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Abstract
Introduction: Increasing neurobiological evidence has suggested the pres-
ence of a specific ecophenotype in people with eating disorders (EDs) linked to
early maltreatment. Urinary‐free cortisol could strengthen the data and show
specific relationships between maltreated subtypes and the hormonal profiles
of patients with EDs. This study aims to evaluate the presence of different
urinary cortisol in drug‐free patients in the acute phase of the disorder and its
relationship with childhood maltreatment.
Methods: A sample of 78 female patients with ED is included in the study.
Childhood maltreatment history and 24‐h urinary free cortisol (24‐h UFC) are
evaluated at a specialised ED ward admission.
Results: Patients with a maltreatment history show more blunted 24‐h UFC
levels than peers without childhood maltreatment (p = 0.001). Regression
analysis showed that child abuse is a predictor of the reduction of 24‐h UFC
(p < 0.001), with physical abuse (p = 0.011) and sexual abuse (p = 0.050) that
could have a more specific impact than other maltreatment subtypes.
Discussion: Childhood maltreatment should be evaluated in ED patients due
to its biological impact on the hormonal stress axis, which could impair the
ability of patients to respond to standardized ED treatment.
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Highlights

� Eating disorder patients with history of maltreatment showed a reduced 24‐h
urinary free cortisol.
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� New data support the evidence about the presence of an ecophenotype ED
subgroup.

� Reduced 24‐h urinary free cortisol is significantly correlated with child
abuses.

1 | INTRODUCTION

Traumatic events and posttraumatic symptomatology
have shown a high prevalence in individuals with an
eating disorder (ED) (Brewerton et al., 2020), with a spe-
cific influence of earlymaltreatment in the development of
more severe psychopathology (Meneguzzo et al., 2021;
Molendijk, Hoek, Brewerton, & Elzinga, 2017). Life
stressors are thought to play a role in the onset of EDs
(Favaro, 2013), and these stressors may occur from gesta-
tion through the early developmental moments (Favaro,
Tenconi, & Santonastaso, 2006). Childhood exposure to
maltreatment has been widely related to the development
of an ED, with evidence of stable alterations of the body
stress system (Caslini et al., 2016; Chami et al., 2019;
Monteleone et al., 2021) that remain stable even after
specific treatment protocol showing differences between
childhood and adulthood maltreatment (Lelli et al., 2019;
Meneguzzo et al., 2021). A growing body of literature has
proposed the introduction of the construct of a maltreated
ecophenotype in psychiatric research due to the structural
and functional alterations in the brain found as a conse-
quence of early stressful environmental experiences
(Teicher & Samson, 2013), even in the ED field
(Monteleone et al., 2021). However, few studies have
evaluated the biological effects of early maltreatment in
patients with an ED, despite the presence of robust trans-
diagnostic evidence of shared neurobiology (Frank,
Shott, & DeGuzman, 2019).

The neurobiological hypothesis proposed by previous
literature is that early traumatic experiences may increase
the risk of EDs due to modification of the body's stress
response system (Het et al., 2015). Indeed, both the sym-
pathetic nervous system—with the reduction of the
secretion of catecholamines—and the hypothalamus‐
pituitary‐adrenal (HPA) axis—with the reduction of the
cortisol secretion—have shown an impaired function in
maltreated ED patients compared to non‐maltreated ones
(Cascino et al., 2020; Monteleone et al., 2020). Focussing
on the HPA axis, a reduction of the salivary cortisol
awakening response and a reduced of the salivary cortisol
response to a specific social stressor have been reported in
ED patients with a history of trauma, with differences
among patients with and without a history of early
maltreatment (Monteleone et al., 2018). According to the
posttraumatic literature, urinary cortisol could be a valid

