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Background: It has become increasingly accepted within psychotherapy to incorporate various forms of spirituality and religiosity to address the rising prevalence of mental health issues. This is well-founded, as a growing number of findings report benefits of spiritual practices for individuals experiencing depression, anxiety, and stress. However, science-based guidelines on how to embed spiritual practices in therapeutic interventions have not been developed, as the mechanisms by which human cognition, spirituality, and mental health interact—positively or negatively—remain largely unknown. Considering one of the most widely practiced religious behaviors worldwide, prayer, it is posited that the experience of interacting with God is psychologically comparable to human attachment bonds that are strongly associated with mental health.

Method: This systematic review assesses the attachment to God hypothesis by providing an overview of the neural regions implicated in Christian prayer and attachment relationships, exploring their potential convergence. A systematic search was conducted in eight databases, resulting in 44 included records that examine brain activity during prayer or the activation of the attachment system in adults.

Results: Evidence was found for convergence between prayer and neural correlates associated with the mentalizing module of attachment, comprising the default mode network (DMN) and areas associated with theory of mind (ToM), both related to social cognition. No significant differences were observed between prayer and attachment in regions connected to the approach and emotion (self-)regulation modules of attachment, whereas findings diverged for the aversion module of attachment, particularly in the insula.

Discussion: The findings highlight shared cognitive and affective dimensions of attachment and prayer. Future research is warranted to identify whether neural patterns observed in different attachment styles coincide with distinct neural patterns of (Christian) prayer, so that both positive and negative effects of prayer can be better understood and integrated into psychotherapy.

Systematic review registration: https://doi.org/10.17605/OSF.IO/HYZPN.
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Introduction

Whether through the rise of social media, the lack of deep and fulfilling social relationships in individualistic cultures, the expected global doubling of the elderly population by 2050, the lingering effects of a worldwide pandemic, or all of the above, there has been a dramatic growth in mental health problems in recent years, especially among youth (Eilert and Buchheim, 2023; Vadivel et al., 2021; Vos et al., 2016; Ghafari et al., 2022; Søvold et al., 2021; Jalali et al., 2024; Weigle and Shafi, 2024; Hodge and Gebler-Wolfe, 2022). As a consequence, psychotherapy has turned to incorporating mindfulness-based therapy to alleviate the increasing burden on mental healthcare workers, recognizing the need for cost-efficient preventive measures in clinical and non-clinical populations (Gkintoni et al., 2025; Galante et al., 2021; Goyal et al., 2014). Several meta-analyses have indeed found secular mindfulness-based therapies to be associated with decreased anxiety, depression, and stress symptoms, thereby addressing some of the most prevalent mental health disorders worldwide (Vos et al., 2016; Gkintoni et al., 2025; De Filippi et al., 2022; Kaisti et al., 2024). Notably, some studies indicate that spiritual forms of meditation, such as prayer, may have a similar or even greater influence on mental health, either positive or negative (Wachholtz and Pargament, 2005; Lucchetti et al., 2021). Although incorporating religion and spirituality into psychotherapy has been shown to improve treatment outcomes, psychotherapists often lack knowledge of the tenets of particular faith traditions, let alone their potential positive and negative side effects (Captari et al., 2018, 2022; Currier et al., 2019; Pargament, 2007; Cook, 2011). Hence, the statement issued by the WPO and WHO on integrating religiosity with psychotherapy cannot yet be fully realized, as the mechanisms by which different spiritual and religious practices interact with mental health remain largely unknown (Lucchetti et al., 2021; Moreira-Almeida et al., 2016).

Therefore, researchers from different backgrounds have called for the investigation of explanatory mechanisms through neuroimaging techniques (Galante et al., 2021; Pargament et al., 2004). However, this task is considerably complicated by the wide variety of spiritual practices supported by distinct underlying neural networks (Schjoedt et al., 2009; Newberg, 2014; James, 1902). Prior studies have attempted to unify these findings, for example, by differentially weighting interoceptive and exteroceptive stimuli within a broader framework of predictive processing (van Elk and Aleman, 2017). Although very useful in its own right, a more detailed account of the different functions and neural substrates of religious experiences is warranted, especially in relation to mental health (Thomas and Barbato, 2020; Nowicki et al., 2023).

