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Abstract

Background: Patients with eating disorders (ED) are very sensitive and responsive to

psychosocial stress. Stress response includes changes in immune cell distribution and

may be modulated by the capability to cope with stressors. Thus, the present study

sought to analyze the association between coping strategies and immune response

(natural killer [NK] cell redistribution following psychosocial stress) in patients with

anorexia nervosa (AN) and bulimia nervosa (BN) and healthy controls (HC).

Method: Twenty-four AN patients, 29 BN patients, and 58 HC were studied. A multi-

dimensional assessment tool, the COPE Inventory, was used to assess coping strategies.

The number of NK cells was quantified in peripheral blood before and after the applica-

tion of the Trier Social Stress Test (TSST). Potentially mediating variables, such as weight

status, severity of eating pathology, depression, anxiety, and impulsivity were controlled.

Results: The three groups differed in intensity and direction of cell redistribution:

The TSST was followed in BN patients by a significant decrease in the number of NK

cells, whereas HC displayed a moderate decrease and AN a clear increase. Specific

correlations between coping strategies and NK cell mobilization were found, espe-

cially in BN patients (positive for “planning” and negative for “substance abuse”).

Conclusion: Recognition and subsequent modification of the dysfunctional coping

strategies used by patients with ED could contribute to improving their immune

status, strengthening their resilience and increasing their ability to overcome the

disease.
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1 | INTRODUCTION

Patients with eating disorders (ED) are very sensitive and responsive

to psychosocial stress. When faced with stress-inducing situations,

patients with anorexia nervosa (AN) and bulimia nervosa

(BN) display strong neuroendocrine, psychological, and behavioral

reactions (Het et al., 2015; P. Monteleone et al., 2011, 2012;

P. Monteleone, Scognamiglio, Monteleone, Perillo, & Maj, 2014;

Paszynska, Dmitrzak-Weglarz, Tyszkiewicz-Nwafor, & Slopien, 2016;

Pirke, Platte, Laessle, Seidl, & Fichter, 1992; Vaz-Leal, Rodríguez-

Santos, García-Herráiz, Monge-Bautista, & López-Vinuesa, 2011;

Vaz-Leal et al., 2018).

Psychosocial stress can be understood as the result of demands

from the interpersonal environment and the individual capacity to

cope with them. In line with this approach, some animal studies have

shown that coping styles can have a significant modulatory effect on
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stress responses at the neurobiological level (Azpiroz, De Miguel,

Fano, & Vegas, 2008; De Miguel et al., 2011; Koolhaas, 2008; Koolhaas,

de Boer, Coppens, & Buwalda, 2010; Reimert, Rodenburg, Ursinus,

Kemp, & Bolhuis, 2014; Vegas, Fano, Brain, Alonso, & Azpiroz, 2006).

However, as the coping styles identified in animals are elementary in

many ways, the results of these studies cannot be directly transferred to

human research, for which more complex models are necessary

(Folkman & Lazarus, 1985; Lazarus, DeLongis, Folkman, & Gruen, 1985).

To our knowledge, studies of this type have not yet been published.

Patients with ED are prone to use dysfunctional and ineffective

coping methods (Brytek-Matera & Schiltz, 2013; Ghaderi &

Scott, 2000; Hernando et al., 2019; Jaúregui-Lobera, Estébanez,

Santiago-Fernández, �Alvarez Bautista, & Garrido, 2009; Nagata,

Matsuyama, Kiriike, Iketani, & Oshima, 2000; Tobin & Griffing, 1995;

Troop, Holbrey, & Treasure, 1998). This seems to correlate with

higher levels of depression, anxiety, and hostility (Dennard &

Richards, 2013; Tobin & Griffing, 1995; Vaz-Leal et al., 2007;

Vaz-Leal, Rodríguez-Santos, Melero-Ruiz, Ramos-Fuentes, & García-

Herráiz, 2010), such that coping style seems to be able to identify and

discriminate ED patients more effectively than the actual characteris-

tics of the ED (Villa et al., 2009).

