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Low oxytocin levels are broadly
associated with more
pronounced psychopathology in
anorexia nervosa with primarily
restricting but not binge/purge
eating behavior

Franziska Plessow1†, Francesca Galbiati1†, Kamryn T. Eddy2,
Madhusmita Misra1,3, Karen K. Miller1, Anne Klibanski1,
Anna Aulinas1 and Elizabeth A. Lawson1*

1Neuroendocrine Unit, Department of Medicine, Massachusetts General Hospital and Harvard Medical
School, Boston, MA, United States, 2Eating Disorders Clinical and Research Program, Department of
Psychiatry, Massachusetts General Hospital and Harvard Medical School, Boston, MA, United States,
3Division of Pediatric Endocrinology, Massachusetts General Hospital for Children and Harvard Medical
School, Boston, MA, United States
Objective: Anorexia nervosa (AN) is commonly associated with depression,

anxiety, and deficits in socioemotional functioning. Basal levels of oxytocin, a

neurohormone with antidepressant, anxiolytic, and prosocial properties, are low in

women with AN. However, the relationship between oxytocin and

psychopathology of AN/atypical AN has not been examined in individuals with

primarily food restriction (AN/AtypAN-R) or those with restriction plus binge/purge

behaviors (AN/AtypAN-BP) alone, which is important to further elucidate the

neurobiology of different AN presentations. We investigated whether oxytocin

levels are related to eating, affective, and socioemotional psychopathology in

women with AN/AtypAN-R and separately AN/AtypAN-BP.

Methods: In a cross-sectional study of 53 women with low-weight AN or atypical

AN based on DSM-5 (AN/AtypAN-R: n=21, AN/AtypAN-BP: n=32), we obtained

fasting serum oxytocin levels and self-report measures of psychopathology,

including the Eating Disorder Examination–Questionnaire (EDE-Q), Beck

Depression Inventory-IA (BDI), State-Trait Anxiety Inventory (STAI), and Toronto

Alexithymia Scale (TAS-20).

Results: In individuals with AN/AtypAN-R, oxytocin levels were negatively

associated with eating psychopathology (EDE-Q Global Score: r=-0.49,

p=0.024), depressive and anxiety symptoms (BDI Total Score: r=-0.55, p=0.009;

STAI Trait Score: r=-0.63, p=0.002), and socioemotional symptoms (TAS-20

Difficulty Identifying Feelings Score: r=-0.49, p=0.023). In contrast, in those with

AN/AtypAN-BP oxytocin levels were negatively associated with depressive

symptoms only (BDI Total Score: r=-0.52, p=0.049).

Conclusions: These findings support the notion that AN/AtypAN-R and AN/

AtypAN-BP might have divergent underlying neurobiology. Understanding these
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differences is crucial to develop targeted treatments for a population with

high levels of chronicity, for which no specific pharmacological treatments are

currently available.

Clinical trial registration: https://clinicaltrials.gov, identifier: NCT01121211
KEYWORDS

anorexia nervosa, binge/purge behavior, dietary restriction, oxytocin, psychopathology
1 Introduction

Anorexia nervosa (AN), a psychiatric disorder with a prime onset

period in adolescence and early adulthood, manifests with different

clinical presentations, calling for treatments based on carefully

developed pathophysiological models. Its core clinical features

include a distorted body image, intense fear of gaining weight, and

food restriction despite a low body mass index (BMI) (1). It is also

characterized by the common occurrence of comorbid symptoms,

including depressive and anxiety symptoms and deficits in

socioemotional functioning (2–4). AN has two major clinical

presentations; (i) predominantly food restriction, or (ii) food

restriction combined with cycles of binge eating and/or purging

behaviors. AN is often treatment-refractory, and novel treatments

are needed to improve outcomes. Investigating the neurobiological

mechanisms underlying restricting and binge/purge presentations

could inform urgently needed individualized treatment strategies.

The neurohormone oxytocin affects food intake as well as

cognitive, emotional, and social functioning and might play a role

in the pathophysiology of AN spanning ED pathology and associated

depressive and anxiety symptoms and impairments in socioemotional

functioning (5). Prior studies of females with AN demonstrate

oxytocin deficiency in the setting of chronic starvation (6–9). These

findings are complemented by studies showing that weight-restored

individuals with a history of AN have lower basal oxytocin levels than

healthy controls, suggesting chronic alteration of oxytocin signaling

(2, 10). Furthermore, our group has previously shown that in women

with restored weight but persistent symptoms of disordered eating,

fasting oxytocin levels were associated with greater ED pathology and

more pronounced anxiety (2). Similarly, in a mixed sample of women

with low-weight AN, partially recovered AN (90-120% expected body
with dietary restriction
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weight [EBW]), and healthy controls, we previously found an

association between low fasting oxytocin levels and increased

symptoms of alexithymia independent of BMI and estrogen status

(11). Finally, in individuals with AN, oxytocin receptor

polymorphisms were found to be associated with severity of ED

pathology, and oxytocin and oxytocin receptor polymorphisms

showed associations with disorder-specific decrements in emotion

perception ability (12, 13), further pointing towards a potential

involvement of the oxytocin system in AN psychopathology. While

establishing a clinically relevant oxytocin-deficient state in AN, most

investigations to date have examined oxytocin levels in AN without

distinguishing between restricting and binge/purge subtypes, and the

few studies that compared oxytocin levels across AN subtypes did not

investigate their associations with type and severity of

psychopathology within each AN presentation (2, 5, 7, 10, 11, 14,

15). One small study showed low levels of oxytocin in cerebrospinal

fluid (CSF) in individuals with AN restricting type (n=5) but not

those with AN binge/purge type (n=12) compared to healthy controls

(n=11) (7). Other studies detected no differences in oxytocin levels

between subtypes when assessed peripherally (14, 15). Of note,

peripheral oxytocin levels have been shown to correlate with CSF

levels, however current evidence indicates that this relationship may

be context-dependent (16–19). To our knowledge, no studies have

analyzed the corre la t ion between oxytocin levels and

psychopathology in different AN presentations, which could have

clinical implications.

We aimed to extend our understanding of the role of oxytocin in

the pathophysiology of AN and its different presentations by

investigating the relationship between fasting peripheral oxytocin

levels and severity of psychopathology, including eating disorder

(ED) psychopathology, depressive and anxiety symptoms, and

deficits in socioemotional functioning. Using a transdiagnostic

approach, we recruited women with AN (BMI<18.5) and atypical

AN (BMI≥18.5) who presented with active primarily restricting

behaviors (AN/AtypAN-R) and those who were restricting

combined with bingeing and/or purging behaviors (AN/AtypAN-

BP). Based on the preliminary finding that, compared to healthy

controls, CSF oxytocin levels were low in individuals with AN of the

restricting type but not those with the binge/purge subtype (7), we

hypothesized that lower fasting serum oxytocin levels would be

associated with more pronounced ED psychopathology, depressive

and anxiety symptoms, and deficits in socioemotional functioning in

women with AN/AtypAN-R but not those with AN/AtypAN-BP.
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2 Material and methods

2.1 Participants

Fifty-three females, 18-49 years, who met DSM-5 criteria for AN

(n=31) or atypical AN (n=22) and participated in a randomized,

placebo-controlled clinical trial of low-dose testosterone therapy for

AN (clinicaltrials.gov identifier: NCT01121211) or an observational

study of neurobiological underpinnings of illness trajectories in a

sample of adolescent and young adult females with low-weight eating

disorders (R01MH103402), all of them with active AN or atypical AN

at the time of data collection, were included in this study. Clinical

characteristics, including endocrine parameters from partially

overlapping datasets have been previously published (14, 20–23).

However, the relationship between oxytocin levels and

psychopathology, the focus of this paper, has not been reported.

Binge/purge behaviors were defined by the occurrence of at least three

behaviors over the past three months (frequency: ≥1/month). Of the

31 women with AN, 12 met criteria for AN/AtypAN-R, and 19 met

criteria for AN/AtypAN-BP. Of the 22 participants with atypical AN,

nine were categorized as AN/AtypAN-R and 13 as AN/AtypAN-BP.

