Psychoneuroendocrinology 101 (2019) 278-285

journal homepage: www.elsevier.com/locate/psyneuen

'{-&.

Contents lists available at ScienceDirect

Psychoneuroendocrin

Psychoneuroendocrinology

The vulnerability to interpersonal stress in eating disorders: The role of
insecure attachment in the emotional and cortisol responses to the trier

social stress test

a,

Alessio Maria Monteleone

Check for
updates

, Valeria Ruzzi®, Francesca Pellegrino®, Giuseppina Patriciello®,

Giammarco Cascino”, Chiara Del Giorno®, Palmiero Monteleone”, Mario Maj*

? Department of Psychiatry, University of Campania “Luigi Vanvitelli”, Naples, Italy
® Department of Medicine, Surgery and Dentistry 'Scuola Medica Salernitana', Section of Neurosciences, University of Salerno, Salerno, Italy

ARTICLE INFO

Keywords:
Attachment
Vulnerability
Eating disorders
Interpersonal stress
TSST

ABSTRACT

Background: Vulnerability to interpersonal stress is an important risk factor for Eating Disorders (EDs). Adult
insecure attachment involves different emotional, biological and behavioural strategies to cope with social
stressors. However, although attachment has proved to play a pivotal role in EDs, no study has yet explored the
effects of attachment on the emotional and hypothalamic-pituitary-adrenal (HPA) axis responses to a psycho-
social stressor in EDs.

Methods: Fifty-two ED women (29 with anorexia nervosa, 23 with bulimia nervosa) underwent the Trier Social
Stress Test (TSST). Their emotional response was measured by means of the State-Trait Anxiety Inventory state
scale while saliva samples were collected to measure cortisol secretion.

Results: According to the Experience in Close Relationship questionnaire scores, 21 ED patients had high at-
tachment anxiety and 31 low attachment anxiety, whilst 34 had high attachment avoidance and 18 low at-
tachment avoidance. Patients with high attachment anxiety or avoidance displayed heightened TSST-induced
cortisol secretion and anxiety feelings, in comparison to those with low insecure attachment scores. Anxiety
perception was associated with cortisol recovery after the test exposure but not with the HPA axis reactivity in
insecure attached patients.

Conclusions: The present findings corroborate the hypothesis that attachment modulates the biological and
emotional reactivities to an acute social threat in ED patients. The role of these attachment-mediated changes in
vulnerability to interpersonal stress in EDs needs to be clarified in future studies.

1. Introduction

regulation strategies to deal with distress (Mikulincer and Shaver,
2007).

Attachment theory provides a clinical framework for emotional,
physiological and behavioral responses to stressful life events.
According to literature studies (Mikulincer and Shaver, 2007), early
interactions with caregivers influence self-esteem development, emo-
tion regulation capacities and the ability to seek and perceive social
support. They promote the development of internal working models
about the self and the availability of others which persist as expecta-
tions in adult intimate relationships (Haydon et al., 2012). Indeed,
when people feel distressed, according to their attachment orientation
they think about or get close to someone who can provide comfort and
support. As a result, adult attachment styles may be considered as
models of expectations, attitudes and beliefs associated with emotion

Developmental studies indicate that parent-child relationships may
play a critical role in the development and tuning of endogenous stress
response systems, especially the hypothalamic-pituitary-adrenal (HPA)
axis (Hostinar et al., 2014). When threatened by a stressor, infants turn
to caregivers and this interaction may reduce their stress response and
promote a long-term calibration of the endogenous stress reactivity
system, providing the bases for effective coping and emotion regula-
tion. When this process fails, exposure to stressors may induce dysre-
gulated HPA axis responses, in terms of heightened, blunted or pro-
longed cortisol secretion (Del Giudice et al., 2011). Accordingly, cross-
sectional studies have provided the evidence of different cortisol re-
sponses to stressors in insecure attached children (Gunnar, 2017;
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Johnson et al., 2018) and adults (Pierrehumbert et al., 2009) in com-
parison to secure attached individuals. This has also been confirmed by
longitudinal studies. In particular, institution-raised orphans exhibited
a reduced cortisol response to a social stressor at age 12 years whereas
institution-raised orphans who were provided with high quality of
foster care in the first 2 years of life exhibited a normal cortisol response
(McLaughlin et al., 2015). In a more recent study, Fearon et al. (2017)
showed that insecure attachment and low maternal care in the first two
years of life were associated with a deranged pattern of cortisol re-
sponse to a psychosocial acute challenge at age 13 years. On the other
hand, cognitive stress appraisal is an important predictor of cortisol
response to stress exposure (Gaab et al., 2003) and attachment mod-
ulates cognitive processing of social information.

The influence of insecure attachment in the pathophysiology of
Eating Disorders (EDs) has largely been proved. Review studies have
highlighted the association between insecure attachment and unhealthy
eating behaviors in the general population (Faber et al., 2018) and
confirmed a higher prevalence of insecure attachment in ED patients
compared to healthy adults (Zachrisson and Skarderud, 2010). Emotion
dysregulation, reduced self-esteem and interpersonal difficulties (Tasca
and Balfour, 2014) have been proposed as possible mediators of the
association between insecure attachment and EDs.