One of the neurobiological changes induced by stress is

mobilization/redistribution of immune cells, a necessary step in

immune response (Mandal & Viswanathan, 2015). Activation of the

hypothalamic–pituitary–adrenal (HPA) axis and the sympathetic

adrenal medulary (SAM) axis causes the release of glucocorticoids

and catecholamines, which stimulate cell receptors and induce

immune cell mobilization (Bartolomucci, 2007; Dhabhar, Malarkey,

Neri, & McEwen, 2012; Ince, Weber, & Scheiermann, 2018).

Natural killer (NK) cells (CD56+CD3−) are a subpopulation of lym-

phocytes distributed throughout the body. Because of their cytotoxic-

ity and their capacity to produce cytokines, they are usually the

primary effectors against potential dangers, such as virally infected or

neoplastic cells (Mandal & Viswanathan, 2015; Peng & Tian, 2014). As

they play an early and crucial role in the immune response and are

easily quantified in peripheral blood, the assessment of NK cells can

be a reliable indicator of immune status and immune system activity.

In light of the foregoing considerations, we assumed that coping

strategies would correlate with the intensity of NK cell redistribution

following a situation of experimentally induced psychosocial stress.

We expected ED patients and healthy controls (HC) to display differ-

entiated patterns of immune response and specific correlations

between coping strategies and NK cell redistribution.

2 | METHODS

2.1 | Participants

The study was performed on three groups: (a) women with restrictive

AN (ANR) and no history of BN (AN group); (b) normal weight women

with BN and no history of AN (BN group); and (c) normal-weight

healthy women (HC group).

Fifty-three female Caucasian patients sequentially seeking treat-

ment during a calendar year at our university network ED unit

(January to December 2017) were recruited using the selection

criteria described below. Twenty-four patients met the inclusion

criteria for the AN group and 29 patients met the criteria for the BN

group. For the HC group, 58 Caucasian women were recruited from

the students attending a university course on ED and young profes-

sionals undergoing training in the ED. All participants (patients and

controls) were free of psychotropic medication for at least 15 days

before assessment and were not taking hormonal contraceptives.

Selection criteria for the patients in the AN group were as

follows: (a) meet DSM-5 diagnostic criteria for AN, restricting type;

(b) no history of BN; (c) age below 30; and (d) consent to enter the

study.

Selection criteria for the patients in the BN group were as follows:

(a) meet DSM-5 diagnostic criteria for BN; (b) no history of AN; (c) age

below 30; (d) to have a body mass index (BMI) within the normal range

of 20.0–24.9 kg/m2; and (e) consent to participate in the study.

Inclusion criteria in the HC group were as follows: (a) no personal

history of ED or other psychiatric illnesses; (b) BMI within the normal

range 20–24.9 kg/m2; (c) age below 30; and (d) consent to participate

in the study.

Exclusion criteria for all candidates were: (a) medication or drug

use in the previous 2 weeks; (b) use of contraceptive pills in the last

8 weeks; (c) history of head injury, neurological disease, or immune

system-related disease; and (d) history of childhood trauma.

A female clinical psychologist, a member of the ED unit, discussed

the study with potential participants, and those who met the screen-

ing criteria were approached to participate in the assessment phase

through face-to-face interviews. All clinical scales used in the study

had Spanish validated versions.

Past and/or present ED were confirmed using the interview for

the diagnosis of ED (Kutlesic et al., 1998), with their criteria adapted

to DSM-5. The childhood trauma questionnaire-short form (CTQ-SF;

Bernstein et al., 2003) was used to assess childhood trauma history.

The Spanish CTQ-SF consists of five factors: emotional abuse, physi-

cal abuse, sexual abuse, physical neglect, and emotional neglect.

