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Abstract 

Background: Increasing evidence suggests that discrete neural networks which mediate 

emotion processing are activated when mothers respond to infant’s images or cries. 

Accumulating data also indicate that natural variation in maternal caregiving behavior is 

related to maternal oxytocin (OT) levels. However, brain activation to infant cues has not 

been studied comparing mothers at disparate ends of the ‘maternal sensitivity’ spectrum. 

Methods: Based on observed mother-infant play interaction at 4-6 months postpartum in 80 

antenatally-recruited mothers, 15 mothers with the highest sensitivity (HSMs) and 15 mothers 

with the lowest sensitivity (LSMs) were followed at 7-9 months using functional magnetic 

resonance imaging to examine brain responses to viewing videos of their ‘own’ versus an 

‘unknown’ infant in three affect states (neutral, happy and sad). Plasma OT measurements 

were taken from mothers following play interactions with their infant. Results: Compared to 

LSMs, HSMs showed significantly greater brain activation in right superior temporal gyrus 

(STG) in response to own versus unknown neutral infant and to own happy versus neutral 

control. Changes in brain activation were significantly negatively correlated with plasma OT 

responses in HSMs mothers. Conversely, compared to HSMs, LSMs showed no significant 

activation difference in response to own infant separately or in contrast to unknown infant. 

Conclusion: Activation of STG may index sensitive maternal response to own infant stimuli. 

Sensitive parenting may have its unique profile in relation to brain responses which can act as 

biomarkers for future intervention studies that enhance sensitivity of maternal care.  

Key words: fMRI: functional magnetic resonance imaging, BOLD: blood oxygenation level 

dependent response 
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Introduction 

It is now well established that maternal sensitivity – i.e. the degree to which a mother 

responds to her infant’s signals in an appropriate and timely manner (Ainsworth et al., 1978) 

– plays an important role in supporting the infant’s secure attachment formation, social 

functioning, emotional self-regulation and cognitive and language competences (Bigelow et 

al., 2010; Crosnoe et al., 2010; Pearson et al., 2011; Warren &Simmens, 2005). Evidence that 

low maternal sensitivity heralded negative infant social, emotional and cognitive development 

(Alink et al., 2008; Downer &Pianta, 2006; Kochanska& Kim, 2012) has generated many 

interventions to enhance maternal sensitivity (Barlow et al., 2008). However, we are only 

beginning to understand mechanisms of change (Sandler et al., 2011) and, whether/how the 

neurobiology underlying maternal care changes following early interventions (Bakermans-

Kranenburg& Van Ijzendoorn, 2015). 

fMRI has demonstrated selective maternal BOLD activations (brain responses)to own infant 

faces or infant cries (Lorberbaum et al., 2002; Noriuchi et al., 2008; Ranote et al., 2004; Wan 

et al., 2014). This network of maternal brain responses includes areas involved in 

motivational and reward pathways (e.g. anterior cingulate and prefrontal cortices)(Seifritz et 

al., 2003); emotion processing (e.g. amygdala); decoding emotional memories (e.g. 

hippocampus) (Phelps et al., 2004); and areas implicated in secretion of the mammalian 

neuropeptide, oxytocin (OT) (a key modulator of social behavior- Lee et al., 2009) e.g. 

hypothalamus (Lenzi et al., 2009; Ranote et al., 2004; Swain et al., 2008).  

Recently, maternal brain responses to infant stimuli, have been examined in relation to 

observed quality of maternal caregiving (Atzil et al. 2011, Musser et al., 2012). Our recent 

study in 20 healthy mothers (Wan et al., 2014) reported that positive mother-infant interaction 

(less directive maternal behavior and more attentive infant behavior (as opposed to directive 
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and less attentive respectively)) was significantly associated with greater activation on 

viewing own vs. unknown infant especially in middle frontal gyrus. In ‘synchronous’ (N=13) 

compared to ‘intrusive’ mothers (N=10), Atzil et al. (2011) showed more BOLD activation in 

regions for response/salience and regulation (superior temporal gyrus (STG) and inferior 

frontal gyrus (IFG)), suggesting the importance of balanced responses for sensitive 

caregiving. Musser et al. (2012) rated mothers (N=22) for ‘sensitivity’, ‘harmony’ and 

‘intrusive’ behavior with their infant. More sensitive behavior was associated with greater 

activation in areas implicated in response inhibition (frontal pole); areas for ‘reading others’ 

minds’ (inferior frontal gyrus). Behavior with more harmony activated areas involved in 

recalling of memories (left hippocampal regions). By contrast, more intrusive maternal 

behavior activated areas implicated in possessing empathy with loved ones (left insula). 

Sensitive parenting in breastfeeding (N=9) and formula-feeding (N=8) mothers correlated 

with brain activity in amygdala and frontal cortex(Kim et al., 2011). The range of BOLD 

activation patterns reported by these studies in response to infant stimuli suggests that 

maternal behavior is a composite of multiple behaviors, with discrete maternal brain 

activation in relation to each aspect of behavior (Musser et al., 2012). 

 

Maternal brain responses have also been studied in relation to maternal plasma OT levels, 

previously implicated in promoting high quality parenting (Feldman et al., 2007, 2010). 