Alterations in the HPA axis functioning have been widely reported
in patients with anorexia nervosa (AN) and bulimia nervosa (BN), al-
though they have been ascribed mainly to ED-induced malnutrition (Lo
Sauro et al., 2008; Monteleone et al., 2016a). In particular, the cortisol
response to a psychosocial challenge test has been reported to be either
increased, normal or decreased in ED subjects (Monteleone et al.,
2018a). On the other hand, when childhood trauma experiences were
taken into account, significantly reduced basal or stimulated HPA axis
activities have emerged in childhood trauma-exposed ED patients with
respect to non trauma-exposed ones (Monteleone et al., 2018b, c),
suggesting that early experiences affect the reactivity of the HPA axis in
people with EDs. To the best of our knowledge, no study has so far
explored the impact of attachment on biological and emotional re-
sponses to a psychosocial stressor in EDs, although it has recently been
demonstrated that in EDs attachment affects the cortisol awakening
response (CAR) (Monteleone et al., 2018d). Therefore, in the present
study, we have aimed to investigate the HPA axis and the emotional
reactivities (and their possible associations) to the Trier Social Stress
Test (TSST) in ED patients according to their attachment characteristics.
The TSST (Kirschbaum et al., 1993) is considered the gold standard for
assessment of acute psychosocial stress in laboratory conditions (Allen
et al., 2017). We hypothesized that insecure attachment was associated
with both abnormal HPA axis functioning and heightened negative af-
fective response. Moreover, taking into consideration that avoidant
attached individuals tend to adopt an emotional suppression strategy,
which has been associated with increased cortisol reactivity (Gross,
2002), we hypothesized that a discrepancy between emotional and
physiological responses to a psychosocial stressor would occur in ED
patients with high attachment avoidance.

2. Methods
2.1. Participants

Patients consecutively admitted to the outpatient facilities of our ED
centers were screened for the study. Inclusion criteria were: a) female
gender; b) age = 18 yrs; ¢) current diagnosis of AN or BN according to
DSM-5 criteria; d) absence of current comorbid diagnosis of anxiety and
depressive disorders and of current or past post-traumatic stress dis-
order; e) absence of severe physical disorders; f) no history of endocrine
disorders, psychoactive substance use or head trauma; g) no use of
drugs in the past 2 months; h) no smoking cigarettes in the last 3
months; i) no use of contraceptive pills; j) willingness to cooperate in
the experimental procedures and to sign a written informed consent.
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Diagnostic assessment was made by trained psychiatrists by using the
Structured Clinical Interview for DSM-5 Disorders-Research Version
(First, 2016). Fifty-two female patients were enrolled: 17 of them met
the diagnosis of AN, 12 of atypical AN and 23 of BN. Moreover, among
AN patients, 24 were of the restrictive subtype and 5 were of the binge-
purging subtype.

The study was approved by the ethics committee of both
Universities and was carried out in accordance with the Declaration of
Helsinki for experiments involving humans. All the participants gave
their written consent after being fully informed of the nature and pro-
cedures of the study.

2.2. Experimental procedure

2.2.1. Psychological assessment

All patients were tested before entering specific treatment pro-
grams. They filled in the Eating Disorder Inventory-2 (EDI-2) (Garner,
1991); the Experience in Close Relationship (ECR) Questionnaire
(Fraley et al., 2000); the State-Trait Anxiety Inventory (STAI) (Spielberg
et al., 1983); the Childhood Trauma Questionnaire (CTQ) (Bernstein
et al., 2003).

The EDI-2 questionnaire (Garner, 1991) is a validated instrument
that investigates ED psychopathology and symptoms.

The ECR questionnaire (Fraley et al., 2000) provides attachment
measurement in the context of adult intimate relationships. Following
Brennan et al., (1998), attachment measurement lay its foundation on
two insecure dimensions, anxious and avoidant, which can be re-
presented on a cartesian plane where quadrants represent categories or
styles. Since there is no consensus about the categorical or dimensional
nature of attachment phenomena (Ravitz et al. 2010), we chose to take
in consideration the two main insecure attachment dimensions (anxiety
and avoidance) and, according to ECR cut-off scores (Fraley et al.,
2000), we grouped our participants, first, on the basis of their attach-
ment anxiety (high vs low) and then on the basis of their attachment
avoidance (high vs low). The ECR questionnaire is one of the most re-
liable instruments to measure adult attachment style (Ravitz et al.,
2010). Since ED patients often report a lack of intimate relationships,
we have specifically investigated the presence of at least one close
friendship in the initial assessment in order to ensure the correct use of
this questionnaire.

The CTQ (Bernstein et al., 2003) is a 28-item questionnaire widely
used to assess childhood adversities. The CTQ asks respondents to re-
port on childhood experience across five types of maltreatments:
emotional neglect (EN), emotional abuse (EA), sexual abuse (SA),
physical neglect (PN) and physical abuse (PA). Scoring of the CTQ
produces 5 subscale scores for each subtype of maltreatment and a
composite CTQ total score encompassing all five subscales scores.

