
Full Terms & Conditions of access and use can be found at
http://www.tandfonline.com/action/journalInformation?journalCode=ists20

Download by: [177.97.72.29] Date: 13 June 2016, At: 10:29

Stress
The International Journal on the Biology of Stress

ISSN: 1025-3890 (Print) 1607-8888 (Online) Journal homepage: http://www.tandfonline.com/loi/ists20

Interaction between perceived maternal care,
anxiety symptoms, and the neurobehavioral
response to palatable foods in adolescents

Tania Diniz Machado, Roberta Dalle Molle, Roberta Sena Reis, Danitsa
Marcos Rodrigues, Amanda Brondani Mucellini, Luciano Minuzzi, Alexandre
Rosa Franco, Augusto Buchweitz, Rudineia Toazza, Bárbara Cristina Ergang,
Ana Carla de Araújo Cunha, Giovanni Abrahão Salum, Gisele Gus Manfro &
Patrícia Pelufo Silveira

To cite this article: Tania Diniz Machado, Roberta Dalle Molle, Roberta Sena Reis, Danitsa
Marcos Rodrigues, Amanda Brondani Mucellini, Luciano Minuzzi, Alexandre Rosa Franco,
Augusto Buchweitz, Rudineia Toazza, Bárbara Cristina Ergang, Ana Carla de Araújo Cunha,
Giovanni Abrahão Salum, Gisele Gus Manfro & Patrícia Pelufo Silveira (2016) Interaction
between perceived maternal care, anxiety symptoms, and the neurobehavioral response to
palatable foods in adolescents, Stress, 19:3, 287-294, DOI: 10.1080/10253890.2016.1191464

To link to this article:  http://dx.doi.org/10.1080/10253890.2016.1191464

Published online: 13 Jun 2016.

Submit your article to this journal 

View related articles 

View Crossmark data

http://www.tandfonline.com/action/journalInformation?journalCode=ists20
http://www.tandfonline.com/loi/ists20
http://www.tandfonline.com/action/showCitFormats?doi=10.1080/10253890.2016.1191464
http://dx.doi.org/10.1080/10253890.2016.1191464
http://www.tandfonline.com/action/authorSubmission?journalCode=ists20&page=instructions
http://www.tandfonline.com/action/authorSubmission?journalCode=ists20&page=instructions
http://www.tandfonline.com/doi/mlt/10.1080/10253890.2016.1191464
http://www.tandfonline.com/doi/mlt/10.1080/10253890.2016.1191464
http://crossmark.crossref.org/dialog/?doi=10.1080/10253890.2016.1191464&domain=pdf&date_stamp=2016-06-13
http://crossmark.crossref.org/dialog/?doi=10.1080/10253890.2016.1191464&domain=pdf&date_stamp=2016-06-13


ORIGINAL ARTICLE

Interaction between perceived maternal care, anxiety symptoms, and the
neurobehavioral response to palatable foods in adolescents
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ABSTRACT
Studies in rodents have shown that early life trauma leads to anxiety, increased stress responses to
threatening situations, and modifies food intake in a new environment. However, these associations are
still to be tested in humans. This study aimed to verify complex interactions among anxiety diagnosis,
maternal care, and baseline cortisol on food intake in a new environment in humans. A community sam-
ple of 32 adolescents and young adults was evaluated for: psychiatric diagnosis using standardized inter-
views, maternal care using the Parental Bonding Inventory (PBI), caloric consumption in a new
environment (meal choice at a snack bar), and salivary cortisol. They also performed a brain fMRI task
including the visualization of palatable foods vs. neutral items. The study found a three-way interaction
between anxiety diagnosis, maternal care, and baseline cortisol levels on the total calories consumed
(snacks) in a new environment. This interaction means that for those with high maternal care, there
were no significant associations between cortisol levels and food intake in a new environment.
However, for those with low maternal care and who have an anxiety disorder (affected), cortisol was
associated with higher food intake; whereas for those with low maternal care and who did not have an
anxiety disorder (resilient), cortisol was negatively associated with lower food intake. In addition, higher
anxiety symptoms were associated with decreased activation in the superior and middle frontal gyrus
when visualizing palatable vs. neutral items in those reporting high maternal care. These results in
humans mimic experimental research findings and demonstrate that a combination of anxiety diagnosis
and maternal care moderate the relationship between the HPA axis functioning, anxiety, and feeding
behavior in adolescents and young adults.
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Introduction

