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ARTICLE INFO ABSTRACT

The neurobiological mechanisms underlying the pathophysiology of body dysmorphic disorder (BDD) are not
well-understood. Oxytocin is a central nervous system peptide which regulates socioemotional functioning and
Serum may mediate physiologic processes in a range of psychiatric disorders, particularly those characterized by in-

Keywords:
Oxytocin

Secretion terpersonal dysfunction. Examining the role of oxytocin in the development and maintenance of BDD may
Body dysmorphic disorder . . . . . .

elucidate new targets for intervention. The present study examined endogenous serum oxytocin levels in BDD.
Psychopathology

Given the prominent deficits in social functioning in BDD, we expected that BDD would be characterized by low
basal serum oxytocin concentrations, relative to healthy controls, and that low oxytocin levels would be asso-
ciated with BDD symptom severity as well as poor performance on measures of social cognition. Twenty in-
dividuals with BDD and 28 healthy controls completed a fasting blood draw consisting of frequent sampling
every five minutes for one hour to measure pooled levels of oxytocin. Contrary to our hypotheses, people with
BDD displayed higher concentrations of oxytocin, compared to their healthy control counterparts, and their
oxytocin levels were positively correlated with BDD symptom severity. There were no associations between
oxytocin levels and measures of social cognition. These findings suggest increased production of endogenous
oxytocin in BDD. Prospective research is needed to determine whether this contributes to or is a consequence of
BDD symptomatology.

Social cognition

mediates physiologic processes in a range of psychiatric illnesses, par-
ticularly those characterized by social impairment (Bakermans-

1. Introduction

Body dysmorphic disorder (BDD) is an obsessive-compulsive related
disorder affecting approximately 1.7-2.4 % of the general population
(Buhlmann et al., 2010; Koran et al., 2008; Rief et al., 2006). BDD often
causes severe disability, such that many patients stop working, drop out
of school, and even become housebound due to appearance-related
concerns (Didie et al., 2008; Phillips et al., 2005b, c). Estimates suggest
that between 24-28 % of patients with BDD attempt suicide in their
lifetime (Phillips et al., 2005a; Phillips, 2007). Despite its prevalence
and impairment, little is known about neuroendocrine contributions to
BDD. This is a major unexamined gap in the literature, as it has im-
portant implications for advancing the discovery of markers of BDD
illness and illness progression, as well as the identification of new tar-
gets for intervention.

Accumulating evidence suggests that the neurohormone oxytocin

Kranenburg and van Ijzendoorn, 2013; Neumann and Slattery, 2016).
Oxytocin is a nine amino acid peptide that is produced in specialized
cells of the hypothalamus and has diverse effects throughout the brain
via paracrine and synaptic release mechanisms, and throughout the
body via release from the posterior pituitary gland into the peripheral
circulation (Dolen, 2015). Central release and peripheral secretion may
occur simultaneously or independently depending on the behavioral
context and stimuli that trigger release (Neumann and Landgraf, 2012).
As a neuromodulator, oxytocin plays a role in the regulation of socio-
emotional functioning (Leppanen et al., 2017) and has antidepressant
and anxiolytic effects in animal models and human studies
(Labuschagne et al., 2010; Neumann and Slattery, 2016; Scantamburlo
et al., 2007). In people with BDD, experimental studies have demon-
strated that intranasal administration of oxytocin may alter certain
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higher-order attributional biases (Fang et al., 2019) and resting state
functional connectivity between brain regions involved in visual pro-
cessing (Grace et al., 2019), which suggests that oxytocin may play a
role in the pathophysiology of BDD. Oxytocin has also been implicated
as a candidate biomarker of certain psychiatric disorders associated
with BDD, such as psychosis, depression, anxiety disorders, and eating
disorders, although the evidence has been mixed (Rutigliano et al.,
2016). For example, in social anxiety disorder (which shares significant
overlap with BDD in terms of social avoidance; Fang and Hofmann,
2010), plasma oxytocin levels were lower than controls when measured
after the “Trust Game,” a neuroeconomic test examining trust behavior
(Hoge et al., 2012), but were found to not differ from healthy controls
when measured at rest (Hoge et al., 2008). Among individuals with
obsessive-compulsive disorder (OCD), one study found elevated levels
of oxytocin in cerebrospinal fluid (CSF) via lumbar puncture, relative to
healthy controls (Leckman et al., 1994), but another study found no
between-group differences (Altemus et al., 1999). As body image dis-
orders, BDD and anorexia nervosa (AN) have similar clinical features,
and studies in AN have shown lower basal levels of oxytocin in serum
(Lawson et al., 2011) and plasma (Monteleone et al., 2016), but per-
ipheral oxytocin secretion in AN may be increased after meals, com-
pared to controls (Lawson et al., 2012). Some evidence also suggests
that serum and CSF oxytocin levels in AN may depend on weight-re-
covered status (Lawson et al., 2012; Frank et al., 2000). In addition, low
fasting oxytocin levels were associated with alexithymia when analyzed
across women with acute and partially recovered AN and female
healthy controls (Schmelkin et al., 2017), as well as greater eating
disorder psychopathology and anxiety in partially-recovered patients
with AN (Afinogenova et al., 2016). Overall, the role of oxytocin in the
pathophysiology of BDD and related disorders remains to be fully un-
derstood.