When considering prayer, a central practice in religious traditions across the globe, it was found that meditative and colloquial prayer types positively correlated with existential wellbeing and happiness, whereas a negative association was detected between prayer and anxiety as well as depression in several studies (Winkeljohn Black et al., 2017; Black et al., 2015; Francis et al., 2008; Hebert et al., 2007; Koenig, 2007; Meisenhelder and Chandler, 2000, 2002; Anderson and Nunnelley, 2016; Schaap-Jonker, 2020; Chen and VanderWeele, 2018). Even though these effects could not be replicated in monotheistic religions other than Christianity, it needs to be explored to what degree these findings reflect sociological factors, such as being the majority religion in a country (Kobayashi et al., 2020). Contrarily, other studies found a mixed or negative association between prayer and mental health, also depending on the type of prayer (Upenieks, 2023; Froese et al., 2024; Braam et al., 2007; Newman et al., 2023). Regardless of the direction of the results, the effects in most studies were adjusted for prosocial factors such as social support or religious attendance, indicating that prayer itself affects mental health, as was also evident for mindfulness-based therapy (Anderson and Nunnelley, 2016; Froese et al., 2024; Tix and Frazier, 1998; Weber and Pargament, 2014; Ellison et al., 2014).

In search of an explanation for these effects, it has been suggested that religions provide a coping mechanism during hardships, for example, by allowing for the maintenance of a ‘just-world' view in adversity, or by attributing circumstances to God (Pargament et al., 2004; Weber and Pargament, 2014; Szałachowski and Tuszyńska-Bogucka, 2021; Breslin and Lewis, 2008; Graça and Brandão, 2024; Pargament et al., 2005; Pargament and Hahn, 1986; Spilka et al., 1985). Accordingly, these factors influence outcomes during major life stressors, thereby impacting the mental health of individuals (Thomas and Barbato, 2020; Nowicki et al., 2023). Notwithstanding the clear contribution of such concepts in attributing meaning to particular religious experiences, they do not constitute what others have identified as the essence of these experiences, such as the “feeling of absolute dependence” or “the willingness to surrender,” perhaps with the exception of “seeking spiritual support” through prayer (Seibert, 2023; Pargament, 1997). Even then, these descriptions do not directly lead to hypotheses about how perceived support is connected with cognitive functions or which empirically assessable neurobiological networks may sustain it.

On the contrary, verifiable insights may be attained through attachment theory, which originated as a psychological theory but has been validated and further developed through neuroimaging techniques in recent decades (Bowlby, 1982; White L. K. et al., 2023; Long et al., 2020; Vrticka, 2017; Vrtička et al., 2012; Labek et al., 2016). In brief, this theory posits that humans are biologically predisposed to seek close proximity to their primary caregivers to attain safety (Bowlby, 1982; Main, 1991). Over time, the availability and emotional sensitivity of caregivers lead to both conscious and unconscious expectations about the ability to rely on others, as well as a positive or negative self-image, depending on whether an individual feels worthy of attention and care (Fonagy and Luyten, 2009; Fonagy et al., 2014). These so-called internal working models were initially thought to remain fixed throughout life. However, recent studies indicate that they are somewhat malleable through psychotherapy, potentially becoming more secure, avoidant, preoccupied, or unresolved (Taylor et al., 2015; Levy et al., 2006; Buchheim et al., 2012a).

Two strands of literature have since developed to classify attachment styles. The first employs implicit measures, including the strange situation procedure (SSP) in children and the adult attachment interview (AAI) or the subsequent adult attachment projective (AAP). In keeping with attachment theory, these measures focus on mental representations and unconscious defensive processes, with the AAP and SSP directly activating the attachment system (Buchheim et al., 2003; George and West, 2001; Bakermans-Kranenburg and van IJzendoorn, 2009; Solomon and George, 2008; Ainsworth et al., 2015). As these methods take considerable time and require extensive training, self-report questionnaires in the tradition of Mikulincer and Shaver were later developed (Mikulincer and Shaver, 2003). Despite their convenience, this method cannot detect unconscious processes, distorts the distinction between preoccupied and unresolved classifications, allows avoidant individuals to classify themselves as securely attached, and is associated with different neural representations compared to implicit measures (Solomon and George, 2008; Yaseen et al., 2016; Solomon and George, 1999; George and Solomon, 1996; Roisman et al., 2007; Ravitz et al., 2010). Nevertheless, self-report outcomes may reflect explicit and conscious attachment representations, supported by the executive frontal network (Yaseen et al., 2016). Although attachment relationships initially require the physical proximity of primary caregivers to return to emotional homeostasis, humans gradually replace this proximity with an internal working model of the parental figure (Fonagy et al., 2014). Referring to this representation enables children and adults to explore from an internalized secure base (Solomon and George, 2008; George and Solomon, 1996). This process is readily observed when growing children venture further without relying on the continued presence of a parent. The degree to which early attachment needs were met also influences how individuals learn to mirror and infer the mental states of others, commonly referred to as mentalizing (Fonagy and Luyten, 2009; Fonagy et al., 2023; Frith and Frith, 2012; Granqvist and Kirkpatrick, 2013; Norenzayan et al., 2012).