The University Hospital Institutional Review Board and the Uni-

versity of Extremadura Ethics Committee approved all research proce-

dures. The study was conducted in accordance with the Code of

Ethics of the World Medical Association (Declaration of Helsinki). All

participants signed informed consent forms. Participants did not

receive financial compensation to take part in the study. Seven

patients were excluded from the study (two AN and five BN). In five

of these cases, suspicion/evidence of childhood trauma was the rea-

son. Two patients (one with AN and one with BN) refused to partici-

pate in the study. Differences in age and eating pathology of excluded

individuals by comparison with the subjects included in the study

were not found.

Information about age and BMI of the participants is shown in

Table 1. As can be observed, significant differences between groups

with regard to age did not exist. As a direct consequence of the design

of the study, significant differences in BMI between groups did exist.
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2.2 | Psychopathological assessment

To assess the severity of eating pathology, the Eating Attitudes Test-

40 items (EAT-40) (Garner & Garfinkel, 1979), and the Bulimia Investi-

gation Test Edinburgh (BITE) (Henderson & Freeman, 1987), were

used. Depressive symptom severity was assessed using the Beck

Depression Inventory (BDI; Beck & Steer, 1993). Impulsivity assess-

ment was performed using the Impulsive Behavior Scale-Revised

(IBS-R) (Rossotto, Yager, & Rorty, 1998). In the time immediately pre-

ceding the Trier Social Stress Test (TSST) (Section 2.5), participants

completed the State–Trait Anxiety Inventory (STAI) (Spielberger,

Gorssuch, Lushene, Vagg, & Jacobs, 1983).

2.3 | Assessment of coping strategies

For identification of coping strategies, the 60-item COPE Inventory

(Carver, Scheier, & Weintraub, 1989) was used. The COPE Inventory

provides 15 dimensions that identify the ways subjects deal with

stressors. The dimensions are clearly defined and can be regarded as

“positive” or “negative,” “problem-focused” or “emotion-focused,”

“confrontational” or “avoidant,” “social-supported” or “self-sufficient,”

and so forth. The Spanish version of the COPE Inventory by Crespo

and Cruzado (1997) was selected for the present study.

2.4 | Collection of biological samples and
laboratory methods

After psychopathological assessment, biological samples were

obtained from each subject. The process for obtaining and analyzing

the samples was as follows.

On the first day, the participants came to the blood drawing room

for venepuncture at 8:00 a.m., after 12 hr of fasting. After placement

of a winged steel needle into the vein, the participants rested for

30 min. A 7-ml blood sample was then obtained. Quantification of

lymphocyte subpopulations was performed by immunophenotyping

and flow cytometric analysis. Immunofluorescence staining was per-

formed using a standardized, lysed, no-wash whole-blood staining

technique. The expression of NK-cell antigens (CD56+CD16+CD3−)

was determined. Flow-count fluorospheres were used to directly

determine absolute counts. The same process was repeated at 8:00

a.m. on the third day of the study, 21 hr after the TSST. A member of

the research team monitored the potential interference of recent

undesirable events by means of a telephone interview with the sub-

jects on the days of the first and the second blood collection. No seri-

ous negative events were reported by any of the participants.

2.5 | Social stress induction

On the second day of the study, at 10 a.m., the participants were

exposed to the TSST in its traditional form of public speaking and mental

arithmetic. The procedure has been described in detail elsewhere (Allen

et al., 2017; Birkett, 2011; Kirschbaum, Pirke, & Hellhammer, 1993). In

all the subjects with menstrual activity, the assessment was scheduled to

be held during the follicular phase. The professionals who participated in

the TSST were blind to the group to whom the participants belonged. As

stated above, the interference of unwanted stressful experiences during

the 3-days of the study was controlled.

2.6 | Statistical analysis

The three groups were compared for age and BMI using one-way

analysis of variance (ANOVA), with Scheffé post hoc comparisons.