Participants were recruited from the community through

advertisements and referrals from healthcare providers.

Exclusion criteria included a history of psychotic disorder, active

suicidal ideation, diabetes mellitus, untreated hypothyroidism, unstable

medical illness, pregnancy, breastfeeding, and low serum potassium

levels. For participants of the clinical trial, further exclusion criteria

(relevant to the trial) included free testosterone levels above the median

for healthy women of reproductive age, use of androgens/androgen

precursors over the past three months, not willing to use

contraception, substance use disorder in the past six months, bipolar I

disorder, severe current depressive symptoms (Hamilton Depression

Rating Scale [HAM-D] (24) score >20, excluding two eating/weight

loss items related to AN symptoms), investigational psychotropic drug

within the past three months, dose or drug change in psychotropic

treatment within the last six weeks, dose change in oral contraceptive pill

or transdermal estrogen therapy within the last month, creatinine

level >1.5x upper limit, or ALT >2x upper limit of normal. For

participants of the observational study, the following additional

exclusion criteria applied: other medical explanation for low weight,

use of systemic hormones within eight weeks, use of Depo-Provera

within three months, substance use disorder within the past month,

hematocrit <30%, and gastrointestinal tract surgery.
2.2 Procedures

Study visits took place at the Massachusetts General Hospital

Translational Clinical Research Center and the Athinoula A. Martinos

Center for Biomedical Imaging. A screening visit to determine eligibility

included the medical history, physical examination [with height, weight,

frame size, calculation of BMI and %EBWusing theMetropolitan Height

andWeight Tables 1983 (25)], psychiatric interviews, questionnaires, and

blood and urine collection. DSM-5 criteria for AN/Atypical AN were

confirmed by the Structural Clinical Interview for DSM-IV (SCID-IV

(26); clinical trial) or Eating Disorder Examination (EDE (27);

observational study).
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At the main study visit after an overnight fast, a urine pregnancy

test and a morning blood draw for oxytocin and estradiol levels were

obtained, and participants completed questionnaires to assess

psychopathology. For participants of the observational study, the

Toronto Alexithymia Scale (TAS-20) was completed within a week of

that day. For participants enrolled in the clinical trial, all assessments

were completed prior to randomization to the treatment arms and

receipt of any study medication.
2.3 Self-report measures of
psychopathology

2.3.1 ED psychopathology
The Eating Disorder Examination – Questionnaire (EDE-Q) is a

well-validated 28-item self-report measure that assesses attitudes and

behaviors related to eating patterns and body image over the past 28

days and yields a global score and four subscale scores (Dietary

Restraint, Eating Concern, Shape Concern, and Weight Concern).

Scale scores range from 0 to 6 with higher scores representing more

severe symptoms. Internal consistency for the Global Score is

(a=0.90) (28). We considered an EDE-Q Global Score >2.5 (1 SD

above the healthy population mean) to indicate active ED

psychopathology (29–33).

2.3.2 Depressive and anxiety symptoms
The 21-item Beck Depression Inventory-IA (BDI), a revised

version of the original BDI (34), assesses severity of depressive

symptoms over the previous two weeks with scores of 0-9

indicating minimal depressive symptoms, 10-16 mild depression,

17-29 moderate depression, and 30-63 severe depression (34).

Internal consistency ranges from 0.73 to 0.92 (35).

The 20-item State-Trait Anxiety Inventory (STAI) Trait scale

assesses trait anxiety with high internal consistency (a≥0.89) (36). In
a female population (19-39 years), the mean STAI Trait Score was

36.2 with a standard deviation of 9.5 (36). STAI Trait Scores 1 SD

above the mean are considered to be consistent with clinically

significant anxiety symptoms (37).

2.3.3 Socioemotional functioning
The 20-item TAS-20 is a well-validated measure of alexithymia

with good internal consistency (a=0.81) (38, 39). Sum scores are

determined for three subscales (Difficulty Identifying Feelings,

Difficulty Describing Feelings, and Externally Oriented Thinking)

together with a global score (≤51: nonalexithymia, 52–60: possible

alexithymia, ≥61: alexithymia) (38). To capture the multifacetedness

of socioemotional functioning, participants additionally completed

the Liebowitz Social Anxiety Scale (LSAS-SR), the Dimensional

Assessment of Personality Pathology – Basic Questionnaire (DAPP-

BQ), and the Interpersonal Support Evaluation List (ISEL). The

LSAS-SR assesses fear and avoidance of eleven social situations and

13 situations of public performance over the past week, which are

summarized on four scales with higher scores indicating more severe

psychopathology: Public Fear, Social Fear, Public Avoidance, and

Social Avoidance (40). From the DAPP-BQ, participants rated 14

Suspiciousness and 16 Insecure Attachment items. Summated scores

for Suspiciousness and Insecure Attachment scales were calculated
frontiersin.org

https://doi.org/10.3389/fendo.2022.1049541
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Plessow et al. 10.3389/fendo.2022.1049541
with higher scores indicating more severe psychopathology (41). The

40-item ISEL assesses the perceived availability of potential social

resources yielding a summary score lower scores indicating less

perceived support (42).
2.4 Biochemical analysis

Serum samples were stored at -80°C and run in a single batch.

Oxytocin concentration was measured in unextracted serum by ELISA in

the Brigham Research Assay Core (BRAC) Laboratory using reagents

purchased from Enzo Life Sciences, Farmingdale, NY, USA. We have

previously demonstrated a robust correlation between extracted and

unextracted serum oxytocin levels (43). The assay had a detection limit of

15 pg/mL. In-house quality-control samples had a mean of 81 and 120

pg/mL, and a low and high quality-control pools between-assay

coefficient of variation (CV) of 18 and 20%, respectively. The cross-

reactivity of Lys8-vasopressin, Arg8-vasopressin, met-enkephalin, VIP,

somatostatin, Ser4, Ile8-oxytocin, and alpha-ANP in the oxytocin assay is

<0.02%. Serum estradiol was measured by the BRAC using liquid

chromatography-tandem mass spectrometry. The assay had a lower

limit of detection of 1 pg/mL and intra-assay CV <5%.
2.5 Data analysis

STATA® software (version 14.2; StataCorp LLC, College Station, TX,

USA) was used for statistical analyses. Data were tested for normality

using the Shapiro-Wilk test. Age, duration of illness, estradiol levels, and

oxytocin levels were not normally distributed. Log-transformation prior

to analysis resulted in a normal distribution for estradiol and oxytocin

levels. For the other two measures, non-parametric tests were performed.

Primary outcomes were EDE-QGlobal, BDI Total, and STAI Trait scores

for ED-specific, depressive, and anxiety symptoms, respectively. For

socioemotional functioning, the TAS-20 served as the primary

assessment tool. We have previously shown that among the TAS-20

scores, the Difficulty Identifying Feelings Score showed the strongest link

with oxytocin levels (11). Accordingly, we chose the TAS-20 Difficulty

Identifying Feelings Score as the primary outcome measure for
Frontiers in Endocrinology 04
socioemotional functioning in this study. Further TAS-20 scores and

other measures of key subcomponents of socioemotional functioning

(i.e., LSAS-SR, DAPP-BQ, and ISEL) were analyzed as additional

exploratory outcomes.

