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A B S T R A C T

The neuropeptide oxytocin is best known for its role during parturition and the milk-let down reflex. Recent
evidence identifies a role for oxytocin in eating behaviour. After oxytocin administration, caloric intake is re-
duced with stronger inhibitory effects in individuals with obesity. Whether the experience of visual food cues
affects secretion or circulating levels of oxytocin is unknown. This pilot study had three aims: 1) to measure
fasting appetite hormones with a focus on plasma oxytocin concentrations; 2) determine whether healthy vs.
hyperpalatable visual food cues differentially altered plasma oxytocin; and 3) assess whether appetite hormone
responses to healthy vs. hyperpalatable food images depended on weight or food addiction status. Eighteen
healthy women of varying weight status, with/without self-reported food addiction were recruited. Study par-
ticipants completed a set of standardised questionnaires, including Yale Food Addiction Scale, and attended a
one-off experimental session. Blood was collected before and after viewing two sets of food images (healthy and
hyperpalatable foods). Participants were randomly allocated in a crossover design to view either healthy images
or hyperpalatable foods first. A positive correlation between BMI and plasma oxytocin was found (r2= 0.32,
p=0.021) at baseline. Oxytocin levels were higher, and cholecystokinin levels lower, in food addicted (n=6)
vs. non-food addicted females (p=0.015 and p<0.001, respectively). There were no significant changes
(p>0.05) in plasma oxytocin levels in response to either healthy or hyperpalatable food images. Given that
endogenous oxytocin administration tends to suppress eating behaviour; these data indicate that oxytocin re-
ceptor desensitization or oxytocin resistance may be important factors in the pathogenesis of obesity and food
addiction. However, further studies in larger samples are needed to determine if peripheral oxytocin is re-
sponsive to visual food cues.

1. Introduction

The physiological regulation of food intake is based on an intricate
feedback system controlled by shorter term ‘hunger’ and ‘satiety’ signals
and longer terms signals from fat stores (e.g. leptin) [1]. These signals
include peripheral anorexigenic (appetite-inhibiting) and orexigenic
(appetite-stimulating) hormones, including cholecystokinin (CCK) and
ghrelin (GH) respectively (for review see [2]). CCK is secreted by the
small intestine and acts as a satiety signal on vagal afferents to termi-
nate feeding behaviour [2]. Interestingly, some of the effects of CCK are
enhanced by its interaction with leptin [3–7], (for review see [8]). In
contrast, ghrelin which is secreted by the stomach, stimulates rather
than inhibits feeding behaviour by initiating food intake [9–12]. The
actions of ghrelin are complex, but involve activation of growth hor-
mone secretagogue receptors on agouti-related peptide expressing

(AgRP) neurons in the hypothalamic arcuate nucleus (for review see
[13]).

Importantly, other circulating peptides not traditionally considered
to play a direct role in feeding are now known to be involved in food
intake and body weight. For example, cortisol a hormone released in
response to activation of the hypothalamic-pituitary-adrenal axis, can
stimulate appetite for foods high in sugar and fat [14,15]. Cortisol's
effects have recently been linked with activation of AgRP neurons
under conditions of hypoleptinemia [16]. More recently, evidence has
accumulated pointing to a role for oxytocin in the control of food intake
(for review see [17,18]), energy expenditure and body weight [19–32].