2.2.2. TSST

The TSST was performed between 2.30 PM and 4.30 PM when the
HPA axis functioning is relatively stable and at a low level, so changes
induced by experimental challenges are clearly evident. Given the ef-
fects of female sex steroids on the response to TSST, menstruating pa-
tients were tested within 7 days from the starting of their menses in
order to have a plasma estrogen milieu in menstruating AN and BN
women as close as possible to that of non-menstruating AN women.

Participants were asked to abstain from food and drink (other than
water) for 6 h before the experimental session. They were received in a
first room where they had a 20 min rest. Then, an operator explained
that they would be required to give a 5-min mock job interview to an
unknown panel on personal suitability for a job, detailing their
strengths and qualifications, followed by 5min of a mental arithmetic
task performed out loud. This task consisted of serially subtracting 13
from 2034, as quickly and accurately as possible, still in front of the
panel. If the subject made a mistake, he was asked to start over from the
beginning. The panel of evaluators (consisting of one man and one
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woman maintaining a neutral evaluative facial expression) were pre-
sented as experts in the evaluation of nonverbal behavior and partici-
pants were told that their performance would have been videotaped for
subsequent analysis of the interview and nonverbal behavior. At the
end of this period, subjects had 10 min to prepare the tasks. After this,
subjects were conducted in the TSST room and were told to start the
presentation. At the end of the tasks, they were led in the first room
where they had a 50 min rest, trying to relax through magazine read-
ings.

Saliva sample were collected in Salivette tubes (Sarstedt;
Rommelsdorft, Germany) at the end of the resting period (T =-20);
immediately before starting the TSST (T = 0), at the end of the TSST
(T =10) and 10 (T = 20), 30 (T = 40) and 50 min (T = 60) after the
end of the test. Saliva was separated by centrifugation and stored at
—20 °C until assayed for cortisol levels.

Saliva cortisol concentrations were determined by an enzyme im-
munoassay method, using a commercially available ELISA kit (Biochem
Immunosystem, Milan, Italy). Intra- and inter-assay coefficients of
variation were less than 8% and 8.7%, respectively. As measures of the
cortisol response to TSST, the cortisol area under the curve relative to
the ground (AUCg) and the AUC with respect to the increase (AUCI)
were also calculated (Fekedulegn et al., 2007). Moreover, as suggested
by a previous study (Juster et al., 2012), the cortisol recovery percen-
tage change score was computed by using a percent change formula
[(T60 — T20/T20) X 100]. This score was based on the values of cor-
tisol in saliva samples taken at the end of the test (T60) and 10 min after
the TSST (T20), as this is the average peak time point of cortisol re-
sponse according to a meta-analysis (Dickerson and Kemeny, 2004).
This score provides a measure of the gradual decrement of cortisol
during the recovery phase of the TSST.

2.2.3. Psychological assessment during the TSST

The STAI state scale (Spielberg et al., 1983) was used to assess the
perceived emotional arousal immediately before (T = 0) the beginning
of the TSST and immediately after its end (T = 10).

2.3. Statistical analysis

All analyses were performed using the SPSS version 25 (SPSS Inc,
Chicago, IL). Independent sample t test was used to compare demo-
graphic, clinical and anthropometric variables between groups with
high and low attachment anxiety or avoidance. Differences in saliva
cortisol levels and anxiety scores between groups with low or high at-
tachment anxiety or avoidance were tested by analyses of variance
(ANOVA) and covariance with repeated measures followed by the post-
hoc Tukey’s test. Group differences in saliva cortisol AUCg, AUCi and
cortisol recovery score were tested by independent sample t test. The
intragroup association between cortisol secretion, assessed as AUCI,
AUCg and cortisol recovery score, and emotional response to TSST,
evaluated in term of STAI-S values, was assessed by means of Pearson’s
correlation test. Finally, to further assess the association between at-
tachment dimensions and cortisol and/or emotional responses to TSST,
we explored these relationships, taking into account the possible effect
of malnutrition, by means of regression analyses in the whole ED
sample and in each ED subgroup (AN, atypical AN, BN).

A value of p < .05 was set as significant.

3. Results
3.1. Clinical and demographic data

Eight patients refused to participate into the study.

According to ECR questionnaire cut-off scores (Fraley et al., 2000),
21 ED patients (8 with AN, 5 with atypical AN and 8 with BN) displayed
high attachment anxiety and 31 (9 with AN, 7 with atypical AN and 15
with BN) low attachment anxiety, whilst 34 (12 with AN, 7 with
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Table 1
Clinical and demographic characteristics of ED patients according to their ECR
attachment anxiety score. Data are expressed as mean *+ standard deviation.