Within the domain of socioemotional processing, previous research
examining the role of oxytocin suggests more consistent evidence in
favor of oxytocin enhancing the recognition of basic emotions and ex-
pression of positive emotions in healthy humans rather than in clinical
populations (Leppanen et al., 2017). However, one study in a BDD-re-
lated population (patients with eating disorders) found that exogenous
administration of oxytocin led to an enhancement of emotion recogni-
tion in patients with bulimia nervosa, but not AN (Kim et al., 2015).
Inconsistent findings in clinical samples may possibly be due to high
between-disorder and within-disorder heterogeneity (Leppanen et al.,
2017). Given that BDD is characterized by pervasive social avoidance
and deficits in socioemotional processing, such as selective attentional
biases to imagined flaws in one’s own and corresponding areas in un-
familiar others’ faces (Greenberg et al., 2014; Grocholewski et al.,
2012), emotion recognition biases for contempt and anger (Buhlmann
et al., 2006), and biases in perspective taking (Buhlmann et al., 2015),
oxytocin may be a plausible biomarker of social cognitive deficits in
individuals with BDD.

To date, no studies have assessed oxytocin levels in BDD. Our pri-
mary goal was to assess basal endogenous concentrations of oxytocin in
individuals with BDD compared to healthy controls and determine their
associations with markers of BDD pathology (e.g., BDD symptom se-
verity) and impairments in various domains of social cognition. Based
on previous reports of lower oxytocin levels associated with increased
pathology and impaired social cognition in a related disorder, namely
current or past AN (Afinogenova et al., 2016; Schmelkin et al., 2017),
we hypothesized that BDD would be characterized by low basal serum
oxytocin concentrations, relative to healthy controls, and that low
oxytocin levels would be associated with increased BDD pathology and
poor performance on measures of social cognition. To determine whe-
ther the association between oxytocin and BDD pathology occurs in-
dependent of related symptoms, we assessed subjective mood, anxiety,
and attachment symptoms. Given the role of oxytocin in stress regula-
tion (Neumann and Slattery, 2016), we also measured cortisol levels to
explore whether oxytocin levels would be associated with a heightened
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stress response in BDD. We expected that low oxytocin levels would
correlate with higher cortisol levels as well as greater subjective stress
and anxiety levels.

2. Material and methods
2.1. Participants

We studied 50 male and female participants between ages 18-51.
Individuals with BDD (n = 20, 11 females) were recruited from a
specialty outpatient program and age-matched healthy controls (n =
30, 14 females) were recruited from the community. Participants in the
BDD group met criteria for a principal diagnosis of BDD according to
DSM-IV-TR' and demonstrated no current comorbid schizophrenia,
bipolar disorder, psychotic disorder, or substance use disorder (as these
were more likely to be primary conditions than BDD). Individuals in the
healthy control (HC) group demonstrated no current psychiatric illness
as indicated by the Structured Clinical Interview for DSM-IV-TR (SCID;
First et al., 2002). Exclusion criteria for all participants were as follows:
serious medical or endocrine illness (diabetes, untreated thyroid dis-
ease), active suicidal or homicidal ideation, steroid or hormone use,
taking any form of hormonal contraception or not having regular
menstrual cycles (females only), and positive pregnancy test (females
only). The study protocol was approved by the Partners Healthcare
human subjects research committee, and all participants provided
written informed consent prior to study procedures.