Plasma OT levels have been reported as positively correlated with BOLD activation in brain 

areas linked to motivation (e.g. nucleus accumbens) in ‘synchronous’, but not in ‘intrusive’ 

mothers (Atzil et al., 2011). In spite of promising evidence linking OT to maternal behavior 

(Gordon et al., 2010; Feldman et al., 2007) and to brain responses (Atzil et al., 2011; 

Strathearn et al., 2009), only one study to date has considered grouping mothers according to 

their parenting style, i.e. ‘intrusiveness’ or ‘synchronous’ behavior (Atzil et al., 2011) before 
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examining the association between OT and brain responses. In our view, sensitive 

responsiveness should be considered as a ‘comprehensive’ concept based on the reciprocal 

relationship between mother and infant, rather than as fine grained behaviors which are part 

of the sensitivity concept. This warrants further examination for the role of OT in maternal 

sensitive caregiving behavior as well as maternal brain responses in a group of mothers 

whose maternal behavior has been rigorously defined. 

 

Knowing the unique patterns of brain and OT activation that might be related to sensitive 

parenting, and using changes in brain activation in response to infant stimuli, present the 

possibility of identifying potential biomarkers. Such biomarkers may be used not only to 

evaluate new diagnostic and treatment strategies, but also to better target costly interventions 

in mothers with low maternal sensitivity.  

 

In the current study, we aimed to chart distinct neurobiological profiles between ‘higher’ and 

‘lower’ sensitivity mothers to test the following hypotheses: (i) in response to own versus 

unknown infant video, higher sensitivity mothers (HSM’s) show increased  BOLD activations 

compared to low sensitivity mothers (LSM’s) in cortico-limbic circuits regulating motivation, 

reflexive caring, emotions and cognitions. Specifically, these include hippocampus, 

hypothalamus, cingulate cortex and STG); (ii) In HSM’s, in response to own infant stimuli, 

BOLD activation correlates positively with maternal plasma OT responses following play 

interaction with their infants.  

 

Methods and Materials  

Participants 
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Between Feb 2011 and Oct 2011, 105 ethnically white British expectant mothers were 

recruited from six community antenatal clinics across Greater Manchester. Following 

informed consent, at 33.9 weeks (SD=3.19) antepartum, mothers were screened for mental 

illness using a clinical interview, Edinburgh Postnatal Depression Scale (EPDS), and Hospital 

Anxiety and Depression rating Scale (HADS). Mothers were excluded if they had mental 

illness or scored EPDS ≥ 12 and/or HADS-depression >11. At 4-6 months (19.38 weeks, 

SD=2.47) postpartum, 80 mothers were followed up and given behavioral assessment for 

maternal sensitivity through observed mother-infant dyads using the Manchester Assessment 

of Caregiver Infant Interaction (see below). Fourteen were lost to follow-up, 9 discontinued 

participation and 2 were no longer eligible (1 infant not living with mother; 1 infant death).  

Of the 80 mother-infant dyads, 30 were selected based on lowest and highest maternal 

sensitivity rating and followed up at 7-9 months (35.14 weeks, SD=3.26). All mothers were 

right-handed, had no contraindication to MRI and were living with their infant. Of these 

mothers, 15 were rated as ‘sensitive’ and 15  as ‘less sensitive’. Respectively, they were 

referred to as ‘high sensitivity mothers’ (HSMs) and ‘low sensitivity mothers’ (LSMs). 

The selection of the HSMs and LSMs were initially determined by taking ratings of 1+ SD 

above the mean (ratings 5-7), and 1+ SD below the mean (ratings 1-2), respectively, 

based on published MACI data on a healthy sample of 47 mothers at 7 months 

postpartum (Wan et al., 2012). However, as this did not provide, in the current sample, 

the required number of N = 15 in each group (based on power calculation for the 

scanning) due to the drop in the original sample at this phase, the thresholds were 

extended, but with no overlap, such that HSM’s included those rated 4-7 (mean=4.47; 

SD=0.74) and LSM’s included those rated 1-3 (mean=2.13; SD=0.52). The study protocol 

was approved by the North West Research Ethics Committee: Ref: 10/H1013/69. 
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Measures  

Manchester Assessment of Caregiver-Infant Interaction (MACI) (Wan et al., 2012, 2013, 

2016) 

This validated rating scale measure of global qualities of parent-infant interaction is suitable 

for 3-15 months of age and was designed to measure seven key areas on a 1 to 7 scale based 

on 6 minutes of videotaped unstructured play (Wan et al., 2016). A trained coder, who has 

undergone >70 hours training and supervised coding practice, rated the videotaped 

interactions following detailed reviews and narrative notes of the play episode, blind to 

family information and study aims. Each clip typically requires 30-40 minutes to rate. The 

measure has been used in normative and at-risk samples (Wan et al., 2012 & 2013), in 

intervention contexts (Green et al., 2013 & 2015) and in previous fMRI (Wan et al., 2014) 

and infant ERP research (Elsabbagh et al., 2014).  