ED Patients with t P
Low Attachment

ED Patients with High
Attachment Anxiety

(n=21) Anxiety (n = 31)
AGE, yrs 23.19 * 543 27.13 * 9.72 1.85 .071
BMI, kg/m? 19.88 + 2.89 19.39 = 2.95 —.56 .579
Illness Duration, 6.26 = 5.56 8.85 = 7.67 1.26 .216
yrIs
EDI-2_IN 17.29 = 8.05 10.40 = 8.13 —2.99 .004
EDI-2_MF 11.00 = 6.68 7.47 = 5.12 —2.04 .049
EDI-2 SI 9.81 = 4.91 6.63 = 4.91 —-2.37 .022
EDI-2_ BD 18.62 = 7.09 11,53 + 8.27 —3.18 .003
EDI-2 P 9.90 + 3.82 6.07 = 5.23 —2.86 .006
EDI-2_ID 9.48 = 4.39 6.13 = 4.99 —-247 .017
EDI-2 1 12.29 + 6.92 7.27 = 8.26 —-2.28 .027
EDI-2 DT 16.43 + 5.69 13.83 + 6.86 —-1.42 .161
EDI-2_ BU 8.29 = 6.29 5.23 = 6.27 -1.71 .094
EDI-2 IA 17.48 = 5.20 10.83 = 9.35 —-3.24 .002
EDI-2_ASC 8.71 = 4.99 7.03 = 5.85 —-1.07 .289
CTQ_EA 9.33 = 4.45 8.20 = 4.01 -.95 .347
CTQ_EN 12.52 = 5.90 12.53 + 4.46 .007 .995
CTQ_PN 6.81 = 2.06 6.30 = 2.23 -.83 412
CTQ_PA 6.43 = 2.18 5.73 = 1.48 -1.36 181
CTQ_SA 6.71 = 3.52 5.23 = .82 -1.89 .072
CTQ_TOT 50.05 + 16.10 46.77 + 11.09 —.86 .393
Cortisol recover —17.34 = 32.84 18.78 = 92.59 1.71 .093
percentage
BMI = Body Mass Index; EDI-2: Eating Disorder Inventory-2, IN:

Ineffectiveness, MF: Maturity Fear, SI: Social Insecurity, BD: Body
Dissatisfaction, P: Perfectionism, ID: Interpersonal Distrust, I: Impulsivity, DT:
Drive for Thinness, BU: Bulimia, IA: Interoceptive Awareness, ASC: Ascetism;
CTQ: Childhood Trauma Questionnaire, EA: Emotional Abuse, EN: Emotional
Neglect, PN: Physical Neglect, PA: Physical Abuse, SA: Sexual Abuse, TOT:
total.

atypical AN and 15 with BN) displayed high attachment avoidance and
18 low attachment avoidance.

No significant difference emerged in the proportion of categorical
diagnoses (AN, atypical AN and BN) between the high and low at-
tachment anxiety groups (x> = 0.623; p = 0.733) as well as between
the high and low attachment avoidance groups (x> = 0.467;
p = 0.792). Therefore, given the lack of observed significant difference
in the prevalence of each insecure attachment category (anxious and
avoidant) between AN and BN, as already reported (Tasca and Balfour,
2014), we adopted the ED transdiagnostical perspective (Fairburn et al.,
2003), which merges AN and BN people in a single ED sample and
compared clinical and demographic characteristics of ED patients ac-
cording to their attachment dimensions (Tables 1 and 2).

3.2. Cortisol response to the TSST

In a first analysis, cortisol responses to TSST of AN, atypical AN and
BN patients with high and low attachment anxiety were compared by a
3-way ANOVA with repeated measures. The analysis showed no sig-
nificant effect for diagnosis (F» 46 = 1.51, p = 0.2), but significant
effects for attachment (F;, 4 = 4.17, p < 0.05) and time
(Fs,230 = 3.18, p < 0.009), and a significant diagnosis x attachment x
time interaction (Fy0,230 = 2.41, p < 0.01). Indeed, in all 3 diagnostic
groups cortisol responses were higher in patients with high attachment
anxiety than in those with low attachment anxiety with slightly sig-
nificant differences in their time patterns. Similarly, a 3-way ANOVA
with repeated measures performed on cortisol responses to TSST of AN,
atypical AN and BN patients with high and low attachment avoidance
revealed no significant effect for diagnosis (F3, 46 = 1.05, p = 0.3), but
significant effect for attachment (F;, 46 = 7.86, p < 0.008) and a trend
towards a significant effect for time (Fs 230 = 2.11, p = 0.06). Indeed,
in all 3 diagnostic groups cortisol responses were higher in patients
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Table 2

Clinical and demographic characteristics of ED patients according to their ECR
attachment avoidance score. Data are expressed as mean = standard devia-
tion.

ED Patients with ED Patients with Low t P

High Attachment Attachment

Avoidance Avoidance

(n =34 (n=18)
AGE, yrs 25.30 = 8.60 25.89 + 8.22 .24 .814
BMI, kg/m?* 19.17 = 2.43 20.36 = 3.61 1.37 176
Illness Duration, 8.48 + 7.67 6.33 = 4.99 -.99 .329

