
This document is downloaded from DR‑NTU (https://dr.ntu.edu.sg)
Nanyang Technological University, Singapore.

Maternal bonding in childhood moderates
autonomic responses to distress stimuli in adult
males

Dalsant, Arianna; Truzzi, Anna; Setoh, Peipei; Esposito, Gianluca

2015

Dalsant, A., Truzzi, A., Setoh, P., & Esposito, G. (2015). Maternal bonding in childhood
moderates autonomic responses to distress stimuli in adult males. Behavioural Brain
Research, 292, 428‑431.

https://hdl.handle.net/10356/84974

https://doi.org/10.1016/j.bbr.2015.06.026

© 2015 Elsevier. This is the author created version of a work that has been peer reviewed
and accepted for publication by Behavioural Brain Research, Elsevier. It incorporates
referee’s comments but changes resulting from the publishing process, such as
copyediting, structural formatting, may not be reflected in this document. The published
version is available at: [http://dx.doi.org/10.1016/j.bbr.2015.06.026].

Downloaded on 23 May 2023 11:00:51 SGT



Author Manuscript 

Published as: 

Dalsant A., Truzzi A., Setoh P., Esposito G. 

Maternal bonding in childhood moderates autonomic responses to 
distress stimuli in adult males. 

Behavioral Brain Research, 292, 428-431. 
 

 
 
Maternal bonding in childhood moderates autonomic responses to 
distress stimuli in adult males 
 

Arianna Dalsanta,1, Anna Truzzia,1, Peipei Setohb, Gianluca Espositoa,b,∗ 
 
a Affiliative Behaviour and Physiology Lab, Department of Psychology and 
Cognitive Science, University of Trento, Rovereto, Trento, Italy 
b Early Cognition Lab, Division of Psychology, School of Humanities and 

Social Sciences, Nanyang Technological University, Singapore 

 

Highlights 
 
• Autonomic nervous system responses to vocal distress are moderated by 
quality of participant maternal bonding during childhood. 
• Participants who reported optimal maternal bonding showed greater calming 
response to distressful stimuli. 
• Participants who reported non-optimal maternal bonding showed a 

heightened distress response to distressful stimuli. 

 
Abstract 
 
Mother-child bonding influences the development of cognitive and social skills. 
In this study we investigate how maternal attachment, developed in early 
childhood, modulates physiological responses to social stimuli later in life. Our 
results suggest that the autonomic nervous system’s responses to vocal 
distress are moderated by the quality of participants’ maternal bonding. In 
particular, participants with optimal maternal bonding showed a greater 
calming response to distressful stimuli whereas participants with non-optimal 
maternal bonding showed a heightened distress response. 
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Introduction 
Attachment theory, initially described by Bowlby [1], states that humans, 
similar to other animal species, have an innate, evolutionarily driven biological 
predisposition towards social interaction. Bowlby proposed that infants 
actively and instinctively seek and maintain caregivers’ (usually the mother) 
proximity and care (see for example [2]). Caregivers too, are instinctively 
drawn to respond and interact with their offspring [3]. Therefore, the bonds 
formed through attachment function to maintain security [1,4] by attenuating 
psychological and physiological stress reactivity [5,6] and by potentially 
serving as psychobiological regulators of felt security [4]. The quality of 
attachment developed with caregivers is crucial 
because it influences both cognitive and socio-emotional development and 
later on, the development of adult personality. Studies have shown that high 
quality bonding with caregivers provides infants with an optimal relational 
experience that will help the child to better interact with his or her external 
social environment [1,4]. Early caregiving relationships influence physiological 
processes as well [7,8], e.g. by modulating brain sensitivity to stress and the 
body’s capacity for managing stress-related metabolic demands [9]. These 
attachment-based physiological patterns of emotion regulation are thought to 
remain relatively stable over individuals’ lifetimes, suggesting important links 
between adult attachment style and health related physiological processes 
[10]. However, there has been relatively little research looking at the 
normative psychobiological functions of the attachment system [11]. In this 
study we investigate how early attachment relationships modulate 
physiological responses to social stimuli. Our aim is to assess how 
participants, who had different interactional patterns with their parents during 
childhood, respond physiologically to vocal distress signals (i.e. human and 
animal distress vocalisations, namely cries) as adults. Specifically, we want to 
explore the subcortical responses mediated by the autonomic nervous system 
(ANS). The autonomic nervous system consists of two subsystems; (i) the 
parasympathetic system, which is active under resting-state or calm 
conditions and whose activation is manifested by a decrease in heart rate, (ii) 
the sympathetic nervous system, which is active in fight-or-flight arousal 
responses that prepare the organism to action and whose activation is 
manifested by an increase in heart rate and blood flow to skeletal muscles. 
Considering the special evolutionary salience of infant cries for women [12], 
we decided to test only men who were not parents. Our study is driven by two 
predictions: (P1) In response to distress stimuli there will be a greater calming 
response in participants who report better levels (higher quality) of parental 
bonding. (P2) Participants who report lower quality parental bonding will show 
an increased sympathetic response to distressful stimuli. 
 