The same procedure was used to compare the scores from the clinical

scales (EAT-40, BITE, BDI, IBS, and STAI) as well as the COPE

TABLE 1 Characteristics of the sample

AN patients* (N = 24) BN patients* (N = 29) Controls* (N = 58) F** p***

Age (years) 22.8 (3.9) 21.8 (3.3) 21.0 (3.2) 2.58 .08

Body mass index (kg/m2) 16.8 (1.0) 22.8 (1.4) 21.7 (1.3) 168.98 <.001a,b,c

EAT-40 score 59.3 (24.1) 51.4 (14.9) 8.0 (2.9) 122.03 <.001b,c

BITE total score 18.3 (10.2) 36.4 (9.6) 2.9 (2.4) 159.99 <.001a,b,c

BDI score 27.1 (8.5) 23.1 (9.3) 3.3 (4.1) 140.01 <.001b,c

IBS score 38.5 (12.0) 44.5 (18.7) 30.3 (4.8) 11.45 <.001b,c

STAI-S score 26.8 (12.3) 28.1 (9.0) 14.0 (6.0) 30.00 <.001b,c

STAI-T score 36.1 (12.0) 37.7 (10.5) 16.2 (5.9) 76.01 <.001b,c

aAN versus BN.
bAN versus controls.
cBN versus controls.

Abbreviations: BDI, beck depression inventory; BITE, bulimia investigatory test Edinburgh; EAT-40, eating disorders inventory-40 items; IBS, impulsive

behavior scale; STAI-S, state-trait anxiety scale-state score; STAI-T, state-trait anxiety scale-trait score.

*Mean (SD); **F2,108 in all cases; ***Post hoc (Scheffe).
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dimensions. Spearman's correlation coefficients were used to analyze

the association between the scores from the clinical scales, the base-

line counts of lymphocyte and NK cells, and the percentage change of

lymphocyte and NK cells after the TSST. Bonferroni's correction was

applied to compensate for errors due to multiple statistical compari-

sons. As a result, the significance level was set at p < .007 when the

clinical items were analyzed and at p < .0034 in the case of COPE

dimensions.

Repeated-measures ANOVA with Greenhouse–Geisser correc-

tion was used to analyze the changes over time in total lymphocyte

and NK cell counts. One intra-subjects factor (Time) comprising two

variables (cell counts before and after the TSST) was considered as

well as one between-subjects factor (Group) comprising three catego-

ries: (a) AN group, (b) BN group, and (c) Control group.

In order to correlate the coping strategies with the changes in NK

cell distribution, a multiple regression study (stepwise, forward) was

performed in each group, using as the dependent variable the per-

centage change in NK cell counts [([Post TSST–Basal]/Basal) × 100]

and as independent variables the dimensions of the COPE Inventory.

To control for the potential influence of weight status, depression,

anxiety, and impulsivity, these variables were included as covariates in

the equations. The IBM SPSS 22.0 statistical package was used for

statistical analysis in all cases.

3 | RESULTS

Table 1 displays the clinical characteristics of the sample. As can be

observed, there were significant differences between groups for all

items (excepting age). Except for the BITE score, there were no differ-

ences between AN and BN patients at this level.

When the association between the scores from the clinical scales

and the number and percentage of lymphocytes and NK cells before

and after the TSST were analyzed, weak results above the corrected

level of statistical significance were obtained.

Table 2 contains the data related to the COPE dimensions. Signifi-

cant differences, basically between patients and HC, were found for

9 of the 15 items.

The counts of lymphocyte and NK cells before and after TSST are

shown in Table 3. It can be observed that after TSST, the counts of total

circulating lymphocytes were below the basal values in the three groups.

The drop in the counts was greater in BN patients (−21.3%) than in AN

patients and HC, which showed similar values (−8 and −8.6%, respec-

tively). The ANOVA for the repeated-measures factorial study revealed a

significant effect of Time (F1,108 = 50.30; p < .001; η2p = .32) and Time ×

Group interaction (F2,108 = 5.24; p < .007; η2p = .09).