We compared AN/AtypAN-R and AN/AtypAN-BP groups using

t-tests for independent samples for continuous variables (except for

age and duration of illness, for which Mann-Whitney U-tests were

performed) and Fisher’s exact tests for nominal data. Pearson

correlations investigated the relationship between (log-transformed)

oxytocin levels and measures of psychopathology. In addition, we

performed multivariate linear regression analyses to determine the

relationship between baseline oxytocin levels and psychopathology

controlling for time since diagnosis, which differed between study

groups. Individuals with AN and atypical AN were combined for all

analysis due to comparable characteristics (see Table 1 for a

comparison of hormone levels and key psychopathology

endpoints). Statistical significance was defined as a two-tailed p-

value <0.05. Data are reported as mean ± SD, median (IQR), or n (%).
3 Results

3.1 Participant characteristics

Participant characteristics are presented in Table 2. Time since

diagnosis was shorter in the AN/AtypAN-R group compared to the

AN/AtypAN-BP group, while age, BMI, and estrogen status did not

differ between groups. Furthermore, AN/AtypAN-R and AN/

AtypAN-BP groups showed no difference in frequency of key

comorbidities and medication intake.
3.2 Self-report measures of
psychopathology

Groupmeans and between-group comparisons of psychopathology

are summarized in Table 2. Twelve participants with AN/AtypAN-R

(57.1%) and 11 participants with AN/AtypAN-BP (73.3%) had an

EDE-Q Global Score in the clinical range. Eleven participants with AN/
TABLE 1 Participant characteristics of hormone levels and key psychopathology endpoints for women with anorexia nervosa (AN) versus atypical AN (AtypAN).

Characteristic
AN

(n=31)
AtypAN
(n=22) p Hedges’ g

Estradiol (pg/mL)a 55.9 ± 61.1 65.8 ± 48.8 n/a n/a

Ln-estradiola 3.3 ± 1.4 3.7 ± 1.2 0.364 -0.30

Fasting oxytocin (pg/mL) 1,018 ± 582 872 ± 308 n/a n/a

Ln-fasting oxytocin 6.8 ± 0.5 6.7 ± 0.4 0.554 0.17

EDE-Q Global Scoreb 3.0 ± 1.6 3.5 ± 1.3 0.358 -0.33

BDI Total Scorec 22.1 ± 10.8 23.4 ± 3.0 0.717 -0.15

STAI Trait Score 53.7 ± 10.4 54.1 ± 13.1 0.906 -0.03

TAS-20 Difficulty Identifying Feelings Scored 20.0 ± 6.5 20.8 ± 6.6 0.699 -0.12
Mean ± SD. aData available for 36 participants (21 with AN and 15 with AtypAN), all of whom were off oral contraceptive pill medication. bData available for 35 participants (19 with AN and 16 with
AtypAN). cData available for 36 participants (20 with AN and 16 with AtypAN). dData available for 50 participants (29 with AN and 21 with AtypAN). BDI, Beck Depression Inventory-IA; EDE-Q,
Eating Disorder Examination Questionnaire; STAI, State-Trait Anxiety Inventory; TAS-20, Toronto Alexithymia Scale.
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TABLE 2 Participant characteristics for women with anorexia nervosa (AN)/Atypical AN who are solely restricting (AN/AtypAN-R) versus those who restrict
in combination with binge/purge behaviors (AN/AtypAN-BP).

Characteristic
AN/AtypAN-R

(n=21)
AN/AtypAN-BP

(n=32) p Effect sizea

Age (years) 25.0 (21.0-28.0) 21.5 (19.5-33.0) 0.636 r=0.06

Duration of illness (months)b 8.0 (5.0-13.0) 16.5 (11.0-27.5) 0.004 r=-0.41

Lowest adult weight (kg) 43.8 ± 5.8 42.8 ± 5.8 0.533 g=0.17

Weight (kg) 49.9 ± 4.9 48.7 ± 5.4 0.417 g=0.23

BMI (kg/m2) 18.5 ± 1.9 18.2 ± 1.4 0.548 g=0.18

%EBW 83.9 ± 6.9 84.7 ± 7.5 0.730 g=-0.11

Amenorrheac 6 (30.0) 9 (28.1) 1.000 OR=1.10

Current MDD 10 (47.6) 17 (53.1) 0.782 OR=0.80

Current GAD 15 (71.4) 19 (59.4) 0.400 OR=1.71

Current OCD 1 (4.8) 1 (3.1) 1.000 OR=1.55

Current PTSD 6 (28.6) 7 (21.9) 0.746 OR=1.43

Antidepressant medication 14 (66.7) 20 (62.5) 1.000 OR=1.20

Anxiolytic medication 10 (47.6) 11 (34.4) 0.397 OR=1.74

Mood stabilizers 1 (4.8) 3 (9.4) 1.000 OR=0.48

Antipsychotic medication 4 (19.1) 3 (9.4) 0.415 OR=2.27

Hypnotic medication 1 (4.8) 3 (9.4) 1.000 OR=0.48

Melatonin 2 (9.5) 0 (0.0) 0.152 N/A

OCPsc 8 (40.0) 7 (21.9) 0.213 OR=2.38

Estradiol (pg/mL)d 76.6 ± 58.1 51.7 ± 53.8 n/a n/a

Ln-estradiold 3.9 ± 1.3 3.3 ± 1.3 0.229 g=0.42

Fasting oxytocin (pg/mL) 873 ± 534 1,013 ± 456 n/a n/a

Ln-oxytocin 6.6 ± 0.5 6.8 ± 0.4 0.158 g=-0.41

EDE-Q Global Scoree 2.8 ± 1.6 3.9 ± 1.1 0.025 g=-0.75

BDI Total Scoref 19.3 ± 11.3 27.3 ± 9.5 0.032 g=-0.74

STAI Trait Score 51.5 ± 11.7 55.4 ± 11.2 0.231 g=-0.34

TAS-20 Difficulty Identifying Feelings Scoreg 19.0 ± 6.9 21.3 ± 6.1 0.216 g=-0.35

TAS-20 Difficulty Describing Feelings Scoreg 15.1 ± 4.9 16.9 ± 4.5 0.185 g=-0.38

TAS-20 Externally Oriented Thinking Scoreg 17.9 ± 4.9 18.6 ± 4.7 0.606 g=-0.14

TAS-20 Total Scoreg 52.0 ± 13.1 56.9 ± 11.2 0.168 g=-0.40

LSAS-SR Social Fear Scoref 14.7 ± 6.3 16.9 ± 5.2 0.261 g=-0.37

LSAS-SR Public Fear Scoref 15.6 ± 6.4 19.4 ± 4.9 0.064 g=-0.64

LSAS-SR Social Avoidance Scoref 13.4 ± 7.2 16.3 ± 6.4 0.218 g=-0.41

LSAS-SR Public Avoidance Scoref 13.0 ± 7.1 16.7 ± 6.6 0.132 g=-0.52

DAPP-BQ Suspiciousness Scoref 27.8 ± 8.9 34.4 ± 11.7 0.061 g=-0.64

DAPP-BQ Insecure Attachment Scoref 36.3 ± 14.1 42.9 ± 16.2 0.207 g=-0.43

ISEL Total Scoref 82.8 ± 17.8 68.9 ± 22.1 0.045 g=0.69
F
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Mean ± SD, median (IQR), or n (%). Significant values (p<0.05) are highlighted in bold. aEffect sizes are reported as Hedges’ g for group comparisons of normally distributed continuous variables
analyzed with independent-sample t-tests, r for non-normally distributed variables analyzed with Mann-Whitney U-test, and OR (exact) for nominal variables analyzed with Fisher’s exact test. bFour
participants with AN/AtypAN-BP did not provide information for duration of illness. cData available for 52 participants (20 participants with AN/AtypAN-R and 32 with AN/AtypAN-BP). dData
available for 36 participants, all of whom were off OCP medication (12 participants with AN/AtypAN-R and 24 with AN/AtypAN-BP). eData available for 35 participants (21 participants with AN/
AtypAN-R and 14 with AN/AtypAN-BP). fData available for 36 participants (21 participants with AN/AtypAN-R and 15 with AN/AtypAN-BP). gData available for 50 participants (21 participants
with AN/AtypAN-R and 29 with AN/AtypAN-BP). BDI, Beck Depression Inventory-IA; BMI, body mass index; DAPP-BQ, Dimensional Assessment of Personality Pathology – Basic Questionnaire;
%EBW, percent expected body weight; EDE-Q, Eating Disorder Examination Questionnaire; GAD, generalized anxiety disorder; ISEL, Interpersonal Support Evaluation List; LSAS-SR, Liebowitz
Social Anxiety Scale; MDD, major depressive disorder; OCD, obsessive-compulsive disorder; OCPs, oral contraceptive pills; PTSD, posttraumatic stress disorder; STAI, State-Trait Anxiety Inventory;
TAS-20, Toronto Alexithymia Scale.
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AtypAN-R (52.4%) and 13 individuals with AN/AtypAN-BP (86.7%)