2.2. Procedure

Participants attended two study visits at the Translational Clinical
Research Center (TCRC): (1) screening assessment involving a clinical
interview, history, and physical exam, and (2) experimental visit in-
volving fasting blood draws and computerized social cognition tasks.
Clinician-rated and self-report measures were administered after the
screening assessment once participants were deemed eligible. Female
participants attended main study visits during day 1-10 (early to mid-
follicular phase) of their menstrual cycle to minimize differences in sex
hormones that occur during the menstrual cycle, and all participants
were reminded to avoid nicotine, alcohol, and caffeine for 24 h prior to
the blood draw. All blood draws began between approximately 7:00-
10:00AM following an 8 -h fast to account for natural fluctuations and
anorexigenic properties of oxytocin. An intravenous catheter was
placed, and frequent blood sampling for hormones (i.e., oxytocin, cor-
tisol, estradiol [females only], and free testosterone [males only]) was
performed every 5min for one hour for an integrated assessment of
pooled hormone levels. Oxytocin has a short half-life and is secreted in
pulses allowing for tight control of its physiologic actions (Baskaran
et al., 2017). Therefore, frequent sampling is a more sensitive approach
to detect oxytocin deficiency because it enables an integrated measure
of oxytocin to account for its pulsatile secretory dynamics (Aulinas
et al., 2019). Serum was obtained in red top vaccutainers, spun at
2,800 rpm in a centrifuge for 10 min, separated into equal aliquots, and
stored in a -80 °C freezer. Blood draws were performed by experienced
research nurses at the TCRC, and interactions were kept to a minimum
(e.g., no cell phone, reading, or television) to minimize the effects of
social stimulation on oxytocin levels. After blood draws, study staff
obtained participants’ weight and height to calculate body mass index
and administered computerized social cognition tasks.

! Although DSM-IV criteria were used in the SCID, all BDD participants en-
dorsed multiple past-week repetitive behaviors during the clinician-adminis-
tered BDD-YBOCS interview (M = 7.20, SD = 1.64, minimum = 4, maximum
= 10). Thus, all BDD participants would have met current DSM-5 diagnostic
criteria for BDD.
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2.3. Clinician-rated and self-report measures

2.3.1. Clinician-rated measures

The screening assessment consisted of a diagnostic interview, using
the SCID, and BDD-specific assessment using the Yale-Brown Obsessive-
Compulsive Scale Modified for BDD (BDD-YBOCS; Phillips et al., 1997)
and Brown Assessment of Beliefs Scale (BABS; Eisen et al., 1998) to
evaluate BDD symptom severity and insight/delusionality, respectively.
The BDD-YBOCS and BABS are complementary measures, as the BABS
yields an insight score that goes toward the calculation of the BDD-
YBOCS total score. The BDD-YBOCS is the primary outcome measure of
symptom severity used in BDD treatment studies and conceptualizes
BDD as an obsessive-compulsive related disorder. Therefore, similar to
the YBOCS symptom severity instrument for OCD, the BDD-YBOCS total
score reflects the sum of items assessing appearance-related obsessions,
compulsions, insight, and avoidance. These measures were adminis-
tered by experienced study staff (A.F. and R.J.J.) to determine diag-
nostic eligibility.

2.3.2. Self-report measures

All participants completed a battery of self-report measures asses-
sing related mood, anxiety, and attachment symptoms to determine
unique and shared associations between oxytocin levels and BDD pa-
thology. These include: (1) Body Dysmorphic Disorder Symptom Scale
(BDD-SS; Wilhelm et al., 2016)- severity of specific BDD symptom
clusters (e.g., checking, grooming, cognitive symptoms, etc.), which are
not accounted for in the BDD-YBOCS clinician-administered severity
instrument, (2) Depression Anxiety Stress Scale-21 (DASS; Lovibond and
Lovibond, 1995)- subjective, dimensional symptoms of depression,
anxiety, and stress, which may have independent relationships with
oxytocin levels, (3) Beck Depression Inventory-II (BDI-II; Beck et al.,
1996)- depressive symptoms congruent with DSM-IV diagnostic criteria
of major depressive disorder, which overlaps significantly with BDD,
(4) Positive and Negative Affect Scales (PANAS; Watson et al., 1988)-
subjective state positive and negative affect, which allowed us to assess
state versus trait aspects of psychopathology, (5) Experience in Close
Relationships Inventory (ECR; Brennan et al., 1998)- attachment anxiety
and avoidance, as BDD is characterized by insecure attachment styles.

2.4. Social cognition tasks

All participants completed the following tasks assessing various
domains of social cognition, including emotion identification/recogni-
tion, emotion discrimination, and memory for faces:

2.4.1. Emotion Identification/Recognition Domain

2.4.1.1. Morphed emotion identification test (MEL Bediou et al,
2007). Participants were asked to decide whether a morphed face
looked angry, fearful, happy, or disgusted. Faces were morphed to be
intermediate between a neutral face and an emotional face. Scores were
based on number correct out of 60.