Counts of NK cells in peripheral blood 1 day after the TSST

showed discordant results for the three groups. In the AN group, the

number of NK cells was elevated by 18.6%, whereas in BN patients

and the controls the counts dropped by 34 and 9%, respectively. The

ANOVA for the repeated-measures study revealed a significant effect

of Group (F1,108 = 4.32; p < .016; η2p = .07) and a significant Time ×

Group interaction (F2,108 = 4.1; p < .02; η2p = .07).

Table 4 shows the results of the multiple regression study. As can

be observed, analysis of the BN group yielded a strong regression

model (F1,27 = 13.93; p < .001) based on two predictors: “Substance

use” and “Planning.” For the AN group, analysis provided a model with

one significant predictor, “Behavioral disengagement,” though the

TABLE 2 COPE dimensions

AN patients* (N = 24) BN patients* (N = 29) Controls* (N = 58) F** p

Active coping 9.0 (3.4) 8.5 (1.2) 10.4 (1.4) 10.46 <.001b,c

Planning 8.9 (3.0) 9.8 (2.3) 11.1 (1.5) 2.27 0.11

Suppression of competing activities 9.5 (2.3) 10.3 (1.2) 10.1 (1.0) 10.92 <.001b,c

Restraint-coping 9.0 (2.9) 8.4 (1.7) 9.4 (1.1) 3.30 .04 b,c

Use of instrumental social support 10.7 (3.7) 9.4 (2.3) 12.1 (2.1) 11.65 <.001c

Positive reinterpretation and growth 10.5 (3.4) 10.1 (2.4) 12.3 (2.1) 9.34 <.001b,c

Acceptance 9.3 (3.2) 9.8 (2.1) 11.4 (1.5) 9.73 <.001b,c

Denial 6.9 (2.4) 7.7 (3.0) 6.2 (1.8) 4.18 .02c

Religious coping 6.3 (2.9) 5.3 (1.9) 7.9 (3.1) 9.64 <.001b,c

Use of emotional social support 10.3 (3.7) 9.6 (2.5) 13.5 (1.6) 31.38 <.001b,c

Focus on and venting of emotions 9.7 (3.1) 10.9 (2.1) 10.8 (2.5) 1.77 .18

Behavioral disengagement 8.3 (2.5) 8.6 (2.8) 6.7 (1.5) 9.09 <.001b,c

Mental disengagement 9.2 (2.2) 9.6 (1.6) 8.5 (1.5) 4.23 .02c

Substance use 4.0 (0.3) 5.4 (2.8) 4.7 (1.0) 5.36 <.01a

Humor 6.5 (2.9) 6.3 (1.8) 8.9 (2.7) 13.81 <.001b,c

aPost hoc (Scheffe): AN versus BN.
bPost hoc (Scheffe): AN versus controls.
cPost hoc (Scheffe): BN versus controls.

*Mean (SD); **F2,108 in all cases.
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statistical significance was weak (F1,22 = 5.61; p < .027). For HC, a

model based on one variable (“Use of emotional social support”) with

modest significance was found (F1,56 = 4.71; p = .03). Inclusion of BMI

and the scores on the clinical scales as covariates did not induce varia-

tions in the achieved results in any case.

4 | DISCUSSION

Coping strategies seem to be able to modulate the impact of psycho-

social stress on immune system activity (Koolhaas et al., 1999;

Koolhaas, de Boer, Buwalda, & van Reenen, 2007). To our knowledge,

this is the first study performed on humans (who were also ED

patients) that analyzed the influence of specific and complex coping

strategies on immune cell mobilization following psychosocial stress.

Our study essentially confirms the results of animal research, reveal-

ing the existence of significant correlations between coping strategies

and immune cell trafficking. It also shows some specific characteristics

of immune cell responses to psychosocial stress in ED patients.