had a BDI Total Score consistent with moderate or severe depressive

symptoms. Fifteen participants with AN/AtypAN-R (71.4%) and 26

individuals with AN/AtypAN-BP (81.3%) had a STAI Trait Score

consistent with clinically significant anxiety. Nine individuals with

AN/AtypAN-R (42.9%) and 19 participants with AN/AtypAN-BP

(65.5%) had a TAS-20 Total Score in the range of possible or definite

symptoms of alexithymia. ED psychopathology and depressive

symptoms were more pronounced in individuals with AN/AtypAN-

BP than in those with AN/AtypAN-R, as indicated by higher EDE-Q

Global and BDI Total scores, respectively. In addition, the AN/

AtypAN-BP group had a lower perception of social support than the

AN/AtypAN-R group, as indicated by a lower ISEL Total Score. When

controlling for illness duration, no significant group differences

remained (ps≥0.094).
3.3 Oxytocin levels and relationship with
psychopathology

Fasting oxytocin levels did not differ between groups (Table 2). In

individuals with AN/AtypAN-R, oxytocin levels were broadly

associated with symptom severity, namely, lower oxytocin levels

were associated with higher EDE-Q Global, BDI Total, and STAI

Trait scores, reflecting more pronounced ED, depressive, and anxiety

symptoms, respectively (Table 3; Figure 1). Furthermore, in

individuals with AN/AtypAN-R, oxytocin levels were related to
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socioemotional functioning with lower oxytocin levels being

associated with higher TAS-20 Difficulty Identifying Feelings,

LSAS-SR Social Fear, LSAS-SR Public Fear, LSAS-SR Social

Avoidance, and DAPP-BQ Suspiciousness scores (indicating more

pronounced deficits in socioemotional functioning) and decreased

ISEL Total Scores (indicating a reduced perception of social support).

Conversely, in individuals with AN/AtypAN-BP, the only observed

association was between low oxytocin levels and higher BDI Total

Scores; no other relationships reached significance in the AN/

AtypAN-BP group (Table 3; Figure 1).
4 Discussion

To the best of our knowledge, this is the first study to examine

relationships between fasting serum oxytocin levels and

psychopathology in a broad sample of individuals with active AN

and atypical AN who engage in primary restriction (AN/AtypAN-R)

and, separately, in those who restrict combined with binge and/or

purge behaviors (AN/AtypAN-BP). In females with AN/AtypAN-R,

we observed robust negative correlations between basal oxytocin

levels and severity of ED psychopathology, depressive and anxiety

symptoms, and impairment of socioemotional functioning. In

contrast, in women with AN/AtypAN-BP, there was only an

association between lower oxytocin levels and more pronounced

depressive symptoms, while no other significant relationships

between oxytocin levels and psychopathology were identified in this
TABLE 3 Associations between (log-transformed) fasting oxytocin levels and psychopathology in women with anorexia nervosa (AN)/Atypical AN who are
solely restricting (AN/AtypAN-R) versus those who restrict in combination with binge/purge behaviors (AN/AtypAN-BP).

Self-report measures of psychopathology AN/AtypAN-R
(n=21)

AN/AtypAN-BP
(n=32)

r p r p

Primary endpoints

EDE-Q Global Score (eating disorder psychopathology) -0.49 0.024 -0.25a 0.396

BDI Total Score (depressive symptoms) -0.55 0.009 -0.52b 0.049

STAI Trait Score (anxiety symptoms) -0.63 0.002 -0.24 0.190

TAS-20 Difficulty Identifying Feelings Score (socioemotional functioning) -0.49 0.023 -0.10c 0.614

Exploratory endpoints (socioemotional functioning)

TAS-20 Difficulty Describing Feelings Score -0.29 0.205 0.04c 0.834

TAS-20 Externally Oriented Thinking Score -0.09 0.684 0.34c 0.075

TAS-20 Total Score -0.40 0.071 0.11c 0.586

LSAS-SR Social Fear Score -0.56 0.008 -0.15b 0.582

LSAS-SR Public Fear Score -0.44 0.046 -0.21b 0.457

LSAS-SR Social Avoidance Score -0.57 0.006 -0.07b 0.814

LSAS-SR Public Avoidance Score -0.41 0.063 -0.02b 0.932

DAPP-BQ Suspiciousness Score -0.49 0.024 -0.16b 0.562

DAPP-BQ Insecure Attachment Score -0.25 0.285 0.14b 0.618

ISEL Total Score 0.47 0.031 0.51b 0.051
Significant values (p<0.05) are highlighted in bold. aBased on 14 participants. bBased on 15 participants. cBased on 29 participants. BDI, Beck Depression Inventory-IA; DAPP-BQ, Dimensional
Assessment of Personality Pathology – Basic Questionnaire; EDE-Q, Eating Disorder Examination – Questionnaire; ISEL, Interpersonal Support Evaluation List; LSAS-SR, Liebowitz Social Anxiety
Scale; STAI, State-Trait Anxiety Inventory; TAS-20, Toronto Alexithymia Scale.
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study. These data indicate possible differences in underlying

pathophysiology across AN presentations.

Our findings suggest a role of oxytocin pathways in the ED

pathology of AN/AtypAN-R. The result pattern observed in the AN/

AtypAN-R group resembles findings we previously reported in

individuals with AN in partial recovery, where fasting oxytocin

levels were associated with greater ED pathology, and individuals

with clinically significant ED pathology displayed lower oxytocin

levels than those without clinically significant symptoms (2). While

the previous study did not distinguish between individuals with

primarily restricting and those with additional binge/purge

presentation, in the present investigation in women with AN and

atypical AN, despite similar levels of serum oxytocin in females with

AN/AtypAN-R and AN/AtypAN-BP, we found a robust relationship

between oxytocin and ED psychopathology in individuals with AN/

AtypAN-R but not AN/AtypAN-BP. The lack of an observed

relationship between oxytocin and psychopathology in women with

AN/AtypAN-BP could be the result of binge/purge behaviors altering

peripheral oxytocin, and it is still possible that central oxytocin and

psychopathology are related in this AN presentation. Alternatively, it

is conceivable that oxytocin plays a more substantial role in the

modulation of psychopathology in AN/AtypAN-R than AN/

AtypAN-BP. While future research studies are needed to
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understand the cause of the different observation of oxytocin levels

in CSF, serum oxytocin appears to be a biomarker for severity of

psychopathology specifically in AN/AtypAN-R.

The potential relevance of oxytocin in the psychopathology of

AN/AtypAN-R seems to go beyond ED pathology and also spans

depressive and anxiety symptoms and socioemotional functioning.

Comorbid depression and anxiety are common in AN (44, 45). On

average, our sample showed moderate levels of depressive symptoms

and clinically significant anxiety. Preclinical and clinical studies have

demonstrated that oxytocin has antidepressant and anxiolytic

propert ies , inc luding improving psychopathology and

pathophysiology in clinical populations (46–49). For example,

single-dose intranasal administration of oxytocin reduced amygdala

reactivity and functional connectivity to fear-inducing stimuli in

individuals with generalized social anxiety disorders (50, 51), and

repeated doses of intranasal oxytocin over four weeks added to

pharmacological treatment with escitalopram improved depressive

symptoms in individuals with treatment-resistant major depressive

disorders (52). In women with partially recovered AN, we previously

reported a correlation between lower fasting serum oxytocin levels

and more pronounced anxiety symptoms (2). For the first time, the

present study reports a relationship between low levels of oxytocin

and more pronounced depressive and anxiety symptoms in
A B

DC

FIGURE 1

Relationship between (log-transformed) fasting oxytocin levels and psychopathology in women with anorexia nervosa (AN)/Atypical AN who are solely restricting
(AN/AtypAN-R) and those who restrict in combination with binge/purge behaviors (AN/AtypAN-BP). (A) Eating Disorder Examination – Questionnaire (EDE-Q)
Global Score (eating disorder psychopathology); (B) Beck Depression Inventory-IA (BDI) Total Score (depressive symptoms); (C) State-Trait Anxiety Inventory
(STAI) Trait Score (anxiety symptoms); and (D) Toronto Alexithymia Scale (TAS-20) Difficulty Identifying Feelings Score (socioemotional functioning).
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individuals with active AN/AtypAN-R, suggesting that low oxytocin

may mediate mood and anxiety symptoms in this subgroup. In

individuals with active AN/AtypAN-BP, we also found a negative

association between oxytocin levels and depressive symptoms,

mirroring the pattern in AN/AtypAN-R, whereas there was no

evidence for a linear relationship between oxytocin levels and

anxiety in AN/AtypAN-BP.