In the current study, maternal sensitivity was captured in the MACI ‘caregiver sensitive 

responsiveness’ scale. This is defined as the extent to which the infant’s moment-to-moment 

behaviors are responded to and supported by the caregiver appropriately and contingently. 

Reliability was tested in two ways: (1) 30% of video clips were evaluated by a second 

independent trained and blinded coder and high inter-rater agreement was achieved (intraclass 

correlation: r=0.70; p<0.001; absolute agreement definition) and any disagreements were 

resolved by re-review and discussion to arrive at a consensus rating; (2) Parent-infant 

interactions were recorded again (for reliability purpose) during the second visit (when 

mothers attended for scanning and oxytocin measurement) and rated using the MACI by a 

third independent rater which achieved high consistency over time (r=0.61; p<0.001), as we 

would expect as maternal sensitivity represents a relatively stable construct with some 

variability with infant and life changes. 

The Edinburgh Postnatal Depression Scale (EPDS)(Cox et al., 1987) 
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This 10-item self-report instrument is used to screen for depression in the postpartum and 

antenatal periods. Items are rated on a 4-point Likert scale. EPDS shows sensitivity from 68 

to 95% and a specificity of 78% to 96% (Cox et al., 1987). 

The Hospital Anxiety and Depression (HADS) rating scale (Zigmond&Snaith,1983) 

This 14-item questionnaire is a self-rating instrument to screen for anxiety and depression (7 

items each). Items are rated on a 4-point Likert scale. The measure has high internal 

consistency and high test-retest reliability (Crawford et al., 2001). 

 

Procedure 

Time 1: Mother-Infant Interaction 

Mothers were visited in their own homes at 4-6 months postpartum at a time when the infant 

was healthy and likely to be alert. After completing the informed consent, mothers were 

instructed to play with their infant for 6 minutes on a floor mat as they would normally do, 

with or without toys (supplied) as they prefer, ignoring the experimenter’s presence. 

Interactions were videotaped by the same experimenter who meets the participant in all 

sessions of the study. Mothers were asked not to have visitors or other members of the family 

present during the interaction recording. Interactions were stopped and later resumed if the 

infant got distressed, sick or upon the mother’s request. Mothers also completed EPDS, 

HADS and obstetric information sheet.  

 

Time 2: fMRI & Oxytocin Sampling 

At 7-9 months postpartum, the 30 mothers attended the Wellcome Trust Clinical Research 

Facility in Manchester for OT blood sampling (before and after another interactive play) and 

fMRI scanning. 
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i. Oxytocin 

Three 5 ml blood samples were taken from mothers (between 1200-1400 hours). Blood was 

taken from antecubital veins through an intravenous cannula. Upon arrival, mother and infant 

were separated for 10 minutes, after which the first sample (baseline) was taken. This was 

followed by reunion and a 10-minute mother-infant play interaction (as described earlier in 

Time 1). The second and the third sample were then taken immediately post interaction and 5 

minute later respectively. The mean of the post-interaction samples (i.e. second and third 

samples) was taken to account for the pulsatile secretion of OT (Amico et al., 1985). To 

account for the physiological change of OT, breastfeeding mothers were asked to stop feeding 

one hour before their arrival.  

Samples were drawn into chilled vacutainer tubes containing lithium heparin injected with 

200ml of Trasylol (aprotinin) 500,000 KIU/ml blood. OT samples were kept ice-chilled and 

processed within 10 minutes. Samples were then centrifuged at 4oC at 3500 rpm for 15 

minutes. 500ul supernatants were transferred to two microtubes (aliquot 1 & 2) and stored at -

80oC until transferred, on dry ice, to the University lab for analysis. OT was analysed using: 

ab13305-Oxytocin ELISA which is a valid and reliable method for measuring plasma OT 

levels (for protocol please refer to kithttp://www.abcam.com/oxytocin-elisa-kit-

ab133050.html). Determination of OT was performed using the Max Binding Determination 

Competitive Assay protocol on Gen 5 software using a Biotek plate reader. Analyses include 

sample extraction (filtration of OT from its degradation products), which, according to Szeto 

et al. (2011), is necessary to obtain valid assay results through getting rid of multiple 

immunoreactive products that cast doubt on the specificity of the assays. 

ii. fMRI Paradigms 

For each infant, we produced a series of 20sec clips of 3 affects: (i) consistently smiling 

(happy) (ii) consistently crying (sad) and (iii) exhibiting no expression (neutral) for both the 
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own and an ‘unknown’ infant (matched on age, gender) in addition to a neutral control 

stimulus (moving traffic) and rest (blank screen) (both 20sec). Videos were recorded with the 

infant sitting up, facing the camera, in front of a neutral background. Videos were matched 

for degree of movement of the infants and were presented without audio. Videos lasting 16 

minutes were presented during scanning in the following order: (Own neutral - neutral control 

- unknown neutral infant) x 4, REST (i.e. blank screen), (Own happy - neutral control - 

unknown happy infant) x 4, REST, (Own sad - neutral control - unknown sad infant) x 4, 

REST. All stimuli were displayed from a computer controlled projector presented on a 

display screen and relayed to the participant via a mirror placed above the head while in the 