biomarker providing an integrated measure that might be
more trustworthy in showing hormonal changes than
random salivary samples (Pan et al., 2020).Measuring 24‐h
urinary free cortisol (24‐h UFC) could be a valid meth-
odology to assess daily pulses of theHPA axis and the basal
production of cortisol (El‐Farhan et al., 2017) and is
moderately stable both in the long and short terms. In the
posttraumatic literature, 24‐h UFC has consistently
demonstrated differences between trauma‐exposed people
and not, with more robust differences found in subjects
who have experienced physical or sexual abuse (Li &
Seng, 2018; Schumacher et al., 2019). In the ED literature,
robust data have indicated significant differences in uri-
nary cortisol in women with ED compared to healthy
peers, with increased cortisol levels in severe and acute
phases (e.g., during fasting and pathological weight loss or
during a period of binging and vomiting). However, pre-
liminary data have shown reduced cortisol excretion over
the day in patients with a traumatic history (Koo‐Loeb
et al., 2000; Lo Sauro et al., 2008), with inconclusive
results. Indeed, these data showed specific dysregulation
of the HPA axis, but results are still preliminary, and new
evidence is needed to evaluate the neurobiological effects
of environmental events in EDpatients (Chami et al., 2019;
Lo Sauro et al., 2008).

Thus, this study aims to evaluate basal differences in
the 24‐h UFC between ED patients with and without
maltreatment histories. The hypothesis is that patients
with previous childhood maltreatment will present a
reduced daily excretion of cortisol compared to patients
without a history of maltreatment. This could add data to
thehypothesis of the presence of a specific ecophenotype in
ED patients with a history of childhood trauma, calling for
a specific evaluation of clinical presentation and treatment
efficacy. Our secondary objective is to evaluate relation-
ships between UFC and specific forms of maltreatment.

2 | METHODS

2.1 | Participants

Consecutive patients admitted to the inpatient Eating
Disorder Unit of the Casa di Cura Villa Margherita
(Arcugnano, VI‐Italy) from July 2019 to May 2021 were
enroled in the present study.
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According to the existing neurobiological literature
about ED patients (Chami et al., 2019), the inclusion
criteria were (1) a diagnosis of anorexia nervosa or bulimia
nervosa; (2) age between 16 and 50 years old; (3) medical
stability. All the participants were evaluated by a trained
psychiatrist before admission to the facility, and their di-
agnoses were formulated according to the criteria of the
Diagnostic and Statistical Manual of Mental Disorders 5
(American Psychiatric Association, 2013). Patients
accessed the inpatient facilities for psychiatric acuity after
the failure of at least one outpatient treatment. The
exclusion criteria were (1) a prior or current traumatic
brain injury, (2) lifetime history of any neurological or
medical condition, (3) severe comorbid psychiatric illness
(suicidality, alcohol/substance use, psychotic features), (4)
medical comorbidities that require any drug treatment
(e.g., hypothyroidism or hypertension), and (5) drug
treatment with corticosteroids, oestrogen/progestin ther-
apy or psychoactive medication in the previous 4 weeks.

A total sample of 78 participants with ED diagnoses
agreed to participate: 49 patients with diagnoses of
anorexia nervosa (AN: 29 with the restrictive subtype),
with a mean age of 24.74 � 9.74 years old [16–40] and a
mean BMI of 16.15 � 3.77; and 29 patients with a diag-
nosis of bulimia nervosa (BN), with a mean age of
23.65 � 7.40 years old [16–38] and a mean BMI of
21.94 � 4.16.

All participants gave written informed consent during
their recruitment, or it was collected from their parents if
the patients were under 18 years old. The study was in
accordance with the ethical standard of the Declaration
of Helsinki and was approved by the local ethics com-
mittee as part of the clinical evaluation of the patients.

2.2 | Measures

Demographic and clinical measures (high and weight)
were collected at the enrolment. The duration of illness
was retrospectively defined as the time elapsed between
admission to the ward and the onset of eating symptoms
reported by the patient and her outpatient referrers.

Eating disorder psychopathology was evaluated using
the eating disorder examination questionnaire (EDE‐Q),
which contains 28 self‐report items about specific aspects
of eating disorder psychopathology with 4 specific
subscales—restraint, eating, shape, and weight concern
—and a global score (Calugi et al., 2017).

General psychopathology was evaluated using the
revised symptom checklist (SCL‐90R), which contains 90
self‐report items and is widely recognized as a valid tool
to assess psychological distress levels (Derogatis
et al., 1974). In addition to the original subscales from

the original 90‐item questionnaire, the literature has
demonstrated that a posttraumatic stress disorder (PTSD)
subscale could be used (Carlozzi & Long, 2008).