In addition to a negative relationship between oxytocin levels and

difficulty identifying feelings in females with AN/AtypAN-R but not

AN/AtypAN-BP, our study provides a multifaceted exploratory

assessment of socioemotional functioning that shows a consistent

pattern of lower oxytocin levels associated with worse socioemotional

functioning in women with AN/AtypAN-R but not AN/AtypAN-BP.

Individuals with AN often show impaired socioemotional functioning

by means of increased social anxiety (53), suspiciousness and insecure

attachment (54), difficulty recognizing others’ emotions (55), and

alexithymia (56), which often does not resolve with weight gain (54,

57, 58). Animal research has demonstrated a prosocial role of oxytocin,

including the promotion of maternal and pair bonding (59, 60),

approach behavior under stress (61), and increased duration of eye

contact and higher number of prosocial choices in rhesus macaques

(62). In humans, oxytocin administration has been shown to improve

socioemotional functioning in healthy individuals (63) and across a

variety of psychiatric conditions associated with socioemotional

challenges, including autism spectrum disorder, schizophrenia, and

social anxiety (50, 63, 64). In the context of AN, a previous study from

our group of women with low-weight AN (without distinction between

presentations), partially recovered AN (90-120% EBW), and healthy

controls found an association between low fasting oxytocin levels and

increased symptoms of alexithymia independent of BMI and estrogen

status, raising the question of whether low oxytocin levels could

contribute to social emotional functioning difficulties in AN (11).

However, relationships between oxytocin levels and other measures

of socioemotional functioning were not identified, groups were

analyzed conjointly rather than separately, and the role of AN

presentations was not addressed. Some studies have suggested closer

resemblance of the binge/purge presentation of AN to bulimia nervosa

than primarily restricting AN (7, 15). Our study extends our prior

findings by showing broad and consistent relationships between

oxytocin levels and socioemotional functioning with lower oxytocin

levels being associated with more pronounced socioemotional

dysfunction in women with AN/AtypAN-R but not AN/AtypAN-BP.

The broader sample comprising individuals with AN and atypical AN

increases generalizability of the observed findings.

Limitations of this study include the relatively small sample size,

which could have introduced bias. Furthermore, as a cross-sectional

investigation we report associations and cannot determine causality.

Longitudinal studies in larger samples of women with AN/AtypAN-R

and AN/AtypAN-BP that build on the presented findings and further

explore the role of additional key characteristics will be essential to

further investigate the role of oxytocin in mediating psychopathology.

For example, a longer duration of illness in individuals with AN/

Atypical AN-BP compared to AN/Atypical AN-R represents a

commonly observed difference. This difference is rooted in the fact

that diagnostic crossover during prolonged illness from AN/Atypical

presentations with primarily dietary restriction to eating disorders

featuring binge-eating and/or purging is common (~50%), while the
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reverse crossover rarely occurs (65). A lack of an observed

relationship between oxytocin and psychopathology in our sample

of individuals with AN/AtypAN-BP could be related to a longer

duration of illness, and/or it could highlight a neurobiological shift

that occurs simultaneously with and/or is driving the observed

behavioral changes taking place with diagnostic crossover. Future

studies should examine groups of individuals with AN/Atypical AN-R

and AN/Atypical AN-BP who are comparable in duration of illness to

shed light on the separate and joint impact of symptom presentation

and illness duration on the studied endocrine-psychopathological

link. Furthermore, follow-up prospective studies in individuals

undergoing diagnostic crossover from AN/AtypAN-R to AN/

AtypAN-BP are needed to build on the reported findings and

examine the relat ionship between oxytocin levels and

psychopathology longitudinally to better understand its potential

role in diagnostic crossover. Lastly, future studies investigating the

relationship between oxytocin levels and psychopathology across AN

subtypes should consider including CSF oxytocin levels to better

understand the relationship between central and peripheral oxytocin

levels in the context of these research questions.

In summary, the present study is the first to show consistent

relationships between fasting serum oxytocin levels and

psychopathology (spanning ED psychopathology, depressive and

anxiety symptoms, and impairments in socioemotional functioning)

in women with active AN/AtypAN-R. Our sample of individuals with

active AN/AtypAN-BP only showed an association between low

oxytocin levels and depressive symptoms, while no other

relationships between oxytocin and psychopathology were observed.

These findings are crucial to better elucidate oxytocin physiology and

its role in psychopathology in AN presentations, highlighting a

potentially different underlying psychopathology in AN-R and AN-

BP. Additional studies are needed to further investigate the role of

oxytocin in the psychopathology of AN and explore the potential of

oxytocin pathways as neurohormonal treatment targets for selected

AN presentations, and future randomized controlled trials could

consider using the outcomes that we found to be associated with

peripheral oxytocin levels as primary endpoints.
Data availability statement

Data from the randomized, placebo-controlled clinical trial of

low-dose testosterone therapy for AN (clinicaltrials.gov identifier:

NCT01121211) are available upon reasonable request to KM

(kkmiller@mgh.harvard.edu). Data from the observational study of

neurobiology of low-weight eating disorders (R01 MH103402) will be

available upon request to the corresponding author and through

National Institute of Mental Health.
Ethics statement

This research was approved by the Institutional Review Board of

Mass General Brigham and carried out in accordance with the

Declaration of Helsinki. Informed written consent was obtained

from all participants.
frontiersin.org

https://doi.org/10.3389/fendo.2022.1049541
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Plessow et al. 10.3389/fendo.2022.1049541
Author contributions

FP, FG, AA, and EL conceived the study idea and designed this

investigation. FP and AA performed the analysis. FP, FG, and EL

wrote the manuscript. KE, MM, KM, AK, and AA provided feedback

on the manuscript. All authors contributed to the article and

approved the submitted version.
Funding

This work was supported by the Charles A. King Trust

Postdoctoral Research Fellowship Program, Bank of America, N.A.,

Co-Trustees (FP), Fundación Alfonso Martı́ n Escudero (AA), and

National Institutes of Health (R01 MH083657 [AK], R01 MH103402

[KTE, MM, and EAL], K23 MH092560 [EAL], K24 MH120568

[EAL], P30 DK040561, 1 UL1 TR001102-01, and 8 ULI TR000170-

05). Funding sources had no role in the design of the study, collection,

analysis, and interpretation of data, writing of the manuscript, or

decision to submit the article for publication.
Frontiers in Endocrinology 09
Conflict of interest

KM has received study medication from Pfizer and an investigator-

initiated research grant fromAmgen. She has had equity in Bristol-Myers

Squibb, General Electric, Boston Scientific, Amgen, and Becton

Dickinson. EL was on the scientific advisory board and has/had a

financial interest in OXT Therapeutics, a company that developed

oxytocin-based therapeutics for obesity and metabolic disease. She also

received an investigator-initiated grant from Tonix Pharmaceuticals.

The remaining authors declare that the research was conducted in

the absence of any commercial or financial relationships that could be

construed as a potential conflict of interest.

Publisher’s note

All claims expressed in this article are solely those of the authors

and do not necessarily represent those of their affiliated organizations,

or those of the publisher, the editors and the reviewers. Any product

that may be evaluated in this article, or claim that may be made by its

manufacturer, is not guaranteed or endorsed by the publisher.
References
1. American Psychiatric Association. Diagnostic and statistical manual of mental
disorders. 5th ed. Washington, DC, USA: American Psychiatric Association (2013).