These internal working models, implied in mentalizing, may also be recruited during prayer (Fonagy et al., 2023; Norenzayan et al., 2012; Schaap-Jonker and Corveleyn, 2014). From a developmental perspective, Bowlby argued that individuals form secondary attachment relationships, potentially even with larger entities such as political parties or specific groups of people (Bowlby, 1980). In line with this view, it has been theorized that prayer can similarly be understood from an attachment perspective, with God as a “substitute attachment figure” (Granqvist and Kirkpatrick, 2013; Cherniak et al., 2021; Granqvist, 2006). So far, this hypothesis has been supported by self-report questionnaires, revealing an association between secure attachment to God and improved mental health, and a reverse correlation for insecure attachment to God (Ellison et al., 2014; Ghobary Bonab et al., 2013; Leman et al., 2018; Counted, 2016; Virto-Farfan et al., 2023). Nonetheless, when comparing representations of God with those of important others, the results were mixed, with some findings more supportive of compensation, whereby God functions as a substitute attachment figure for those with insecure attachment to primary caregivers, whereas other studies indicate that perceived attachment to God corresponds with implicit representations of self and others (Cherniak et al., 2021; Hall et al., 2009; Holmes and Slade, 2019). Attachment to God may explicitly compensate for a lack of parental care, while an implicit connection to insecurity remains (Schaap-Jonker and Corveleyn, 2014; Hall et al., 2009; Stulp et al., 2021).

In order to assess how the relationships between implicit and explicit attachment to God may function, as well as to verify whether prayer to God can be understood through attachment theory, neuroscience could provide valuable insights (van Elk and Aleman, 2017). Previous neuroimaging studies have shown the recruitment of Theory of Mind (ToM) networks during prayer, as well as increased activity in the default mode network (DMN), mirroring the neural activations observed in the context of friendship (Schjoedt et al., 2009; Neubauer, 2014; Li et al., 2014; McNamara, 2009). Both networks overlap with the broader framework of social cognition, which may indicate a shared mechanism between attachment and prayer that will be further explored in this article. In the neuroscience of attachment, four modules of attachment were identified in prior research, comprising a large number of neural areas associated with attachment behaviors (Coan, 2008). These modules include the approach and aversion, as well as the emotion self-regulation and mentalizing modules (Long et al., 2020; Vrticka, 2017; White et al., 2020). As mentioned in the preregistration, we expected both prayer and attachment to require mentalizing behaviors (Norenzayan et al., 2012; Schaap-Jonker and Corveleyn, 2014). Moreover, a slight convergence with self-regulation and the approach or aversion modules may be observed during prayer, possibly reflecting mental approach or avoidance depending on God-image and the positive or negative coping strategies employed during prayer (Pargament et al., 2004; Bradshaw et al., 2010; Aletti, 2005). In brief, this systematic review evaluates whether perceived interaction with God can accurately be described as an attachment relationship from a neuroscientific perspective. In doing so, we seek to understand how religious beliefs are interwoven with everyday human cognition, to provide a pathway for future research and ultimately integrate religious belief within psychotherapy to enhance treatment outcomes.



Methods

This systematic review was conducted in accordance with the PRISMA recommendations (Page et al., 2021). The screening protocol, including inclusion and exclusion criteria, was pre-registered in the Open Science Foundation (Haverkamp, 2024). Subsequently, two authors independently carried out the first and second screening phases in Rayyan (Ouzzani et al., 2016). Due to the heterogeneity of the included articles and methodologies employed, we used a qualitative synthesis to integrate the results. The findings are described in six separate sections: 1. Implicit measures in healthy samples, 2. Implicit measures with comorbidity, 3. Explicit measures in healthy samples, 4. Structural neurobiological findings of attachment (VBM), 5. Structural neurobiological findings of attachment (DTI), 6. Neural correlates of Christian prayer. The discussion focuses on the main effects of prayer and attachment, and evaluates the neural differences between attachment styles that may impact the neuroscience of prayer. Finally, the convergence and divergence between the neuroscience of prayer and attachment relationships are assessed.


Database searches

A comprehensive search was conducted in the following databases: Elsevier/Scopus, OVIDMedline, Ebsco/ATLA Religion, Ebsco/CINAHL, Ebsco/APA PsycINFO, Ebsco/Psychological and Behavioral Sciences Collection, PubPsych.eu, and Clarivate Analytics/Web of Science Core Collection, from inception to March 25, 2024, in collaboration with a medical information specialist (JCFK). The search included controlled and free text terms for synonyms of “attachment” or “prayer” and “MRI” or “MEG”, and separately “object relation” and “MRI” or “MEG”. The search was performed without restrictions on methodology, date, or language. The full search strategies can be found in the Supplementary material. Duplicate articles were removed by a medical information specialist (JCFK) using Endnote X20.0.1 (Clarivatetm), following the Amsterdam Efficient Deduplication (AED) method (Otten et al., 2019) and the Bramer method (Bramer et al., 2016). Systematic reviews deemed relevant to our endeavor were examined for cross-references.