Oxytocin is a neuropeptide primarily produced in the supraoptic
and paraventricular hypothalamic nuclei, is released via the posterior
pituitary gland into the bloodstream [19]. Historically, oxytocin se-
cretion is best associated with increased uterine contractions during
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parturition and the milk-let-down reflex [33]. However, recent studies
link oxytocin secretion with appetite regulation and satiety. In support,
studies have shown that ingestion of food triggers oxytocin release [34]
from oxytocin neurons in the hypothalamus [35–37]. It can also be
released by stimulation of other senses associated with common en-
vironmental food cues (smell, sight and sound) [38]. Oxytocin is re-
leased at synaptic terminals and dendrites in areas such as the amyg-
dala or hypothalamus where it controls mood and social behaviours
[39]. Exactly how oxytocin release is triggered by food intake is an area
of active research, but one likely mechanism involves CCK-mediated
activation of vagal afferents that project to the hindbrain, and sub-
sequent activation of ascending projections from the hindbrain to the
hypothalamus [35,40]. Research in humans and rodent models show
that exogenously administered oxytocin (via intranasal spray, and
central or peripheral injections/infusions in rodents) can reduce caloric
intake with stronger inhibitory effects in individuals with obesity
[20–22,26–29,41,42]. With respect to humans, exogenous oxytocin has
been shown to improve cognitive control of food craving and appetite,
and decrease approach bias towards highly palatable foods (3 studies,
n=127) [43–45]. In rodent models, the role of oxytocin includes ef-
fects on food preference [18] For example, oxytocin knockout mice
display an enhanced preference for carbohydrate [46–48], saccharin
[49] and sodium [50–52] solutions, compared to their wild-type
counterparts. Notably, mice lacking in oxytocin [53] or oxytocin re-
ceptors [54] develop late-onset obesity without significant changes in
their daily food consumption.

Peripheral levels of appetite regulating hormones are highly vari-
able between individuals [55]. Body weight and adiposity levels appear
to influence appetite regulating hormones with dysregulated levels of
ghrelin, leptin, CCK and cortisol observed in obese compared with lean
individuals [55–59]. Research examining plasma levels of oxytocin in
relation to weight status is limited to a small number of studies in in-
dividuals with and without chronic illness (e.g. diabetes mellitus, me-
tabolic syndrome, anorexia nervosa). Findings to date have been
equivocal, with studies reporting circulating oxytocin to be either in-
creased [60–64], decreased [65–67], or no association [68,69] in in-
dividuals with high body mass indexes (BMI) compared to healthy
weight individuals. It has been proposed that oxytocin may have im-
portant implications in the risk for, and development of, clinically
significant overeating, and therefore further investigations are war-
ranted [70].

The appetite hormones that control hunger, satiety and help
maintain an overall energy balance, are sensitive to external influences,
such as food cues [71]. In response to these stimuli, the physical pro-
cesses that control appetite in some vulnerable individuals may be
overridden, potentially increasing their susceptibility for poor nutri-
tional habits, overeating and weight gain [71]. The significant rise in
the prevalence of obesity over the last two decades has been attributed
to changes in eating patterns associated with food cues and increased
marketing of hyperpalatable foods in the modern food environment
[72]. During this time the concept and amount of research interest in
‘food addiction’ or ‘addictive eating’ has increased exponentially, al-
though it remains a contentious topic [73,74]. At present, there is no
recognised definition for food addition or an agreed terminology or
how it is referred [75,76]. In the literature, food addiction is most often
described as the chronic excessive and uncontrolled consumption of
hyperpalatable foods i.e. processed foods typically high in added fat,
sugar and salt [77,78]. This is often accompanied by a sense of losing
control, continued use regardless of adverse consequences and an in-
ability to reduce consumption despite the desire to do so [78].

Addictive eating, as defined by the food addiction construct, is often
associated with obesity and mental health conditions, such as depres-
sion [79]. While food addiction can occur independently of body
weight status [80], individuals with elevated BMI and individuals ex-
hibiting higher levels of addictive eating have been shown to have
heightened food cue reactivity and attentional biases to hyperpalatable

foods [81,82,]. This is likely a contributing factor to the onset and
maintenance of addictive eating behaviour.

In human research, images of food are often used in place of real
foods to elicit anticipatory responses, such as prompting changes in
metabolic hormones [83] A number of studies have examined periph-
eral hormonal responses to food images (e.g. ghrelin [84] leptin [85],
and cortisol [86]). However, whether the experience of visual food cues
affects secretion or circulating levels of oxytocin is unknown. It is hy-
pothesised that individuals with obesity and/or food addiction may
have stronger motivations to seek out hyperpalatable food in response
to food-related cues. Therefore, the aims of this pilot study were to 1)
measure appetite hormones, with a focus on plasma oxytocin con-
centrations, in adults of varying weight statuses and in those with and
without self-reported food addiction; 2) to investigate if visual food
cues affect plasma oxytocin; and 3) determine if different food cate-
gories (healthy vs. hyperpalatable) can elicit different responses in
adults of varying weight statuses, and whether these indices interact
with food addiction status.