Prenatal life, infancy, and adolescence are critical periods char-
acterized by an increased vulnerability to stress (Kassi et al.,
2000). Therefore, insults during such periods can lead to per-
sistent changes, such as neuronal damage (McClelland et al.,
2010), that continue into adult life (Macmillan et al., 2001) and
increase the individual’s vulnerability to many disorders,
including psychiatric conditions (Cattaneo et al., 2015). For
instance, poor quality of maternal care and physical/sexual
abuse can lead to persistent hyperactivation of the hypothal-
amus-pituitary-adrenal (HPA) axis responsivity (Mcgowan
et al., 2009), to anxiety, and to depression in adult life (Parker,
1979; Parker et al., 1999).

Human studies have demonstrated that psychiatric disor-
ders and HPA axis dysfunction have also been associated with
metabolic syndrome and obesity (Raikkonen et al., 2007;
Skilton et al., 2008), as well as with feeding behaviors (Hearon
et al., 2014; Miller-Matero et al., 2014). Women with high lev-
els of chronic stress show attenuated neuroendocrine
responses to an acute stressor, and an increased caloric inges-
tion of highly palatable, sugar/fat enriched ‘‘comfort-foods’’
(Tryon et al., 2013). In addition, woman who classify them-
selves as chronically stressed show increased food intake,
resulting in an increased waist circumference and body mass
index, in addition to decreased cortisol levels when compared
to controls (Tomiyama et al., 2011). Evidence suggests that
glucocorticoid excess is involved in the development of

CONTACT Tania Diniz Machado tanianutricionista@yahoo.com.br Programa de P�os-Graduaç~ao em Sa�ude da Criança e do Adolescente - FAMED -
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obesity and abdominal fat deposition via increased food
intake (Adam & Epel, 2007).

In rats, despite the vast literature demonstrating that
chronic stress in adult life leads to anxiety and increased
intake of palatable foods (Dallman et al., 2005; Ely et al.,
1997), little is known about the effect of early life stress on
the intake of palatable foods. It has been shown that early life
handling increases palatable food intake in adulthood (Silveira
et al., 2006, 2008, 2010), but these adult rats are well known
for their enhanced capacity to deal with stress (Levine, 1957;
Silveira et al., 2011). Anxiety and depressive-like symptoms
provoked by early life stress can be reduced by chronic con-
sumption of a palatable cafeteria diet (Maniam & Morris,
2010). Another rodent model that is associated with impaired
maternal care is based on the reduction of the nesting mater-
ial offered to dams during the first few days of postnatal life
(Dalle Molle et al., 2012; Ivy et al., 2008). This early life stress
model is associated with increased anxiety-like behaviors in
adult rats, such as less time spent in the open arms of the
Elevated Plus Maze Task (Dalle Molle et al., 2012) and
decreased food intake in the Novelty Suppressed Feeding
Task, accompanied by altered HPA axis responsivity to stress
(Machado et al., 2013).

While the relationship between childhood trauma (Alvarez
et al., 2007; Mamun et al., 2007; Noll et al., 2007), poor/stress-
ful conditions (Giskes et al., 2008; Kestila et al., 2009), and the
development of adulthood obesity has been established, little
is known about how variations in maternal care influence
long-term feeding behavior in humans, especially when con-
sidering anxiety symptoms. Resiliency and vulnerability in rela-
tion to the effects of the neonatal environment on anxiety are
practically unknown although some studies exist in rodents
(Silveira et al., 2011). Moreover, the neurobiological response
to palatable foods associated with the perceived maternal
care in infancy has not yet been explored.