yrs
EDI-2_IN 16.24 + 8.39 7.24 = 5.90 —4.43 .000
EDI-2_ MF 9.56 + 6.03 7.65 + 5.96 -1.07 .289
EDI-2_SI 9.50 = 4.77 4.82 = 3.63 —3.55 .001
EDI-2 BD 16.29 + 8.65 10.76 = 7.07 —-2.28 .027
EDI-2 P 8.82 + 4.95 5.29 + 4.45 —-2.48 .017
EDI-2_ID 8.91 = 4.76 4.71 = 4.33 —3.06 .004
EDI-2 1 11.29 = 8.20 5.41 = 6.31 —2.59 .012
EDI-2 DT 17.12 + 4.68 10.47 = 7.37 —-3.39 .003
EDI-2_ BU 6.88 + 6.13 5.71 = 7.03 —.61 .541
EDI-2 IA 16.06 = 7.92 8.59 = 7.58 —-3.22  .002
EDI-2_ASC 8.97 = 5.66 5.24 = 4.39 —2.38 .021
CTQ_EA 9.76 + 4.54 6.47 = 2.18 -3.49 .001
CTQ_EN 13.44 = 5.52 10.71 = 3.39 —218 .034
CTQ_PN 6.94 = 2.44 5.65 = 1.06 —-2.64 .011
CTQ_PA 6.21 + 2.04 5.65 + 1.22 —-1.04 .305
CTQ_SA 6.06 = 2.72 541 = 1.69 —.89 .375
CTQ_TOT 51.06 = 14.48 42.24 + 8.26 —-2.76 .008
Cortisol recover 9.80 + 88.08 —6.39 + 46.01 -.73 471
percentage
BMI = Body Mass Index; EDI-2: Eating Disorder Inventory-2, IN:
Ineffectiveness, MF: Maturity Fear, SI: Social Insecurity, BD: Body

Dissatisfaction, P: Perfectionism, ID: Interpersonal Distrust, I: Impulsivity, DT:
Drive for Thinness, BU: Bulimia, IA: Interoceptive Awareness, ASC: Ascetism;
CTQ: Childhood Trauma Questionnaire, EA: Emotional Abuse, EN: Emotional
Neglect, PN: Physical Neglect, PA: Physical Abuse, SA: Sexual Abuse, TOT:
total.

with high attachment avoidance than in those with low attachment
avoidance (data not shown).

Since diagnosis had no significant influence on the attachment-re-
lated differences in cortisol responses to TSST, according to the ED
transdiagnostical perspective (Fairburn et al., 2003), AN, atypical AN
and BN people were considered as a single ED sample and their cortisol
responses to TSST were compared according to attachment character-
istics by a 2-way ANOVA with repeated measures. In particular, in the
comparison between the high vs low attachment anxiety ED groups,
significant main effects emerged for group (Fy 50 = 4.90, p = 0.03) and
for time (Fs 250 = 3.34, p = 0.006) but not for group x time interaction
(Fs250 = 0.63, p = 0.6), indicating that saliva cortisol levels sig-
nificantly increased after the TSST and that significant differences be-
tween the groups occurred in the magnitude of the cortisol response.
Indeed, compared to patients with low attachment anxiety, those with
high attachment anxiety exhibited enhanced saliva cortisol levels at the
end of the resting period (T = -20); immediately before starting the
TSST (T = 0), at the end of the TSST (T = 10) and 10 (T = 20) min
after the end of the test (Fig. 1). Cortisol AUCg (t = -1.563, p = 0.124)
and AUCi (t = 0.13, p = 0.897) and the cortisol recovery percentage
change (t = 1.712; p = 0.093) of patients with high attachment anxiety
did not differ significantly from those of participants with low attach-
ment anxiety (Fig. 1, right panel and Table 1).

In the comparison between ED groups with low and high attach-
ment avoidance, significant main effects emerged for group (Fy 50 =
9.05, p = 0.004) and for time (Fs50 = 2.29, p = 0.04) but not for
group x time interaction (Fs 250 = 0.75, p = 0.5), indicating that saliva
cortisol levels significantly increased after the TSST and that significant
differences between the groups occurred in the magnitude of the cor-
tisol response. Indeed, compared to patients with low attachment
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avoidance, those with high attachment avoidance exhibited sig-
nificantly enhanced saliva cortisol levels at all time points of the TSST
(Fig. 2). A significant group difference emerged in cortisol AUCg (t =
-3.056; p = 0.004) but not in cortisol AUCi (t = -1.631; p = 0.109) nor
in cortisol recovery percentage change (t = -0.727; p = 0.471) (Fig. 2,
right panel and Table 1).

Since the two groups of patients with low and high attachment
avoidance differed significantly in EN, EA, PN and TOT CTQ subitem
scores, a two-way ANOVA with repeated measures with these variables
as covariates was performed. This analysis showed that neither EN
(p =0.4),or EA(p = 0.7) or PN (p = 0.1) or TOT (p = 0.5) CTQ scores
affected the significant difference of the cortisol response to TSST be-
tween the two groups.

3.3. Emotional response to the TSST

STAI-S scores were not available for 2 patients (2 with low anxious
and with low avoidant attachment).