2. Methods

2.1. Participants

For a homogeneous sample, only female subjects were chosen to
participate as earlier reports have demonstrated significant sex differ-
ences in oxytocin concentrations [87] and greater reactivity in females
to visual food stimuli [88]. Females aged 18–85 years, from a previous
study sample (Hunter region, NSW) [89] that agreed to be recontacted
for future studies, were initially invited by email. Those interested in
participating were screened by telephone to determine eligibility for
the experimental session (n=34). The screening assessed for exclusion
criteria: 1) following a vegetarian diet or health conditions requiring a
specialised diet (e.g. Coeliac disease); 2) currently taking medication; 3)
binge eating or substance use disorder; 4) smokers; 5) pregnant or
lactating; or 6) cognitive impairment or mental health condition (e.g.
bipolar disorder) requiring ongoing treatment.

2.2. Procedure

The study-protocol was approved by University of Newcastle
Human Research Ethics Committee (H-2016–0305) and registered with
the Australia New Zealand Trial Registry (ACTRN12619000351112).
Each participant provided informed consent prior to completing the
online questionnaire and attending a one-off morning experimental
session (0700–0900 h) at the University of Newcastle. Pre-menopausal
women not using hormonal contraceptives attended during the mid-
follicular phase (days 6–8) of their menstrual cycle (n=8). On arrival,
following an overnight fast (≥11 h, confirmed by verbal consent),
participants had their height and weight measured by a trained as-
sessor, and completed a self-report measure of current hunger. In a
crossover design, participants were randomly allocated (block design)
via computer-based program [90], to view either healthy or hyperpa-
latable foods first. An initial blood sample was taken (time point 1),
participants then viewed a 10min paradigm of food images. After
viewing the images participants underwent a second blood test (time
point 2), and then remained in the control environment where there
was no visual stimuli for 15min (NB. wash-out period is ∼2.5–15 times
the length of the half-life of oxytocin i.e. 1–6 min [91,92]). A third
blood sample was taken prior to viewing the second paradigm, opposite
of the first set of food images (time point 3). Afterwards participants
underwent a fourth blood test (time point 4). Participants then com-
pleted hunger rating scales before consuming a standardised breakfast.
The session took approximately 60min and participants were re-
imbursed AUD50.
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2.3. Measures

2.3.1. Demographics
Demographic information collected via fixed response questions in

the online questionnaire, included age, ethnicity, highest level of edu-
cation and marital status.

2.3.2. Anthropometric measures
Weight and height were measured using digital scales and a wall

mounted stadiometer. BMI was calculated using standardised techni-
ques and categorised according to the World Health Organization adult
cut-off points [93].

2.3.3. Addictive eating behaviour
Addictive eating behaviour was assessed with the Yale Food

Addiction Scale (YFAS 2.0) [78]. This 35-item self-report tool is most
commonly used to assess addictive eating and asks participants to think
of specific foods they have had difficulty controlling the consumption of
within the past year (e.g. ice cream, chocolate, chips, hamburgers).
YFAS 2.0 provides a food addiction symptom score based on similar
criteria for substance use disorder of the Diagnostic and Statistical
Manual of Mental Disorders (DSM-5) [94]. Scores can range from zero
to eleven, and symptoms include craving, loss of control, tolerance and
withdrawal associated with eating behaviours. Additionally, two items
assess clinically significant impairment or distress from eating. A food
addiction “diagnosis” is given when ≥2 symptoms are endorsed and
clinically significant impairment or distress is present. Severity of the
“diagnosis” can be classified as “mild” (2–3 symptoms), “moderate”
(4–5 symptoms) or “severe” (≥6 symptoms).

2.3.4. Diet quality
Diet quality was assessed with The Australian Eating Survey (AES)

[95]. The Australian Recommended Food Score (ARFS), derived from a
subset of 70 AES questions, reflects the overall healthiness and nutri-
tional quality of an individual's usual eating pattern [96]. The ARFS is
based on the frequency of consumption of core foods, recommended in
the Australian Dietary Guidelines, with foods awarded one point for a
consumption frequency of ≥once per week. The total score can range
from zero to 73, with higher scores awarded for greater dietary variety.