2.4.1.2. Reading the Mind in the Eyes Test (RMET; Baron-Cohen et al.,
2001). In contrast to the Morphed Emotion Identification Test, which
assesses basic emotions and includes morphed images, this task is a
measure of complex emotion recognition and includes static images.
Participants saw the eye region of a set of faces and were asked to
choose from four options of mental state words (unique to each item)
that best described the emotion expressed. Scores were based on
number correct out of 36.

2.4.2. Emotion discrimination domain

2.4.2.1. Queen square face discrimination test: emotion (QSFED; Garrido
et al, 2009; Germine et al, 2011; Germine and Hooker, 2011; pitcher
et al., 2008). This test is a measure of facial emotion discrimination.
Participants were asked to judge if two sequentially presented faces
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with different identities were expressing the same or different emotion.
Emotional stimuli included happy, angry, fearful, sad, disgusted, and
surprised faces. Scores were based on number correct out of 75.

2.4.2.2. Queen square face discrimination test: identity (QSFID; Garrido
et al, 2009; Germine et al., 2011; Germine and Hooker, 2011; pitcher
et al, 2008). This counterpart to the “Emotion” test is a measure of
facial identity discrimination. Participants were asked to judge if two
sequentially presented faces with different emotional expression were
the same or different person. Scores were based on number correct out
of 75.

2.4.3. Face memory domain

2.4.3.1. Cambridge face memory test (CFMT; Duchaine and Nakayama,
2006). The Cambridge Face Memory Test is a measure of facial
recognition and face learning ability. Participants were asked to learn
and then recognize six male faces from different angles and under
different lighting conditions. Scores were based on number correct out
of 72.

2.5. Analytic approach

2.5.1. Biochemical analysis

Blood specimens were stored in a —80 °C freezer until data collec-
tion was completed. Serum samples were thawed and equal aliquots
were pooled together from each of the 13 time points (including
baseline) for an integrated measure of hormones for each participant.
Samples were delivered to the lab on ice for batch processing at the
Brigham Research Assay Core Laboratory. Oxytocin concentration was
measured in unextracted serum by ELISA using reagents purchased
from Enzo Life Sciences, Farmingdale, NY. 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,
vasoactive intestinal polypeptide, somatostatin, Ser4, Ile8-oxytocin,
and a-atrial natriuretic polypeptide in the oxytocin assay is 0.02 %. We
have previously reported a robust association between extracted and
unextracted levels of serum oxytocin (Lawson et al., 2013). Primary
gonadal hormones (estradiol and free testosterone) were assessed in
females and males, respectively, using liquid chromatography mass
spectrometry (LCMS) (estradiol: intra-assay CV < 5 %; inter-assay
CV < 12 %; lower limit of detection 1 pg/mL; free testosterone: intra-
assay CV < 2 %; inter-assay CV < 7 %; lower limit of detection 10 pg/
mL). Cortisol was assessed in all participants using chemiluminescent
immunoassay (Beckman Coulter; Fullerton, CA; intra-assay CV 4.4-6.7
%; inter-assay CV 6.4-7.9 %; lower limit of detection 0.4 ug/dL).

2.5.2. Statistical analysis

Statistical analyses were performed in SPSS 24. Continuous data are
expressed as mean and standard error of the mean (SEM), and cate-
gorical data are expressed as percentages. Primary hypothesis-relevant
outcomes included hormone levels (oxytocin), BDD pathology (BDD-
YBOCS), and social cognition measures (MEI, RMET, QSFED, QSFID,
CFMT). Although the BDD-SS also assesses BDD pathology, it only
captures severity associated with certain symptom clusters in BDD and
therefore was not included as a primary outcome measure. BABS scores
contributed to BDD-YBOCS total scores and were not tested separately
as dependent variables. Distributions of data were examined using the
Shapiro Wilk test to ensure assumptions of normality were upheld.
Logarithmic transformations were conducted when necessary to nor-
malize the distribution of a particular variable (e.g., scores from the
QSFID, RMET, MEI). All hormones were normally distributed (except
estradiol, which was successfully log transformed). Transformations of
self-report data were not performed, as many outcomes had zero values;
rather, non-parametric tests were used. Linear regression models were
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used to examine group differences, as well as main effects of sex and
group by sex interactions, given reported effects of sex in oxytocin
(Dumais and Veenema, 2016). We used Spearman rho correlation
analyses to examine associations for non-normal variables and Pearson
r correlation analyses to examine associations for normally distributed
variables. Our main question of group differences in oxytocin levels was
first tested in the total sample across sexes, and then examined for main
effects of sex and group by sex interactions. Partial correlation analyses
were conducted to examine the relationship between oxytocin levels
and BDD pathology while controlling for related mood, anxiety, and
attachment symptoms in BDD. Covariates were assessed for collinearity
and only those which independently and significantly contributed to
the outcome were included (e.g., BDI-II, ECR Avoidant and Anxious
subscales). A priori hypotheses regarding group differences in oxytocin
and association with BDD pathology and social cognition tasks were
tested at p < 0.05. Exploratory associations between oxytocin and
measures of stress, mood, anxiety, and attachment symptoms (cortisol
levels, BDD-SS, DASS Depression/Anxiety/Stress subscales, BDI-II,
PANAS Positive and Negative subscales, ECR Avoidant and Anxious
subscales) were tested at a more stringent, Bonferroni-corrected
threshold of p < 0.005 (p = 0.05/10). Two participants were excluded
from all analyses: one HC male participant exhibited oxytocin le-
vels > 5 SD above the mean for the entire sample and another HC fe-
male participant was not within day 1-10 of her cycle during her blood
draw visit. Multiple imputation was used for missing data on self-report
measures, all of which had < 10 % missing data. Five datasets were
generated with missing values imputed. Results are reported on the
pooled dataset.