The brief trauma questionnaire (BTQ) was used to
screen for traumatic life events (Schnurr et al., 1999).
This is a 10‐item self‐report questionnaire used to eval-
uate exposure to 10 traumatic events. Possible scores
range from 0 (no trauma) to 10 (traumatic experiences in
each investigated category).

Childhood trauma was assessed with the short form
of the Childhood Trauma Questionnaire (CTQ), a 28‐item
questionnaire with five subscales that evaluate five spe-
cific forms of childhood trauma: sexual abuse, physical
abuse, physical neglect, emotional abuse, and emotional
neglect (Bernstein et al., 2003). Subjects scoring higher
than the threshold of at least one subscale were classified
as participants with maltreatment history (M+). Those
who scored below the thresholds for all five subscales
were classified as participants with no maltreatment
history (M−). The previously validated cut‐offs of each
subscale were: sexual abuse ≥8, physical abuse ≥8,
physical neglect ≥8, emotional abuse ≥10, and emotional
neglect ≥15 (Walker et al., 1999).

Urinary‐free cortisol (μg/24 h) concentrations were
determined using a coated‐tube radio‐immunoassay
(Siemens Healthcare) (intraassay coefficient of varia-
tion, 5.1%; interassay coefficient of variation, 8.4%). The
assay was performed according to the manufacture's in-
struction using 0.5 ml urine and included a preceding
extraction step with dichloromethane. The 24‐h urinary
creatinine (24‐h UCRE, mg/24h) was evaluated using a
colourimetric kit based upon the Jaffe reaction (sensi-
tivity = 0.042 mg/dl).

2.3 | Procedure

All participants were evaluated with self‐report ques-
tionnaires during the first week of their admission to the
ward. There were asked to collect 24‐h urine samples
2 days after admission, from 8 to 8 AM of the day after.
Menstruating women were asked to collect their 24‐h
urine samples on the seventh day following the start of
menses to ensure that the plasma oestrogen milieu was as
close as possible to that of non‐menstruating women.
Urinary samples were stored in dark bottles during the
collection and preserved in a refrigerator before analysis.

2.4 | Statistics

Differences between M+ and M− subgroups were eval-
uated with t‐tests for independent samples, and 24‐h UFC
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analysis was confirmed with an ANCOVA analysis with
24‐h UCRE and 24‐h urine volume (24‐h UVOL, ml/24 h)
as covariates due to the relationship between urine
cortisol and creatinine reported in the literature. A chi‐
square analysis was used to evaluate differences in the
distribution of lifetime traumatic events and amenor-
rhoea between subgroups. Cohen's d and η2 were used for
the evaluation of effect sizes. Hierarchical regression
analyses were performed to evaluate the presence of a
relationship between specific traumas and 24‐h UFC
(model 1). In the second model, we included nutritional
status (BMI). The third model included the specific eating
psychopathological score (EDE‐Q). We used this
approach to evaluate the covariance role of physical and
psychological aspects that could effects daily cortisol
secretion. Moreover, for all the participants, we evaluated
early maltreatment as a spectrum, rather than a dichot-
omous condition. Linear regression analyses were applied
to evaluate the relationship between 24‐h UFC and spe-
cific CTQ subscales. To control for multiple analyses, we
applied the Bonferroni correction, and we considered
significant p‐values to be ≤0.017. All the statistical ana-
lyses were performed with SPSS version 25.0.

3 | RESULTS

No significant differences were found in the distribution
of differential diagnoses among patients with and without
histories of child maltreatment. The M+ subgroup
included 24 of the 49 patients with diagnoses of AN and
16 of the 29 patients with diagnoses of BN. Looking at the
lifetime presence of traumatic events according to the
BTQ scores, no differences were found between the M+
and M− groups distribution: 5 patients in the M− group
and 11 patients in the M+ group reported lifetime trau-
matic events [χ2 (1) = 2.458, p = 0.117].