MRI scanner. The task was temporally triggered by the ttl (transistor-transistor logic) pulse 

from the first slice acquisition of the MRI sequence.  

iii. fMRI Acquisition 

Imaging was performed using a1.5 Tesla Philips Intera MRI scanner running Explorer 

gradients (software version 11.1.4.4). High-resolution T1-weighted structural images were 

acquired to exclude any structural abnormality (none were found) and for co-registration with 

functional data. The structural scan, using 8 channel SENSE head coil, employed a 3D 

Contrast Turbo Field Echo Sequence with a temporal resolution (TR) of 9ms and an echo 

time (TE) of 4ms with an 8° flip angle producing 140 slices with a voxel size of 0.8 x 0.8 x 

1.0 mm. Functional images were acquired using a multi-slice, single-shot echo-planar 

imaging sequence, generating 29 ascending axial slices (TR = 2.5s, TE = 40ms, 4mm 

thickness with 0.5mm slice gap, in-plane resolution of 3.4x3.4mm). 

iv. fMRI Analysis 

Imaging data were analysed using Statistical Parametric Mapping (SPM8 -

www.fil.ion.ucl.ac.uk/spm) implemented in MATLAB (MathworksInc, Sherborn, MA, USA) 

(Friston et al., 1996). Data were preprocessed, according to standard protocols; realigned 
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using a least squares approach and a six-parameter (rigid body) spatial translation (Friston et 

al., 1996), spatially normalised onto standardised brain templates and smoothed using an 

isotropic Gaussian kernel filter (10mm full width half maximum [FWHM]). For statistical 

analysis, a parametric model was employed that enabled the modelling of linear 

hemodynamic responses. In order to quantify %BOLD signal change in the paradigm, rest 

periods were regressed from video conditions (happy, sad and neutral own and unknown baby 

faces, traffic control) at the first level (Penny and Holmes, 2007). Second level statistical 

analyses compared brain activation patterns between our two maternal sensitivity groups 

using a two-factor random effects ANOVA, where differences in BOLD activation were 

assessed with a threshold of  p≤ 0.05 Family Wise Error (FWE), whole brain corrected for 

multiple comparisons. 

 

To test our main hypotheses, we used a ‘Region of Interest’ (ROI) analysis with random 

effects comparing BOLD activations between the two groups of maternal sensitivity. A single 

ROI composite based on previous findings (Wan et al., 2014; Paul et al., submitted) was used 

to include 4 key areas involved in face emotion, attention and reward: right superior temporal 

gyrus, right posterior cingulate gyrus, left subthalamic nucleus and left hippocampal 

formation. The ROI was defined using anatomical boundaries (WFU PickAtlas (Maldjian et 

al, 2003) in SPM 8) and inference completed using a small volume correction for multiple 

comparisons (p<0.05 FWE). Activation was compared between the two groups of mothers, 

HSMs (N=15) and LSMs (N=15). Significant differences in the ROIs were further explored 

for correlation with plasma OT. The OT covariates were added to one sample t-tests of group 

differences and a small volume correction of the significant ROIs performed, corrected for 

multiple comparisons. 
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Results 

Preliminary analysis: Background variables 

Maternal sensitivity ratings in this cohort appear largely to reflect the quality of the overall 

interaction (i.e. sensitivity scale correlated significantly with most other MACI scales). 

HSM and LSM groups did not differ in age, marital status, parental experience (primiparity), 

education, household income, mode of delivery or feeding, postpartum stage, infant 

birthweight, infant gender, or HADS anxiety and depression scores (Table 1). No relationship 

was found between current breastfeeding status and maternal sensitivity (Table 1). Plasma OT 

did not differ in breastfeeding mothers from other mothers either at baseline (mean=306.54 

vs. 259.16, F (1, 27)=1.78, p=0.19) or post-interaction (mean=275.17 vs. 254.61, F (1, 

27)=0.30, p=0.59). 

 

Table 1about here please 

 

Oxytocin results 

An outlier in plasma oxytocin (>3SD) was excluded from all OT analyses. Strong correlations 

were found between baseline and post-interaction oxytocin levels in both HSMs (r=0.79–

0.96; p<0.01) and LSMs (r=0.92–0.99; p<0.01) supporting literature reports for high level of 

plasma OT individual stability (e.g. Levine et al., 2007). After excluding the outlier, 

household income was lower in LSMs than HSMs, and therefore was controlled for in the 

analyses. Baseline plasma OT was significantly lower among HSMs (mean=235.09; 

SD=83.51) than LSMs (301.87; SD=39.15), F (1, 26)=5.35; p=0.03. Similarly, post-

interaction plasma OT was significantly lower in HSMs (mean=216.84; SD=79.18) than 

LSMs (mean=302.42; SD=36.27), F (1, 26)=9.77; p<0.01)  (see supplementary Figure, and 

for more details see Elmadih et al., 2014). 
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Whole Brain Analyses in all mothers 

Initially, we examined main effects using ‘whole brain analyses’ with a significant threshold 

p≤0.05; Family Wise Error (FWE) corrected in all mothers combined. Comparing own versus 

unknown infant videos, significantly enhanced BOLD activation was observed in right IFG 

(BA 47 & 9), and a range of subcortical regions, including left parahippocampal gyrus (BA 

34), bilateral uncus (BA 28), all at p<0.05 FWE, with borderline significant BOLD activation 

in anterior cingulate gyrus (BA, 24) (see Appendix). 

