Neuropsychobiology 2013; 67: 230-240 REPOSITORY PREPRINT

Purging behavior modulates the relationships of hormonal and

behavioral parameters in women with eating disorder

Maria del Mar Grasa 123, Laura Villarreal 123, Roser Granero %4, Ruth Vila 123,
Eva Penelo 4, Zaida Agliera 2#, Susana Jiménez-Murcia 28,

Maria del Mar Romero 123, José Maria Menchén 587, Xavier Remesar 123,
Fernando Fernandez-Aranda 2°%, Maria Alemany 123,

1 Departament of Nutrition and Food Science. Faculty of Biology. University of Barcelona. Barcelona

Spain
2 CIBER Physiopathology of Obesity and Nutrition (CIBEROBN), Institute of Health Carlos Ill, Spain
3 Institute of Biomedicine, University of Barcelona, Barcelona, Spain

4 Laboratory of Applied Statistics, Department of Psychobiology and Methodology, Faculty of

Psychology, Autonomous University of Barcelona, Spain.

5 Department of Psychiatry, University Hospital of Bellvitge-IDIBELL, L’'Hospitalet de Llobregat.

(Barcelona), Spain

6 Department of Clinical Sciences, Faculty of Medicine, University of Barcelona. L’Hospitalet de

Llobregat (Barcelona), Spain

7 CIBER Mental Health (CIBERsAM), Institute of Health Carlos Ill, Spain

Running title:  ED: metabolic correlates of purging behavior

Author and address for correspondence:

Dr. Maria Alemany, Department of Nutrition and Food Science, Faculty of Biology, University of
Barcelona; Av. Diagonal, 643; 08028 Barcelona, Spain; tel 34934034606; fax 34934037064; e-malil

malemany@ub.edu



mailto:malemany@ub.edu

Key words: Eating disorders; anorexia; bulimia; CBG; SHBG, estrogens; androgens;

glucocorticoids;

Abstract

Background/aims: There is ample consensus that there is a neurophysiological basis for the eating
disorders (ED). Traits of personality translate into behavioural traits, purging being a well defined
transversal example. Direct implication of steroid hormones on ED has been seldom studied, despite

their effects on behaviour.

Methods: After psychological interview analysis 57 ED female patients (31 purgative and 26 non-
purgative), and 17 female controls were studied. Metabolic parameters and analysis of androgen,
estrogen and glucocorticoid hormones were determined in parallel to the psychopathological profile

(EDI-2 and SCL-90-R) and anthropometric measurements.

Results: Psychometric tests showed clear differences between ED and controls, but there were few
hormonal-metabolic significant differences. In purgative ED there were repeated (significant) positive
correlations with CBG, and negative with SHBG, versus eating and general psychopathology. In non-
purging, there were positive correlations for deoxycortisol, free fatty acids, albumin and negative for

aspartate aminotransferase and psychopathological traits.

Conclusion: The data hint at CBG/corticosteroids and sexual hormones/SHBG to be involved in purging
behaviour and its psychopathology and severity scores. Correlations of selected psychometric data and
the CBG/SHBG levels in purging may eventually result in clinical markers. This approach may provide

additional clues for understanding the pathogenesis of the ED.



Homonal and metabolic changes in eating disorders (ED) have widely been described and studied in
the literature (1,2). Their metabolic causes, however, have been seldom analyzed, mainly because of
the limited availability of data, and the wide complexity of the populations studied (3). This is in part a
consequence of diagnostic of the ED is, in itself, a fairly complex issue (4) and the intrinsic variability of
most metabolic and hormonal parameters in human populations that are otherwise “normal”.
Nevertheless, this relationship may run deeper than usually assumed: the common occurrence of
amenorrhea in deeply affected anorectic individuals suggests that at least the hypothalamus-pituitary-

gonadal axis is affected and their biological implications known.

Biological vulnerability in ED

Although genetic predisposition to ED has received considerable attention (5,6), is difficult to arrive at
clear conclusions because of the variability on the manifestations, intensity and symptom-focusing of
these disorders (7). Most of these studies only hint at increased frequency (or predisposition) because
of the presence of certain alleles in a number of genes related with control of energy, appetite, behavior
or other pathways (8,9), but there is not a clear-cut direct relationship with the ED (10,11). The intrinsic
variability that characterizes any group of humans (height, weight, metabolic parameters, hormonal
cycles), even if limited to one sex and a fairly narrow limit of age, makes very difficult to find well-defined
group differences in parameters that otherwise are subjected to homoeostatic control and tend to
remain stable in spite of powerful manipulation. This problem is compounded by the intrinsic variability

added by the analytical methods (in fact of any analytical method).

The markedly individual or personal nature of human psychological makeup is a key factor adding
variability to any group-based analysis of metabolic-psychological relationships. The complexity of the
etiology and even manifestations of eating diseases can be simplified by ascribing each patient to a
particular category of the ATP-III, but the continuum of individual patient characteristics will no doubt
affect not only psychological reactions but also hormonal correlates inducing metabolic consequences,
thus increasing the “gray zone” between specific diagnostic groups. The obvious consequence is the
relative lack of studies showing clear metabolic changes attributable to specific manifestations of eating

disorders (12,13). There are a few studies showing the tip of the iceberg (14), and it is generally



acknowledged that metabolic correlates of eating diseases can be first-order elements both for their

diagnostic and as key elements for understanding their pathogenic mechanisms (15).

Hormonal correlates and ED

There are a number of studies linking metabolic and hormonal changes with ED, both in humans and
animal models (16), but changes induced by ED on the main hormonal and metabolic parameters have
been only sparsely studied. Steroidal hormones, a case in point, are seldom analyzed in blocs including
a number of different molecular species as a way to better understand the changes of their patterns in
disease. The rapid inter-conversion of a number of corticosteroids (17), and, especially androgen and
estrogen hormones and their precursors are a key characteristic of their function and a powerful means
for their control. Although, hormonal profiles and influence in ED have widely been studied, such as
estrogens (3,18,19), androgens (20), altered hypothalamic-pituitary adrenal (21) and hypothalamic-
pituitary-gonadal axes functions (15) their relationships with specific phenotypical characteristics of ED
have been seldom described. Although specific clinical traits such as purging behaviour have frequently
been associated to higher psychopathology and poorer prognosis (21-24), their potential association

with hormonal functioning has rarely been investigated.

The division of ED along the purging/non-purging line is based on its clear association with medical risk
(25) and follows previous studies in which this subtyping has been widely used (26), on the basis of

medical consequences and empirical phenotyping (27)

Aims of the study

Given the current gaps in the literature, the goal of the present study was to overcome the limitations of
the previous studies by comparing ED individuals and healthy eating controls, across a broad range of
hormonal components (Supplemental Figure 1): i.e. the key steroidal hormones and the transporting
globulins: SHBG (28) and CBG (29), together with phenotypical characteristics (hamely purging

behaviour, clinical symptoms and general psychopathology).

Our specific goals were threefold and included: 1) to explore the distribution of hormonal parameters in
a sample of EDs individuals and to analyze whether they are different when compared with healthy-
eating controls; 2) to compare whether hormonal parameters differ between purging and non-purging

ED, as a way to determine the eventual implication of steroid hormones in the manifestation of this



marker symptom; 3) to assess the relationship of differential hormonal features with other phenotypical

traits in ED (clinical and psychopathological variables);

We hypothesized that hormonal function may be associated not only to ED categories but to some
specific ED clinical features associated to severity (namely to ED severity and general
psychopathology). This approach opens a new avenue for the study of the pathogenicity of eating
disorders and their metabolic correlates in populations otherwise diverse, and would allow us to

distinguish a specific metabolic-hormonal pattern in ED.