No significant differences emerged between M+ and
M− regarding age (M+: 23.50 � 9.40 years, M−:
21.76 � 5.64 years, t (49) = −0.916, p = 0.364), BMI (M+:
17.67 � 6.38 kg/m2, M−: 18.71 � 4.83 kg/m2,
t(55) = 0.695, p = 0.490), amenorrhoea (M+: 60.0%, M−:
55.2%, χ2 (1) = 0.280, p = 0.597), or duration of their
disorders (M+: 3.20 � 2.96 years, M−: 3.42 � 2.76 years,
t(76) = 0.341, p = 0.734). Psychological evaluation
showed higher mean scores in M+ subgroup for all the
variables considered, as can be seen in Table 1.

Looking at the urine analysis, we found no significant
differences regarding 24‐h UCRE (M+: 0.927� 0.297, M−:
0.868 � 0.575, t (76) = −0.572, p = 0.569) or 24‐h UVOL
(M+: 1730.62 � 724.80, M−: 1832.89 � 1009.23,
t (76) = 0.516, p = 0.607). Significant differences were
found between M+ and M−looking at 24‐h UFC, with a

reduced cortisol excretion in the M+ simple: M+
135.03 � 55.92, M−: 202.13 � 108.02, t (55) = 3.419,
p = 0.001, d = 0.780. This result was confirmed with an
ANCOVA with 24‐h UCRE and 24‐h UVOL as covariate:
F (1,74) = 11.544, p = 0.001, η2 = 0.137. The result was
also confirmed excluding participants with a history of
traumatic events as screened with the BTQ: M+:
147.77 � 56.90, M−: 209.56 � 112.26, t (49) = 2.781,
p = 0.008. See Figure 1 for a graphical representation of
the 24‐h UFC distribution.

3.1 | Regression analyses

Considering all the ED participants together, we found
that the total score on the CTQ significantly predicted
24‐h UFC values: F (1,76) = 17.948, p < 0.001,
β = −0.437, R2 = 0.180. The inclusion in the regression
model of BMI (β = −0.126, p = 0.322) and EDE‐Q total
score (β = −0.077, p = 0.541) did not change the signif-
icance of the regression model, but no significant effects
were found (Model 2: F (2,50) = 6.137, p = 0.004,
ΔR2 = 0.005; Model 3: F (3,49) = 4.190, p = 0.010,
ΔR2 = 0.007). See Figure 2 for a graphic representation of
the model. A significant relationship was also found be-
tween the 24‐h UFC and the number of significant early
maltreatment episodes, as scored with the CTQ cut‐offs:
F (1, 76) = 14.130, p < 0.001, β = −0.396, R2 = 0.146.

Linear regression analysis showed that CTQ subscales
significantly predicted 24‐h UFC values (R2 = 0.295,
F (5,72) = 7.458, p < 0.001). Only physical abuse signif-
icantly explained 24‐h UFC (β = −0.325, p = 0.011). The
results showed only a tendency for significant results
with sexual abuse (β = −0.232, p = 0.050). No significant
result was found for the other subscales (physical neglect:
β = 0.181, p = 0.293; emotional abuse: β = −0.031,
p = 0.841; emotional neglect: β = −329, p = 0.080).

Looking at the possible presence of a relationship
between posttraumatic symptomatology and 24‐h UFC,
no significant results were found in a linear regression
with SCL90R‐PTSD scores as the independent variables:
F (1,76) = 3.340, p = 0.073. Similarly, no significant
relationship was found between 24‐h UFC and the other
subscales of the SCL90‐R [F (11,62) = 1.213, p = 0.297].

4 | DISCUSSION

In the present study, we used the 24‐h UFC to measure
the HPA axis function in ED patients, searching for dif-
ferences related to the presence or absence of childhood
maltreatment. Our main finding was that patients with a
history of maltreatment presented lower levels of 24‐h
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UFC than patients without childhood maltreatment, with
no influence of age, BMI, or duration of the disorder.
Moreover, our data showed a significant negative rela-
tionship between early maltreatment and 24‐h urinary
cortisol, also considering all the individuals together.
These findings are consistent with and add weight to
previous literature showing an impaired awakening of
the salivary cortisol response in ED patients with trauma
(Monteleone et al., 2015, 2018), corroborating the hy-
pothesis of a specific ecophenotype of ED patients with
traumatic childhood histories.

Data from the literature highlighted the presence of
impaired functioning of the HPA axis in ED patients dur-
ing the acute phase of the disorder, even if mixed results
were reported in different studies (Lo Sauro et al., 2008).