 

Comparisons between High and Low Sensitivity Mothers 

As mentioned earlier, this analysis was performed in a composite ROI comprising right 

superior temporal gyrus, right posterior cingulate gyrus, left subthalamic nucleus and left 

hippocampal formation. We compared responses to own versus unknown infant between 

maternal sensitivity groups for each facial affect separately [i.e. HSMs versus LSMs (own 

happy minus unknown happy infant)], HSMs versus LSMs (own neutral minus unknown 

neutral infant), HSMs versus LSMs (own sad minus unknown sad infant)], and similarly for 

LSMs versus HSMs. HSMs showed greater BOLD response, compared to LSMs, in right 

STG (BA 41) in response to own neutral as compared to unknown neutral infant (Table 2, 

Figure 1); whereas LSMs, compared to HSMs, did not show significant activation in response 

to own versus unknown infant contrasts in any of the ROIs. Comparing activation between 

HSMs and LSMs in own infant happy or sad versus unknown happy or sad videos did not 

reveal significant differences between groups. 

Finally, we compared BOLD response to different facial affects between HSMs and LSMs 

using only own infant stimuli versus neutral control, [i.e. HSMs versus LSMs (own neutral 

infant minus neutral control), HSMs versus LSMs (own happy infant minus neutral control), 

HSMs versus LSMs (own sad infant minus neutral control)], and similarly for LSMs versus 
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HSMs. Compared to LSMs, HSMs showed greater BOLD response in the right STG  

extending to right insula (BA 13) in response to own happy infant (minus neutral control) 

(Table 2, Figure 1). By contrast, compared to HSMs, LSMs did not show significant BOLD 

activation in response to own happy infant video in any ROIs. Viewing own neutral or sad 

infant videos (each minus neutral control) did not reveal significant differences in BOLD 

response in the ROIs when the two groups were compared. 

Table 2 about here please 

Figure 1 about here please 

 

 

Correlations of Plasma Oxytocin with ROI Activation 

We examined ROI response against post-interaction maternal plasma OT and found 

activation of right STG (in response to own happy infant versus neutral control) was 

negatively correlated with plasma OT levels among higher sensitivity mothers (r=- 0.81; 

p<0.01) (Figure 2). BOLD activation in response to own neutral as compared to unknown 

neutral infant was not correlated with plasma OT. On the other hand, in LSMs there was no 

significant correlation between post-interaction plasma OT and any of the a priori ROIs. 

 

Figure 2 about here please 

 

Discussion 

When healthy postpartum mothers viewed videos of their own compared to unknown infants, 

significant brain response was elicited predominantly in right inferior frontal gyrus, left 

parahippocampal gyrus and bilateral uncus, and anterior cingulate gyrus (borderline). This is 

consistent with previous findings using baby cry and visual stimuli (Atzil et al., 2012; Ho et 
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al., 2014; Kim et al., 2011; Phelps, 2004; Swain et al., 2008; Wittfoth-Schardt et al., 2012). 

This activation pattern may reflect the role of inferior frontal gyrus and anterior cingulate 

gyrus in the decoding of facial expressions of emotions (Adolphs, 2002; Barrett & Fleming, 

2011). A key to healthy maternal parenting is the capacity of mother to recognise and respond 

to her infant’s emotions (Strathearn et al., 2012). Activation of parahippocampal gyrus and 

uncus supports previous evidence that these regions are particularly important in encoding 

emotional memories (Phelps, 2004). 

When compared to LSMs, HSMs showed greater BOLD response in right STG, in response 

to viewing videos of own compared to an unknown infant in neutral condition and also to 

own happy infant compared to neutral control. When compared to HSMs, LSMs showed no 

significantly greater response in any ROI in response to their own infants. However, 

inconsistent with our second hypothesis, the BOLD response in the right STG among HSMs 

in response to own happy infant (versus neutral control) was negatively, not positively, 

correlated with maternal post-play interaction plasma OT concentrations.  

Enhanced activation of STG to videos of own versus unknown infants has also been reported 

in a recent similar study (Wan et al., 2014); and in a study of synchronous (cfd. 

intrusive)mothers (Atzil et al., 2011). This region has been widely implicated in the 

regulation of emotion, particularly facial emotion processing, and in empathising with others 

‘Theory of Mind’ (Rizzolatti & Fabbri-Destro, 2008) – both facilities are key for a mother to 

differentially express sensitivity to her infant’s needs over other calls on her resources 

(Strathearn et al., 2012). Although not direct measures of variation in maternal sensitivity, 

other previous studies have also reported greater activation of STG in mothers who delivered 

vaginally compared to by Caesarean section (Swain et al., 2008) and in breastfeeding 

compared to bottle feeding mothers (Kim et al., 2011).  
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Developmental theories suggest that sensitive mothers must have the capacity to recognise 

her infant’s emotional and other cues/signals, differentially pay attention to them and then 

respond to them by appropriately mirroring and affirming positive emotions or recognising 

and reassuring in relation to negative ones (Ainsworth et al., 1978; Sroufe, 2000). The pattern 

of brain response our HSMs show (compared to LSMs) might be related to superior maternal 

reflective capacity (Brunet et al., 2000; Lenzi et al. 2009) and imply greater attentional 

attribution of those mothers towards their own infant. HSMs and LSMs’ were only 

significantly different in their response to neutral emotion and not to happy or sad emotion. 