2.3.5. Subjective assessment of appetite
Subjective appetite, before and after food image viewing, was as-

sessed using a Visual Analogue Scale (VAS) for 7 components: 1)
Hunger, 2) Motivation to eat and 3–7) Food/taste preference for
healthy, sweet, salty, savoury and fatty foods. Each 100mm horizontal
line was anchored at either end with extremes of the subjective feelings
to be quantified, for example ‘I am not hungry at all” (0 mm) and “I
have never been more hungry” (100mm). For each item, participants
marked on the line the point they felt best represented their current
state. A score was determined by measuring the distance between the
lowest anchor (0mm) and the participant's mark, providing a score
from 0–100. Higher scores indicated greater hunger/appetite intensity.

2.4. Visual food cue image paradigms

Images were presented as 2× 10min paradigms (PowerPoint sli-
deshow) on a laptop computer. Paradigms comprised 75 healthy food
images and 75 hyperpalatable food images. Images were chosen from a
licensed database [83] and non-copyright sources [97–100]. Healthy
food pictures were based on the five core food groups, and hyperpa-
latable food pictures based on foods categorised as discretionary
choices, outlined in The Australian Guide to Healthy Eating [101]. Food
images displayed contained no food logos or product advertisements;
and were similar in resolution, scale, contrast, brightness and com-
plexity. All stimuli had previously been rated in a pilot study (n=10
adults, independent of those involved in the present study) to ensure

foods were representative of each of the two categories and shown in an
appetising manner for Australian adults.

2.5. Blood samples and analysis

Blood samples were collected, by a trained phlebotomist, at four
time periods using standard procedures, in EDTA coated tubes (total
32mL blood collected). Blood samples were centrifuged at 3000 x g for
10min and plasma stored at −80 °C until analysis. Hormones were
analysed in duplicate using enzyme-linked immunoassay (ELISA) ac-
cording to the manufacturer's protocol. Oxytocin (unextracted serum)
was measured using a kit from Abcam (Cambridge, UK), intra-assay
coefficient of variation (CV) was 12.6–13.3%, inter-assay CV was
11.8–20.9%, and sensitivity was 15.0 pg/mL. Total ghrelin was mea-
sured using a kit from ThermoFisher Scientific (Massachusetts, USA),
intra-assay CV was 6.0%, inter-assay CV was 8.5% and sensitivity was
11.8 pg/mL. Leptin was measured using a kit from Abcam (Cambridge,
UK), intra-assay CV was 2.4%, inter-assay CV was 2.7%, and sensitivity
was 2.3 pg/mL. CCK concentrations were measured using a kit from
RayBiotech (Georgia, USA), intra-assay CV was <10% and inter-assay
CV was <15%, and sensitivity was 0.2 pg/mL. Cortisol was measured
using a kit from Abcam (Cambridge, UK), intra-assay CV was ≤9.0%,
inter-assay CV was ≤9.8%, and sensitivity was 2.44 ng/mL.

2.6. Statistical analysis

Statistical analysis was performed using Stata version 15.1 [102].
Plasma hormone concentrations were natural log transformed to
achieve a normal distribution. Raw data is available in supplementary
material. Between group comparisons, according to food addiction
status or weight status, of baseline hormones and dietary scores were
made using independent sample t-tests (NFA vs FA) and one-way ana-
lysis of variance with Bonferroni corrected post‐hoc analyses (healthy
weight vs overweight vs obese). Linear regression analysis was used to
investigate the association between baseline oxytocin level and BMI;
with multivariate least-square analysis constructed to adjust for age as a
potential confounder. Within group comparisons of hormone levels at
different time points (i.e. before and after image viewing) were made
using paired t-tests. Hormonal and dietary scores are presented de-
scriptively as mean± SD. Where arithmetic means calculated from log-
transformed data are back transformed, to their original scale through
exponentiation, the result reported is the geometric mean (i.e. x̄g= ey).
Wilcoxon signed-rank tests were conducted to examine differences be-
tween pre and post image viewing VAS scores. Statistical significance
was defined as p value <0.05.