Hormones released by the HPA and SAM axes in response to

acute stress influence blood vessel stiffness and adhesion, allowing

the trafficking of immune cells from the vasculature to specific tissues

and vice versa. Cell migration explains the changes observed in cell

counts over time. In the case of lymphocytes, the passage of the cells

from the tissues into the blood in the first phase of stress response

results in an initial increase of the peripheral counts, which is followed

by a decrease that indicates trafficking of the cells out of the blood

and back into the tissues (Dhabhar et al., 2012). In accordance with

this pattern of response, a moderate decrease in the number of lym-

phocytes was detected in our HC group. Our ED patients also

responded in a similar way, but with specific patterns of response:

While in AN patients the decrease in the number of lymphocytes was

similar to that in the HC, the process was three to four times more

intense in the BN patients. We consider this discordance perhaps to be

due to the existence of differences in the reactivity to stress of the

HPA and SAM axes in AN and BN (Garaci et al., 2019; A. M.

Monteleone et al., 2015, 2017; P. Monteleone et al., 2011, 2012, 2014;

Nagata, Yamada, Iketani, & Kiriike, 2006; Paszynska et al., 2016; Pirke

et al., 1992; Vaz-Leal, Rodríguez-Santos, García-Herráiz, & Ramos-

Fuentes, 2011; Vaz-Leal et al., 2007, 2010; Vaz-Leal, Rodríguez-Santos,

García-Herráiz, Monge-Bautista, & López-Vinuesa, 2011). In a recent

study, we reported that AN-restricting type patients display a pattern

of stress-induced cortisol release similar to that of healthy individuals,

whereas a blunted cortisol response is observed in BN patients (Vaz-

Leal et al., 2018). As cell migration is triggered by cortisol and other

stress-related hormones, these results could support the idea that

bulimic symptoms can induce specific disturbances in neurobiological

stress response.

In relation to the pattern of stress-mediated redistribution of NK

cells, our three groups differed from all others: HC showed a decrease

in relation to the above baseline situation of about 9%; BN patients

displayed a strong decrease in counts (more than 30%); and AN

patients had a no less intense pattern of cell mobilization, although in

the opposite direction, with an increase of almost 20%. We consider

that the apparent “proliferation” of NK cells observed in our AN

patients should be addressed in the context of other specific “para-

doxical” responses to immune challenges observed in AN, which can

result in symptoms sometimes difficult to explain, such as asymptom-

atic or paucisymptomatic responses to infections described some

years ago (Birmingham et al., 2003; Garaci et al., 2019; Gupta &

Sivakumar, 1994). These manifestations could be mediated by malnu-

trition or single nutritional deficiencies and, again, by specific

TABLE 3 Immune cell counts before and after the TSST

AN patients* (N=24) BN patients* (N=29) Controls* (N=58)

Count* Range Count* Range Count* Range

Lymphocytes

Pre TSST 2264 (553) 1296–3519 2388 (546) 1597–3563 2446 (650) 1379–4505

Post TSST 2084 (539) 1197–3103 1879 (485) 1214–2839 2235 (612) 1236–4273

NK cells

Pre TSST 167 (61) 61–265 206 (87) 78–370 247 (122) 52–669

Post TSST 216 (145) 58–653 162 (103) 48–386 238 (127) 69–573

*Mean (SD).

TABLE 4 Predictors of change in NK
cell count following the TSST

Group Predictor B IC 95% p

AN patients Behavioral disengagement −7.1 −13.4 to −0.9 .027

BN patients Substance use −18.6 −26.3 to −11.0 <.001

Planning 16.4 7.1–25.7 .001

Controls Use of emotional social support 9.2 0.7–17.7 .034
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disturbances in the activity of the HPA and SAM axes (Lambert

et al., 1997; Slotwinska & Slotwinski, 2017).