Neutral infant cues may demand more attention as the mother tries to interpret the nature of 

the infant’s expression; whereas happy and sad infant faces may be more readily 

interpretable. 

Prior studies considered maternal sensitivity to be the mother’s response to the infant’s 

mental state, rather than to her/his physical state (Fonagy et al., 1994; Meins, 2001); thus a 

sensitive mother would be expected to respond appropriately to her infant’s displayed 

emotions by affirming the positive emotions and/or reassuring them about the negative ones 

(Sroufe, 2000).  

Here, we report how HSMs did not show significantly greater BOLD response than LSMs in 

regions involved in OT regulation or motivation e.g. respectively the thalamus and posterior 

cingulate gyrus. Previous findings are equivocal, with some studies reporting greater 

activation of these areas in response to infant cry (Kim et al., 2011; Lorberbaumet al., 2002; 

Swain et al., 2004; Swain et al., 2008), while others did not (Bartels &Zekiet al., 2004; 

Seifritzet al., 2003). Our findings among all mothers (main effect) may reflect aspects of 

maternal functioning other than the mother’s appropriate and prompt response to her infant. 

The areas highlighted here may be important for aspects of maternal sensitivity that overlap 

more with related social behaviors: for example, anterior cingulate,  known to be important in 
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social reward (Bolling et al., 2011; Ho et al., 2012) and self-referential processing of 

emotional stimuli (Somerville et al., 2010; Yoshimura et al., 2014). 

Contrary to our expectations, we found that the BOLD response in right STG among HSMs 

in response to own happy infant (versus neutral control) was negatively, not positively 

correlated with their post-play plasma OT levels . While these findings are contrary to some 

recent parenting studies which reported positive correlations between plasma OT levels and 

positive maternal (or paternal) behaviors (e.g. Feldman et al., 2010) or brain responses in 

synchronous mothers (Atzil et al., 2011), they are in line with other studies that implicate 

OT’s importance in regulating interpersonal stress in women (Tabak et al., 2011; Taylor et 

al., 2006, 2010) including mothers (Feldman et al., 2011; Strathearn et al., 2012). It is also 

important to note that this is only the second study to have examined maternal brain responses 

in relation to plasma OT alongside maternal behavior, and the first to consider grouping 

mothers based on maternal sensitivity rating. 

Strathearn et al (2012) investigated the relationship between adult temperament and plasma 

OT responses among 55 first time mothers and their 6-7 month-old infants. They reported that 

maternal plasma OT responses were negatively correlated with maternal effortful control, i.e. 

the propensity to focus on executing plans, performing tasks and maintaining focus and 

attention. In other words, the more concentration and attention shown by the mother during 

interaction with her infant, the less likely she was to experience an increase in plasma OT 

following the interaction. Characteristics related to effortful control are important for 

sensitive mothering as mothers need focus attention to respond ‘promptly’ and ‘appropriately’ 

to infant signals (Ainsworth et al., 1978). Another group reported  a significant drop in 

plasma OT in 32 nulliparous women in response to laboratory-induced positive emotion (i.e. 

a comedy movie), whereas no change was found after women viewed negative emotions (sad 

movie) (Turner et al., 2002). Bick & Dozier (2010) measured urinary OT levels (known to 
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correlate significantly with plasma level- Hoffman et al., 2012) in 26 healthy mothers 

following play-interactions with their child and again with an unfamiliar child. Urinary OT 

was significantly higher following interaction with the unfamiliar child as compared with 

own child. They concluded that interaction with an unfamiliar child might constitute a 

(socially) stressful affiliative situation and that OT might have increased in an attempt to 

modulate this stress. Our findings in relation to OT support the notion of simultaneous, 

multiple roles for OT both reflecting and facilitating affiliative relationships as suggested by 

Numan & Woodside, 2010 and others (Taylor et al., 2010). This notion is supported by a 

number of other recent findings (Swain et al., 2014a).  

Thus, significantly higher urinary OT has also been reported following interaction with own 

child in mothers who experienced gaps in positive social relationships (with her own mother 

or romantic partner);in mothers who experienced infant’s negative engagement; and in those 

who showed interactive stress (i.e. proportion of time when the infant shows negative 

reactivity while the mother tries to re-engage her/him during ‘observed’ interactive play) 

(Feldman et al., 2011). Interestingly, in Feldman et al’s study, higher baseline plasma OT and 

post-interaction salivary OT levels were reported among parents with high affective 

synchrony. The absence of correlation between plasma/salivary OT and urinary OT in the 

study by Feldman et al., might suggest there are indeed simultaneous and multiple roles for 

the OT. In a separate, but related experiment (Elmadih et al., 2014), we have examined 

mothers’ own experience of parenting using the Parental Bonding Instrument (Parker et al., 

1979). Among low sensitivity mothers only, both baseline and post interaction plasma OT 

levels correlated significantly and positively with perceived maternal overprotection. 