3. Results

3.1. Participant characteristics

Twenty-two women were eligible and consented to participate. For
four individuals blood samples were not possible due to difficulties
drawing sufficient blood. This left a sample of 18 participants for the
current analyses. Mean age of participants was 43 ± 16.5 years (range
19–70), 12 women (66.7%) were pre-menopausal, four of which re-
ported current oral contraceptive use. There were no significant dif-
ferences (<0.05) in baseline hormone concentrations between pre- and
post- menopausal women, or women taking/not taking oral contra-
ceptives.

3.2. BMI and baseline hormone levels

From the total sample of women, six were classified as healthy
weight, nine as overweight and three as obese. Oxytocin levels were
significantly higher in obese compared with healthy or overweight
women, with mean oxytocin levels of 2751.77, 1619.71 and
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1540.71pg/mL, respectively (geometric mean, back transformed data),
Table 1. Mean baseline levels of ghrelin, leptin, CCK and cortisol were
not significantly different across BMI categories (p>0.05).

3.3. Relationship between oxytocin and BMI

There was a significant positive correlation between baseline oxy-
tocin levels and BMI (r=0.36, p=0.005). This relationship remained
significant after controlling for age (r2=0.32, p=0.021).

3.4. YFAS-defined food addiction and diet quality

Six women met the clinical significance criterion for food addiction
(FA) with severity ranging from mild/moderate (n=3) to severe
(n=3). Mean symptom score in non-food addicted (NFA) was
1.1 ± 1.2 (range 0–3), and in FA was 5.5 ± 2.5 (range 2–9). BMIs of
NFA women ranged from 21.22 to 29.97 (healthy to overweight) with a
mean of 25.64 ± 2.84 kg/m2, and BMIs of FA women ranged from
25.66 to 41.48 (overweight to obese) with a mean of 33.55 ± 6.02 kg/
m2. There was a significant difference in BMI between groups
(p=0.0014). Overall, the mean difference in diet quality score was not
significantly different between NFA and FA (p=0.107), but there was a
significant difference in percentage of energy intake from core (healthy
foods, p=0.026) to non-core (hyperpalatable foods, p=0.026) food
groups, Table 2.

3.5. Food addiction status and baseline hormone concentrations

Oxytocin levels were significantly higher in women classified as FA
compared with NFA, with mean oxytocin levels of 2230.54 and
1525.38pg/mL, respectively (geometric mean, back transformed data),
Table 3. When overweight/obese women only were compared
(Table 4), oxytocin levels were significantly higher in women classified
as FA (n=3, overweight; and n=3, obese) compared with NFA
(n=6, overweight), with mean oxytocin levels of 2235.18 and
1421.07pg/mL, respectively (geometric mean, back transformed data).
Mean baseline levels of CCK were significantly lower in FA compared to
NFA women, 437.03 and 915.99pg/mL, respectively (geometric mean,
back transformed data), Table 3. In overweight/obese women (Table 4)
CCK levels were significantly lower in FA compared to NFA women,
with mean CCK levels of 436.60 and 885.49 pg/mL, respectively
(geometric mean, back transformed data). There was no significant
difference in ghrelin, leptin, or cortisol levels (p>0.05).

3.6. Subjective appetite pre and post image viewing

The VAS scores indicate that the viewing of food images increased
appetite, with intensity greatest for: hunger, amount could eat, desire to
eat sweet and fatty foods (p<0.05; Fig. 1). There were no differences in
pre or post scores by weight or food addiction status, all p>0.05.

3.7. Oxytocin levels in women before and after viewing food images

Following the viewing of healthy and hyperpalatable food images
there were no significant changes in mean plasma oxytocin levels (all
p>0.05), Table 5.

3.8. Ghrelin, leptin, cholecystokinin and cortisol levels in women before and
after viewing food images

For the total sample, there were no significant changes in mean
plasma ghrelin, CCK or cortisol levels (all p>0.05; supplementary
material) in response to healthy and hyperpalatable food images. When
pre and post appetite hormones were compared within-subject, ac-
cording to each BMI category, significant differences were observed in
overweight women for leptin and CCK. Leptin levels increased in re-
sponse to healthy food images (p=0.019) and CCK levels increased in
response to hyperpalatable food images (p=0.048; supplementary
material). There were no significant within-subject differences between
pre and post appetite hormones in either FA or NFA groups.