Studies involving functional magnetic resonance imaging
(fMRI) and childhood trauma have demonstrated that trauma
experienced in early life is associated with acceleration in the
development of pituitary gland volume (Ganella et al., 2015),
and no differences in response to viewing food images in the
fMRI (Elsey et al., 2015) in adolescent girls was found. An
increase in amygdala activity when visualizing sad faces has
been reported in children (Suzuki et al., 2014). In addition,
both self-reported stress-induced anxiety and cue-induced
favorite food cravings are linked to hypoactive striatal circuits
in adolescents (Hommer et al., 2013).

The aim of the present study was to investigate the inter-
action between perceived maternal care, anxiety symptoms in
adolescence, baseline cortisol, and the neurobehavioral
response to palatable foods. Thus, the study evaluated the
relationship between baseline cortisol levels and food intake
in a new environment in adolescents reporting high and low
maternal care scores. In addition, the study evaluated the
brain responses to the visualization of palatable foods vs. neu-
tral items in a brain fMRI task, in those reporting high or low
maternal care according to their score of anxiety symptoms.
Our hypothesis was that there would be an interaction
between perceived maternal care and anxiety symptoms in

the brain response to the visualization of palatable food
images.

Methods

Seventy-five participants took an anthropometric and feeding
behavior assessment at the HCPA Clinical Research Center
(CPC-HCPA), and 43 underwent fMRI at the PUCRS Institute of
Brain (InsCer – PUCRS). The participants filled out the Parental
Bonding Inventory (PBI). After anthropometric measures were
performed during the fasting, participants received a voucher
(with equal value for all) to purchase a snack of their choice
in the cafeteria (feeding behavior in a new environment). If
the participant did not use the full value of the voucher, the
change was returned to the researcher. In a subsequent visit,
structural and functional images were viewed to evaluate the
brain responses to the visualization of palatable foods vs. neu-
tral items. The saliva was collected using a Salivit LabvitrusVR

to assess cortisol. A psychiatric evaluation was carried out
with a clinical evaluation which included a structured clinical
interview [Schedule for Affective Disorders and Schizophrenia
for School-Age Children-Present and Lifetime Version (K-SADS-
PL)] (Kaufman et al., 1997) held with the adolescents; and the
Brazilian version of the MINI instrument (International
Neuropsychiatric Interview) applied to individuals over �18.

The adolescents and young adults selected for this study
originated from a community sample selected from six
schools that belonged to the service area of the Santa Cecilia
Health Unit, located in the city center of Porto Alegre, Rio
Grande do Sul, Brazil. In 2008, the children and adolescents
were invited to participate in the multidimensional evaluation
and treatment of anxiety in children and adolescents, which
included a psychiatric and nutritional assessment (Salum
et al., 2011). Two hundred and forty-two participants com-
pleted the assessment in 2008, out of which 229 were eligible
for the current study (six were excluded due to mental retard-
ation; seven, due to kinship with another participant). The
study was designed to carry out a detailed reevaluation in
approximately 30% of the eligible sample. The present study
is the fourth wave of a long-term follow-up study, as sug-
gested by Barbieri et al. (2006). The reevaluation, carried out
in 2013/2014, included: (1) psychiatric assessment; (2)
anthropometric and feeding behavior assessment; (3) blood
and saliva collection for DNA extraction and biochemical
evaluation; and (4) task-based fMRI. Seventy-five participants
attended the data collection in the Clinical Research Center of
the Hospital de Cl�ınicas de Porto Alegre (CPC-HCPA) and 43
underwent fMRI at the Brain Institute of Rio Grande do Sul
(InsCer). Of the 43 participants that completed the brain fMRI,
baseline cortisol was detected in saliva in only 32 of them.

