high concentrations
of the above mentioned cytokines as well as some disso-
ciation between the examined cytokines and bone markers
suggest that adolescent females with AN might suffer from
disturbances in the mechanisms which control the bone re-
modeling process or in the mechanism that compensates
for bone loss. Our results, and especially correlation ana-
lysis, confirm the hypothesis that the OPG/sRANKL ratio
might prove a more reliable bone turnover and BMD de-
terminant than any of the examined cytokines alone [49].
Munoz-Calvo et al. [42] also demonstrated a significant de-
crease in the OPG/RANKL ratio in adolescent girls with
AN. They also found a significant positive correlation be-
tween OPG/RANKL and BMD, but did not observe se-
rum OPG increase or any relationship between OPG and
RANKL or OPG and BMD. The authors conclude that the
decrease in the OPG/RANKL ratio in girls with AN co-
uld only partly explain the increase in bone loss that oc-
curs in these patients.

The differences in bone markers as well as OPG and
sRANKL levels in females with AN could be associated
with age differences between study subjects (children, te-
enagers, adult women) and the resulting diversity in terms
of ontogenesis, growth, development stage, and disease
duration. Differences in OPG levels can be caused by dif-
ferent sensitivity and specificity of investigation kits, and
the fact that circulating levels of cytokines under investi-
gation do not always reflect their synthesis by osteoblasts
and marrow stromal cells [4,64,65]. OPG mRNA trans-
cripts have also been found in lymphoid cells, kidney, li-
ver and thyroid gland, and many fetal tissues [43]. As in
the case of OPG, the clinical applications of the laborato-
ry measurement of SRANKL are limited due to methodo-
logical complications, the influences of many physiologi-
cal factors (e.g. ethnicity, age, cyclic variations, gender,
renal and liver function) and hormonal status [4,64,65].
Nonetheless, numerous authors believe that serum OPG
and RANKL determinations may be useful in cross-sec-
tional cohort studies [43,64,65].

It has been well established that OPG and/or RANKL
expression by osteoblasts and marrow stromal cells in fe-
males with AN might, apart from estrogen deficiency, be
modulated by changes in the concentrations of other hor-
mones including androgens, somatotropic axis hormones,

thyroid hormones, glucocorticoids and hormones which
play an essential role in the control of the appetite cen-
ter, as well as by changes in cytokine production [1,2,5,8,
11,23,28,30,32,33,34,35,36,38,39,41]. The effect of some
of the above mentioned factors on OPG and/or RANKL
production could be opposite to that of estradiol; hence,
it is difficult to predict the ultimate outcome of their ac-
tions [12,19]. It has recently been suggested that changes
in the secretion of adrenal androgens (DHEA in particu-
lar), observed in the majority of females with AN, might
take part in bone metabolism disturbances [1,8,9,10,51,61].
In vitro studies seem to indicate that this could be media-
ted by the RANKL/RANK/OPG system [66]. We there-
fore decided to investigate relationships between DHEAS
and bone metabolism in girls with AN and to determine
whether such relationships might be affected by OPG and
its soluble ligand SRANKL.

Most authors have observed DHEA and/or DHEAS decre-
ase in patients with AN compared to age-matched healthy
individuals [5,8,10,17,52,68,69]. We have obtained simi-
lar results. It is believed that DHEA and DHEAS suppres-
sion seen in these patients might result from elimination of
the anabolic effect of IGF-I on DHEA and/or DHEAS se-
cretion. This concept seems to be lent support by the fact
that patients with AN have noticeably decreased IGF-I le-
vels which usually correlate positively with DHEA con-
centrations [2,6,7,8,9,10,11,15,17,22,45,59]. The regulato-
ry effect of pro-resorptive cytokines (i.e., IL-1p, IL-6 and
TNF-o) on DHEA production has not been fully elucida-
ted [8,9,10]. Decreased DHEA concentrations might also
be indicative of compromised ovarian function and low an-
drostenedione secretion in these patients [8]. Other resear-
chers observed enhanced DHEA and/or DHEAS levels in
their patients with AN. However, they believed that the in-
creased concentrations were not linked to the corticotropin-
-releasing factor/adrenocorticotropin system [21,40]. Still
others did not observe any significant changes in DHEA
and/or DHEAS in AN [6,23,28,59,60] with the exception
of women receiving oral contraceptives [23,28]. The latter
had reduced DHEA compared to controls, which the au-
thors considered attributable to decreased albumin levels.
[23]. On the other hand, Sirinathsinghji and Mills’ [57] pa-
tients with AN had significantly increased DHEA levels
while their DHEAS levels were significantly lower com-
pared to healthy participants. These differences in DHEA
and/or DHEAS concentrations in patients with AN might
be related to gender, age, the stage of the disease and, so-
metimes, disease duration. The majority of investigations
were carried out in young women. Differences in DHEA
and DHEAS determinations might also have resulted from
different sized, mostly small patient populations. Also,
determinations were carried out using different biologi-
cal material (blood serum or plasma, saliva, diurnal urine
collections) and methods of different sensitivity and spe-
cificity. Some differences might also be associated with
collection times. Although DHEA and DHEAS concen-
trations do not vary significantly throughout the day, they
do show some diurnal variations. These variations tend to
be greater in patients with AN than in healthy individuals.

The relationship between DHEA and/or DHEAS and bone
metabolism has been investigated by very few authors, and
mainly in young females with AN. These studies revealed
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significant suppression of bone formation markers and a
significant correlation between increased bone resorption
and DHEA and/or DHEAS [8,9,10]. We have obtained si-
milar results; our adolescent females with AN showed si-
gnificant suppression of DHEAS, which correlated ne-
gatively with CTx. All these results indicate that DHEA
and/or DHEAS deficiency in patients with AN might be
among the factors which ultimately lead to increased bone
resorption. Gordon et al. [9] demonstrated that a 1-year
course of oral DHEA treatment (50 mg/d) in young wo-
men with AN significantly reduced the levels of specific
bone resorption markers, i.e., urinary, type I collagen, and
cross-linked N-telopeptides (NTX) [9]. Administration of
50, 100, or 200 mg of DHEA daily to young women with
AN enrolled in a 3-month trial significantly decreased the
NTx levels in both the 50 mg and the 200 mg subgroups.
The levels of bone formation markers (BAP and OC) in-
creased simultaneously. A dose-dependent negative corre-
lation was revealed between DHEA or DHEAS and NTx.
DHEA and DHEAS concentrations also correlated posi-
tively with both E2 and IGF-I [10]. Hence, it can be conc-
luded that the anabolic effect of DHEA on bone formation
markers (BAP and OC) is most likely mediated by IGF-1.

The so far infrequent in vitro and in vivo investigations seem
to indicate that the effect of DHEA on bone resorption mi-
ght be mediated by the RANKL/RANK/OPG system. In
vitro studies using isolated osteoblasts show that DHEA at
the concentrations 20.01 uM, and especially within 0.1 to
1 uM, increase the ratio of mRNA OPG/mRNA RANKL
in osteoblasts [66]. Similar investigations concerning
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OPG/sRANKL ratio associated with high osteoprotege-
rin and SRANKL levels seems to suggest that DHEAS
suppression in girls with anorexia nervosa might have
a harmful effect on bone tissue — probably via a shift in
the OPG/RANKL ratio toward a functional excess of
sRANKL.
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