TABLE 1 Psychological evaluation of the participants divided by trauma history at the admission to the ward

M− n = 38 M+ n = 40 t p d

EDE‐Q

Restraint 3.07 (2.05) 4.30 (1.59) −2.820 0.006 0.671

Eating concern 3.32 (1.56) 3.99 (1.13) −2.090 0.040 0.494

Shape concern 4.28 (1.49) 4.87 (1.02) −1.933 0.058 0.462

Weight concern 3.82 (1.60) 4.35 (1.42) −1.495 0.139 0.350

Global 3.57 (1.44) 4.38 (0.99) −2.782 0.007 0.656

SCL‐90R

Depression 2.21 (0.69) 2.61 (0.54) −2.786 0.007 0.646

Anxiety 1.80 (0.83) 2.28 (0.75) −2.715 0.008 0.607

Psychoticism 1.49 (0.66) 1.35 (0.73) 0.879 0.382 0.201

Obsessive‐compulsive 2.24 (0.82) 2.09 (0.75) 0.826 0.412 0.191

Somatisation 1.65 (0.88) 1.79 (0.70) −0.827 0.411 0.176

Interpersonal sensitivity 2.24 (0.79) 2.14 (0.92) 0.491 0.625 0.117

Hostility 1.32 (0.72) 1.16 (0.81) 0.881 0.381 0.209

Phobic anxiety 1.39 (0.98) 1.07 (0.79) 1.581 0.118 0.360

Paranoid ideation 1.72 (0.91) 1.63 (0.86) 0.486 0.628 0.102

GSI 1.68 (0.58) 2.08 (0.50) −3.204 0.002 0.739

PTSD 2.39 (0.83) 2.62 (0.74) −1.334 0.186 0.292

CTQ

Emotional abuse 5.47 (1.06) 12.45 (4.65) −9.237 <0.001 2.070

Physical abuse 5.08 (0.27) 7.38 (3.64) −3.983 <0.001 0.891

Sexual abuse 5.03 (0.16) 7.93 (4.63) −3.960 <0.001 0.882

Emotional neglect 6.95 (1.79) 15.68 (5.20) −10.011 <0.001 2.245

Physical neglect 5.16 (0.44) 7.70 (2.64) −5.998 <0.001 1.342

Total score 27.68 (2.82) 51.13 (13.38) −10.833 <0.001 2.425

Note: M−: subgroup with no history of trauma; M+: subgroup with history of trauma. Significant differences were reported with bold characters.
Abbreviations: CTQ, Childhood Trauma Questionnaire; d, Cohen's d; EDE‐Q, eating disorder examination questionnaire; GSI, global severity index; PTSD,
posM‐traumatic stress disorder.

F I GURE 1 Graphical representation of the distribution of
24‐h UFC in the participants. The M− subgroup showed a higher
excretion of urinal cortisol at the admission in the ward than M+,
which presented a blunt cortisol urinal excretion
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Indeed, studies without an evaluation of the traumatic
history of the participants have reported both the presence
of an increased cortisol secretion if compared to healthy
peers and a blunted one, with preliminary data that has
proposed the role of early maltreatment as a possible
explanation (Lo Sauro et al., 2008). Studies are limited, and
our data corroborated this evidence, possibly explaining
the mixed results presented in the literature.

Hypoactivity of the HPA axis in ED patients with a
history of early maltreatment aligns with literature about
early exposure to trauma and its effects on adults' re-
sponses to stressful events (Monteleone et al., 2020). This
hypoactivity can be linked to stress systems exhausted by
the long‐lasting effects of childhood maltreatment (Car-
penter et al., 2009). In line with the bio‐psycho‐social and
developmental models of EDs (Favaro, 2013;
Frank, 2016), childhood trauma could impact biological
traits such as increased sensitivity to salient stimuli or
heightened anxiety, thus causing physiological stress re-
sponses to become inadequate. Moreover, childhood
maltreatment could have lasting adverse effects on pa-
tients' general health because it could increase the pres-
ence of inflammatory cytokines already present in ED
patients (Dalton et al., 2018) and might reduce the effect
of psychotherapies (Castellini et al., 2018). Preliminary
evidence of reducing 24‐h urinary cortisol in individuals
with posttraumatic symptoms has been reported in the
literature (Pan et al., 2020), with mixed results possibly
due to small sample sizes and other confounders. How-
ever, our data highlighted the possibility that even
without apparent posttraumatic symptomatology, in-
dividuals with a history of early maltreatment could
display neurobiological features in the ED field.