With regard to themain topic of our study, the results reveal the exis-

tence of significant correlations between coping style and cell mobiliza-

tion, both positive and negative. As the results from the AN group and

the HC group, albeit significant, have little statistical power and need fur-

ther confirmation, we will focus on the results for the BN group. As

already stated, we found in our BN group a strong negative correlation

between cell mobilization and substance use, as well as a positive correla-

tion with planning. This means that those of our patients who used alco-

hol/substances for dealing with interpersonal stress had a weaker

immune response than those who did not. This is in agreement with pre-

vious studies performed by our group, which examined the clinical and

neurobiological impact of alcohol and other substances on BN (Vaz-Leal

et al., 2007, 2015). In contrast with this feature, the capability of the

patients to think about ways and strategies to solve problems (planning)

seems to be associated with a better immune response. Overall, these

results agree with those of many experimental studies developed in the

context of animal research, which have shown that animals with passive-

reactive coping styles have lower and weaker immune reactivity than

those with a proactive style (Azpiroz et al., 2008; Koolhaas et al., 2010;

Vargas et al., 2018; Zozulya, Gabaeva, Sokolov, Surkina, & Kost, 2008).

We note that our study has several limitations. First, our study does

not provide a mechanistic explanation of how the immune system is

involved in specific behaviors. It should be borne in mind that the aim of

our study was not to address the issue of the relationship between ED

and immune changes, which according to what we currently know are

bidirectional (Gibson &Mehler, 2019; Hedman et al., 2019) and probably

based on shared mechanisms (Duncan et al., 2017; Raevuori et al., 2014;

Wotton, James, & Goldacre, 2016; Zerwas et al., 2017). It is clear that

starvation and nutritional deficiencies may result in immune deficiencies,

but it is equally evident that the role of inflammation in the

etiopathogenesis of ED has received increasing confirmation every day

(Gibson &Mehler, 2019). In this context, our study aimed only to analyze

some of the modifications that psychosocial stress would induce in the

functioning of the immune system of our probands in order to verify

whether something that had been described in animals (i.e., how stress is

handled can influence final response) occurred in humans.Wehave repli-

cated in someways themethodology of the animal studies, adapting it to

the requirements of clinical human research. Second, the size of our sam-

ple might seem small, but it is similar to and even higher than those of

analogous studies and reflects the characteristics of the context where

the study was developed and the need to control seasonality and other

temporal factors. Finally, the choice of dimensional psychopathological

assessment tools may be considered a further limitation, but was condi-

tioned by themethodology of the study.

Contrariwise, we consider our study to have a number of strengths.

In many neurobiological studies of ED, patients with AN and BN are

classified as a single group or are assigned to different groups but with

no consideration of their clinical antecedents. We know that patients

very often “move” along the spectrum of ED over time, retaining traits

of their previous conditions, such that an uncontrolled history of AN or

BN can be considered a distorting factor (Vaz-Leal, Rodríguez-Santos,

García-Herráiz, Monge-Bautista, & López-Vinuesa, 2011). Thus, one of

the strengths of our study is that three well-defined and clinically

homogeneous groups of young women were used, and this strict selec-

tion probably contributed to controlling some conflicting biases, as

some neuroendocrinological mechanisms can depend on age and sex.

Finally, we excluded from the study those individuals who had a history

of childhood trauma, as we know that people exposed to traumatic

childhood experiences tend to present a distorted neurobiological reac-

tivity to stress in adulthood (A. M. Monteleone et al., 2019; Smiarowska

et al., 2014; Steiger et al., 2001).

5 | CONCLUSION

ED is a life-threatening clinical condition. Patients are frequently

exposed to serious clinical complications, many of which are affected

by stress. It is known that stress has a negative influence on health:

Unwanted events are related to changes in immune activity, which may

increase susceptibility to immune diseases or other disorders as well as

tumor progression. Immune cell redistribution is a mechanism that pro-

motes immuno-enhancement of specific compartments and is related

to the effectivity of the immune response. As suggested by the data,

the response to social stress could be modulated by the coping strate-

gies used by the subjects, so that modification of these strategies could

strengthen patients' resilience, maintaining the functionality of their

immune status and their ability to confront the disease. In our opinion,

this is a powerful reason to continue research in this field.
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