2. Afinogenova Y, Schmelkin C, Plessow F, Thomas JJ, Pulumo R, Micali N, et al. Low
fasting oxytocin levels are associated with psychopathology in anorexia nervosa in partial
recovery. J Clin Psychiatry (2016) 77(11):e1483–e90. doi: 10.4088/JCP.15m10217

3. Kaye WH, Bulik CM, Thornton L, Barbarich N, Masters K. Comorbidity of anxiety
disorders with anorexia and bulimia nervosa. Am J Psychiatry (2004) 161(12):2215–21.
doi: 10.1176/appi.ajp.161.12.2215

4. Woodside BD, Staab R. Management of psychiatric comorbidity in anorexia nervosa and
bulimia nervosa. CNS Drugs (2006) 20(8):655–63. doi: 10.2165/00023210-200620080-00004

5. Plessow F, Eddy KT, Lawson EA. The neuropeptide hormone oxytocin in eating
disorders. Curr Psychiatry Rep (2018) 20(10):91. doi: 10.1007/s11920-018-0957-0

6. Chiodera P, Volpi R, Capretti L, Marchesi C, d'Amato L, De Ferri A, et al. Effect of
estrogen or insulin-induced hypoglycemia on plasma oxytocin levels in bulimia and anorexia
nervosa. Metabolism (1991) 40(11):1226–30. doi: 10.1016/0026-0495(91)90220-Q

7. Demitrack MA, Lesem MD, Listwak SJ, Brandt HA, Jimerson DC, Gold PW. CSF
oxytocin in anorexia nervosa and bulimia nervosa: Clinical and pathophysiologic
considerations. Am J Psychiatry (1990) 147(7):882–6. doi: 10.1176/ajp.147.7.882

8. Lawson EA, Donoho DA, Blum JI, Meenaghan EM, Misra M, Herzog DB, et al.
Decreased nocturnal oxytocin levels in anorexia nervosa are associated with low bone
mineral density and fat mass. J Clin Psychiatry (2011) 72(11):1546–51. doi: 10.4088/
JCP.10m06617

9. Schorr M, Marengi DA, Pulumo RL, Yu E, Eddy KT, Klibanski A, et al. Oxytocin and its
relationship to body composition, bone mineral density, and hip geometry across the weight
spectrum. J Clin Endocrinol Metabol (2017) 102(8):2814–24. doi: 10.1210/jc.2016-3963

10. Lawson EA, Holsen LM, Santin M, Meenaghan E, Eddy KT, Becker AE, et al.
Oxytocin secretion is associated with severity of disordered eating psychopathology and
insular cortex hypoactivation in anorexia nervosa. J Clin Endocrinol Metabol (2012) 97
(10):E1898–908. doi: 10.1210/jc.2012-1702

11. Schmelkin C, Plessow F, Thomas JJ, Gray EK, Marengi DA, Pulumo R, et al. Low
oxytocin levels are related to alexithymia in anorexia nervosa. Int J Eat Disord (2017) 50
(11):1332–8. doi: 10.1002/eat.22784

12. Burmester V, Nicholls D, Buckle A, Stanojevic B, Crous-Bou M. Review of eating
disorders and oxytocin receptor polymorphisms. J Eat Disord (2021) 9(1):85.
doi: 10.1186/s40337-021-00438-0

13. Kucharska K, Kot E, Biernacka K, Zimowski J, Rogoza R, Rybakowski F, et al.
Interaction between polymorphisms of the oxytocinergic system genes and emotion
perception in inpatients with anorexia nervosa. Eur Eat Disord Rev (2019) 27(5):481–94.
doi: 10.1002/erv.2698

14. Aulinas A, Plessow F, Pulumo RL, Asanza E, Mancuso CC, Slattery M, et al.
Disrupted oxytocin-appetite signaling in females with anorexia nervosa. J Clin Endocrinol
Metabol (2019) 104(10):4931–4940. doi: 10.1210/jc.2019-00926
15. Monteleone AM, Scognamiglio P, Volpe U, Di Maso V, Monteleone P.
Investigation of oxytocin secretion in anorexia nervosa and bulimia nervosa:
Relationships to temperament personality dimensions. Eur Eat Disord Rev (2016) 24
(1):52–6. doi: 10.1002/erv.2391

16. Carson DS, Berquist SW, Trujillo TH, Garner JP, Hannah SL, Hyde SA, et al.
Cerebrospinal fluid and plasma oxytocin concentrations are positively correlated and
negatively predict anxiety in children.Mol Psychiatry (2015) 20(9):1085–90. doi: 10.1038/
mp.2014.132

17. Chen Q, Zhuang J, Zuo R, Zheng H, Dang J, Wang Z. Exploring associations
between postpartum depression and oxytocin levels in cerebrospinal fluid, plasma and
saliva. J Affect Disord (2022) 315:198–205. doi: 10.1016/j.jad.2022.07.052

18. Kagerbauer SM, Martin J, Schuster T, Blobner M, Kochs EF, Landgraf R. Plasma
oxytocin and vasopressin do not predict neuropeptide concentrations in human
cerebrospinal fluid. J Neuroendocrinol (2013) 25(7):668–73. doi: 10.1111/jne.12038

19. Martin J, Kagerbauer SM, Schuster T, Blobner M, Kochs EF, Landgraf R.
Vasopressin and oxytocin in CSF and plasma of patients with aneurysmal
subarachnoid haemorrhage. Neuropeptides (2014) 48(2):91–6. doi: 10.1016/
j.npep.2013.12.004

20. Aulinas A, Marengi DA, Galbiati F, Asanza E, Slattery M, Mancuso CJ, et al.
Medical comorbidities and endocrine dysfunction in low-weight females with avoidant/
restrictive food intake disorder compared to anorexia nervosa and healthy controls. Int J
Eat Disord (2020) 53(4):631–6. doi: 10.1002/eat.23261

21. Breithaupt L, Chunga-Iturry N, Lyall AE, Cetin-Karayumak S, Becker KR, Thomas
JJ, et al. Developmental stage-dependent relationships between ghrelin levels and
hippocampal white matter connections in low-weight anorexia nervosa and atypical
anorexia nervosa. Psychoneuroendocrinology (2020) 119:104722. doi: 10.1016/
j.psyneuen.2020.104722

22. Kimball A, Schorr M, Meenaghan E, Bachmann KN, Eddy KT, Misra M, et al. A
randomized placebo-controlled trial of low-dose testosterone therapy in women with
anorexia nervosa. J Clin Endocrinol Metabol (2019) 104(10):4347–55. doi: 10.1210/
jc.2019-00828

23. Mancuso C, Izquierdo A, Slattery M, Becker KR, Plessow F, Thomas JJ, et al.
Changes in appetite-regulating hormones following food intake are associated with
changes in reported appetite and a measure of hedonic eating in girls and young
women with anorexia nervosa. Psychoneuroendocrinology (2019) 113:104556.
doi: 10.1016/j.psyneuen.2019.104556

24. Hamilton M. The assessment of anxiety states by rating. Br J Med Psychol (1959) 32
(1):50–5. doi: 10.1111/j.2044-8341.1959.tb00467.x