A 3-way ANOVA with repeated measures performed on emotional
responses to TSST of AN, atypical AN and BN patients with high and
low attachment anxiety exhibited no significant effect for diagnosis (Fa,
44 = 0.19, p = 0.8), but significant effects for attachment (F;, 44 =
4.91, p < 0.03) and for time (F; 44 = 50.85, p < 0.0001). Similarly,
3-way ANOVA with repeated measures performed on emotional re-
sponses to TSST of AN, atypical AN and BN patients with high and low
attachment avoidance displayed no significant effect for diagnosis (F5,
44 0.15, p = 0.8), but significant effects for attachment (Fq, 44
=10.63, p < 0.003) and for time (F;44 = 44.93, p < 0.0001).
Indeed, in all diagnostic groups, patients with high attachment anxiety
or avoidance showed STAI-S scores significantly higher than patients
with low attachment anxiety or avoidance both before and after the
TSST (data not shown).

As for cortisol, since diagnosis did not affect emotional responses to
TSST, AN, atypical AN and BN people were considered as a single ED
sample and their emotional responses to TSST were compared ac-
cording to attachment characteristics by 2-way ANOVA with repeated
measures. In the comparison between high and low attachment anxiety
ED patients, significant effects emerged for time (F; 45 = 58.439;
p < 0.001) and group (F; 45 = 4.094; p = 0.049) but not for the group
x time interaction (F; 45 = 2.068; p = 0.157) (Fig. 3, right panel). This
indicates that anxiety levels significantly increased after the TSST and
that differences between the two study groups existed in the magnitude
but not in the pattern of anxiety feelings. ED patients with high at-
tachment anxiety exhibited STAI-S scores significantly higher than
patients with low attachment anxiety both before (p < 0.01) and after
(p < 0.01) the TSST.

When anxiety perception was compared between high and low at-
tachment avoidance ED patients, two-way ANOVA with repeated
measure yielded significant effects for time (F; 45 = 48.802;
p < 0.001) and group (F;,4s = 9.885; p = 0.003) but no significant
group x time interaction (F; 45 = 0.106; p = 0.747) (Fig. 3, left panel),
pointing to a significant increase in anxiety levels after the TSST with
differences in the size between the groups but not in the timing. ED
patients with high attachment avoidance exhibited STAI-S scores sig-
nificantly higher than patients with low attachment avoidance both
before (p < 0.01) and after (p < 0.01) the TSST.

When anxiety increase was evaluated as the difference between post
and pre-TSST STAI-S scores (Delta STAI-S), no significant differences
emerged in the comparison of the high vs low attachment anxiety
groups (t -1.438; p = 0.157) and of the high/low attachment
avoidance groups (t = 0.284; p = 0.779).

3.4. Correlations between cortisol and emotional responses to the TSST

In the high attachment anxiety group, no significant correlations
emerged between STAI-S or Delta STAI-S values and cortisol AUCi or
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Fig. 1. Saliva cortisol production (left panel)
and areas under the curve with respect to the
ground (AUCg) and to the increase (AUCI)
(right panel) in eating disorder (ED) women
with high and low attachment anxiety under-
going the Trier Social Stress Test. Data are
expressed as mean + standard error.

*p < 0.05, **p < 0.025, ***p < 0.005
(post-hoc Tukey’s test).

Fig. 2. Saliva cortisol production (left panel)
and areas under the curve with respect to the
ground (AUCg) and to the increase (AUCI)
(right panel) in eating disorder (ED) women
with high and low attachment avoidance un-
dergoing the Trier Social Stress Test. Data are
expressed as mean * standard error.

*p < 0.025, **p < 0.005, ***p < 0.001
(post-hoc Tukey’s test).

Fig. 3. State anxiety levels, as measured by the
State-Trait Anxiety Inventory (STAI), in eating
disorder (ED) women with high and low at-
tachment anxiety (right panel) and ED women
with high and low attachment avoidance (left
panel) undergoing the Trier Social Stress Test.
Data are expressed as mean * standard error.
*p < 0.01, (post-hoc Tukey’s test).
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AUCg scores. The cortisol recovery percentage scores were positively
associated with STAI-S values both before (r = 0.539; p = 0.012) and
after the TSST (r = 0.448; p = 0.042), suggesting that a higher emo-
tional arousal before and after the social stress was associated with a
slower cortisol return to baseline values.

In the high attachment avoidance group cortisol AUCi and AUCg
values were not significantly associated with STAI-S scores whilst a
negative significant association was found between cortisol recovery
percentage scores and STAI-S values after the TSST (r = -0.365;
p = 0.034) but not STAI-S scores before the TSST (r = -0.242;
p = 0.169), which points to an association between higher TSST-in-
duced anxiety perception and steeper cortisol recovery in patients with
high attachment avoidance.

3.5. Regression analyses

Three regression models were built with the cortisol response to the
TSST (expressed as AUCg or AUCIi or cortisol recovery percentage) as
the dependent variable and BMI, ECR attachment anxiety and avoid-
ance scores as predictor variables. These models proved not to be sta-
tistically significant either in each diagnostic group or in the whole ED
sample. The same models were applied to the emotional response to
TSST, evaluated in terms of the post-TSST STAIS-score, as the depen-
dent variable and attachment dimensions and BMI as predictors. This
analysis proved to be statistically significant in the whole ED group (R®
= 0.3; F = 6.41; p < 0.01) with all the included independent variables
being significant predictors of post-stress anxiety (ECR anxiety:
B =0.19; p = 0.017; ECR avoidance: B = 0.189; p = 0.029; BMIL: B =
-1.27; p = 0.04). The same model was not statistically significant in
either the AN (p = 0.072) or the atypical AN group whereas it revealed
a statistical significance in the BN group (R? 0.42; F = 4.57;
p = 0.01). However, in the latter, none of the included variables in-
dependently predicted post-stress anxiety (ECR anxiety: B = 0.18;
p = 0.088; ECR avoidance: B =0.17; p = 0.129; BMI: B -2.02;
p = 0.07).