3. Results
3.1. Participant characteristics

See Table 1 for a full description of participant characteristics. The
final sample consisted of 48 participants (mean age = 28.60 years,
SD = 8.41). Participants were balanced by sex (n = 25 females, 52.08
%) and were mostly non-Hispanic (n = 38, 79.17 %). Individuals with
BDD reported an average of 3 body areas of concern, which included
concerns about hair (n = 12), skin (n = 11), nose (n = 4), stomach/
midsection (n = 4), legs (n = 3), overall face (n = 3), arms (n = 3),
eyes (n = 3), chin/jaw (n = 2), nails (n = 2), neck (n = 2), chest area/
upper body (n = 2), cheeks (n = 1), feet (n = 1), head (n = 1), height
(n = 1), and lips (n = 1). Five healthy control subjects reported a
previous history of a psychiatric disorder (2 with past alcohol abuse, 1
with past major depressive episode, 1 with past panic disorder with
agoraphobia, and 1 with past alcohol abuse, alcohol dependence, and
social anxiety disorder). There were no differences in oxytocin levels
between healthy control subjects with a previous history and those
without, t(26) = —0.62, p = 0.54. Seven individuals with BDD were
taking concurrent psychotropic medications at a stable dose: sertraline
(n = 2), fluoxetine (n = 2), escitalopram (n = 1), lorazepam (n = 1),
and venlafaxine (n = 1).

There were no differences between BDD and HC on demographic
variables. BDD and HC groups also performed comparably on social
cognition tasks, except on the RMET, on which individuals with BDD
performed better than HC, B = 3.49, t = 2.66, p = 0.01, eta? = 0.14.
On other related measures of mood, anxiety, and attachment symptoms,
there were significant differences between BDD and HC groups across
nearly all of the measures, such that the BDD group had more impaired
scores. There were no between-group differences in estradiol (in fe-
males) or free testosterone (in males). Therefore, these hormones were
not used as covariates in subsequent analyses. There were also no group
differences in cortisol levels.

Table 1
Participant Characteristics.