Materials and Methods

Participants

The final sample included 57 female ED patients (12 AN and subtreshold AN (21.0%), 31 BN and
subthreshold BN (54.4%), and 14 with Eating Disorders Non Otherwise Specified-EDNOS (24.6%),
[including 5 Binge Eating Disorder (8.8%)]. In total there were 35 purgative and 22 non purgative ED
patients, consecutively admitted to the Eating Disorders Unit in the Department of Psychiatry at the
University Hospital at Bellvitge (Barcelona, Spain). All participants were diagnosed according to DSM-1V
criteria, using a semi-structured clinical interview [SCID-I] (30), conducted by experienced psychologists
or psychiatrists. A total of 17 health-eating women, the comparison group (CG), were volunteers
recruited from the staff of our Centers. The exclusion criteria were: current treatment with hormones
(including anovulatory combinations), diabetes and other metabolic diseases (including polycystic ovary
syndrome), drug consumption (including tobacco and alcohol), as well as other infectious, hormonal or
metabolic diseases and lifetime ED in the case of CG individuals. The Ethics Committee of the
University Hospital at Bellvitge approved this study, and informed consent was obtained from all

participants.

Psychometrical measures

--Eating Disorders Inventory 2 (EDI-2)

The EDI-2 (31) is a reliable and validated 91-item multidimensional self-report questionnaire that
assesses different cognitive and behavioral characteristics, which are typical for eating disorders The

questions are answered on a 6-point Likert scale. This instrument was validated in a population of



Spaniards (32) and had a mean internal consistency of 0.63 (coefficient alpha). Inter-rates reliability

ranged between good to excellent (values were 0.77 to 0.96).

--Symptom Checklist- Revised (SCL-90-R)

We used the SCL-90-R (33) to assess a broad range of psychopathological symptoms. This test
contains 90 items and helps to measure 9 primary symptom dimensions. In addition, it includes three
global indices: 1) a global severity index (GSI), designed to measure overall psychological distress; 2) a
positive symptom distress index (PSDI), designed to measure the intensity of symptoms; and 3) a
positive symptom total (PST). The global severity index can be used as a summary of the test..This
scale has been validated in a population of Spaniards (34), and had a mean internal consistency of 0.75
(coefficient alpha). Inter-rates reliability was between good to excellent, with values comprised between

0.70 and 0.90.

Procedure

Experienced psychologists and psychiatrists with master's or doctoral degrees (all them extensively
trained in the use of the instruments) completed the clinical assessment during two structured face-to
face interviews, before any psychological or pharmacological treatment was initiated. The first interview
included questions about regularity of their menses and the mean duration and time of their ovulation
cycle at the moment of the analyses. In addition to the clinical interview, demographic information was

obtained through self report questionnaires.

In this session, basic anthropological measurements were carried out. Body weight and height were
measured using standard procedures, and were used to calculate the body mass index (BMI) in kg/m?2.
The percentage of body fat was estimated with a bioimpedance system (Body Mass Analyzer BC-

418MA, Tanita Corp. Tokyo, Japan).

Hormonal and metabolic measurements

Venous blood samples were taken in the morning, after an overnight fast; serum was separated and
stored at -80°C; later it was used for the analysis of glucose, total cholesterol, triacylglycerols, bilirubin,
albumin, total serum protein, urea, alanine and aspartate aminotransferases, lactate dehydrogenase

and ketone bodies using dry chemistry strips (Spotchem Strips, Menarini, Firenze. Italy); free fatty acids



were measured with a kit (NEFA kit, Wako, Osaka Japan). Steroid hormones (except hormone sulfates)

were measured by HPLC-MS/MS following the procedure described in the Supplemental Nethods.

Specific radioimmunoanalysis / ELISA kits were used for the measurement of: insulin (RIA HI-14K,
Millipore, Billerica MA USA). sex hormone-binding globulin (SHBG) (IRMA KP32CT, RADIM, Roma
Italy). corticosteroid-binding globulin (CBG) (RIA KIP1809, BioSource, Nivelles Belgium), estrone sulfate
(RIA DSL-5400 Diagnostic Systems Laboratories, Webster Texas USA) and dehydroepiandrosterone
(DHEA) sulfate (RIA DSL-3500 Diagnostic Systems Laboratories). The HOMA value was calculated

from insulin and glucose data (35).

Statistical analyses

The statistical analysis was carried out with PASW17 statistics (SPSS system). T-TEST procedures
(and the non-parametrical Mann-Whitney test for data with high asymmetries) explored differences in

clinical and psychological measures between groups (purging vs non-purging and ED vs CG).

Heterotypical association between hormones and metabolic measures (considered as predictors) with
psychometrical scores (considered as outcomes) was valued through multiple lineal regressions. One
independent model was defined for each psychometrical outcome, entering simultaneously the set of
hormones or metabolic incomes (ENTER procedure). Beta-coefficients obtained with these models
valued the specific contribution of each predictor on the criteria, adjusted to the presence of the other
variables considered of the same set; the R? coefficient valued the total predictive accuracy of the

model.

Homotypical association between variables pertaining to the same group (hormones. metabolic and
psychometrical) was valued with partial-correlations. These coefficients measures the degree of
association between pairs of variables controlling (adjusting) the effect of other covariates. In this study,
one independent partial-r-coefficient was obtained for each pair of variables considering as covariates
the rest of variables of the same group different from zero. Paired correlations were considered relevant
only when statistical significance emerged (p<0.05) and effect sizes of R-coefficients were good

(Ir]>0.35).

Results



Clinical, general psychopathology, anthropometric and metabolic description among the groups

The mean values obtained among the ED groups (purging vs. non-purging) for all anthropometric
values are shown in Supplemental Table 1. There were no significant differences between groups
except for higher body fat in hon-purging than in CG. Table 1 presents the comparison of the EDI2 and
SCLR90R test scores between the three experimental groups. There were significant differences for all
items between ED as a whole and for both purging and non-purging women. However, no differences
were observed between both ED groups. The results for SCLR90R test were fully comparable to those
obtained with the EDI2 test: there were significant differences versus CG for all ED and the subgroups

purging and non-purging, but there were no differences between these two subgroups.

Table 2 shows the serum steroid.hormone related parameters in CG, ED and the two subgroups of
purging and non-purging ED women. The differences observed were sparse. When considered the
whole of ED versus CG estrone sulfate and cortisone levels were lower in ED, and androstenedione,
higher. Comparison of CG and non-purging was coincident with all ED in estrone sulfate and
androstenedione, but not in cortisone: however the differences versus CG were significant for -
estradiol. SHBG levels were higher in purging women than in CG. There were significant differences
between purging and non-purging groups for androstenedione and DHEA-sulfate, with levels higher, in

both cases, in non-purging women.

Supplemental Table 2 depicts the serum metabolite data for ED and CG. There were no statistically

significant differences between groups for any of the parameters studied.