 
Methods 
 
Participants 
 
Forty-four non-parent male adults (M = 24.7, SD = 5.06) were recruited as 
participants through a University database of volunteers and by 
announcements posted on the University of Trento web site. All participants 



were Caucasian, with Italian citizenship and had similar socio-economic status 
(middle–high level). All participants had heterosexual preferences and had 
previously shared the same household with two biological parents, at least 
until the age of 18. No participants had a history of psychiatric disorders or 
drug abuse. Informed consent was obtained from all participants. The study 
was conducted in agreement with the ethical principles stated in the Helsinki 
declaration. 
 
Procedure 
 
The study was conducted in two parts: the first part involved the completion of 
an online survey about attachment style (the parental bonding instrument 
(PBI)) and the second part was an experimental procedure that consisted of 
listening to audio files of distress cues while physiological responses were 
recorded at 
the Affiliative Behaviour and Physiology Lab in the Department of Psychology 
and Cognitive Science, University of Trento. After participants were briefed 
about the study, they gave their informed consent and were given instructions 
about the experimental procedure.  
 
The PBI [13] is a 50-item self-report questionnaire developed to measure the 
principal parental dimensions of care and control, and is used in this study as 
a measure of the quality of parental bonding. In this questionnaire participants 
rate the parenting behavior they received from their parents during childhood. 
Demographic information such as age, gender, and education level was 
collected in addition to the PBI. The survey was created and disseminated 
using a web-based survey platform (maybe put which one? Survey monkey? 
Qualtrics?). Participants were required to answer each question on the 
survey, so there were no missing data for any participants. The PBI 
investigates individuals’ attachment style toward 
their parents (we specifically used the mother form) by measuring two 
dimensions, (i) care (affection) and (ii) overprotection (level of parental 
control). While the concept of care seems universally valid, some studies have 
shown that there are cultural differences in the interpretation of the concept of 
overprotection. Indeed in some cultural groups, overprotection may be 
considered a positive value. For example, Raudino et al. [14] found that Italian 
mothers were more overprotective towards their offspring than English 
mothers. Therefore, it is likely that overprotection is normative in Italy, which is 
where our sample is taken from. Scores in these two dimensions are 
distributed as a continuum, which enabled us to identify four main groups in 
the population: high care and high overprotection, high care and low 
overprotection, low care and 
high overprotection, low care and low overprotection (see Fig. 1A). 
Participants were categorized in the four groups using the median splits. 
 
Stimuli 
 
The stimuli were thirty 15-s long audio clips of distressful vocalizations. There 
were ten audio clips of infant cries (average fundamental frequency f0 = 
410.27 Hz; f0 max = 741.01 f0 range = 667.84 Hz), adult woman cries (f0 = 



429.41 Hz; f0 max = 742.10 Hz; f0 range = 662.67 Hz) and animal cries, 
respectively 
(average f0 = 406.07 Hz; f0 max = 603.82 Hz; f0 = 662.67 Hz). Each audio 
clip was presented following a 10-s block of silence. All audio clips were 
organised into three different randomized sequences, and presentation order 
of the three sequences was counterbalanced across participants. The stimuli 
sequences were created using the open source software Audacity. Although, 
cries were interspaced with silence, the entire experimental experience was 
designed to simulate a continuously distressing situation. The level of 
distressfulness was tested in a pilot study, where 10 male participants (not 
included in the final sample) were asked to listen to and provide a behaviour 
judgement on the distress level felt (on a 7-point Likert scale) while listening to 
five different experimental sequences where the ratio between each block of 
crying and silence was manipulated. Participants judged the ratio of 15 s of 
crying to 
10 s of silence as the most distressful (other options included; 5:5, 10:5, 
10:10, 15:15; crying/silence in seconds).  
 
Physiological recording and measures.  Heart rate variability (HRV) 
 
As an index of parasympathetic activity, we measured participants’ heart rate 
variability (HRV) using a pulse oximeter (CONTEC CMS60D) placed on 
participants’ left forefinger. Pulse oximeter as a measure of HRV has been 
shown to be sufficiently accurate when subjects are at rest [15], as well as 
when they are in non-stationary conditions (i.e. during the tilt test [16]). The 
standard deviation of absolute differences between successive intervals 
(SDSD) was used as an index of heart rate variability in time [17,18]. 
 
Nose temperature (T) 
 
As index of sympathetic activity we measured participants’ peripheral surface 
body temperature on the tip of the nose using a resistance thermometer 
(Applent at 4524) placed on participants’ nose skin [19,20]. 
 
 
Results 
 
Prior to data analysis, univariate and multivariate distributions of heart rate 
values and temperature values were examined for normality (using the 
Shapiro–Wilk test), homogeneity of variance (using the Levene’s test), 
outliers, and influential cases [21]. All variables were found to be normally 
distributed. An analysis of variance (ANOVA) was used to determine if there 
was any effect of stimulus type (infant cry, woman cry and animal cry) on HRV 
or nose temperature. No main effect of stimulus type emerged on HRV, or on 
nose temperature (respectively: F(1,77) = .001, ns; F(1,77) = .001, ns).  
 