Parental care was measured using the PBI and diagnosis of
anxiety using the SCARED-C instrument. The study evaluated
brain responses to a task in which participants had to evalu-
ate palatable foods; the task also included the evaluation of
the frequency of ‘‘neutral items’’ (such as tools and tableware).
The fMRI task was carried out with participants who reported
high or low maternal care, according to their score of anxiety
symptoms. Socioeconomic classification was based on the
ABEP criteria (Brazilian Association of Research Companies),
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which ranks socioeconomic status according to the possession
of certain items and the educational level of the head of the
family: Class A – 35 to 46; Class B – 23 to 34; Class C – 14 to
22; Class D – 8 to 13; and Class E – 0 to 7. The study was
approved by the Institutional Ethics Committee of the HCPA
(GPPG/HCPA, project number 12-0254) and followed national
and international guiding principles for research involving
humans, including Resolution 196/96 of the National Health
Council. Ethics committee approval and a subsequent written
informed consent (either from the subjects or their guardians)
were obtained from all participants prior to the study.
Confidentiality, with respect to identity, privacy, and confiden-
tiality of data, was ensured.

Nutritional evaluation

The anthropometric assessment was performed at the HCPA
Clinical Research Center (CPC-HCPA) throughout the morning
by trained researchers. All participants were fasting when the
measurements were taken. Weight, height, and waist circum-
ference were measured using accurate and calibrated equip-
ment (FilizolaVR , HarpendenVR ). Each measure was collected
twice; the average of the two assessments was used.

Psychiatric evaluation

The psychiatric evaluation was carried out with a clinical
evaluation followed by (1) a structured clinical interview –
Schedule for Affective Disorders and Schizophrenia for School-
Age Children-Present and Lifetime Version (K-SADS-PL)
(Kaufman et al., 1997), held with the adolesents and (2) the
Brazilian version of the MINI instrument (International
Neuropsychiatric Interview) (Amorim, 2000), applied to the
individuals over �18. These instruments were applied by
medical and psychology students trained for such activities
and supervised by a child/adolescent psychiatrist. Anxiety was
measured in two forms: categorical presence of any anxiety
diagnosis using the Schedule for Affective Disorders and
Schizophrenia for School-Age Children (K-SADS) in children
and using the Mini-International Neuropsychiatric Interview
(M.I.N.I.) in adults; and a continuous score of the SCARED scale
(Isolan et al., 2011) was used in the fMRI data.

Feeding behavior in a new environment

A collection of the anthropometric measures were performed
while participants were fasting for 4 h. They then received a
voucher to purchase a snack of their choice in the cafeteria of
the HCPA Clinical Research Center (CPC-HCPA). Participants
were free to choose any snack as long as it did not cost more
than what the voucher allowed; their food choices were pho-
tographed. Subsequently, food choices were entered into an
ExcelVR data spreadsheet (Microsoft). For each participant, the
nutritional composition of the selected snack was calculated
with the aid of a household measures chart (Pinheiro et al.,
2005) and the USDA National Nutrient Database (USDA,
2013).The objective of testing consumption in a new environ-
ment was an attempt to translate the novelty-suppressed

feeding test paradigm to humans (Machado et al., 2013).
Classically, the inhibition of food intake induced by the expos-
ure to novelty is interpreted as a measure of anxiety (Gross
et al., 2002; Zhang et al., 2010).

Maternal care

Perceived maternal care was assessed by the Brazilian version
of the PBI (Parker, 1979). This questionnaire measures per-
ceived care and the overprotection that individuals may have
received from their mother or father during the first 16 years
of life. Maternal care scores were calculated following the
author’s guidelines, and using the Kendler version of the PBI
(Kendler, 1996). The cutoff point for PBI scales was �18 for
maternal warmth (MW), used in this study to categorize the
individuals into high and low maternal care groups.