Interaction between hormonal-metabolic parameters and ED and general psychopathology

between purging and non-purging ED

The analysis of paired correlation data applied to the EDI2 psychometric aspects showed a
considerable number of significantly interrelated parameters (Table 3). Thus in ED non-purging women,
BMI, body weight and body fat were positively correlated to body dissatisfaction and bulimia.
Deoxycortisol was correlated to interpersonal distrust, ineffectiveness, impulse regulation, ascetism and
social insecurity. Free fatty acids were correlated to ineffectiveness, impulse regulation, ascetism, and
social insecurity. Other correlations were limited to one or two factors: pregnelonone to interpersonal
distrust, progesterone to impulse regulation, androstenedione to ascetism, alanine aminotransferase to

bulimia, albumin to perfectionism and both urea and plasma proteins to eating disorder inventory total.



The pattern of negative correlations for ED non-purging women were more limited: aspartate
aminotransferase to interoceptive awareness, interpersonal distrust, ineffectiveness, impulse regulation,

social insecurity, and eating disorder inventory total, cortisol to interpersonal distrust.

ED Purging women showed positive correlations between CBG and interoceptive awareness, bulimia,
ineffectiveness, ascetism, and eating disorder inventory total; aspartate aminotransferase to
interpersonal distrust, ineffectiveness and perfectionism;, urea to interoceptive awareness, lactic
dehydrogenase to perfectionism, , uric acid to body dissatisfaction, glucose and alanine

aminotransferase to ineffectiveness, deoxycortisol to interpersonal distrust and social insecurity.

Negative correlations for purging ED women were centered on SHBG, which correlated with
interoceptive awareness, bulimia, ineffectiveness, maturity fears, impulse regulation, ascetism, social
insecurity, and eating disorder inventory total. Other negative correlations were: pregnelonone to drive

for thinness, aldosterone to body dissatisfaction, height to maturity fears, albumin to ascetism.

CG showed negative correlations for deoxycortisol to drive for thinness, body dissatisfaction, bulimia,
and impulse regulation; BMI to drive for thinness, body dissatisfaction and perfectionism, body fat to
drive for thinness and perfectionism, HOMA to ineffectiveness, maturity fears and social insecurity,
glucose to maturity fears, social insecurity and eating disorder inventory total, plasma proteins to

maturity fears, CBG to impulse regulation, bilirrubin to eating disorder inventory total,

Negative correlations for control women were cortisol and cortisone to body dissatisfaction, estrone

sulfate to drive for thinness,

On Table 3 only the global severity index of the SCL90R test is shown. ED non-purging women showed
correlations for total protein and albumin, and negative correlation for alanine aminotransferase. In
purging women, the correlation was positive for CBG and negative for SHBG. The CG showed only

positive correlations for both glucose and bilirubin.

Discussion

The present study aimed to explore whether specific ED cluster of patients (purging vs. non-purging)
are differentiated on hormonal-metabolic parameters, when compared with healthy-eating controls, and

to analyze whether there is an interaction between the hormonal-metabolic functioning and phenotypical
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features (purging behaviour, eating and general psychopathology) in ED patients. Our observations
indicate that potentially meaningful correlations do exist between eating severity and general
psychopathology and specific hormonal and metabolic functioning, and that purging and non-purging

subjects respond in a different hormonal-metabolic way.

When comparing the absolute mean values of the items analyzed between the three experimental
groups we observed only small differences if any. The limited number of significant differences between
purgative and non-purgative groups (and from these and the CG), suggest that most of the
psychometric hormonal and metabolic data presented fall well within the limits of “normalcy”. There
were no marked differences due to purging behavior, and neither were (considering only the metabolic
and hormonal parameters) between controls and patients with a clinically defined eating disease. This
was also expected, since most of the subjects’ weight was normal and there were no deviations from
the range of normalcy as those observed in deeply altered hormonal states. These results are
comparable to a number of similar studies in which there were no marked effects of ED on most
metabolic indicators other than those expected by altered food intake (36). Nevertheless, genetic
studies have shown a number of allele distributions closely related with eating disorders (37,38), and,

evidently, gene expression ultimately translates into metabolic effects.

The application of a deeper-layer analysis of possible correlations between the data, i.e. determining the
possible differences in relationships between different parameters showed distinct patterns between
both psychometric and metabolic factors, in a way that clearly differentiated the three groups. The
statistically defined association of parameters helps explain the basic patterns of change, often
obliterated in direct comparisons by the “noise” of human variability, individual specificity of the eating

disorder and the variability inherent to the analytical techniques.

Purging behavior is a key diagnostic element for the classification of the eating disorders and is a
distinct qualitative and qualifying trait (22,24). The application of the statistical correlation analysis to a
sample of eating-disordered women on the basis of purging behavior resulted in two well marked
behavioral patterns that transcend the simple sharing of ED diagnostic categories. However, the most
important finding is that these different patterns associated with purging behavior are also closely

correlated with a number of hormonal and metabolic parameters in a well differentiated pattern.
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We centered a large part of the efforts for this study on the analysis of a large number of steroid
hormones because of their relationship with behavior (39,40) and their alterations under stress (41)
depression-like conditions (42,43), sexual drive, cycles (44) and role-related behavior (45). In the obese,
estrone levels are a correlate of body fat (46). Estradiol facilitates fat mobilization (47) and controls
gonadotropin synthesis in the brain (48). Testosterone is an important controller of sexual behavior in
women (49), and competes with estradiol for binding to SHBG (50). Unfortunately, most values for
testosterone were below the limit of detection of the methodology used, which at least allows us to
prove that the analyzed women had normal or lower than normal levels of testosterone; whereas those
of estradiol were within the normal range (51). Glucocorticoids are affected by rhythms (52), control
energy metabolism (53) and the immune response to inflammation (54). Cortisol is carried in blood

mainly by CBG (55), which also helps modulate the corticosteroid response (56,57).

Purging is clearly associated with hormone function, as shown by the positive correlation of ED
psychopathology and general psychopathology with CBG levels and their negative relationship with
SHBG, traits not observed in CG of ED non-purging. The levels of estradiol were lower in non-purging
than in CG, but unaffected in ED purging, which also showed higher levels of SHBG than either group.
A trend to increase SHBG levels as that observed in purging women may result in lower availability of
free sex hormones and is in line with the SHBG increase under conditions of malnutrition and anorexia
(58,59). Estradiol is probably SHBG main binding hormone, since testosterone levels were very low in
all cases, but its levels did not show significant differences between groups. These findings confirm a
marked reversed interrelationship between purging and SHBG. However, it is unclear how SHBG may

help define the metabolic profile of purging women.

The case for CBG mirrors that of SHBG, but now the correlations of CBG with purging and of

deoxycortisol in non-purging ED patients were positive.

The inactive/active corticosteroid (cortisone/cortisol) concentrations ratio was 17.5 for non-purging, 19.9
for purging and 24.1 for CG (p<0.01 for ED and non-purging, and p<0.05 for purging). This difference
points to an overall increased reconversion of inactive cortisone into active cortisol via 11p-
hydroxysteroid dehydrogenase (17,41) in the ED patients, irrespective of the purgative factor analyzed
here. This may represent a mechanism of homoeostatic preservation or increased hormone turnover

rather than a direct increase in hormone activity, since cortisol levels were normal in all three groups
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The high correlations of purging ED with CBG and the unchanged ratio of CBG versus cortisol in all
three groups suggests that in purging women there may be relatively maintained (but tighter) activity of
glucocorticoids when compared with CG. The correlations of corticosteroid activity, including CBG hint
at them to play a role in the particular behavioral act of purging, in parallel to their implication in stress,

and on most reactions to harm, external interaction and depression (60,61).