Therefore, plasma OT elevation among LSMs in the current study could be a reflection of 

their negative recall of their own maternal parenting experience (as a representation for a 

difficult relationship with own mother). 



30.6.16  

19 

 

Evidence is now accumulating that, at least in women, OT is triggered/released when there is 

a need to enhance or promote affiliation with others or when the social relationship is 

‘threatened’ (including pair bonding or parental bonding) (Taylor et al., 2006, 2010; Bick & 

Dozier, 2010; Feldman et al., 2011). Women may use their close relationships with others in a 

different way to men: women may regulate their perception and responses to stress through 

the development of close affiliative bonds (Ho et al., 2014; Marazziti et al., 2006). In this 

way, plasma OT may be secreted in some women particularly under what they perceive to be 

stressful situations in order specifically to prompt a desire for affiliation (Taylor et al., 2006). 

Interestingly, this dual action for OT, as a pro-social, pro-affiliative as well as an anti-stress 

hormone might be represented simultaneously within the same individual, as suggested by 

Feldman et al. (2011). 

 

It is possible that our data support a role for OT in reducing or modifying social stress (Taylor 

et al., 2010). Specifically, compared to LSMs, mothers at the higher end of the sensitivity 

distribution (i.e. HSMs) may simply perceive their infants, and infant interaction, as more 

positive and give it more effortless concentration and attention as evidenced by their lower 

plasma OT levels following own infant interaction. In line with this, HSM mothers also 

activated brain regions that indicate a greater ability to recognise and understand their infant’s 

emotional cues (STG) (Iacoboni & Dapretto, 2006).  

Strength and Limitations  

As far as we are aware, this is the first study to chart differences in neural responses, as well 

as plasma OT responses, in mothers with contrasting degrees of sensitive infant caregiving 

(LSMs=minimal to scattered sensitivity; HSMs=mixed to high sensitivity).Our two groups of 

mothers were selected from a relatively large maternal sensitivity cohort . Participants were 

screened for depression and excluded from the study if they showed depressive symptoms to 
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minimize the influence of maternal mood on brain/OT responses. There remain some 

important limitations. First, inferences about central OT from plasma measurements must 

remain limited (Kagerbauer et al., 2013) despite reported modulation of peripheral plasma OT 

in relation to social affiliation (e.g. Atzil et al., 2011; Strathearn et al., 2009; 2012). Secondly, 

selection of the HSMs and LSMs was initially determined by taking ratings of 1+ above the 

SD (ratings 5-7), and 1+ below the SD (ratings 1-2) (Wan et al., 2012). However, as this did 

not provide, the required number of 15 in each group the thresholds were increased, but with 

no overlap. Only 3 of those rated 4 were included in HSMs group and only 2 of those rated 3 

were included in  LSMs group, the rest were within the ranges which were set initially and 

the two groups still showed distinct neurobiological profiles. Thirdly, the significant 

correlation between plasma OT and BOLD activation among HSMs does not imply a causal 

relationship; other unidentified factors (e.g. relationship with partner) might also account for 

this. Finally, we confined our recruitment to white women (as a requirement for other parts of 

the study); this may limit the generaliseability of our findings to other groups.  

 

Conclusion 

This study brings together physiological, neurophysiological and behavioral aspects of human 

parenting. Originating from a healthy, population-based sample recruited antenatally, our 

findings suggest that particular areas of brain associated with emotion processing are 

activated in mothers when they view videos of their own infant. STG is activated during 

facial emotion perception; our findings implicate the STG, in particular, in distinguishing 

more highly sensitive mothers. Although OT is known for its affiliative role, our findings 

suggest that the greater capacity for facial emotion processing (greater STG activation)shown 

by HSMs in response to own infant stimuli, is associated with lower plasma OT. In contrast, 

lower maternal sensitivity, unaccompanied by BOLD activation in response to infant stimuli, 
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is accompanied by higher levels of plasma OT levels both at baseline and following play with 

own infant. These higher levels of plasma OT correlate positively with negative recall of own 

maternal parenting experience (higher maternal overprotection) in those mothers. 

Future research should examine how STG activation and/or dynamic OT challenge may 

respond following parenting interventions demonstrated to improve maternal sensitivity 

(Riem et al., 2011; Swain et al., 2012, 2014b). Such biomarkers may be valuable in 

identifying which mothers with behavioral evidence of poor sensitivity should be targeted for 

intervention, as well as monitoring likely improvements in such mother’s longer term. This 

might be of great importance considering the difficulty in assessing 'efficiency of 

interventions' (Bakermans-Kranenburg& Van Ijzendoorn, 2015). This strategy could also 

provide for more efficient, randomized controlled trial designs. Research might also consider 

the simultaneous assessment of maternal urinary or salivary OT along with plasma OT 

measures. Previous evidence suggests that elevation of plasma OT in relation to stress is only 

in the context of stimuli which are social stressors i.e. social relationship difficulties. 