4. Discussion

Our study has investigated the endocrine and emotional responses
to an acute social challenge in patients with EDs according to their
adult attachment styles. Our first study hypothesis was confirmed, since
ED patients with either high attachment anxiety or avoidance displayed
heightened TSST-induced cortisol production and anxiety feelings in
comparison to patients with low attachment anxiety or avoidance. The
same response patterns emerged when the hormonal and the emotional
responses to TSST were investigated in the AN, atypical AN and BN
patient groups, separately. However, because of the relatively low
number of participants in each diagnostic group and since diagnosis
was a variable not affecting the stress-induced cortisol and emotional
responses, we merged all the patients into a single ED sample, ac-
cording to the ED transdiagnostical perspective (Fairburn et al., 2003).
Our second study hypothesis was only partially confirmed as, in ED
patients with high attachment avoidance, higher TSST-induced anxiety
feelings were seen to be associated with steeper cortisol recovery but
not with a reduced cortisol increase (as expressed by the cortisol AUCi).
Moreover, in ED patients with high attachment anxiety, higher pre- and
post-TSST anxiety levels were associated with a slower cortisol re-
covery.

Literature studies in healthy subjects have largely proved that HPA
axis activity is highly sensitive to social stimuli (Kirschbaum et al.,
1995; Eisenberger et al., 2007) and to early life experiences (Raymond
et al., 2018). However, while some studies have shown that avoidant
but not anxious attachment predicted enhanced, stress-induced cortisol
response (Powers et al., 2006) other researchers have found opposite
results (Quirin et al., 2008) or no significant differences between secure
and dismissive attachment styles (Kidd et al., 2011). Therefore, the
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direction of the relationship between attachment style and cortisol re-
sponse to acute stressors remains unclear.

To the best of our knowledge, no study has so far investigated the
effects of attachment on HPA axis reactivity to acute stressors in ED
patients. A recent meta-analysis failed to identify differences between
ED patients and healthy subjects in the cortisol response to an acute
social challenge while heightened negative affect was found in ED in-
dividuals both before and after the stress exposure (Monteleone et al.,
2018a). We previously demonstrated that childhood adverse experi-
ences are associated with a blunted basal (Monteleone et al., 2018b, d)
and stress-induced (Monteleone et al., 2018c¢) cortisol production in ED
patients. In the present study we have found that ED patients with high
attachment avoidance or anxiety had an enhanced cortisol response to a
psychosocial stress test and that this response was not affected by dif-
ferences in patients’ early traumatic experiences. Therefore, those
findings as well as the present results further corroborate the hypothesis
that HPA axis activity is modulated by early experiences and suggest
that childhood attachment experiences and trauma may exert different
independent long-term biological effects in ED people. Finally, the re-
gression analysis showed no significant associations between stress-in-
duced cortisol response and patients’ BMI, ECR anxiety and avoidance
scores, which supports the idea that in ED patients the influence of
attachment on HPA axis reactivity is not a linear phenomenon but a cut-
off effect.

Our results of increased anxiety perception during an experimental
social challenge in insecure attached patients are in line with attach-
ment theory which posits that these individuals are characterized by a
heightened perception of social stimuli as threatening (Dewitte et al.,
2007), by difficulties in managing their emotional responses and by
reduced ability to cope with interpersonal stressors (Mikulincer and
Shaver, 2012). Therefore, the present findings confirm that attachment
contributes to the modulation of emotional reactivity to an acute social
threat in ED patients. Furthermore, it has recently been demonstrated
that anxious attached healthy children exposed to the TSST reported an
increase in body dissatisfaction, a key psychopathological aspect of
EDs, only when the TSST led to a decrease in positive affect (Goossens
et al., 2017). This finding seems to corroborate the importance of in-
secure attachment as a factor that may confer vulnerability to inter-
personal evaluation stress, which in turn may promote ED psycho-
pathology. Finally, the regression analysis showed that in our ED
patients a positive relationship emerged between attachment anxiety
and avoidance dimensions and stress-induced emotional response, and
that the lower the patients’ BMI the higher the post-stress anxiety levels.
Therefore, unlike the endocrine response to TSST, the emotional one
seems to be linearly associated with insecure attachment and BMI.