The positive correlations of BMI, body weight, body fat, aloumin and other indicators of possible
tendency to excess of nutrients were in part shared by CG, and clearly reflect both the trend to increase
food intake (repeated correlations with BMI, free fatty acids and albumin in non-purging and BMI,
glucose, uric acid in CG), andconcerns with eating and weight . However, the remarkable and repeated
negative correlation with aspartate aminotransferase, an index of liver failure (62) may suggest that
there is not an excessive “excess” of nutrients driving to a complicated situation such as liver steatosis,
obesity or other metabolic syndrome components. In non purging women, metabolic control seems
tighter than in CG, and the negative correlations with aminotransferases contrast with the positive

correlations found in purging women.

Positive correlations in the purging women show a disturbing assortment of markers of liver dysfunction
(serum aminotransferases, urea, uric acid, lactic dehydrogenase). None of these parameters is out of
the normalcy range, but their association suggests that the purging behavior is a harbinger of possible
future hepatic alterations. Evidently, the loss of electrolyte and the upper Gl tract damage induced by
forced vomiting (63) can elicit protracted negative consequences, but the possible implication of the liver
has not yet been established. The data presented here suggest a need for the control of liver well being

in the EDs associated with purging.

The ED components of the purging women may be translated in a deep preoccupation by their image,
bulimia and the ability to act against its consequences, i.e. the decision to vomit. Probably in this second
active part is where the relative lowering of estrogenic function may help favor a more action-prone
brain setting (64). Bulimic behavior is again negatively associated to SHBG levels (unpublished results),
reinforcing the notion that there is an inverse relationship between the impulse to act and SHBG levels,
i.e. higher free circulating sex hormones. The lack of correlation with parameters more directly related
with body weight and shape suggests that purging behavior is not a simple component of the drive

eliminate excess energy intake, but is rooted in sex hormone/ glucocorticoid functional relationships.
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In the non-purging group the ED substrate is the same (body dissatisfaction, bulimia), but the fear for
the consequences was greater than the drive for action. There was no correlation with sex hormones or
their transporting globulin, no metabolic correlations with liver function indexes, but a number of positive
correlations with BMI, body fat and free fatty acids. This reflects a more “normal” approach to the
problem of bulimia, and a lot more of passiveness on the part of the patient with respect to the eventual
consequences. The image problem, however, persists because no “actions” are taken, and as a
consequence the metabolic derangements associated with these actions did not appear; or at least not
more than in CG, which EDI2 responses were also fairly well correlated with BMI, HOMA and body fat.
Since the BMI of non-purging women was higher than that of CG (probably, at least in part,
consequence of the combination of bulimia and not purging), but in the limit of normalcy and overweight,
no significant alteration in the insulin-glucose handling (HOMA) can be appreciated. Controls, however,
showed deeper correlations for these parameters in the absence of both overweight and bulimia, which
suggests that other factors may probably help protect the non-purging women from the unbalancing of

glycemia / insulinemia.

The differential degrees of interaction between psychopathology, (both eating and general), and the
hormonal functioning, when considered purging and non-purging women, suggest that both disorders
have not only phenotypical and symptomatological differences, but also may have some differential

underlying biological functioning.

Psychopathology, and indirectly degree of severity in ED, and reproductive steroid hormones may
interact and reinforce each other. This finding is in concordance with previous studies were sex
hormones, not only played a role in brain development, but also were associated to general

psychopathology and mental disorders (65,66).

In sum, the data presented show that correlations of selected eating and general psychopathological
symptoms with BMI in non-purging and the CBG and SHBG correlations in purging may eventually
result in possible markers of this aspect of the disorder. The application of this approach may provide
additional clues for understanding the pathogenesis and development of the eating diseases. The
recommendation for long-term control of liver function in purging women is also a conclusion that can be

drawn from this study.
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Metabolic correlates, thus, provide a physiological substrate to the psychological findings and may help
unravel the mechanisms that define these behavioral traits despite the interference of variability,

personality factors and complexity of the task.

Acknowledgements

The study was supported by grants SAF2006-05134 and SAF2009-11739 of the Plan Nacional de
Investigacion en Biomedicina of the Government of Spain. Financial support was received from the
Fondo de Investigacion Sanitaria FIS (PI081573; PI081574) and AGAUR (2009SGR1554). CIBEROBN

and CIBESAM are both initiatives of the Institute of Health Carlos Ill.



15

References

1 Lawson EA, Klibanski A. Endocrine abnormalities in anorexia nervosa. Nature Clin Pract

Endocrinol Metab 2008; 4: 407-414.

2 Warren MP. Endocrine manifestations of eating disorders. J Clin Endocrinol Metab 2011;
96: 333-343.
3 Young JK. Anorexia nervosa and estrogen, Current status of the hypothesis. Neurosci

Biobehav Rev 2010; 34: 1195-1200.

4 Eddy KT, Dorer DL, Franko DL, Tahilani K, Thompson-Brenner H, Herzog DB. Diagnostic
crossover in anorexia nervosa and bulimia nervosa, Implications for DSM-V. Am J Psychiat 2008; 165:

245-250.

5 Hinney A, Scherag S, Hebebrand J. Genetic findings in anorexia and bulimia nervosa.

Progr Mol Biol Translat Sci 2010; 94: 241-270.

6 Root TL, Szatkiewicz JP, Jonassaint CR, Thornton LM, Pinheiro AP, Strober M, Bloss C,
Berrettini W, Schork NJ, Kaye WH, Bergen AW, Magistretti P, Brandt H, Crawford S, Crow S, Fichter
MM, Goldman D, Halmi KA, Johnson C, Kaplan AS, Keel PK, Klump KL, la Via M, Mitchell JE,
Rotondom A Treasurem J, Woodside DB, Bulik CM. Association of candidate genes with phenotypic

traits relevant to anorexia nervosa. Eur Eat Dis Rev 2011; 19: 487-493.

7 Misra M, Aggarwal A, Miller KK, Almazan C, Worley M, Soyka LA, Herzog DB, Klibanski A.
Effects of anorexia nervosa on clinical, hematologic, biochemical, and bone density parameters in

community-dwelling adolescent girls. Pediatrics 2004; 114: 1574-1583.

8 Kipman A, Bruins-Slot L, Boni C, Hanoun N, Adés J, Blot P, Hamon M, Mouren-Siméoni
MC, Gorwood P. 5-HT2A gene promoter polymorphism as a modifying rather than a vulnerability factor

in anorexia nervosa. Eur Psychiat 2002; 17: 277-229.

9 Krizova J, Dolinkova M, Lacinova Z, Sulek S, Dolezalova R, Housova J, Krajickova J,
Haluzikova D, Bosanska L, Papezova H, Haluzik M. Adiponectin and resistin gene polymorphisms in
patients with anorexia nervosa and obesity and its influence on metabolic phenotype. Physiol Res 2008;

57: 539-546.



16

10 Monteleone P, Tortorella A, Castaldo E, di Filippo C, Maj M. No association of the
Arg51G1n and Leu72Met polymorphisms of the ghrelin gene with anorexia nervosa or bulimia nervosa.

Neurosci Lett 2006; 398: 325-327.

11 Jacquemont S, Zufferey F, Harewood L, Kutalik Z, Walters R, Martinet D, Beckmann JS,
Froguel P. Mirror extreme BMI phenotypes associated with gene dosage at the 16p11.2 locus. Nature

2011; 478: 97-102.

12 Russell J, Baur LA, Beumont PJV, Byrnesm S Grossm G, Touyzm S Abraham, S Zipfel S.

Altered energy metabolism in anorexia nervosa. Psychoneuroendocrinol 2001; 26: 51-63.