Salivary cortisol measurements

Saliva was collected using a Salivit LabvitrusVR kit, frozen, and
subsequently transported to the HCPA Clinical Laboratory for
quantitation of cortisol by chemiluminescence method.
Baseline cortisol was used for the main analysis. The analysis
was repeated using the area under the curve of three points
(AUC_ground, pr�e-fMRI, immediately after fMRI, and 30 min
after the fMRI), as suggested by Pruessner et al. (2003). For
this analysis, only a smaller sample size was available (n¼ 24)
because some of the individuals had lost samples (undetect-
able measurements) at one of the three points.

Functional fMRI acquisition and data processing

All participants who attended the evaluation at the CPC-HCPA
were invited to participate in the brain neuroimaging stage of
the study. The exclusion criteria for the fMRI exam was
assessed via telephone contact (presence of metals in the
body, brackets, a recent tattoo, and pregnancy), after which
point the exam was scheduled at the Brain Institute.
Participants were asked to keep fasting for at least 4 h. About
30 min before the exam, they received a standard snack [cer-
eal barþbox of juice¼ 174 kcal, 39 g carbohydrate (90% of
total calories), 0.9 g protein (2% of total calories), and 1.6 g of
lipids (8% of total calories)].

Acquisition of fMRI images

Image acquisition was performed using a 3.0 Tesla magnetic
resonance imaging scanner (GE Healthcare Signa HDxt) with
an eight-channel head coil for signal reception. T1 structural
images were acquired with voxels in anisotropic spatial reso-
lution of 1 mm3 for 170 contiguous slices with a matrix size of
256� 256 (frequency and phase). Inversion-recovery imaging
consisting of a TE of 2.18 ms and TR of 6.1 ms was used.
Structural acquisition was followed by the acquisition of func-
tional images.

The acquisition of fMRI was performed by acquiring eco-
planar T2 � weighted images (EPI BOLD) with the following
parameters: 26 interleaved axial slices, slice thickness of
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4.0 mm and gap of 0.4 mm, FOV 240 mm�240 mm, matrix
size of 80� 64, TE¼ 30 ms, TR¼ 2000 ms, and a 90� flip angle.
The task was divided into three sessions; each session lasted
7 min and 46s and resulted in the acquisition of 233 volumes.
During the brain scan, the participants performed the task
described below.

fMRI paradigm – palatable foods/neutral foods/neutral
items

The paradigm used in the fMRI study was adapted from Page
et al. (2011) and was designed to assess the brain responses
of individuals during the presentation of highly palatable
foods, neutral foods, and neutral items (non-edible objects,
such as tools). Figures were selected from a database of
images from the UFRGS School of Psychology (Deluchi, 2014)
and the International Affective Picture System (IAPS) (Lang
et al., 1997). A pilot study that evaluated adolescents at the
same age range as our sample was performed to determine
which images would be classified as highly palatable and
neutral.

The paradigm was presented using the E-Prime software
(Version 2, Psychological Software Tools Inc.). The presentation
was divided into three sessions that lasted approximately
7 min each. Each experimental session included 21 random-
ized images (seven highly palatable foods, seven neutral
foods, and seven neutral items), for a total 63 images across
the experiment. Each image represented a trial which con-
sisted of (1) image presentation (4s); (2) presentation of a 4-
point scale, following the question: ‘‘How much do you like
this food?’’ (5s); (3) presentation of another 4-point scale, fol-
lowing the question: ‘‘How much do you want to eat this
food right now?’’ (5s). Individuals had to respond to the scales
in (2) and (3) by pressing buttons; the scale ranged from 1
(not at all) to 4 (very much). A 6-s rest was inserted between
trials (this rest was not explicitly modeled in the experiment).
A 28-s baseline (rest) was also inserted in each of the three
sessions; this 28-s baseline was modeled in the experiment
(baseline for activation maps). The following questions were
asked for the neutral items: ‘‘How much is this object relevant
to you?’’ and ‘‘How much do you use this object?’’ Both ques-
tions were followed by a 4-point scale that resembled the
scales in the food trials. Before the imaging session,

participants practiced the task outside of the scanner; the
practice trials followed the same structure as the actual
experiment, but using different images.