4. Discussion

In this pilot study we found that basal oxytocin levels were sig-
nificantly higher in obese women compared to healthy or overweight
women. Despite data from only a small subgroup of overweight/obese
females, we also found that individuals identified through self-report as
‘food addicted’ displayed significantly higher basal oxytocin levels and
lower basal CCK levels compared to those without food addiction.
Together our findings highlight a number of interesting associations
between weight status and endocrine measurements and are highly
relevant to the design of future studies assessing the relationship be-
tween oxytocin and satiety signals.

4.1. Relationship between oxytocin and weight status

Our experiments revealed a positive correlation between fasting

Table 1
Fasting baseline plasma concentrations of appetite hormones by BMI categories.

Healthy BMI (n=6) Overweight BMI (n=9) Obese BMI (n=3) P values
H vs O/W H vs O O/W vs O Overall

Log oxytocin 7.39 ± 0.21 7.34 ± 0.27 7.92 ± 0.39 0.999 0.029* 0.017* 0.019*
Log ghrelin 7.82 ± 0.42 7.74 ± 0.72 7.63 ± 0.29 – – – 0.903
Log leptin 6.32 ± 0.45 6.45 ± 0.45 6.53 ± 0.94 – – – 0.843
Log CCK 6.86 ± 0.39 6.50 ± 0.52 6.23 ± 0.17 – – - 0.143
Log cortisol 4.35 ± 2.27 4.57 ± 1.01 5.94 ± 0.47 – – – 0.331

Mean± SD. ANOVA and Bonferroni post hoc analysis; *p<0.05; - post hoc analysis not conducted on non-significant (p>0.05) ANOVA. BMI, Body Mass Index; CCK,
cholecystokinin.

Table 2
Diet quality in YFAS-defined food addicted vs non-food addicted women.

Group by FA Diagnosis Diet quality score (ARFS) Core foods (%E) Non-core foods (%E)

NFA (n=12) 39.00 ± 6.51 (34.86, 43.14) 70.25 ± 11.05 (63.23, 77.27) 29.75 ± 11.05 (22.73, 36.77)
FA (n=6) 33.33 ± 6.92 (26.07, 40.59) 51.5 ± 21.75 (28.67, 74.33) 48.5 ± 21.75 (25.67, 71.33)
p value 0.107 0.026* 0.026*

Mean± SD (95% Confidence Interval). Two sample independent t-test, *p>0.05. ARFS, Australian recommended dietary score; NFA, non-food addicted; FA, food
addicted.
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plasma oxytocin levels and BMI that was independent of age. On its
own these findings are interesting given the lack of consistency between
existing studies in reporting oxytocin and weight status. This may be
due to interactions with other co-morbid diseases. For example, over-
weight individuals with Type 1 [103] and Type 2 diabetes mellitus
[66,67] has been associated with lower oxytocin levels. Thus, Kujath
et al. reported that oxytocin concentrations were lower in women with

Type 1 Diabetes Mellitus compared with matched controls (n=162),
whereas a positive association with oxytocin was found for BMI in the
diabetes group only (β=0.02, p=0.01) [103]. In contrast, Szulc et al.
found that men with metabolic syndrome had higher BMI and oxytocin
levels [61]. While no association between oxytocin and body weight
status was found by Coiro et al. in a small sample of men (n=23) [68]
or by Breuil et al. (2011) in postmenopausal women with/without os-
teoporosis (n=36) [104], in a larger sample of postmenopausal
women with/without osteoporosis (n=1097), Breuil et al. (2014) re-
ported that oxytocin was positively correlated with BMI (r=0.25,
p<0.0001) [63]. Taken together, our findings of higher levels of
plasma oxytocin in females with higher BMI (r2=0.32, p=0.021) are
consistent with studies in healthy (absence of chronic disease) males
and females by Stock et al. (plasma oxytocin 4-fold higher in obese vs.
controls) [60] and Schorr et al. (r=0.44, p=0.0004) [62]. Note
however that Maestrini et al. [65] found oxytocin levels were decreased
in healthy women with obesity (n=109). These inconsistencies may be
related to differences in study populations, sample sizes or potentially
blood analysis techniques for oxytocin. It will be important for future
studies to factor these variables into study design and statistical ana-
lyses.