13 Heilbronn LK, Milner KL, Kriketos A, Russell J, Campbell LV. Metabolic disfunction in

anorexia nervosa. Obes Res Clin Pract 2007; 1: 139-146.

14 Karczewska-Kupczewska M, Straczkowski M, Adamska A, Nikolajuk A, Otziomek E,
Gorska M, Kowalska I. Insulin sensitivity, metabolic flexibility, and serum adiponectin concentration in

women with anorexia nervosa. Metabolism Clin Exp 2010; 59: 473-477.

15 Holtkamp K, Mika C, Grzella I, Heer M, Pak H, Hebebrand J, Herpertz-Dahimann B.
Reproductive function during weight gain in anorexia nervosa. Leptin represents a metabolic gate to

gonadotropin secretion. J Neural Transmiss 2003; 110: 427-435.

16 Connan F, Lightman S, Treasure J. Biochemical and endocrine complications. Eur Eat Dis

Rev 2000; 8: 144-157.

17 Monder C, Lakshmi V, Agarwal AK, White PC, Sakai RR, McEwen BS. The 11p-
hydroxysteroid dehydrogenases, ubiquitous modulators of corticosteroid action. In: Hochberg RB,

Naftolin F, editors. The new biology of steroid hormones. New York, Raven Press; 1991. pp. 77-87.

18 Klump KL, Keel PK, Sisk C, Burt SA. Preliminary evidence that estradiol moderates genetic
influences on disordered eating attitudes and behaviors during puberty. Psychol Med 2010; 40: 1745-

53.

19 Burt AS, Klump KL. Differential associations between ovarian hormones and disordered

eating symptoms across the menstrual cycle in women. Int J Eat Disord 2012; 45: 333-344.


http://www.ncbi.nlm.nih.gov/pubmed?term=%22Klump%20KL%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Keel%20PK%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Sisk%20C%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Burt%20SA%22%5BAuthor%5D
http://www.ncbi.nlm.nih.gov/pubmed?term=%22Klump%20KL%22%5BAuthor%5D

17

20 Miller KK, Lawson EA, Mathur V, Wexler TL, Meenaghan E, Misra M, Herzog DB, Klibanski
A. Androgens in women with anorexia nervosa and normal-weight women with hypothalamic

amenorrhea. J Clin Endocrinol Metab 2007; 92: 1334-1339.

21 Licinio J, Wong ML, Gold PW. The hypothalamic-pituitary-adrenal axis in anorexia nervosa.

Psychiat Res 1996; 62: 75-83.

22 Wade TD. A retrospective comparison of purging type disorders, Eating disorder not

otherwise specified and bulimia nervosa. Int J Eat Dis 2007; 40: 1-6.

23 Mercader JM, Fernandez-Aranda F, Gratacos M, Aglera Z, Forcano L, Ribasés M,
Villarejo C, Estivill X. Correlation of BDNF blood levels with interoceptive awareness and maturity fears

in anorexia and bulimia nervosa patients. J NeurTransmiss 2010; 117: 505-512.

24 Nufiez-Navarro A, Jiménez-Murcia S, Alvarez-Moya E, Villarejo C, Sanchez Diaz |, Masuet
Augmantell C, Granero R, Penelo E, Krug I, Tinahones FJ, Bulikm CM Fernandez-Aranda, F.
Differentiating purging and nonpurging bulimia nervosa and binge eating disorder. Int J Eat Dis 2011,

44: 488-496.

25 Keel PK, Wolfe BE, Liddle RA, de Young KP, Jimerson DC. Clinical features and
physiological response to a test meal in purging disorder and bulimia nervosa. Arch Gen Psychiat 2007;

64: 1058-1066

26 Stgving RK, Andries A, Brixen KT, Bilenberg N, Lichtenstein MB, Hgrder K. Purging
behavior in anorexia nervosa and eating disorder not otherwise specified: A retrospective cohort study.

Psychoat Res 2012; 182: 253-258

27 Keel PK, Fichter M, Quadflieg N, Bulik CM, Baxter MG, Thornton L, Haimi KA, Kaplan AS,
Strober M, Woodside DB, Crow SJ, Mitchell JE, Rotondo A, Mauri M, Cassano G, Treasure J, Goldman
D, Berrettini WH, Kaye WH. Application of a latent class analysis to empirically define eating disorder

phenotypes. Arch Gen Psychiat 2004; 61: 192-200

28 Petra PH. The plasma sex steroid binding-protein (SBP or SHBG) - A critical-review of
recent developments on the structure, molecular-biology and function. J Steroid Biochem Mol Biol 1991;

40: 735-753.



18

29 Chader GJ, Westphal U. Steroid-protein interactions. XVI. Isolation and characterization of

the corticosteroid-binding globulin of the rabbit. J Biol Chem 1968; 243: 928-930.

30 Spitzer RL, Williams JBW, Gibbon M, First MB. The Structured Clinical Interview for DSM-

[lI-R (SCID). I: History, rationale, and description. Arch Gen Psychiat 1992; 49: 624-629.

31 Garner DM. Eating disorder inventory-2. Professional manual. Odesssa FL, Psychological

Assessment Resources; 1991.

32 Garner DM. Inventario de Trastornos de la Conducta Alimentaria (EDI-2)-Manual. Madrid,
TEA; 1998.
33 Derogatis LR. SCL-90-R, Administration, scoring and procedures. Manual Il. Towson MD,

Clinical Psychometric Research; 1977.

34 de las Cuevas C, Gonzélez de Rivera JL, Hery Benitez M, Monterrey AL, Rodriguez-Pulido
F, Gracia Marco R. Analisis factorial de la version espafiola del SCL-90-R en la poblacién general. Anal

Psiquatria 1991; 7: 93-96.

35 Kanauchi M, Yamano S, Kanauchi K, Saito Y. Homeostasis model assessment of insulin
resistance, quantitative insulin sensitivity check index, and oral glucose insulin sensitivity index in
nonobese, nondiabetic subjects with high-normal blood pressure. J Clin Endocrinol Metab 2003; 88:

3444-3446.

36 Wassif WS, McLoughlin DM, Vincent RP, Conroy S, Russell GFM, Taylor NF. Steroid
metabolism and excretion in severe anorexia nervosa, effects of refeeding. Am J Clin Nutr 2011; 93:

911-917.

37 Bergen AW, van den Bree MBM, Yeager M, Welch R, Ganjei JK, Haque K, Bacanu S,
Berrettin WH, Grice DE, Goldman D, Bulik CM, Klump K, Fichter M, Halmi K, Kaplan A, Strober M,
Treasure J, Woodside B, Kaye WH. Candidate genes for anorexia nervosa in the 1 p33-36 linkage
region, serotonin 1D and delta opioid receptor loci exhibit significant association to anorexia nervosa.

Mol Psychiat 2003; 8: 397-406.

38 Dardennes RM, Zizzari P, Tolle V, Foulon C, Kipman A, Romo L, lancu-Gontard D, Boni C,

Sinet PM, Bluet MT, Estour B, Mouren MC, Guelfi JD, Rouillon F, Gorwood P, Epelbaum J. Family trios



19

analysis of common polymorphisms in the obestatin/ghrelin, BDNF and AGRP genes in patients with
Anorexia nervosa: Association with subtype, body-mass index, severity and age of onset.

Psychoneuroendocrinol 2007; 32: 106-113.

39 Morgan MA, Schulkin J, Pfaff DW. Estrogens and non-reproductive behaviors related to

activity and fear. Neurosci Biobehav Rev 2004; 28: 55-63.