Screening procedure

The inclusion and exclusion criteria were specified in the research protocol beforehand and uploaded to the Open Science Foundation (Haverkamp, 2024). The PICOS criteria for the two types of studies are mentioned in Tables 1, 2. We decided to include studies on prayer in other (monotheistic) faith traditions as well, as specified in the screening protocol uploaded to OSF. After the screening, we determined whether including them would be necessary based on the number of records related to Christian prayer. Three studies were identified (Baykara et al., 2023; AlMahrouqi and Mostafa, 2023; Perez-Diaz et al., 2023); however, we chose not to incorporate the results in the main analysis for two reasons. First, the number of studies on Christian prayer exceeded our expectations. More importantly, including other faith traditions could potentially bias the effects through faith diffusion and is based on the unwarranted assumption that different religious and spiritual practices are similarly represented in the brain (Winkeljohn Black et al., 2017; Newberg, 2018). Prior to the screening procedures, we expanded the inclusion criteria to include participants suffering from anxiety disorder, depressive disorder without manic episodes, borderline personality disorder, narcissistic personality disorder, and prolonged grief disorder, as these conditions are strongly connected with insecure attachment (Galynker et al., 2012; Buchheim et al., 2012b; Bettmann and Jasperson, 2010; Cascio et al., 2013; Buchheim et al., 2008). To distinguish specific effects for each attachment style, we included attachment studies that reported both main effects and differences across attachment styles, as prayer studies were expected to reveal a more regular distribution (Bakermans-Kranenburg and van IJzendoorn, 2009). Moreover, we excluded articles where conditions evoked the affiliative, parental, or romantic/sexual system, since attachment theory, along with neuroscientific results, indicates that these behavioral systems are characterized by different goals and functions. This distinction is further supported by their distinct neural substrates (Bowlby, 1982; Bartels and Zeki, 2000; Wolfe et al., 2018; Laurita et al., 2019; Hou et al., 2016; George and Solomon, 2008). Finally, we sought to isolate the effects of adult attachment to contribute to our discussion within the wider neuroscientific literature on attachment, predominantly conducted with adults, as attachment in youth may be represented differently in the brain (Takamura et al., 2016, 2015).


TABLE 1 PICOS criteria for inclusion and exclusion of attachment studies.

[image: Table 1]


TABLE 2 PICOS criteria for inclusion and exclusion of prayer studies.
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For the flowchart, see Figure 1 (Haddaway et al., 2022). The records identified via citation chaining and a hand search, as well as articles included in the screening stages and reasons for exclusion, are reported here. Differences between authors regarding the inclusion and exclusion of records were resolved through discussion or by consulting a third party. For evaluation of the screening process, see Supplementary material 1.
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FIGURE 1
 PRISMA flowchart of included and excluded studies during screening protocol.




Data extraction

Quality assessment and data extraction were performed by the first author. For the adapted version of the JBI critical appraisal tool for analytical cross-sectional studies, see Supplementary material 2. Assessment was performed based on the following criteria: 1. Specified criteria for inclusion, 2. Subject settings, 3. Validity of exposure stimulus, 4. Objective criteria for measurement of the condition, 5. Identification of confounding factors, 6. Measurement of outcomes, and 7. Quality of statistical analysis. Quality assessment yielded satisfactory results overall, with 40 out of 44 studies scoring 7/10 or higher, and four studies scoring 6/10. One study was excluded. The greatest potential source of bias was the use of small sample sizes. This may be common in neuroimaging studies due to the high costs of neuroimaging techniques, but it does warrant caution in extending results to larger populations. Furthermore, most of the findings obtained were based on samples that consisted largely of females, indicating that the results should not be generalized to male populations. Study details are listed in Supplementary Tables 2–7.




Results

The characteristics of included studies, including demographics, populations, and neuroimaging methods, are as follows: 31 records focused on the neuroscience of attachment. They were conducted in Europe (N = 19), North America (N = 9), and Asia, China (N = 3). Functional studies of attachment involved 543 participants (73% female). Among these studies, articles employing implicit attachment measures demonstrated an even greater imbalance (85% female). Structural neuroimaging outcomes of attachment were obtained with a near-equal representation of males and females (N = 1,021). Most functional and structural studies employed (f)MRI, with exceptions including two studies using EEG. Furthermore, 13 studies assessed prayer through neuroimaging techniques: they were conducted in Europe (N = 7) and North America (N = 6), involving 234 participants (63% female). Most results were obtained through fMRI, apart from three EEG studies, two studies that utilized PET, and one study conducted with sMRI.