More details about the fMRI preprocessing and the
distribution of activation methods are available in the
Supplementary Material.

Statistical analyses

Data were entered and analyzed using the Statistical Package
for Social Sciences (SPSS), version 22.0 (SPSS Inc., IBM
Company, Chicago, IL). Descriptive statistics were performed
comparing characteristics of the individuals categorized as
High (equal to or above 18) or Low (below 18) on the
Maternal Warmth domain score of the PBI. The chi-square test
was used for categorical variables and student’s t-test for con-
tinuous variables. The primary analysis was based on the
model proposed by Holmbeck (2002), consisting of the
Generalized Linear Model (GLM) using the amount of calories
eaten in a new environment as a dependent variable, and the
three predictors: perceived maternal care (categorical), anxiety
diagnosis (categorical), and baseline salivary cortisol (continu-
ous). This was followed by a post-hoc analysis, as proposed
by Holmbeck (2002). In all analyses, we considered a signifi-
cance level of 5%.

Results

Seventy-five healthy youths participated in the anthropomet-
ric and feeding behavior assessments performed in 2013. The
subjects were not significantly different, in terms of age, sex,
ethnicity, maternal schooling, birth weight, BMI, and socioeco-
nomic status, from the remaining participants of the initial
population sample (data not shown).

Table 1 shows the participants’ characteristics, according to
the perceived quality of maternal care received in infancy.
The two groups did not show significant differences in rela-
tion to sex, skin color, maternal education, socioeconomic sta-
tus, and BMI. However, as expected, adolescents reporting
poor maternal care have increased scores of anxiety symp-
toms, as measured by the SCARED-C (p¼ 0.038).

The study found a significant three-way interaction
between anxiety diagnosis, perceived maternal care, and

Table 1. Subject’s characteristics, categorized as High (equal to or above 18) or Low (below 18) on the
Maternal Warmth domain score of the Parental Bonding Inventory.

Sample characteristics High maternal care Low maternal care p

Age (years)b 17.03 ± 0.50 18.42 ± 0.66 0.106
Malesa 10 (47.6%) 3 (27.3%) 0.450
Caucasiansa 13 (65%) 7(63.6%) 1.000
Maternal schooling (<8 years)a 6 (42.9%) 2 (33.8%) 1.000
SES scoreb 16.36 ± 1.19 19.20 ± 1.8 0.219
Birth weight ratiob 1.06 ± 0.03 0.98 ± 0.05 0.161
BMI z-scores 0.15 ± 0.23 0.53 ± 0.39 0.374
Baseline salivary cortisol (lg/dL) 0.74 ± 0.11 0.81 ± 0.18 0.734
Anxiety score (SCARED-C)b 18.09 ± 2.69 27.82 ± 3.43 0.038*
aChi-square test. Data expressed as absolute (n) and relative (%) frequencies. bStudent’s t-test. Data

expressed as mean ± SEM. Socioeconomic status score from ABEP (Associaç~ao Brasileira de Empresas
de Pesquisa). Birth weight ratio¼ observed birth weight divided by mean populational birth weight
specific for a given sex and gestational age. SCARED-C: Screen for Children and Adolescent Emotional
Related Disorders – Children’s version.
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salivary cortisol on food intake levels (Wald¼ 15.635; df¼ 3;
p¼ 0.001), as well as the main effects of the anxiety diagnosis
(Wald¼ 8.022; df¼ 1; p¼ 0.005) and the salivary cortisol levels
(Wald¼ 4. 141; df¼ 1; p¼ 0.042) (Figure 1). Post-hoc analysis
of the interaction, according to Holmbeck (2002), allowed us
to demonstrate that among those reporting high maternal
care, there is no relationship between cortisol levels and
energy intake in the new environment independent of the
presence (p¼ 0.264) or absence (p¼ 0.590) of anxiety symp-
toms. On the other hand, there is a dual response in those
reporting low maternal care. In those with low maternal care
and with a positive anxiety diagnosis (affected), cortisol was
negatively correlated with energy intake in a new environ-
ment (B¼ �385.65; p¼ 0.001), whereas in those without anx-
iety (resilient), there is a positive correlation between cortisol
and energy intake (B¼ 215.85; p¼ 0.014). The analysis was
repeated using the AUC and remained unchanged (data not
shown).