Table 3
Fasting baseline plasma concentrations of appetite hormones by food addiction status.

FA (n=6) NFA (n=12) p values

Oxytocin (pg/mL, log transformed) 7.71 ± 0.34 (7.16, 7.49) 7.33 ± 0.26 (7.36, 8.06) 0.015*
Ghrelin (pg/mL, log transformed) 7.87 ± 0.35 (7.28, 8.09) 7.69 ± 0.64 (7.50, 8.23) 0.528
Leptin (pg/mL, log transformed) 6.56 ± 0.62 (6.05, 6.65) 6.35 ± 0.47 (5.92, 7.21) 0.423
Cholecystokinin (pg/mL, log transformed) 6.08 ± 0.21 (6.59, 7.05) 6.82 ± 0.36 (5.86, 6.30) <0.001**
Cortisol (ng/mL, log transformed) 5.50 ± 0.63 (3.25, 5.43) 4.34 ± 1.72 (4.84, 6.16) 0.134

Mean± SD (95% confidence interval). Two sample independent t-test; *p<0.05, **p<0.001. FA, food addicted; NFA, non-food addicted.

Table 4
Median appetite scores pre and post food image viewing for the total sample
(n=18).

VAS component Pre VAS
score

Post VAS
score

% increase p-value

Hunger 42.5 (21, 60) 72.5 (55, 78) 70.6 0.001*
Amount could eat 49.5 (34, 65) 72 (51, 82) 45.5 0.009*
Desire to eat healthy food 77 (57, 92) 79 (70, 91) 2.6 0.695
Desire to eat sweet food 37 (17, 55) 51 (37, 80) 37.8 0.019*
Desire to eat salty food 40.5 (26, 65) 62.5 (37, 75) 54.3 0.191
Desire to eat savoury food 70 (50, 81) 78 (61, 90) 11.4 0.248
Desire to eat fatty food 18.5 (10, 27) 37 (9, 72) 100 0.045*

Median and interquartile range. One sample Wilcoxon signed-rank test on the
pair differences; *p<0.05. VAS, visual analogue scale.

Fig. 1. Median appetite scores pre and post food image viewing for the total sample (n=18). Subjective appetite for seven components assessed using a 100mm
Visual Analogue Scale (VAS). Higher scores indicate a greater hunger/appetite intensity. The majority of studies involved small sample sizes and specific populations
that limit generalizability. Wilcoxon signed-rank test; p<0.05.
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4.2. Relationship between oxytocin and addictive eating

In the current sample, six women were classified as food addicted as
defined by the YFAS. As expected, the intake of non-core foods (re-
ported as% energy intake) and BMI was higher in these women com-
pared to non-food addicted women. The results of our study suggest
that fasting plasma oxytocin levels may be higher in people exhibiting a
loss of control over their eating behaviour. Unfortunately, due to lim-
itations in sample size it is unclear whether these results can be at-
tributed to addictive eating behaviour or weight status. It is possible the
elevation in endogenous oxytocin may be an adaptive response to in-
creased body fat, sending a signal to reduce eating and increase energy
expenditure in individuals with higher BMIs. Additional research is
needed to determine whether, despite high circulating levels of oxy-
tocin, the anorexigenic effects of oxytocin may be diminished in some
individuals. This suggests a role for oxytocin receptor desensitization or
oxytocin resistance as a contributing factor to the development and
maintenance of overeating and obesity, but further work is warranted
to address this possibility.

To our knowledge, only two studies in humans have examined
oxytocin in and its possible relationship with addictive eating. Similar
to our study, these reports predominately sampled female individuals.
For example, Pedram et al. [105] examined a range of hormones and
neuropeptides in individuals with obesity only (n=58, 75% female),
with and without food addiction. In this study, no significant difference
was found in oxytocin levels or other appetite hormones (e.g. ghrelin,
leptin, and cortisol). Likewise, Davis et al. [106] examined the link
between the oxytocin receptor gene and overeating in a sample
(n=460) comprising 83% females with a broad range of body weights.
Interestingly, genetic variations were found to be associated with
overeating, food preferences (sweet and fatty), and reward sensitivity
[106].