To obtain an overview of data on the neuroscience of attachment and prayer in hypothesized areas, a graph was created highlighting the neural regions identified in prior studies (Long et al., 2020; White et al., 2020). None of the prayer-related studies accounted for the effects of attachment styles. Thus, at present, convergence can only be investigated through an analysis of the main effects. Therefore, for each neural area, we calculated the percentage of participants exhibiting a significant positive effect by dividing the number of participants in whom activation was observed by the total number assessed, multiplied by 100. Importantly, although our results reflect individual participant data, they were not weighted for effect size as is typically done in meta-analyses, since variations in methodologies employed to activate the attachment system limit the applicability of standard meta-analytic approaches. Moreover, we entered the main effects of attachment obtained using functional neuroimaging techniques as specified in Tables 3–5, as there is no control condition to isolate the main effects of attachment in structural imaging. Finally, the main effects of attachment included in this table were derived from results obtained using negative stimuli, such as the unpleasant stimuli employed by Vrtička et al. (2012). This approach was chosen because the attachment system is primarily activated in adverse circumstances—such as solitude, separation, and abuse—wherein compensatory behavioral and physiological responses are required to restore emotional homeostasis (White et al., 2020; Buchheim et al., 2006).


TABLE 3 Attachment style implicitly assessed in healthy populations.
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TABLE 4 Attachment implicitly assessed in samples with comorbidities.
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TABLE 5 Attachment explicitly assessed in healthy populations.
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Neuroscience of attachment
 
Implicit measures in healthy samples

We included four articles that implicitly measured neural correlates of attachment in mentally healthy individuals. Findings from three studies that controlled for mental health comorbidities are reported here as well. All studies were conducted using fMRI, apart from two records that utilized sMRI, which will be mentioned in the section below. Two records did not correct for multiple comparisons (Buchheim et al., 2006; Moutsiana et al., 2015) or did not specify (Lyons-Ruth et al., 2016); see Table 3.

Buchheim et al. (2006) were the first to assess the neural correlates of adult attachment styles. The authors conducted an ANOVA to compare two attachment groups in response to increasing activation of the attachment system by AAP stimuli. Unresolved participants, as opposed to resolved participants, showed enhanced activity in the right inferior frontal gyrus: an area involved in the reappraisal of social emotions and part of the ToM network (Grecucci et al., 2013; Iarrobino et al., 2021; Molenberghs et al., 2016). Another significant difference between the groups was a stronger engagement of the amygdala in unresolved participants. The amygdala subserves emotional behavior and fear conditioning and shows enhanced activity during more negative experiences (Šimić et al., 2021). In line with its functionality, the amygdala was incorporated into the “aversion module” of attachment (White et al., 2020; Šimić et al., 2021). None of the main effects of attachment corresponded with our hypothesized regions of interest, except for heightened stimulation of the left superior temporal gyrus in unresolved participants. However, its incidence was attributed to semantic retrieval rather than social cognition.

Lemche et al. (2006) measured skin conductance levels and neural activation of participants when observing prime sentences with pleasant, unpleasant, or neutral attachment-related content. It was hypothesized that greater insecurity would correlate with higher reaction times in the priming tasks, allowing neural activity to be assessed based on reaction times. Our focus lies with the results of negative prime sentences, such as “my mum rejects me,” since the attachment system is aroused by negative experiences (Simpson and Steven Rholes, 2017). Significant results were found in regions belonging to either the mentalizing module of attachment, corresponding to the left superior temporal gyrus, or the self-regulation module, associated with recruitment of the left dorsolateral prefrontal cortex (White et al., 2020). Of all results, only stimulation of the amygdala correlated with both skin conductance levels and the fMRI findings. However, enhanced activity in the putamen and insula—which the authors of the study predicted—was observed in the control condition as well and did not differentiate between attachment styles.

Petrowski et al. (2019) compared the faces of parents and romantic partners with unfamiliar faces and observed a main effect in the bilateral supramarginal gyrus, left precuneus, left posterior cingulate cortex, and right inferior frontal gyrus, corresponding to areas involved in social cognition and mentalizing (White et al., 2020; Molenberghs et al., 2016; Schurz et al., 2017). In contrast to previous studies, secure individuals showed greater activation in the left superior temporal gyrus when presented with the face stimuli, reflecting increased social processing (Petrowski et al., 2019). The authors attributed this disparity to the positive nature of the face stimuli used, whereas the previous two studies employed negative attachment experiences to elicit the attachment system. Finally, unlike the findings by Buchheim et al. (2006), the right inferior frontal gyrus was more strongly activated in insecure than in disorganized individuals. This was viewed as evidence of higher risk aversion in this group, an effect that persisted upon exposure to more positive face stimuli (Christopoulos et al., 2009). No suprathreshold voxels were found in other contrasts.