40 Hill RA, Mclnnes KJ, Gong ECH, Jones MEE, Simpson ER, Boon WC. Estrogen deficient

male mice develop compulsive behavior. Biol Psychiat 2007; 61: 359-366.

41 Marin MT, Cruz FC, Planeta CS. Chronic restraint or variable stresses differently affect the

behavior, corticosterone secretion and body weight in rats. Physiol Behav 2007; 90: 29-35.

42 Marks W, Fournier NM, Kalynchuk LE. Repeated exposure to corticosterone increases
depression-like behavior in two different versions of the forced swim test without altering nonspecific

locomotor activity or muscle strength. Physiol Behav 2009; 98, 67-72.

43 Matrisciano F, Modafferi AME, Togna GI, Barone Y, Pinna G, Nicoletti F, Scaccianoce S.
Repeated anabolic androgenic steroid treatment causes antidepressant-reversible alterations of the

hypothalamic-pituitary-adrenal axis, BDNF levels and behavior. Neuropharmacol 2010; 58: 1078-1084.

44 Wu MV, Manoli DS, Fraser EJ, Coats JK, Tollkuhn J, Honda Sl, Harada N, Shah NM.

Estrogen masculinizes neural pathways and sex-specific behaviors. Cell 2009; 139: 61-72.

45 Rees SL, Panesar S, Steiner M, Fleming AS. The effects of adrenalectomy and
corticosterone replacement on induction of maternal behavior in the virgin female rat. Horm Behav

2006; 49: 337-345.

46 Brind J, Strain G, Miller L, Zumoff B, Vogelman J, Orentreich N. Obese men have elevated

plasma levels of estrone sulfate. Int J Obesity 1990; 14: 483-486

47 Tomita T, Yonekura I, Okada T, Hayashi E. Enhancement in cholesterol-esterase activity

and lipolysis due to 17B-estradiol treatment in rat adipose tissue. Horm Metabol Res 1984; 16: 525-528.

48 Lindzey J, Jayes FL, Yates MM, Couse JF, Korach KS. The bi-modal effects of estradiol on
gonadotropin synthesis and secretion in female mice are dependent on estrogen receptor-a. J

Endocrinol 2006; 191: 309-317.



20

49 Simon J, Abdullah R. Testosterone therapy in women, its role in the management of

hypoactive sexual desire disorder. International J Impotence Res 2007; 19: 458-463.

50 Selby C. Sex hormone binding globulin - origin, function and clinical significance. Ann Clin

Biochem 1990; 27: 532-541.

51 Dorgan JF, Hunsberger SA, McMahon RP, Kwiterovich PO, Lauer RM, van Horn L, Lasser
NL, Stevens VJ, Friedman LA, Yanovski JA, Greenhut SF, Chandler DW, Franklin FA, Barton BA,
Buckman DW, Snetselaar LG, Patterson BH, Schatzkin A, Taylor PR. Diet and sex hormones in girls,

Findings from a randomized controlled clinical trial. J Nat Cancer Inst 2003, 95: 132-141.

52 Chung S, Son GH, Kim K. Circadian rhythm of adrenal glucocorticoid, Its regulation and

clinical implications. Biochim Biophys Acta 2011; 1812: 581-591.

53 Tataranni PA, Larson DE, Snitker S, Young JB, Flatt JP, RavussinE. Effects of

glucocorticoids on energy metabolism and food intake in humans. Am J Physiol 1996; 271: E317-E325.

54 Coutinho AE, Chapman KE. The anti-inflammatory and immunosuppressive effects of

glucocorticoids, recent developments and mechanistic insights Mol Cell Endocrinol 2011; 335: 2-13.

55 Perogamvros |, Aarons L, Miller AG, Trainer PJ, Ray DW. Corticosteroid-binding globulin

regulates cortisol pharmacokinetics. Clin Endocrinol 2011; 74: 30-36.

56 Grasa MM, Cabot C, Fernadndez-Lépez JA, Remesar X, Alemany M. Modulation of
corticosterone availability to white adipose tissue of lean and obese Zucker rats by corticosteroid-

binding globulin. Horm Metabol Res 2001; 33: 407-411.

57 Lewis JG, Bagley CJ, Elder PA, Bachmann AW, Torpy DJ. Plasma free cortisol fraction

reflects levels of functioning corticosteroid-binding globulin. Clin Chim Acta 2005; 359: 189-194

58 Barbe P, Bennet A, Stebenet M, Perret B, Louvet JP. Sex-hormone-binding globulin and
protein-energy malnutrition indexes as indicators of nutritional status in women with anorexia nervosa.

Am J Clin Nutr 1993; 57: 319-322.

59 Pascal N, Kou Santa Amouzou E, Sanni A, Namour F, Abdelmouttaleb |, Vidailhet M,
Guéant JL. Serum concentrations of sex hormone binding globulin are elevated in kwashiorkor and

anorexia nervosa but not in marasmus. Am J Clin Nutr 2002; 76: 239-244.



21

60 Mikics E, Kruk MR, Haller J. Genomic and non-genomic effects of glucocorticoids on

aggressive behavior in male rats. Psychoneuroendocrinol 2004; 29: 618-635.

61 Yu S, Holsboer F, Almeida OFX. Neuronal actions of glucocorticoids, Focus on depression.

J Steroid Biochem Mol Biol 2008; 108: 300-309.

62 Oh SY, Cho YK, Kang MS, Yoo TW, Park JH, Kim HJ, Park DI, Sohn ClI, Jeon WK, Kim BI,
Son BH, Shin JH. The association between increased alanine aminotransferase activity and metabolic

factors in nonalcoholic fatty liver disease. Metabolism 2006; 55: 1604-1609.

63 Crow SJ, Salisbury JJ, Crosby RD, Mitchell JE. Serum electrolytes as markers of vomiting

in bulimia nervosa. Int J Eat Disord 1997; 21: 95-98.

64 Vermeersch H, T'Sjoen G, Kaufman JM, Vincke J. Estradiol, testosterone, differential
association and aggressive and non-aggressive risk-taking in adolescent girls. Psychoneuroendocrinol

2008; 33: 897-908.

65 Labad J, Alonso P, Segalas C, Real E, Jimenez S, Bueno B, Vallejo J, Menchon JM.
Distinct correlates of hoarding and cleaning symptom dimensions in relation to onset of obsessive-

compulsive disorder at menarche or the perinatal period. Arch Women’s Ment Hlth 2010; 13: 75-81.

66 Alonso P, Gratacos M, Segalas C, Escaramis G, Real E, Bayés M, Labad J, Pertusa A,
Vallejo J, Estivill X, Menchén JM. Variants in estrogen receptor alpha gene are associated with

phenotypical expression of obsessive-compulsive disorder. Psychoneuroendocrinol 2011; 36: 473-483.