The fMRI analysis revealed brain regions that responded to
the images of palatable foods compared to neutral items and
were highly correlated to anxiety scores and perceived mater-
nal care. In the group of adolescents who reported high
maternal care, we found a negative correlation between anx-
iety scores and brain activation in the superior frontal gyrus
(X¼ �16, Y¼ 46, Z¼ 34; FWE-corrected p value¼ 0.010) and
middle frontal gyrus (X¼ �28, Y¼ 20, Z¼ 46, FWE-corrected
p value¼ 0.040). On the other hand, only visual areas were
active for adolescents who reported low maternal care scores
(Table 2, Figure 2); there were no significant correlation clus-
ters in other areas of the brain. Finally, independent of the

anxiety scores, adolescents who reported high maternal care
showed a negative correlation in the precuneus (X¼ 40,
Y¼�72, Z¼ 36, FWE-corrected p value <0.05) (Figure 2).

Discussion

These findings mimic our previous reports in rodents showing
that a combination of disruptions in the quality of maternal
care and a positive diagnosis of an anxiety disorder, modify
the relationship between neuroendocrine responses to stress
on food intake in a new environment (Machado et al., 2013).
Interestingly, no associations between cortisol levels and food
intake were found for those with high maternal care, inde-
pendent of the anxiety status. In the fMRI study, we saw that
high maternal care is associated with a negative correlation in
the precuneus facing the palatable foods, independent of the
anxiety levels, as well as a negative correlation in the superior
and middle frontal gyrus with crescent anxiety scores. These
findings were not seen in the low maternal care group.

Our results are in accordance with Turner et al. (2015) sug-
gesting that positive parent–child relationships may protect
overweight adolescents from developing clinical eating disor-
ders and from psychological distress later in life. Among over-
weight youth, higher levels of reported family connectedness
were associated with lower levels of unhealthy behaviors and
psychosocial distress (Mellin et al., 2009). The results showed
that in children with high maternal care, food intake was
unrelated to changes in the HPA axis. Therefore, our findings
might shed light on some underlying mechanisms involving
the relationship between HPA functioning and food intake.

Figure 1. GLM showing the interaction between cortisol, anxiety, and maternal care (PBI scores) (p¼ 0.001) on the total caloric intake in a new environment in adoles-
cents. Post-hoc analysis shows that in those reporting low maternal care, the intake varies according to the presence of anxiety, decreasing as cortisol increases in the
anxious individuals, and positively correlating with cortisol in those without anxiety.
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Our results correspond with D’Argenio et al. (2009), who sug-
gested that not only sexual abuse (Alvarez et al., 2007;
Mamun et al., 2007; Noll et al., 2007) or poverty (Giskes et al.,
2008; Kestila et al., 2009), but also less severe forms of early
life stress are linked to the risk of developing obesity later in
life (D’Argenio et al., 2009). Our findings also correspond with
other studies showing that emotional abuse and neglect, par-
ticularly during infancy, are linked to obesity in adult men
and women (Gunstad et al., 2006; Pederson & Wilson, 2009).
Finally, Pompili et al. (2014) showed that a history of moder-
ate-to-severe childhood maltreatment is associated with dis-
tinct depressive constructs such as alcohol and/or drug abuse,
as well as with suicidal behaviors.