Interestingly, the reduction of UFC was related to
physical abuse in our sample, with a tendency also for
experienced sexual abuse. Our findings lend additional

information about the possible role of trauma subtypes in
the neurobiology of ED patients, showing a possible spe-
cific effect of physical abuse on daily cortisol production, as
suggested by previous preliminary literature data (Car-
penter et al., 2009). Physical abuse represents a subtype of
maltreatment that has been implicated in disturbing
familiar dynamics (Klump et al., 2002; Schmidt
et al., 1997), suggesting a possible vulnerability due to a
troubled environment and impairment in attachment se-
curity and personal development. We did not find a clear
relationship between UFC and sexual abuse, despite the
high association reported in the literature (Madowitz
et al., 2015). This could have been linked to the sample
included or to the difficulty of individuals in reporting
sexual abuse. Future studies should evaluate specific
methodologies that could help detect sexual abuse.

From a clinical point of view, patients with traumatic
experience have already been associated with more
compromised psychopathological profiles (Meneguzzo
et al., 2021) and have already shown the presence of
impaired outcomes to standardized treatment (Castellini
et al., 2018). For this reason, as already shown for other
dysfunctional traits such as impulsivity in ED patients
(Todisco et al., 2020), the presence of an ecophenotype
for maltreated ED patients should push researchers and
clinicians to evaluate personalised treatment approaches,
as preliminary data have suggested (Chami et al., 2019).
Indeed, looking from a longitudinal perspective, patients
without a trauma history showed a significant reduction
of cortisol excretion after specific treatment, but patients
maltreated during their childhoods did not, corroborating
the presence of neurobiological differences between pa-
tients with and without childhood maltreatment (Lelli
et al., 2019). The presence of a neurobiological marker
adds new strength to the argument that trauma‐informed
treatments for ED patients could improve the outcomes
of patients with severe trauma comorbidity (Brew-
erton, 2019; Rienecke et al., 2021). However, our data do
not support the use of 24‐h urinary cortisol as a marker in
clinical practice because maltreated and not‐maltreated
subgroups fell into the same range of urinal cortisol
without a clear distinction.

The strength of this study is its inclusion of an adequate
sample of female patients not taking anymedication and in
a severely acute phase of their EDs.However, several limits
should be considered. First, the participants collected the
urinary samples after in‐depth instructions, but the pro-
cedure was not under strict observation in our clinical
research unit. Second, both the BTQ and the CTQ were
self‐report questionnaires and could have been affected by
psychological aspects, including forgetting, dissociation, or
reporting biases, limiting the results. Third, we did not use
a specific questionnaire to evaluate posttraumatic stress

F I GURE 2 Graphical representation of the regression
analysis with all the ED participants together. A clear relationship
between the CTQ scores and the 24‐h UFC emerged, showing a
negative effect of childhood maltreatments over the cortisol
excretion in ED patients
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disorder psychopathology, which might have affected the
results. Future studies should include specific evaluations
of posttraumatic stress disorder. Finally, the included
sample represented female patients who had experienced
the failure of at least one outpatient treatment,which could
have influenced the severity of the psychopathology of the
sample. Future studies should also include different gen-
ders, outpatients, and individuals with different ED
diagnoses.

5 | CONCLUSION

In conclusion, this study increases the evidence of a
specific impact of childhood trauma in patients with EDs,
presenting neurobiological data that support the idea of
the presence of a specific ecophenotype. Blunt cortisol
responses in acute phases of an ED could compromise
treatment outcomes and the ability of patients to respond
to standardized treatment protocols. However, more
studies are needed, especially with longitudinal designs,
that could also explain the relationship between biolog-
ical features of patients with EDs and treatment out-
comes. Our data highlights the possible relationship
between low cortisol levels and childhood physical
trauma in acute phases. Still, confirmatory studies are
needed, even in patients with different diagnoses (i.e.,
binge eating disorder).
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