Table 1 — Mean values for the EDI2 and SCLR9OR test items of controls, and ED purging and non-purging women.
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statistical significance

parameter ED non-purging ED purging controls

C-ED C-NP C-P P-NP
EDI2 test
drive for thinness 154+ 1.2 (18) 16.06 = 1.02 (33) 2.70+1.31 (10) rxk *kk ik
body dissatisfaction 18.2+1.8 (18) 17.82 +1.43 (33) 7.7 £3.5(10) ik * ok
interoceptive awareness 13.9+1.5(18) 13.12 £ 1.19 (33) 2.10 + 0.64 (10) rkk ok ok
bulimia 5.39 + 1.36 (18) 8.70 £ 0.99 (33) 0.50 £ 0.34 (10) ok * ok
interpersonal distrust 7.78 +1.48 (18) 5.06 + 0.96 (33) 2.00 + 0.75 (10) * **
ineffectiveness 12.72 +1.95 (18) 11.33 + 1.13 (33) 3.50 + 1.05 (10) ok ok
maturity fears 9.56 £ 1.27 (18) 7.76 £ 0.93 (33) 3.70 £ 1.36 (10) * % *
perfectionism 7.22£1.16 (18) 5.70 £ 0.74 (33) 2.00 £ 0.92 (10) * % *
impulse regulation 8.33+£1.76 (18) 7.91 +1.34 (33) 0.30 £ 0.21 (10) o o ok
ascetism 8.72 £ 0.98 (18) 8.18 £ 0.76 (33) 3.10 £ 0.59 (10) ok ok ok
social insecurity 8.78 + 1.46 (18) 7.48 £ 0.79 (33) 3.40 £ 0.95 (10) *x * *
eating disorder inventory total 116 + 11 (18) 109 = 8 (33) 31.0+ 6.9 (10) rxx ok ek
SCLR90R test
global severity index 1.96 + 0.20 (18) 2.06 +£0.12 (31) 0.56 + 0.12 (10) Foxk *kk ek
positive symptom index 69 + 4 (18) 72 +2(31) 33.4 £5.69 (10) ok ok ok

— - -

positive symptom distress index

2.48 + 0.16 (18)

2.54 + 0.09 (31)

1.46 + 0.10 (10)

The data are mean + sem; the number of values (N) for each parameter is given between parentheses. Statistical significance of the differences between
groups (Student'ts t test): * = P<0.05; ** = P<0.01; ***=P<0.001. C-ED = comparison of control and all ED patients; C-NP = comparison between CG and
non-purging; C-P = comparisons between CG and purging; P-NP = comparisons between purging and non-purging groups



Table 2— Mean values for the serum steroid hormone-related data of controls, and ED purging and non-purging women.
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statistical significance

parameter units ED non-purging ED purging controls
C-ED C-NP C-P P-NP
estrone pM 0.24 + 0.02 (19) 0.25+0.03 (34) 0.35 + 0.07 (18)
estrone sulfate nM 6.02 + 0.63 (18) 6.74+0.78 (33) 8.80 + 0.90 (17) * *
B-estradiol pM 0.27 + 0.04 (20) 0.47+0.10 (34) 0.45 + 0.06 (18) *
estriol  [A] pM 0.06 + 0.03 (3/16) 0.01 + 0.01 (4/30) 0.01 + 0.00 (2/16)
cortisone nM 56.8 + 4.4 (20) 56.1+ 2.6 (33) 66.3 + 5.0 (17) *
cortisol nM 325 + 30 (20) 282+ 19 (33) 275 + 32 (17)
deoxycortisol pM 5.41 + 2.92 (16/3) 2.84 + 0.65 (23/11) 3.90 + 1.30 (8/8)
androstenedione pM 9.62 + 1.51 (11/8) 4.88 + 0.43 (19/15) 3.69 + 0.69 (10/7) * o ok
DHEA-sulfate HM 6.37 £ 0.66 (21) 4.80 £ 0.44 (35) 5.56 + 0.37 (17) *
testosterone [A] pM <0.6 (0/21) <0.6 (0/35) 1.82 (1/17)
170H-progesterone  [A] pM <6.0 (0/21) 11.3 + 2.7 (5/29) 19.5 + 7.6 (2/16)
progesterone pM 17.7 £ 6.2 (4/15) 23.0 + 5.5 (15/19) 25.9 + 5.5 (8/10)
pregnelonone [A] pM 26.4 + 7.0 (6/13) 62.2 £ 26.8 (7/27) 14.6 (1/17)
SHBG nM 46.2 + 5.8 (21) 56.0 + 5.2 (35) 39.0 + 4.1 (18)
CBG nM 1202 + 66 (21) 1181 + 49 (35) 1083 + 39 (18)

The data are mean + sem; the number of values (N) for each parameter is given between parentheses. Statistical significance of the differences between
groups (Student'ts t test): * = P<0.05; ** = P<0.01; ***=P<0.001. C-ED = comparison of control and all ED patients; C-NP = comparison between CG and
non-purging; C-P = comparisons between CG and purging; P-NP = comparisons between purging and non-purging groups

NOTES: [A] The data in these rows show only the mean of the values measured that were actually over the limit of detection of the hormone; in
consequence they are not representative of the actual values, largely closer to that limit of detection, i.e. “not detected”. We allowed these figures only as an
indication of the differences (or lack of) between groups; in these cases, a second N value, in italics, is included to indicate how many samples were below
the limit of detection of the test.
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Table 3 - Correlations between components of the EDI2 and SCL90R tests with hormonal, anthropometric and metabolic parameters in a group of controls

and women with eating diseases with respect to the purging or non-purging nature of their disease

ED- non-purging (N=24-26)

ED-purging (N=33-36)

control group (N=17-18)

acronym . - e . . .
+ correlation — correlation + correlation — correlation + correlation — correlation
. . BMI- deoxycortisol®

drive for thinness DT pregnenolone® xyeort estrone-sulfate

body-fat -
. . . : . . BMI - . .

body dissatisfaction BD BMI - body weight - body fat uric acid aldosteronel® . cortisol - cortisone
deoxycortisol®

Interoceptive A AspT CBG - urea SHBG

awareness

. BMI -body weight - AlaT - .
bul B . . CBG SHBG d tisol®
uimia body fat - insulin - HOMA eoxycortiso
interpersonal distrust 1D deoxycortisol - pregnenolone AspT - deoxycortisol -
P y breg cortisol AspT
CBG - glucose -
ineffectiveness I free-fatty-acids-deoxycortisol ~ AspT HOMA - AspT SHBG HOMA
AlaT

maturity fears MF SHBG - height glucose - HO.MA '
plasma-proteins

perfectionism P albumin AspT - LDH BMI - body-fat

impulse requlation IR deoxycortisol progesterone? AspT SHBG uric acid - CBG -

P g free-fatty-acids P deoxycortisol®
ascetism A deoxycorhsql androstenedione CBG SHBG - albumin
free-fatty-acids

social insecurity Sl deoxycortisol- free-fatty-acids  AspT deoxycortisol SHBG glucose - HOMA

EDI2 total scores EDI urea -plasma-proteins- albumin  AspT CBG SHBG glucose - bilirubin

SCLIOR total protein- albumin urea AspT CBG SHBG glucose - bilirrubin -

Global severity index

Only significant correlations (p<0.05) have been included; data in bold correspond to p<0.01. Data for most hormones values were calculated from a lower
number of individuals because of lower-than-threshold measurements obtained in a number of subjects; superscript figures indicate a low number (N) of
individuals with valid measurements in the group.
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Steroid hormones that have been analyzed in the present study and their overall metabolic relationships.
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Supplementary methods

Analysis of hormones by HPLC-MS/MS

Hormone standards were obtained from Steraloids (Newport Rl USA) and Sigma (St Louis MO USA), and
the deuterated internal standards from CDN lIsotopes (Pointe Claire Ontario Canada). Chromatographic-
grade solvents were from Riedel de Haén (Seelze Germany). Calibration curves were prepared for all
steroid hormones in the range 1 to 4000 nM. The ratio between the peak area of each endogenous steroid
and the deuterated steroid standard was correlated with the concentration using linear regression analysis

to quantify serum steroid levels.