It has been suggested that the perceived quality of mater-
nal care persistently modifies the structure and function of
frontal regions including the superior and middle frontal gyri
(Kim et al., 2010). The association between the perception of
maternal care and function may be associated with the differ-
ential brain responses to food images in the maternal care
group. The frontal gyrus is related to cognition (Casey et al.,
2011; Metcalfe & Mischel, 1999) and is involved in decision-
making and impulse control (Aron et al., 2004; Casey et al.,
2002). One would expect that as anxiety increases, the

activation of these areas would decrease (Hartley & Phelps,
2012), such as in the results for the high maternal care group.
The absence of frontal-lobe activation differences in relation
to anxiety for the low maternal care group also calls for fur-
ther investigation.

The precuneus is involved in consciousness and mental
self-representation, having its activity decreased when there is
engagement in objective tasks, not self-oriented tasks
(Cavanna & Trimble, 2006). Interestingly, thinking about the
costs and benefits of eating palatable foods was associated
with decreased activity in this area (Yokum & Stice, 2013). It is
possible that the negative correlation in this area seen in the
high maternal care group is related to the better engagement
of these individuals in the task during brain imaging.

This study is limited by the sample size and by using a
retrospective assessment of the parental bonding, although
this instrument has been widely used in the related literature.
In addition, this is a cross-sectional evaluation of a longitu-
dinal study, therefore only associations can be described and
no causality can be inferred. Finally, the food task may have
been affected by the decision to allow participants to pur-
chase whatever they wanted from the cafeteria. However,
forcing the individuals to eat a standard meal that they might

Table 2. Brain fMRI results in response to palatable foods in contrast to neutral items.

Talairach (mm)

Contrasts Predictors Outcome X Y Z Areas
p scores

(FWE corrected)

High maternal care
# Anxiety

Positive correlation 18 �96 14 Right occipital lobe 0.016

High maternal care
# Anxiety

Negative correlation �14 46 32 Left frontal lobe, superior frontal
gyrus (white matter)

0.021

40 �72 36 Right parietal lobe, precuneus (white
matter)

0.035

�52 �44 �6 Left temporal lobe, Brodmaun area
21 (white matter)

0.047

�42 �72 38 Left parietal lobe, precuneus.
Brodmann area 19

0.010

�38 14 44 Left frontal lobe, middle frontal gyrus
(white matter)

0.030

High maternal care
" Anxiety

Positive correlation 18 �96 14 Right occipital lobe 0.018

Palatable foods vs.
neutral items

High maternal care
" Anxiety

Negative correlation �42 �72 38 Left parietal lobe, precuneus.
Brodmann area 19

0.005

�16 46 34 Left frontal lobe, superior frontal
gyrus

0.010

�38 14 44 Left frontal lobe, middle frontal gyrus
(white matter)

0.012

�28 20 46 Left frontal lobe, middle frontal gyrus 0.040
�52 �42 �6 Left Temporal lobe, Brodmann area

21 (white matter)
0.030

40 �72 38 Left parietal lobe, precuneus.
Brodmann area 19

0.021

�12 26 48 Left frontal lobe, superior frontal
gyrus (white matter)

0.042

Low maternal care
# Anxiety

Positive 18 �96 14 Right occipital lobe 0.012

correlation �6 �98 10 Left occipital lobe. Brodmann area 18 0.011
Low maternal care
# Anxiety

Negative correlation – –

Low maternal care
" Anxiety

Positive correlation 18 �96 14 Right occipital lobe 0.006

�6 �98 10 Left occipital lobe; Brodmann area 18 0.008
Low maternal care
" Anxiety

Negative correlatio – –

Perceived maternal care (high or low) and anxiety symptom scores were used as predictors of regional brain activation (FWE corrected for multiple comparisons).
Occipital and white matter positive correlation is described but not discussed.
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not enjoy could prompt stress/anxiety and therefore affect
our measurements. Moreover, this approach seemed to be
more naturalistic and closer to what might be eaten on a
regular basis.

Conclusions

Neurobehavioral responses to palatable food in adolescents
vary according to the perceived maternal care during infancy,
to the current presence of anxiety symptoms, and cortisol lev-
els. Awareness about these influences may be important to
prevent obesity in vulnerable populations.
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