Yaseen et al. (2016) reported main effects from a salience task, “How much do you relate to this picture?” and a valence task, “How pleasant do you feel when you look at this picture?” while viewing pictures of the mother vs. neutrally viewing other pictures. Both tasks activated the posterior cingulate cortex, which is involved in mentalizing behavior (Brewer et al., 2013). Attachment security, covaried for AAI dismissiveness, was associated with activation in the right parahippocampal gyrus, right posterior cingulate cortex, and right fusiform gyrus—important areas for social cognition, empathy, and interpretation of non-verbal communication (Yaseen et al., 2016; Frith and Frith, 2012). Deactivations in the cuneus bilaterally were interpreted as decreased explicit attention to negative affect. Surprisingly, dismissing attachment did not correlate with the hypothesized activity in areas implicated in self-regulation. Conversely, the precuneus negatively interacted with mood in dismissive individuals in the right medial frontal gyrus and the precuneus, which was related to affect regulation (Etkin et al., 2011).

Three records controlled for mental health comorbidities. Therefore, the results are discussed in this paragraph, although the findings are reported in Table 4. Two studies by Buchheim et al. (2008) and Labek et al. (2016) employed the AAP with resolved and unresolved controls. The first study revealed significant activity in the left dorsolateral prefrontal cortex and left precuneus. The left precuneus is involved in understanding the minds of others, whereas enhanced dorsolateral prefrontal cortical activity was associated with cognitive control and emotion regulation (Molenberghs et al., 2016; Ochsner and Gross, 2005; Vrticka et al., 2013; White L. K. et al., 2023). The second study, conducted by Buchheim et al. (2008) and Labek et al. (2016), found the amygdala and right dorsolateral prefrontal cortex to be enhanced in unresolved controls. Significant recruitment of the dorsolateral prefrontal cortex was interpreted in terms of emotion regulation, with the right and left hemisphere activations indicating regulation of affective and verbal emotional content, respectively (White et al., 2020; Buchheim et al., 2008). Furthermore, increased recruitment was observed in the left superior temporal sulcus and medial prefrontal cortex in resolved controls, both regions pertaining to the neural correlates of social cognition (Frith and Frith, 2012). In addition, Galynker et al. (2012) found AAI insecurity, covaried for depression, to be associated with decreased engagement of the medial thalamus and ventral caudate when viewing pictures of mothers vs. strangers. These neural correlates are associated with reward, punishment, affectively motivated behaviors, and memory, demonstrating that insecure individuals are less inclined to engage in approach behaviors when presented with positive representations of attachment figures. In keeping with this interpretation, the posterior cingulate gyrus and the left precuneus were deactivated, reflecting decreased mentalizing. Moreover, increased insular engagement correlated with aversive experiences (Long et al., 2020; Huang et al., 2017).

Finally, two structural studies recruited adults whose attachment style was measured with the strange situation procedure (SSP) at 18 and 19 months, respectively. Moutsiana et al. (2015) reported greater right amygdala volumes for insecure participants, as opposed to securely attached individuals, with the bilateral amygdala and hippocampus as regions of interest, whereas Lyons-Ruth et al. (2016) observed a significant effect of attachment disturbance in the left amygdala, but not in the hippocampus, caudate, or thalamus. Although the right amygdala failed to reach significance in the latter study, the effect size suggested that activity in the right amygdala would have yielded significant results with a larger sample, similar to Moutsiana et al. (2015).



Implicit measures with comorbidity

In this review, nine studies were incorporated that implicitly assessed attachment styles in participants with a mental health condition, as specified in the inclusion criteria. All of the studies employed fMRI. Three articles did not correct for multiple comparisons (Buchheim et al., 2012b,a; Zhang et al., 2011) or only corrected the main findings (Buchheim et al., 2008); see Table 4.

Bernheim et al. (2022) presented participants, half of whom were diagnosed with borderline personality disorder (BPD), with personalized vs. neutral sentences prior to the AAP stimuli. A greater percentage of unresolved attachment classifications was found among BPD patients. Notably, the study observed significant neural differences between patients and controls only for monadic stimuli depicting situations of loneliness that elicited feelings of abandonment, whereas no results were found for dyadic pictures showing two persons, evoking experiences of potential social rejection. Upon comparing the two groups, BPD patients showed enhanced recruitment of the bilateral anterior insula, anterior midcingulate cortex, and right amygdala, which are implicated in the aversion module of attachment (Long et al., 2020; White et al., 2020). These regions are also involved in empathy responses to physical pain in others, with the anterior midcingulate cortex being engaged in processing both physical and emotional pain (Bruneau et al., 2012). Previous studies have reported extensive connections of these regions with ToM networks during experiences of social pain (Bernheim et al., 2022; Bruneau et al., 2012; Müller-Pinzler et al., 2015). A similar pattern was observed in this study, exemplified by activation of the posterior superior temporal sulcus and ventromedial prefrontal cortex.