No significant correlation was found between TSST-induced anxiety
perception and overall cortisol reactivity, measured as AUCg or AUCi,
in ED groups with high attachment anxiety or avoidance, whereas an-
xiety levels before and/or immediately after the TSST predicted the
slope of cortisol return to baseline values. It is interesting to note that
opposite directions of these associations were found between ED pa-
tients with high attachment anxiety and those with high attachment
avoidance, since a higher emotional arousal was associated with a
slower cortisol recovery in the former group and a steeper cortisol re-
duction in the latter. A previous study conducted in healthy individuals
undergoing TSST showed that cortisol levels recovered more steeply
when higher anticipatory stress was experienced (Juster et al., 2012).
Therefore, our findings seem to suggest that, unlike in healthy in-
dividuals, in ED patients with high attachment anxiety the heightened
anticipatory stress appraisal and emotion expression, which char-
acterize these patients (Mikulincer and Florian, 1998), may be asso-
ciated with a slower return of cortisol to baseline levels. Since highly
anxious individuals tend to perceive relationships as more stressful
(Mikulincer and Florian, 1998), it seems likely that a repeated stress-
induced activation of the HPA axis activity with a deranged and/or
prolonged cortisol recovery may favour a long term down-regulation of
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its activity, as observed in our previous study showing that ED patients
with high attachment anxiety exhibited a lower CAR than those with
low attachment anxiety (Monteleone et al., 2018d).

It is worth underlining that we measured adult attachment re-
lationships. Although the ECR questionnaire is considered a reliable
indicator of infant attachment experiences (Sibley and Liu, 2004), there
is increasing evidence to suggest that attachment reflects the quality of
current relations rather than a trait (Main and Weston, 1981; Baldwin
et al., 1996). Therefore, because of the cross-sectional nature of our
study, it is not possible to rule out that in our adult ED sample, at-
tachment reflects the state ability to regulate emotions in adult inter-
personal relationships and modulate the impact of contextual stressors
on the stress response system, as recently suggested (Fearon et al.,
2017). Indeed, not only early caregiving experiences but also later in-
teractions with peers contribute to detrimental social outcomes
(Hostinar et al., 2014) as well as to ED psychopathology (Cardi et al.,
2018).

4.1. Strengths and limitations

The main limitation of our study is the cross-sectional nature of our
design, which limits the possibility to draw definitive conclusions re-
garding the nature of the relationship between attachment and re-
sponses to social stress. Moreover, the lack of a control group of healthy
women with both secure and insecure attachment does not allow us to
disentangle the effect of attachment from those of the illness on the
interpersonal stress response. In addition, although in AN, atypical AN
and BN groups cortisol and emotional responses to TSST revealed the
same response patterns as the whole ED group, the number of partici-
pants in each diagnostic group was too low to draw definite conclu-
sions. Therefore, further studies with larger patient samples are ne-
cessary to confirm whether the present findings apply transversally to
all 3 diagnostic categories.

A strength of our study is that, according to previous suggestions
(Allen et al., 2017), a number of variables (such as age, gender, men-
strual cycle, smoking cigarettes, hunger status) potentially affecting the
cortisol response to the TSST were controlled in our sample. Further-
more, in our study sample, no ED patient reported current psychiatric
comorbidities or the use of drugs in the past 2 months, variables that
have been reported to affect the TSST response (Allen et al., 2017)

4.2. Conclusions

Campbell and Ehlert (2012) proposed a model in which the emo-
tional and physiological responses to a social stress and their interaction
depend on psychological traits and states (such as emotion regulation,
appraisal processes and social desirability) and physiological disposi-
tions (such as brain morphology, HPA axis and autonomous nervous
system baseline functional characteristics). Our findings in ED in-
dividuals seem to corroborate this hypothesis, providing further evi-
dence that the attachment system may be an ideal framework to include
these variables. Indeed, attachment experiences seem to account for the
variability of both affective/cognitive processes and biological vari-
ables (at least the HPA axis functioning) that take part in the response
to an interpersonal stress. Therefore, besides further supporting pre-
vious findings on the association between insecure attachment and ED
psychopathology, our study adds new details on the hypothesis that
insecure attachment may modulate interpersonal stress vulnerability in
ED patients at both biological and emotional levels. Future research is
needed to thoroughly and directly assess the reported effect of attach-
ment in the interpersonal stress response on ED psychopathology and
behaviours either in experimental settings or using ecological assess-
ment procedures.

284

Psychoneuroendocrinology 101 (2019) 278-285

4.3. Clinical implications

Oxytocin has been shown to be dysregulated in EDs (Monteleone
et al., 2016b) and to mediate the association between childhood emo-
tional neglect, attachment representations and social fear in healthy
subjects (Miiller et al., 2018). Moreover, its intranasal administration
was able to attenuate HPA axis stress response and attentional bias in
ED patients (Leppanen et al., 2017). Therefore, on the light of the im-
portance that attachment seems to exert on social stress reactivity in
EDs, the present findings suggest the need to assess the effects of oxy-
tocin administration depending on the subject’s attachment style.

In addition, psychotherapeutic interventions focusing on attach-
ment processes, such as cognitive information processing and emotion
regulation ability, could be also therapeutically helpful. In line with
this, Cognitive-Interpersonal Psychotherapy (Schmidt et al., 2014) and
Cognitive Bias Modification for Interpretation biases programmes
(Turton et al., 2018) have been shown to be effective in ED treatment.
The extent to which these interventions impact on or act through the
modulation of the biological and emotional responses to social stressors
in ED people remains to be determined.
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