Fig. 1(C–D) shows mean and SEM for both measures. Two way ANOVAs 
were performed to assess the effect of PBI-parent score and type of stimuli on 
each physiological response throughout the entire experimental session. A 
significant effect of PBI-parent score on participants’ heart rate variability 



(F(3,77) = 5.3, p = .002, !2 = .08) and nose temperature variability (F(3,77) = 
5.5, p = .002, !2 = .06) was found. In response to the distressful stimuli 
presented, participants with high scores in both care and overprotection 
showed greater heart rate variability compared with other participants, 
whereas participants with low scores in both care and overprotection showed 
a greater increase in surface temperature on the nose compared to other 
participants. Tukey HSD post hoc tests revealed significant differences in 
heart rate variability values for participants with high scores in both care and 
overprotection compared to participants in other categories. Significant 
differences were also found for nose temperature values in participants with 
low scores in both care and overprotection compared to participants in the 
other categories.  

 

Fig. 1. Physiological responses to distress stimuli in participants with different maternal 
bonding styles. (A) Four possible outcomes of the interaction between the two maternal 
bonding dimensions, care and overprotection. We divided participants depending on the 
levels, high (+) or low (−), they showed in these two dimensions (care/overprotection): (+/+) 
high care and high overprotection, (+/−) high care and low overprotection, (−/+) low care and 
high overprotection, (−/−) low care and low overprotection. (B) Mean of the heart rate 
variability index (SDSD) for each group in response to distress stimuli. (C) Nose mean 
temperature variation for each group in response to distress stimuli. *p < .05. All numerical 
data are shown as mean ± SEM. 
 

 
Discussion 
 
Previous studies [5,22] have highlighted that the attachment formed with 
caregivers plays a critical role in the development of children’s emotion 
regulation – the process by which individuals modulate their positive and 
negative emotional responses to internal and external stimuli [23] – 
throughout their lives [9,10]. This study has shown how early parental bonding 
is related to adults’ emotion regulation.  
 
It is not easy to objectively evaluate parenting quality because parental 
bonding is a complex process (or phenomenon); it is informed by the common 
characteristics between parent and child, and by a history of interactions and 
mutual transactions that take place over time [24]. Despite this complexity, it is 
generally agreed that parenting is a process that involves biological, social 



and relational components related to care and protecting one’s offspring. The 
results of this study suggest that adults’ perception of their own maternal 
bonding affects their emotional reactions to distressful situations. In line with 
our predictions, there are differential ANS activation patterns between 
individuals with different parental bonding styles. Specifically, participants with 
better early parental bonding — those high on both care and overprotection, 
were able to react to the distressful situation with enhanced calming 
responses compared to participants who were low on either care or 
overprotection. Thus, experiencing high levels of both care and overprotection 
during childhood appear to be necessary in order to display the most optimal 
response towards a stressful situation in adulthood. Participants with the 
lowest quality parental 
bonding — those low on both care and overprotection, reacted to the 
distressful situation with elevated distress responses compared to participants 
who were high on either care or protection. This finding suggests that being 
high on just one of the dimensions dimensions was a protective factor against 
a heightened distress response during adversity. These findings underline the 
presence of a continuum in parental bonding effects, such that when an 
individual is exposed to a potentially aversive situation, only those individuals 
with the highest quality parental bonding style will display calming responses, 
whereas only those with the lowest quality parental bonding style will show 
heightened distress responses. Displaying a heightened distress response 
when facing negative stimuli is an indication of a sub-optimal emotion 
regulation system that is less able to cope with adversity. Higher quality early 
parental bonding leads to a greater control of bodily arousal in the face of 
distressful stimuli. Thus, as our results suggest, early parental bonding affects 
emotional regulation in adult males. This relationship between parental 
bonding style experienced during childhood and the emotional regulation 
abilities present in adulthood could also 
be related to the development of psychopathology. An excessive readiness in 
the activation of a distress response has been found to be the physiological 
correlate of several psychopathologies (i.e. ADHD). On the contrary, optimal 
parental bonding in childhood could be a protective factor against 
psychopathology, because individuals may develop the ability to deal with 
aversive stimuli with a calming response.  
 
Before concluding, we would like to acknowledge some limitations of our 
study as well as possible future directions. First, we tested only male 
participants. Future research should examine (i) how parental bonding affects 
emotion regulation in adult women, and (ii) how participants who are parents 
might differ on their physiological arousal and perception of maternal bonding 
compared to non-parents. Furthermore, in addition to self-reports, other 
objective measures should be used to evaluate levels of parental bonding. 
Finally, future research should examine how different cultures view maternal 
overprotection, and how such norms affect individuals’ perception of their own 
parental bonding which, in turn, may affect physiological pathways and coping 
mechanisms. 
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