25. Metropolitan Life Insurance Company. Metropolitan height and weight tables. Stat
Bull (1983) 64(1):2–9.

26. First MB, Spitzer RL, Williams JB. Structured clinical interview for diagnostic and
statistical manual of mental disorders. 4th ed. New York, NY, USA: Biometrics Research
(2002).
frontiersin.org

https://doi.org/10.4088/JCP.15m10217
https://doi.org/10.1176/appi.ajp.161.12.2215
https://doi.org/10.2165/00023210-200620080-00004
https://doi.org/10.1007/s11920-018-0957-0
https://doi.org/10.1016/0026-0495(91)90220-Q
https://doi.org/10.1176/ajp.147.7.882
https://doi.org/10.4088/JCP.10m06617
https://doi.org/10.4088/JCP.10m06617
https://doi.org/10.1210/jc.2016-3963
https://doi.org/10.1210/jc.2012-1702
https://doi.org/10.1002/eat.22784
https://doi.org/10.1186/s40337-021-00438-0
https://doi.org/10.1002/erv.2698
https://doi.org/10.1210/jc.2019-00926
https://doi.org/10.1002/erv.2391
https://doi.org/10.1038/mp.2014.132
https://doi.org/10.1038/mp.2014.132
https://doi.org/10.1016/j.jad.2022.07.052
https://doi.org/10.1111/jne.12038
https://doi.org/10.1016/j.npep.2013.12.004
https://doi.org/10.1016/j.npep.2013.12.004
https://doi.org/10.1002/eat.23261
https://doi.org/10.1016/j.psyneuen.2020.104722
https://doi.org/10.1016/j.psyneuen.2020.104722
https://doi.org/10.1210/jc.2019-00828
https://doi.org/10.1210/jc.2019-00828
https://doi.org/10.1016/j.psyneuen.2019.104556
https://doi.org/10.1111/j.2044-8341.1959.tb00467.x
https://doi.org/10.3389/fendo.2022.1049541
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org


Plessow et al. 10.3389/fendo.2022.1049541
27. Fairburn CG, Cooper Z, O'Connor M. Eating disorder examination edition 17.0D.
Oxford, UK: Centre for Research on Eating Disorders at Oxford (2014).

28. Peterson CB, Crosby RD, Wonderlich SA, Joiner T, Crow SJ, Mitchell JE, et al.
Psychometric properties of the eating disorder examination-questionnaire: Factor
structure and internal consistency. Int J Eat Disord (2007) 40(4):386–9. doi: 10.1002/
eat.20373

29. Aardoom JJ, Dingemans AE, Slof Op't Landt MC, Van Furth EF. Norms and
discriminative validity of the eating disorder examination questionnaire (EDE-q). Eat
Behav (2012) 13(4):305–9. doi: 10.1016/j.eatbeh.2012.09.002

30. Kelly NR, Cotter EW, Mazzeo SE. Eating disorder examination questionnaire
(EDE-q): Norms for black women. Eat Behav (2012) 13(4):429–32. doi: 10.1016/
j.eatbeh.2012.09.001

31. Luce KH, Crowther JH, Pole M. Eating disorder examination questionnaire (EDE-
q): Norms for undergraduate women. Int J Eat Disord (2008) 41(3):273–6. doi: 10.1002/
eat.20504

32. Mond JM, Chen A, Kumar R. Eating-disordered behavior in Australian and
Singaporean women: A comparative study. Int J Eat Disord (2010) 43(8):717–23.
doi: 10.1002/eat.20771

33. Nakai Y, Nin K, Fukushima M, Nakamura K, Noma S, Teramukai S, et al. Eating
disorder examination questionnaire (EDE-q): Norms for undergraduate Japanese women.
Eur Eat Disord Rev (2014) 22(6):439–42. doi: 10.1002/erv.2324

34. Beck AT, Steer RA. Manual for the beck depression inventory. San Antonio, TX,
USA: Psychological Corporation (1993).

35. Beck AT, Steer RA, Garbin MG. Psychometric properties of the beck depression
inventory: Twenty-five years of evaluation. Clin Psychol Rev (1988) 8(1):77–100.
doi: 10.1016/0272-7358(88)90050-5

36. Spielberger CD, Gorsuch RL, Lushene R, Vagg PR, Jacobs GA.Manual for the stait-
trait anxiety inventory. Palo Alto, CA: Consulting Psychologists Press (1983).

37. Vautier S. A longitudinal SEM approach to STAI data: Two comprehensive multitrait-
multistate models. J Pers Assess (2004) 83(2):167–79. doi: 10.1207/s15327752jpa8302_11

38. Bagby RM, Parker JD, Taylor GJ. The twenty-item Toronto alexithymia scale–i.
item selection and cross-validation of the factor structure. J Psychosom Res (1994) 38
(1):23–32. doi: 10.1016/0022-3999(94)90005-1

39. Bagby RM, Taylor GJ, Parker JDA. The twenty-item Toronto alexithymia scale: II.
convergent, discriminant, and concurrent validity. J Psychosom Res (1994) 38(1):33–40.
doi: 10.1016/0022-3999(94)90006-x

40. Rytwinski NK, Fresco DM, Heimberg RG, Coles ME, Liebowitz MR, Cissell S, et al.
Screening for social anxiety disorder with the self-report version of the liebowitz social
anxiety scale. Depress Anxiety (2009) 26(1):34–8. doi: 10.1002/da.20503

41. Kushner SC, Quilty LC, Tackett JL, Bagby RM. The hierarchical structure of the
dimensional assessment of personality pathology (DAPP-BQ). J Pers Disord (2011) 25
(4):504–16. doi: 10.1521/pedi.2011.25.4.504

42. Cohen S, Mermelstein R, Kamarck T, Hoberman HM. Measuring the functional
components of social support. In: Sarason IG, Sarason BR, editors. Social support: Theory,
research and applications. NATO ASI series (D: Behavioural and social sciences).
Dordrecht, NL: Springer (1985). p. 73–94.

43. Lawson EA, Holsen LM, Santin M, DeSanti R, Meenaghan E, Eddy KT, et al.
Postprandial oxytocin secretion is associated with severity of anxiety and depressive
symptoms in anorexia nervosa. J Clin Psychiatry (2013) 74(5):e451–7. doi: 10.4088/
JCP.12m08154

44. Geist R, Davis R, Heinmaa M. Binge/purge symptoms and comorbidity in
adolescents with eating disorders. Can J Psychiatry (1998) 43(5):507–12. doi: 10.1177/
070674379804300510

45. McElroy SL, Kotwal R, Keck PEJr., Akiskal HS. Comorbidity of bipolar and eating
disorders: Distinct or related disorders with shared dysregulations? J Affect Disord (2005)
86(2-3):107–27. doi: 10.1016/j.jad.2004.11.008

46. Arletti R, Bertolini A. Oxytocin acts as an antidepressant in two animal models of
depression. Life Sci (1987) 41(14):1725–30. doi: 10.1016/0024-3205(87)90600-x
Frontiers in Endocrinology 10
47. Kanat M, Heinrichs M, Mader I, van Elst LT, Domes G. Oxytocin modulates
amygdala reactivity to masked fearful eyes. Neuropsychopharmacology (2015) 40
(11):2632–8. doi: 10.1038/npp.2015.111

48. Matsushita H, Tomizawa K, Okimoto N, Nishiki T, Ohmori I, Matsui H. Oxytocin
mediates the antidepressant effects of mating behavior in male mice. Neurosci Res (2010)
68(2):151–3. doi: 10.1016/j.neures.2010.06.007

49. Ring RH, Malberg JE, Potestio L, Ping J, Boikess S, Luo B, et al. Anxiolytic-like
activity of oxytocin in male mice: Behavioral and autonomic evidence, therapeutic
implications. Psychopharmacol (Berl) (2006) 185(2):218–25. doi: 10.1007/s00213-005-
0293-z

50. Gorka SM, Fitzgerald DA, Labuschagne I, Hosanagar A, Wood AG, Nathan PJ,
et al. Oxytocin modulation of amygdala functional connectivity to fearful faces in
generalized social anxiety disorder. Neuropsychopharmacology (2015) 40(2):278–86.
doi: 10.1038/npp.2014.168

51. Labuschagne I, Phan KL, Wood A, Angstadt M, Chua P, Heinrichs M, et al.
Oxytocin attenuates amygdala reactivity to fear in generalized social anxiety disorder.
Neuropsychopharmacology (2010) 35(12):2403–13. doi: 10.1038/npp.2010.123

52. Scantamburlo G, Hansenne M, Geenen V, Legros JJ, Ansseau M. Additional
intranasal oxytocin to escitalopram improves depressive symptoms in resistant
depression: An open trial. Eur Psychiatry (2015) 30(1):65–8. doi: 10.1016/
j.eurpsy.2014.08.007

53. Bulik CM. Family histories of bulimic women with and without comorbid alcohol
abuse or dependence. Am J Psychiatry (1991) 148(9):1267–8. doi: 10.1176/ajp.148.9.1267

54. Holliday J, Uher Rpdel, Landau S, Collier D, Treasure J. Personality pathology
among individuals with a lifetime history of anorexia nervosa. J Pers Disord (2006) 20
(4):417–30. doi: 10.1521/pedi.2006.20.4.417

55. Jansch C, Harmer C, Cooper MJ. Emotional processing in women with anorexia
nervosa and in healthy volunteers. Eat Behav (2009) 10(3):184–91. doi: 10.1016/
j.eatbeh.2009.06.001

56. Lule D, Schulze UM, Bauer K, Scholl F, Muller S, Fladung AK, et al. Anorexia
nervosa and its relation to depression, anxiety, alexithymia and emotional processing
deficits. Eat Weight Disord (2014) 19(2):209–16. doi: 10.1007/s40519-014-0101-z

57. Beadle JN, Paradiso S, Salerno A, McCormick LM. Alexithymia, emotional
empathy, and self-regulation in anorexia nervosa. Ann Clin Psychiatry (2013) 25
(2):107–20.