However, future studies replicating the present design might usefully combine measurements 

of plasma OT with additional measures to evaluate the HPA or stress axis (e.g. cortisol) for 

more thorough evaluation of the role of OT in stress regulation (Quirin et al., 2011). 
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Table 1. The demographic and obstetric characteristics of mothers grouped by level of 

maternal sensitivity (high sensitivity mothers - HSMs, and low sensitivity mothers - LSMs)  

Characteristic HSMs  

(N = 15) 

LSMs  

(N = 15) 

Statistics 

 t (28) 

Chi-

square 

test 

p-

value 

Mean [SD] 

Maternal age (years)  30.40 [5.37] 27.65 [4.76] - 1.38  0.18 

Average maternal 

education (years) 

15.06 [2.82] 12.80 [2.73] - 1.87  0.07 

Average annual 

household income 

(thousand pounds) 

 

33.00 [4.61] 

 

25.33 [4.24] 

 

- 2.76 

  

0.09 

Infant birthweight 

(kilograms) 

3.44 [0.44] 3.23 [0.59] - 0.80  0.43 

Postpartum stage 

(weeks)  

35.93 [2.81] 34.29 [3.69] - 1.37  0.18 

HADS anxiety 

scores 

5.07 [3.73] 4.33 [2.23] 2.08  0.16 

HADS depression 

scores 

1.93 [2.05] 2.07 [1.58] 0.46  0.50 

Frequency (%) 

Married/cohabiting 13 (86.7) 11 (78.6)  0.56 0.65 

Primiparous 6 (40.0) 9 (64.3)  1.71 0.19 

Infant gender 

(female) 

10 (66.7) 7 (50.0)  0.83 0.36 

Mode of delivery 

(vaginal) 

10 (66.7) 11 (78.6)  0.51 0.47 

Mode of feeding 

(breast) 

 

3 (20.0) 

 

3 (20.0) 

  

0.55a 

 

0.64 

   aFisher exact test   



30.6.16  

33 

 

Table 2. Areas of significant BOLD activation within ROI in response to infant stimuli, 

when comparing high sensitivity (N=15) and low sensitivity (N=15) mothers. 

Note. All significant ROI (Family Wise Error (FWE) ≤ 0.05) corrected for multiple 
comparison. BA: Brodmann’s area; L: Left, R: Right. 

 

 

  

Groups 

compared 

Contrast ROI BA Talairach 

coordinates 

 x       y        z 

Z 

score 

FWE 

High 

sensitivity 

mothers vs.   

Low 

sensitivity 

mothers 

Own neutral 

infant minus 

unknown neutral 

infant 

Superior 

temporal 

gyrus 

41   57     -25   13 3.39 0.05 

Own happy 

infant minus 

neutral control 

Superior 

temporal 

gyrus 

41 

13 

  43     -32     5 

  57     -32   18 

3.92 

3.38 

0.01 

0.05 
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Figure 1. 

 

 

 

 

 

Figure 1. Maternal brain activation in response to infant stimuli: Compared with LSMs, 

HSMs show greater activation of the right superior temporal gyrus in response to: (a) own 

neutral infant versus unknown neutral infant videos, and (b) own happy infant versus neutral 

control, at ROI-threshold of FWE ≤ 0.05. Structural brain image created from average of all 
subjects. 
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Figure 2. 

 

 

Figure 2. Correlation between BOLD activation in the right superior temporal gyrus (STG) 

(in response to ‘own neutral as compared to unknown neutral infant stimuli’) and post-
interaction plasma oxytocin among high sensitivity mothers (N = 15). 
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APPENDIX 

 

Figure. Means and box plots for plasma oxytocin measured before (OT1) and after mother-

infant interaction (OT2 and OT3) among the high sensitivity mothers (HSMs, N = 15) and 

low sensitivity mothers (LSMs, N = 14), controlling for household income. Key: Dashed line 

represents the means of the three OT assessments among LSMs, and solid line represents 

means of the three assessments among the HSMs. 
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Table. Significant BOLD signals for main effect in response to own versus unknown infant 

stimuli (combined all affects) among the whole sample (N = 30) 

Contrast Area Sub-areas BA R/

L 

Talairach 

coordinates 

x      y      z 

Z 

score 

FWE 

 

 

Own 

infant 

minus 

unknown 

infant 

Frontal 

lobe 

Inferior frontal 

gyrus 

 

47 

9 

R 

R 

43   26    2 

47   11    27 

4.50 

4.08 

0.02 

0.01 

 

Limbic 

 lobe 

Parahippocampal 

gyrus 

34 L -23   2   -19 4.49 0.02 

Uncus 28 

28 

28 

L 

R 

R 

-29   5   -23 

 33   2   -23 

 30   5   -19 

4.45 

4.55 

3.85 

0.01 

Anterior 

cingulate gyrus 

24   0    31    23 4.21 0.06 

        

Note. All significant whole brain (Family Wise Error (FWE) ≤ 0.05) corrected for multiple 
comparison. BA: Brodmann’s area; L: Left, R: Right. 
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