Psychoneuroendocrinology 113 (2020) 104541

BDD (n = 20) HC (n = 28) p
Demographic Variables
Age (in years), M (SEM) 29.15 (1.76) 28.21 (1.68) 0.71
Sex (n (%)) 0.73
Female 11 (55.00) 14 (50.00)
Male' 9 (45.00) 14 (50.00)
Race (n (%))
Caucasian 13 (65.00) 16 (57.14) 0.97
Asian 3 (15.00) 5 (17.86)
Black/African American 2 (10.00) 4 (14.29)
More than one race 1 (5.00) 2(7.14)
Other 1 (5.00) 1(3.57)
Ethnicity (n (%)) 0.17
Non-Hispanic or Latino 18 (90.00) 20 (71.43)
Hispanic or Latino 2 (10.00) 7 (25.00)
Unspecified 0 (0.00) 1 (3.57)
Highest Level of Education (n (%)) 0.30
High School Diploma 0 (0.00) 4 (14.29)
2-yr degree 2 (10.00) 0 (0.00)
Some college 4 (20.00) 4 (14.29)
College graduate 6 (30.00) 9 (32.14)
Some postgraduate 2 (10.00) 2(7.14)
Postgrad/professional degree 6 (30.00) 9 (32.14)
Marital Status (n (%)) 0.58
Single/Never Married 16 (80.00) 23 (82.14)
Married (incl. common law) 1 (5.00) 3(10.71)
Living with Partner 2 (10.00) 2(7.149)
Divorced/Separated 1 (5.00) 0 (0.00)
Living Situation (n (%)) 0.81
Spouse/Partners/Children 3 (15.00) 5(17.86)
Parents 1 (5.00) 1(3.57)
Roommate 12 (60.00) 17 (60.71)
Alone 3 (15.00) 5 (17.86)
Other 1 (5.00) 0 (0.00)
Clinical Variables
Age of onset of BDD (in years) 15.70 (1.81)
Clinician-rated and self-report measures
BDD-YBOCS 24.40 (1.29)
BABS 14.10 (1.05)
BDD-SS 25.74 (2.39) 2.64 (0.77) 0.00
DASS Depression 4.80 (1.15) 1.07 (0.36) 0.01
DASS Anxiety 3.85 (0.87) 0.57 (0.23) 0.00
DASS Stress 5.58 (1.08) 1.64 (0.54) 0.00
BDI-II 12.55 (2.33) 2.57 (0.63) 0.00
PANAS Positive 28.20 (2.15) 31.26 (1.55) 0.24
PANAS Negative 22.10 (1.66) 13.21 (0.75)  0.00
ECR Avoidance 3.33 (0.25) 2.65 (0.21) 0.04
ECR Anxiety 4.55 (0.26) 3.22 (0.21) 0.00
Current Antidepressants (n (%)) 7 (35.00)
Additional Benzodiazepine 3 (15.00)
Additional Beta Blocker 2 (10.00)
Additional Anticonvulsant 1 (5.00)
Current Comorbidity (n (%))
Generalized Anxiety Disorder 7 (35.00)
Major Depressive Disorder 5 (25.00
Social Anxiety Disorder 5 (25.00)
Eating Disorder Unspecified 3 (15.00)
Specific Phobia 2 (10.00)
Panic Disorder 2 (10.00)
Obsessive-Compulsive Disorder 2 (10.00)
Skin Picking Disorder 1 (5.00)
Bulimia Nervosa 1 (5.00)
Hypochondriasis 1 (5.00)
Agoraphobia 1 (5.00)
Posttraumatic Stress Disorder 1 (5.00)
Olfactory Reference Syndrome 1 (5.00)
Hormones
Free testosterone (pg/mL) (males only)  4.14 (0.33) 3.79 (0.34) 0.50
Estradiol (pg/mL) (females only) 39.57 (3.91) 44.89 (6.45) 0.52
Cortisol (ug/dL) 12.07 (1.08) 11.04 (0.96)  0.52
Social Cognition Measures
MEI 41.21 (1.61) 41.37 (1.19) 0.85
RMET 29.32 (0.68) 25.82(0.98) 0.01
QSFED 57.47 (1.04) 58.04 (0.85)  0.68
QSFID 55.21 (1.30) 54.18 (1.57) 0.54

(continued on next page)
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Table 1 (continued)

BDD (n = 20) HC(n=28) p

CFMT 54.42 (1.99) 53.18 (1.92) 0.67

Note. BDD = Body Dysmorphic Disorder; HC = Healthy Control; BDD-
YBOCS = Yale-Brown Obsessive-Compulsive Scale Modified for BDD;
BABS = Brown Assessment of Beliefs Scale; BDD-SS = Body Dysmorphic
Disorder Symptom Scale; DASS = Depression Anxiety and Stress Scales; BDI-
II = Beck Depression Inventory II; PANAS = Positive and Negative Affect
Scales; ECR = Experience in Close Relationships Inventory; MEI = Morphed
Emotion Identification; RMET = Reading the Mind in the Eyes Task;
QSFED = Queen Square Face Emotion Discrimination; QSFID = Queen Square
Face Identity Discrimination; CFMT = Cambridge Face Memory Test.

! One biologically male BDD participant identified as agender, and another
identified as gender questioning.

3.2. Group differences in oxytocin levels

Mean serum oxytocin level across the entire sample was
1204 = 61 pg/mL. Pooled fasting oxytocin levels were elevated in the
BDD group compared to HC group, B = 259.86, t = 2.19, p = 0.03,
eta®? = 0.09 (Fig. 1). Controlling for concurrent use of medications did
not change this result, B = 294.40, t = 2.14, p = 0.04, eta® = 0.10.
There was no sex difference in oxytocin levels, B = 74.73, t = 0.63, p
= 0.53, eta? = 0.01, and no group by sex interaction, B = -302.08, t =
—1.27,p = 0.21, eta® = 0.03.