Furthermore, two related articles by Buchheim et al. (2012a,b) utilized an AAP design with personally relevant vs. neutral sentences. Half of the participants had major depressive disorder (MDD) prior to 15 months of psychotherapeutic treatment. A significantly greater number of MDD patients were classified as unresolved, while controls were mostly resolved. Both studies reported enhanced activation of the anterior hippocampus, ventral anterior cingulate cortex, and left amygdala in the patient group, possibly reflecting implicit aversive responses during attachment relationships (Long et al., 2020; White et al., 2020). Furthermore, an interaction effect was observed between symptom severity and activity in the medial prefrontal cortex and anterior cingulate after psychotherapy. The authors associate activity in these regions with mood dysregulation and re-regulation (Buchheim et al., 2012b). This interpretation was supported by prior studies that revealed decreased glucose metabolism in the left anterior cingulate after 10 sessions of cognitive behavioral therapy (CBT) (Beutel et al., 2010; Sakai et al., 2005; Drevets, 2001). Interestingly, only 4 out of the 11 originally unresolved participants remained unresolved, indicating that the observed changes were associated with altered attachment styles.

Buchheim et al. (2013) investigated a single unresolved participant with narcissistic tendencies through a personalized AAP paradigm. The participant underwent functional magnetic resonance imaging (fMRI) immediately after a psychotherapy session. This procedure was repeated monthly over a 12-month period, while tracking the patient's mood and the quality of therapy. Increased activity in the dorsolateral prefrontal cortex was interpreted as a result of a greater ability to reflect on personal attachment-related issues, irrespective of therapy quality or the participants' mood. This observation corresponds to results by Buchheim et al. (2008), showing that unresolved controls also recruited the dorsolateral prefrontal cortex, while unresolved borderline patients, who were less able to self-regulate under attachment distress, did not. Furthermore, the posterior cingulate cortex interacted with therapy quality prior to the scan, revealing internal and interpersonal affect. Finally, the precuneus and medial prefrontal cortex were noted as important regions for mentalizing behaviors (Frith and Frith, 2012).

The outcomes of three studies that controlled for comorbidities were discussed in the previous paragraph. These studies also reported findings from a sample with mental health comorbidities. Buchheim et al. (2008) and Labek et al. (2016) explored the neural correlates of the adult attachment system in participants with and without BPD through the AAP. In the first study, separate analyses were performed for monadic and dyadic stimuli, as the inability to tolerate aloneness is an important marker of BPD (Buchheim et al., 2008; Gunderson, 1996; Gunderson and Lyons-Ruth, 2008). Unresolved BPD patients showed the greatest recruitment of the anterior cingulate cortex, possibly indicating pain and fear of abandonment (Pargament and Hahn, 1986; Spilka et al., 1985). In contrast to Bernheim et al. (2022), the authors reported greater activity in the right superior temporal gyrus in BPD patients when viewing dyadic AAP pictures. Activation of this region was attributed to a hyper-vigilant mentalizing strategy that is commonly observed after trauma (Kleshchova et al., 2019). Moreover, Labek et al. (2016) demonstrated that the dorsolateral prefrontal cortex was not significantly implicated in resolved controls and BPD patients. The absence of a response in BPD patients reveals dysfunctional emotion regulation. Conversely, unresolved controls were still able to self-regulate, as demonstrated by prefrontal dorsolateral activity (Nejati et al., 2022). This interpretation was supported by the observation that both unresolved controls and patients, but not resolved controls, recruited the amygdala in response to the attachment stimuli, reflecting both fear and distress (Šimić et al., 2021). Furthermore, enhanced activity in the anterior cingulate cortex was observed in unresolved BPD patients, consistent with an aversive response (Carter and van Veen, 2007). In addition, activation of the superior temporal sulcus reflected a hyperactive mentalizing strategy common in attachment distress (White L. et al., 2023; Long et al., 2020; White et al., 2020).

Kobayashi et al. (2020) exposed healthy controls and depressed participants to pictures of their mother or strangers. Without controlling for MDD, enhanced activation of mentalizing areas was found as a main effect. Furthermore, the right inferior frontal gyrus was implicated, a region consistently associated with ToM (Molenberghs et al., 2016). Notable deactivated areas included the right insular cortex, possibly implying decreased aversion to positive stimuli, as well as the supramarginal gyrus, which is involved in ToM (Schurz et al., 2017; Arioli et al., 2018). Deactivation of the supramarginal gyrus does not align with activity in the IFG, which is also a ToM region. This discrepancy might be explained by distinct cognitive and affective mechanisms underlying ToM processing (Molenberghs et al., 2016). Notably, insecure attachment and depression were found to converge in the cortico-striate-thalamic circuit, consistent with Bowlby's hypothesis that disrupted attachment bonds relate to an increased risk of depression (Galynker et al., 2012; Buchheim et al., 2013; Rajkumar, 2021).