58. Speranza M, Loas G, Wallier J, Corcos M. Predictive value of alexithymia in
patients with eating disorders: A 3-year prospective study. J Psychosom Res (2007) 63
(4):365–71. doi: 10.1016/j.jpsychores.2007.03.008

59. Insel TR. A neurobiological basis of social attachment. Am J Psychiatry (1997) 154
(6):726–35. doi: 10.1176/ajp.154.6.726

60. Williams JR, Insel TR, Harbaugh CR, Carter CS. Oxytocin administered centrally
facilitates formation of a partner preference in female prairie voles (Microtus
ochrogaster). J Neuroendocrinol (1994) 6(3):247–50. doi: 10.1111/j.1365-
2826.1994.tb00579.x

61. Young LJ. The neurobiology of social recognition, approach, and avoidance. Biol
Psychiatry (2002) 51(1):18–26. doi: 10.1016/s0006-3223(01)01268-9

62. Ebitz RB, Watson KK, Platt ML. Oxytocin blunts social vigilance in the rhesus
macaque. Proc Natl Acad Sci U.S.A. (2013) 110(28):11630–5. doi: 10.1073/
pnas.1305230110

63. Guastella AJ, Ward PB, Hickie IB, Shahrestani S, Hodge MA, Scott EM, et al. A
single dose of oxytocin nasal spray improves higher-order social cognition in
schizophrenia. Schizophr Res (2015) 168(3):628–33. doi: 10.1016/j.schres.2015.06.005

64. Parker KJ, Oztan O, Libove RA, Sumiyoshi RD, Jackson LP, Karhson DS, et al.
Intranasal oxytocin treatment for social deficits and biomarkers of response in children
with autism. Proc Natl Acad Sci U.S.A. (2017) 114(30):8119–24. doi: 10.1073/
pnas.1705521114

65. Plessow F, Eddy KT. Diagnostic crossover. In: Wade T, editor. Encyclopedia of
feeding and eating disorders. New York, NY, USA: Springer (2017). p. 1–5.
frontiersin.org

https://doi.org/10.1002/eat.20373
https://doi.org/10.1002/eat.20373
https://doi.org/10.1016/j.eatbeh.2012.09.002
https://doi.org/10.1016/j.eatbeh.2012.09.001
https://doi.org/10.1016/j.eatbeh.2012.09.001
https://doi.org/10.1002/eat.20504
https://doi.org/10.1002/eat.20504
https://doi.org/10.1002/eat.20771
https://doi.org/10.1002/erv.2324
https://doi.org/10.1016/0272-7358(88)90050-5
https://doi.org/10.1207/s15327752jpa8302_11
https://doi.org/10.1016/0022-3999(94)90005-1
https://doi.org/10.1016/0022-3999(94)90006-x
https://doi.org/10.1002/da.20503
https://doi.org/10.1521/pedi.2011.25.4.504
https://doi.org/10.4088/JCP.12m08154
https://doi.org/10.4088/JCP.12m08154
https://doi.org/10.1177/070674379804300510
https://doi.org/10.1177/070674379804300510
https://doi.org/10.1016/j.jad.2004.11.008
https://doi.org/10.1016/0024-3205(87)90600-x
https://doi.org/10.1038/npp.2015.111
https://doi.org/10.1016/j.neures.2010.06.007
https://doi.org/10.1007/s00213-005-0293-z
https://doi.org/10.1007/s00213-005-0293-z
https://doi.org/10.1038/npp.2014.168
https://doi.org/10.1038/npp.2010.123
https://doi.org/10.1016/j.eurpsy.2014.08.007
https://doi.org/10.1016/j.eurpsy.2014.08.007
https://doi.org/10.1176/ajp.148.9.1267
https://doi.org/10.1521/pedi.2006.20.4.417
https://doi.org/10.1016/j.eatbeh.2009.06.001
https://doi.org/10.1016/j.eatbeh.2009.06.001
https://doi.org/10.1007/s40519-014-0101-z
https://doi.org/10.1016/j.jpsychores.2007.03.008
https://doi.org/10.1176/ajp.154.6.726
https://doi.org/10.1111/j.1365-2826.1994.tb00579.x
https://doi.org/10.1111/j.1365-2826.1994.tb00579.x
https://doi.org/10.1016/s0006-3223(01)01268-9
https://doi.org/10.1073/pnas.1305230110
https://doi.org/10.1073/pnas.1305230110
https://doi.org/10.1016/j.schres.2015.06.005
https://doi.org/10.1073/pnas.1705521114
https://doi.org/10.1073/pnas.1705521114
https://doi.org/10.3389/fendo.2022.1049541
https://www.frontiersin.org/journals/endocrinology
https://www.frontiersin.org

	Low oxytocin levels are broadly associated with more pronounced psychopathology in anorexia nervosa with primarily restricting but not binge/purge eating behavior
	1 Introduction
	2 Material and methods
	2.1 Participants
	2.2 Procedures
	2.3 Self-report measures of psychopathology
	2.3.1 ED psychopathology
	2.3.2 Depressive and anxiety symptoms
	2.3.3 Socioemotional functioning

	2.4 Biochemical analysis
	2.5 Data analysis

	3 Results
	3.1 Participant characteristics
	3.2 Self-report measures of psychopathology
	3.3 Oxytocin levels and relationship with psychopathology

	4 Discussion
	Data availability statement
	Ethics statement
	Author contributions
	Funding
	References



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages false
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /sRGB
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 1
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness false
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages false
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages false
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.40
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages false
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /ENU (T&F settings for black and white printer PDFs 20081208)
  >>
  /ExportLayers /ExportVisibleLayers
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /BleedOffset [
        0
        0
        0
        0
      ]
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /ClipComplexRegions true
        /ConvertStrokesToOutlines false
        /ConvertTextToOutlines false
        /GradientResolution 300
        /LineArtTextResolution 1200
        /PresetName ([High Resolution])
        /PresetSelector /HighResolution
        /RasterVectorBalance 1
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks true
      /IncludeHyperlinks true
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MarksOffset 6
      /MarksWeight 0.250000
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PageMarksFile /RomanDefault
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
    <<
      /AllowImageBreaks true
      /AllowTableBreaks true
      /ExpandPage false
      /HonorBaseURL true
      /HonorRolloverEffect false
      /IgnoreHTMLPageBreaks false
      /IncludeHeaderFooter false
      /MarginOffset [
        0
        0
        0
        0
      ]
      /MetadataAuthor ()
      /MetadataKeywords ()
      /MetadataSubject ()
      /MetadataTitle ()
      /MetricPageSize [
        0
        0
      ]
      /MetricUnit /inch
      /MobileCompatible 0
      /Namespace [
        (Adobe)
        (GoLive)
        (8.0)
      ]
      /OpenZoomToHTMLFontSize false
      /PageOrientation /Portrait
      /RemoveBackground false
      /ShrinkContent true
      /TreatColorsAs /MainMonitorColors
      /UseEmbeddedProfiles false
      /UseHTMLTitleAsMetadata true
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