All samples were measured by HPLC-MS/MS in single continuous batches for each group of hormones,
with a number of blanks and standards interspersed between the samples in order to obtain a good degree
of homogeneity in the measurements. Three sets of serum samples (0.400 mL each, in duplicate) were
used. The first was duped with 0.010 mL of 50 nM d4-estrone and 25 nM d4-estradiol as internal
standards. Samples were extracted with 2 mL dichloromethane. The organic phase was dried under a
gentle nitrogen stream; dry residues were resuspended in 0.075 mL of 100 mM bicarbonate buffer. pH
10.5. and 0.075 mL of 1g/L dansyl-chloride (Sigma) in acetone (1) were added, then vortexed and

incubated 5 min at 60 C. This suspension was directly injected to the HPLC-MS/MS system.

The second set of samples (0.400 mL) was loaded with 0.025 mL of 1 yM d7-androstenedione and 1 yM
d2-testosterone as internal standards. Samples were extracted with 1.5 mL acetonitrile; the organic phase
was dried with nitrogen and re-suspended in 0.120 mL of 5 mM ammonium acetate buffer containing 1g/L

formic acid. pH 4.0. This suspension was directly injected to the HPLC-MS/MS system.

The third set of serum samples (0.400 mL) were mixed with 0.025 mL of a working stock mixture of d8-
cortisol (1x10° M) added as an internal standard, and the tubes were incubated on ice for 20 min.
Acetonitrile (1.5 mL) was then added and the tubes were vortexed and centrifuged to remove proteins.
Supernatants were transferred into glass tubes and evaporated to dryness under nitrogen; dried residues

were re-dissolved in 0.120 mL of the mobile phase, which was injected to the HPLC-MS/MS system.

Sample analyses were performed by LC-MS/MS (Varian. Palo Alto. CA. USA) in an instrumental setup
consisting of: 210 pump with an on-line degassifier, 410 autosampler, and 1200L triple quadrupole mass

spectrometer equipped with an electrospray ionization (ESI) source operated in positive ion mode.
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Chromatographic separation was carried out using an Atlantis column 50 x 2.1 mm 3 um (Waters, Milford
USA) at 0.3 mL/min for estrogens, and an Inertsil ODS-3 column 150 x 3.0 mm 3 um (Varian) at 0.2
mL/min for androgens. The eluent for estrogens was: a) 95% water-5% acetonitrile (with 0.1% formic acid).
b) 95% acetonitrile-5% water (with 0.1% formic acid). The gradient (for b) was: min 0: 70 %. min 0.24-2:

85%. min 2-3.3: 85-95%. min 3.3-4: 95-70%. min 4-7: 70 %.

The eluent for androgens was: a) 5 mM ammonium acetate (with 0.1% formic acid). b) acetonitrile. The
gradient (for b) was: min 0-28: 30 55 %. min 28-32: 55 90 %. min 32-48: 90 %. min 48-50: 90 30 %. min 50-

55: 30 %.

The limit of sensitivity for estrogens (referred to serum) was established at 25 pM. The limit of sensitivity for
both androgens was set at 0.6 nM. Interassay precision for hormone analyses within the present range of

measurement were: 20% estrone, 21 % estradiol, 16% androstenedione, and 17% testosterone.

The chromatographic separation of corticosteroids was performed in a 150 x 3.0 (i.d.) mm Intersil 3 ODS-3
column (Varian, Palo Alto CA USA). The mobile phase consisted of two eluents, solvent a (5mM
ammonium acetate. 0.1% formic acid) and solvent b (acetonitrile), at a flow rate of 0.2 mL/min. Samples of
0.050 mL were injected into the LC-MS/MS, after which the injector was washed five times with mobile
phase. The total run time was 55 min. A linear gradient from 30% to 55% b was programmed for the first 28
min, followed by a second linear gradient to 90% b for 4 min. and isocratic mode for the next 16 min. Then,
the system was returned to the initial proportion of 30% solvent b over the following 2 min and maintained
for the final 5 min of each run. Detection limits of the method (referred to serum) were 2 nM for cortisol and

10 nM for cortisone.

Reference

1. Anari MR, Bakhtiar R, Zhu B, Huskey S, Franklin RB, Evans DC. Derivatization of ethinylestradiol
with dansyl chloride to enhance electrospray ionization: aplication in trace analysis of ethinylestradiol

in rhesus monkey plasma. Anal Chem 2002; 74: 4136-4144.



Supplementary Table 1. Mean values for the anthropometric parameters of controls, and ED purging and non-purging women.

parameter

units

ED non-purging

ED purging

controls

Age

years

31.3+1.9(21)

28.5 + 1.5 (35)

33.4+2.1(17)

Weight

kg

69.0 £ 6.2 (18)

61.1 + 3.3 (30)

55.8 + 1.9 (15)

Height

1.63 + 0.01 (18)

1.61 + 0.01 (30)

1.61 + 0.01 (15)

BMI

kg/m?

25.8 £ 2.2 (18)

23.5 + 1.2 (30)

21.5+ 0.7 (15)

Body fat

%

29.8 3.1 (13)

21.0 £ 3.3 (16)

22.1+1.9 (15)

The data are mean = sem; the number of values (N) for each parameter is given between parentheses.. The only significant difference between groups

(p<0.05, Student’s t test) was between non-purging and controls for body fat. The rest of comparisons yielded non statistically significant differences



Supplementary Table 2. Mean values for other serum metabolic data of controls, and ED purging and non-purging women.

parameter

units

ED non-purging

ED purging

ED controls

glucose

mM

6.41 + 0.93 (21)

5.23 £ 0.18 (35)

5.73 + 0,27 (17)

insulin

pM

66.2 £ 7.9 (21)

55.7 3.2 (35)

64.3 £ 5.4 (16)

HOMA index

3.65 + 0.96 (21)

2.16 + 0.14 (35)

2.74 £ 0.28 (16)

total cholesterol

mM

4.63 +0.26 (21)

452+ 0.16 (35)

4.81+0.22 (18)

urea

mM

2.03 £ 0.11 (21)

1.91 + 0.10 (35)

2.10 £ 0.12 (18)

total bilirubin

UM

15.8 + 1.4 (21)

13.9 £ 0.8 (35)

16.9 + 1.5 (18)

aspartate aminotransferase

nkat/|

348 + 20 (21)

334 + 19 (35)

317 + 30 (18)

alanine aminotransferase

nkat/|

373 £ 93 (21)

232 + 16 (35)

282 + 42 (17)

lactate dehydrogenase

pkat/I

6.01 + 0.36 (21)

5.84 + 0.32 (35)

5.37 £ 0.34 (17)

total protein

g/l

68.9 £ 3.0 (21)

69.8 £ 1.5 (35)

72.6 £ 2.3 (18)

albumin

g/l

47.9+2.4 (21)

495 + 1.0 (35)

48.0 + 2.4 (18)

triacylglycerols

mM

1.00 + 0.23 (21)

0.824 + 0.07 (35)

0.69 + 0.06 (18)

uric acid

UM

261 + 16 (21)

270 + 10 (35)

271 + 14 (18)

free fatty acids

mM

0.60 + 0.07 (21)

0.60 £ 0.07 (35)

0.58 + 0.06 (18)

between groups (Student'ts t test).
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The data are mean + sem; the number of values (N) for each parameter is given between parentheses. There were no statistically significant differences