4.3. Effect of visual food cues on circulating oxytocin levels

In the present study all participants reported a statistically sig-
nificant increase in hunger following the presentation of food images,
validating our protocol. However, we did not find a significant differ-
ence between pre and post oxytocin levels in response to either healthy
or hyperpalatable food images. In this exploratory pilot study, it is in-
teresting to note the general direction of movement in oxytocin levels.
In healthy weight women oxytocin levels tended to decrease in re-
sponse to hyperpalatable food images (p=0.126). Previous studies
have shown an increased bias toward hyperpalatable foods in obesity
[81]. It is plausible that oxytocin levels may increase in overweight/
obese or food addicted individuals in response to hyperpalatable foods
as a mechanism to limit the intake of these foods. Studies with larger
sample sizes are required to determine if there is a relationship.

4.4. Impact of weight status and self-reported food addiction status on
ghrelin, leptin, cholecystokinin and cortisol

We did not find any significant differences in baseline concentra-
tions of ghrelin, leptin, CCK and cortisol between healthy weight and
overweight/obese females. In contrast to the majority of previously
published data, leptin levels were not significantly higher in those with
obesity compared to healthy weight females. This is likely due to the
small sample size. Interestingly, when individuals were classified ac-
cording to food addiction status, CCK levels were significantly lower in
food addicted females (p<0.001) vs non-food addicted. Low levels of
CCK may contribute to increased appetite and diminished satiety sen-
sations during meal intake. Over the longer term this could lead to
difficulties with weight gain.
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4.5. Methodological considerations

Methods for the quantitative measurement of oxytocin in peripheral
blood are not standardised and method-specific. There is considerable
debate in existing research as to whether extracted or unextracted
serum should be used [107]. In the current study, we selected a com-
mercially available ELISA without extraction, a method that has been
used in other studies and is useful in examining relative differences in
oxytocin levels [19]. An accepted methodology and validation of oxy-
tocin measurement would significantly aid progress in the field [17,18].

Circulating ghrelin consists of two major forms, an acylated form
and a des-acylated form [102]. The effects of ghrelin on appetite have
largely been assigned to acylated ghrelin (active ghrelin) [103], with
this form of ghrelin observed to change more rapidly over short time
periods [104] (half-life of ∼9–13min [105]). In the current study, we
measured plasma levels of total ghrelin (acyl plus des-acyl). It has been
demonstrated that similar changes occur in both active and total ghrelin
after meal consumption [106,107], suggesting that total ghrelin is a
good marker for the active hormone. Though in future studies, it may
be useful to measure plasma concentrations of both active and total
ghrelin to determine if there is a difference in plasma ghrelin responses
to food cues.

The current study was a pilot study making the small sample a
limitation. Future studies in larger samples with a more homogeneous
age range are required. To optimally capture the changes in oxytocin
concentrations at time points two and four (i.e. post image viewing) the
use of a Peripheral Venous Cannula (PVC) for blood draws may be an
improved approach. Finally, although we cannot rule out the possibility
that social interactions during the study visit affected oxytocin levels,
procedures and exposure to research staff were similar for all experi-
mental sessions.

5. Conclusions

In conclusion, despite a small sample size in this pilot study we
identified a positive correlation between BMI and plasma oxytocin in
adult females. These findings are consistent with most prior studies
conducted in healthy individuals. While the mechanisms responsible for
these differences were not determined and were outside the scope of
this pilot study, it is possible that oxytocin receptor desensitization or
oxytocin resistance may be important factors to consider in the pa-
thogenesis of obesity and addictive eating behaviour. A hypothesis
arising from these findings is that in some individuals, despite higher
levels of oxytocin, a decreased sensitivity to oxytocin may result in an
inability to sense satiety signals making it more difficult to regulate
food intake. While acknowledging the small sample size, our findings
are highly relevant to the current interest in oxytocin and eating be-
haviour. We provide a number of relevant insights for future study
design. For example, in a small subgroup of females with higher BMI
and self-reported food addiction, we also observed reduced levels of the
satiety promoting peptide CCK. A putative explanation and testable
hypothesis is that a combination of oxytocin resistance and lower levels
of CCK may interact to promote overeating in some individuals.
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