3.3. Association between oxytocin levels and measures of psychopathology
and stress

Oxytocin levels correlated positively with increased BDD symptom
severity on the clinician- administered BDD-YBOCS among all in-
dividuals with BDD, r = 0.51, p = 0.02, n = 20 (Fig. 2). This finding
remained stable when controlling for concurrent use of medications, r
= 0.50,p = 0.03, n = 20, and when controlling for the BDI-II and ECR
Avoidant and Anxious subscales, r = 0.51, p = 0.04, n = 20. When
examined separately for men and women, there were positive correla-
tions in both sexes, which only achieved significance in women (r =
0.66, p = 0.03), but not men (r = 0.49, p = 0.19) with BDD.

As shown in Table 2, oxytocin levels did not correlate with perfor-
mance on the RMET or any of the other social cognition tasks. There
were no other significant associations between oxytocin and self-report
measures of mood, anxiety, and attachment symptoms among HC in-
dividuals or those with BDD. Oxytocin levels did not correlate with
indicators of stress, including cortisol levels and DASS stress or anxiety
subscales, either in the full sample or in each group separately.
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Fig. 1. Mean 1 -h pooled fasting oxytocin levels across groups. Oxytocin levels
were higher in BDD, compared to HC.
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Fig. 2. Significant positive correlation between mean 1 -h pooled serum oxy-
tocin concentrations and BDD symptom severity in the BDD group. Filled circles
represent males; unfilled circles represent females.

Table 2

Associations Between Oxytocin Levels and Measures of BDD Pathology, Social
Cognition, and Related Mood, Anxiety, and Attachment Symptoms, and Cortisol
Levels in BDD.

Variable r P

BDD Pathology Measures

BDD-YBOCS 0.51 0.02*
BDD-SS 0.07 0.78
Social Cognition Measure
MEI —0.25 0.30
RMET 0.15 0.54
QSFED —0.08 0.74
QSFID —-0.34 0.15
CFMT 0.12 0.62
Subjective Mood, Anxiety, and Attachment Measures
DASS- Dep 0.22 0.35
DASS- Anx 0.22 0.36
DASS- Stress 0.03 0.89
BDI-II 0.26 0.28
PANAS- Pos -0.17 0.47
PANAS- Neg 0.10 0.67
ECR- Avoidant 0.03 0.90
ECR- Anxious 0.03 0.90
Hormones
Cortisol 0.04 0.89

4. Discussion

This is the first study to assess endogenous oxytocin levels in BDD. A
strength of our approach was the use of an integrated measure of
oxytocin secretion based on frequent sampling over the course of one
hour. We found that fasting oxytocin levels were elevated in BDD
compared to controls, and oxytocin levels correlated positively with
BDD symptom severity.

Although in the opposite direction of our hypothesis, our finding
that pooled oxytocin levels were higher in BDD is consistent with pre-
vious studies demonstrating elevated basal levels of oxytocin in related
psychiatric disorders, such as social anxiety disorder (Oh et al., 2018)
and OCD (Leckman et al., 1994), using plasma and CSF, respectively;
however, two studies in the same disorder populations examining the
same biological fluids found no group differences in oxytocin levels
(Altemus et al., 1999; Hoge et al., 2008). These divergent findings as-
sessing unstimulated oxytocin levels even within the same disorder
categories may be due to significant heterogeneity of psychiatric dis-
orders between studies. Differences in the use of bioassays may also
account for some of these discrepancies, as valid measurement of en-
dogenous oxytocin is an area of active debate (Brandtzaeg et al., 2016;
Leng and Sabatier, 2016; MacLean et al., 2019). One possible ex-
planation for higher levels of oxytocin in BDD is that oxytocin plays a
role in the stress response to reduce hypothalamic-pituitary-adrenal
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axis activation and has established anxiolytic and antidepressant
properties (Neumann and Slattery, 2016; Scantamburlo et al., 2007). A
previous study measuring salivary oxytocin provided evidence that
oxytocin (as well as cortisol) is released into peripheral circulation in
response to psychosocial stress (de Jong et al., 2015). Elevated levels of
oxytocin in BDD could therefore be in response to greater stress and
anxiety symptoms. While this was the rationale for measuring cortisol
levels, oxytocin levels did not correlate with cortisol levels nor any self-
report measure of subjective mood, anxiety, or stress.

Another possibility is that BDD is associated with an increase in
production of oxytocin to compensate for severe social avoidance and
promote social interaction. Indeed, individuals with BDD display poor
psychosocial functioning (Phillips et al., 2005b), and our data indicate
that their relationships are characterized by anxious and avoidant at-
tachment styles. However, we did not identify relationships between
oxytocin levels and assessments of socioemotional functioning. Alter-
natively, the higher oxytocin levels and positive relationship between
oxytocin and BDD symptom severity supports the possibility that high
oxytocin levels may reflect increased vulnerability to BDD. Prospective
studies are needed to determine whether high oxytocin levels are in
response to stress or social avoidance and/or whether oxytocin con-
tributes to BDD psychopathology. Future research could also examine
changes in oxytocin levels in response to a controlled experimental
social exchange, such as the Trust Game, to determine whether differ-
ences emerge within a symptom provocation context.

Our data indicate that there was a between-group difference in
oxytocin levels and an association between oxytocin levels and BDD
pathology. Sex did not impact these effects as there was no group by sex
interaction and no sex difference in oxytocin levels. Examination of the
correlations separately in each sex revealed large effect sizes, although
the correlation only achieved significance in women with BDD. The
lack of significant correlation in men with BDD may be due to our small
sample size. BDD has a fairly equal sex distribution; however, there is
some evidence that sex moderates the clinical features of BDD in terms
of body areas of concern and repetitive behaviors (Phillips et al., 2006).
It remains possible that oxytocin plays a role in the sex-specific mani-
festations of BDD. Future studies examining oxytocin levels in larger
samples across both sexes are needed.

Interestingly, oxytocin appears to be a better marker of overall BDD
psychopathology than social-cognitive deficits, and individuals with
BDD displayed intact, if not better performance, across several domains
of social cognition. Indeed, those with BDD performed better on the
Reading the Mind in the Eyes Task, which assesses the ability to infer
complex emotions of others from the eye region. These findings contrast
with a body of research on emotion recognition biases in BDD (for a
review, see Fang and Wilhelm, 2015), although differences may only be
observed in self-referent versus other-referent contexts (Buhlmann
et al., 2006, 2013). Our finding that individuals with BDD performed
better than controls on the RMET contrasts with another study
(Buhlmann et al., 2013) which showed no between-group differences,
and may reflect sample differences, as the Buhlmann sample was more
severe (greater BDD and depressive symptoms). Despite superior per-
formance on the Reading the Mind in the Eyes Task in BDD, scores from
this task did not correlate with oxytocin levels in the BDD group. Fur-
thermore, the association between oxytocin and BDD pathology was
only significant when using the BDD-YBOCS, rather than the BDD-SS, as
an indicator of BDD pathology. Although both measures capture aspects
of BDD symptom severity, the BDD-YBOCS is clinician-administered
and widely used in BDD treatment studies, whereas the BDD-SS is a self-
report measure that assesses the broad range of BDD symptoms. It is
possible that there was only a significant association using the BDD-
YBOCS because BDD is a highly heterogeneous disorder and the BDD-SS
captures that heterogeneity by assessing several unique symptoms that
may only affect a subset of individuals with BDD.

Our study had some limitations. Sample size was relatively small,
especially for the BDD group; however, we identified important
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findings that call for larger studies. The cross-sectional study design
also limited our ability to draw any causal inferences about the asso-
ciation between oxytocin levels and BDD pathology. Future prospective
studies will be needed to clarify this relationship. There were additional
limitations, which reflect the challenges of assessing oxytocin levels and
the significant variability across studies in sample preparation and
assay methods (MacLean et al., 2019). While optimization of mea-
surement techniques for quantification and determination of biological
activity of the oxytocin molecule (as well as precursors and degradation
products) across different states is an important area for future in-
vestigation (Brandtzaeg et al., 2016; MacLean et al., 2019), here we
used a commercially available ELISA to examine relative levels of
oxytocin between groups and the relationship with clinical features
(Lawson, 2017). There have also been mixed findings regarding the
relationship between peripheral and central levels of oxytocin, with a
recent meta-analysis showing that peripheral and central oxytocin
concentrations are not correlated under baseline conditions (Valstad
et al., 2017). Although this highlights a limitation of measuring per-
ipheral levels of oxytocin and inferring potential relationships with
central function, we did find a significant correlation between basal
peripheral oxytocin and BDD symptom severity, which may indicate a
relationship that warrants further investigation. Furthermore, mea-
suring pulsatile parameters of oxytocin secretion may have more re-
levance to psychopathology than pooled or mean oxytocin levels. A
previous study found that serum oxytocin pulse characteristics (e.g.,
pulse height and pulse mass) were strongly associated with socio-
emotional functioning in healthy men (Baskaran et al., 2017). Future
research should examine whether pulsatile oxytocin secretion in BDD is
a more sensitive biomarker of BDD psychopathology relative to pooled
oxytocin levels.

5. Conclusions

We have demonstrated higher oxytocin levels among people with
BDD, compared to healthy controls, and a positive association between
oxytocin levels and BDD symptom severity. Future prospective studies
in both sexes are needed to evaluate whether high basal peripheral
oxytocin levels contribute to and/or result from clinical features of
BDD.
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