Flechsig et al. (2023) assigned an AAP attachment score to BPD patients and healthy controls. The lowest score signified unresolved attachment, progressing to preoccupied and dismissing styles, with secure attachment receiving the highest score. The patient group exhibited the lowest score, which correlated with increased activation of the left amygdala, demonstrating an intensified emotional response related to social pain (Herpertz et al., 2001). Accordingly, the authors attributed the augmented recruitment of the anterior midcingulate cortex in the more unresolved group to experiences of social exclusion and attachment anxiety (Dewall et al., 2012). It was noted that enhanced recruitment of the anterior midcingulate cortex prior to therapy predicted diminished efficacy of therapy.

Zhang et al. (2011) conducted a principal component analysis with results obtained from depressed subjects and healthy controls while viewing a photograph of a mother, compared to viewing a friend or stranger. Their aim was to predict AAI coherence of mind and depression scores based on brain activity, to distinguish MDD from other mental disorders. The anterior midcingulate cortex was identified as a region of interest through general linear model (GLM) analysis, which demonstrated a correlation with both AAI and depression scores. Attachment security could not be robustly predicted from the two principal components, although the moderate relationship indicates that a larger sample might allow for more accurate estimations. Nonetheless, increased activity in the anterior midcingulate cortex was associated with depression, characterized by higher insecurity scores. Enhanced recruitment of this region during the viewing of pictures of a mother compared to a stranger was interpreted as an effect of conflict resolution and overcompensation for decreased regulatory activity in the subgenual cingulate (Etkin et al., 2011; Zhang et al., 2011).



Explicit measures in healthy samples

We included seven studies conducted with mentally healthy participants that utilized self-report attachment questionnaires. Four studies corrected for multiple comparisons (Vrtička et al., 2012; Yaseen et al., 2016; Liu et al., 2017; Rognoni et al., 2008), two did not (Canterberry and Gillath, 2013; Krause et al., 2016), and one study did not specifically mention (Nash et al., 2014) (see Table 5).

Canterberry and Gillath (2013) employed explicit and implicit attachment (in)security and neutral primes prior to the presentation of neutral drawings to instill a sense of security. For clarity and brevity, Table 5 only presents the results of explicit primes. Main effects of security priming exhibited activity in the medial prefrontal cortex associated with emotion regulation, as well as activation of the fusiform gyrus and parahippocampal gyrus related to reading the name of a loved one and retrieving secure internal working models, respectively. Individuals classified as avoidant showed increased activation in the parahippocampal gyrus, indicating intensified efforts to access secure models. They also recruited the amygdala and insula, regions associated with aversive emotional stimuli. Enhanced recruitment of mentalizing areas, such as the superior temporal gyrus, was ascribed to failed deactivation resulting from sequential exposure to security-related stimuli. Participants with high anxiety exhibited augmented engagement of the posterior cingulate and paracentral lobule, which was consistent with a hypervigilant attachment strategy and increased effort to recruit secure internal working models. Although implicit primes were not correlated with participants' ratings of (in)security or neutral stimuli, implicit security primes did reveal an association with anxiety in the right inferior frontal gyrus, which is implicated in ToM behaviors (Hartwright et al., 2016). For avoidant individuals, this contrast did not yield significant results, which the authors attributed to effective unconscious deactivation.

Krause et al. (2016) sought to understand whether secure, avoidant, or preoccupied narratives of others, as well as one's own attachment style, influence approach and aversion behaviors. Seed regions included the dorsal anterior cingulate cortex, hippocampus, and amygdala, which are part of the social aversion network. The most pronounced neural engagement was observed when listening to dismissing narratives. Avoidant participants exhibited heightened connectivity between the dorsal anterior cingulate cortex and the anterior middle temporal gyrus, as well as the medial prefrontal cortex after the dismissing narrative, reflecting increased sensitivity to dismissing content. Attachment anxiety, on the other hand, was related to greater connectivity between the left dorsal anterior cingulate cortex and the right dorsolateral prefrontal cortex, representing an increased need for explicit regulation of affective states.

Liu et al. (2017) investigated whether avoidant and secure participants would show differences in attention bias to emotional stimuli through a cue-target paradigm. Their aim was to identify the neural substrates of emotion deactivation in avoidant individuals. Findings revealed a positive correlation between avoidance and attentional engagement with activity in the right superior temporal gyrus, middle occipital gyrus, left medial frontal gyrus, cingulate gyrus, and the supplementary motor area, indicating early attentional engagement in avoidant individuals that subsequently allows them to deactivate affective input. Interestingly, the bilateral fusiform gyrus and middle occipital gyrus, associated with the detection of emotional information, exhibited increased activity during positive—but not negative—emotional stimuli for avoidant as opposed to secure individuals, possibly reflecting the unexpectedness of positive emotions. Avoidant participants experienced greater difficulty in withdrawing from negative than from positive attachment stimuli, while secure individuals showed the opposite tendency.

Vrtička et al. (2012) contrasted viewing pleasant and unpleasant social and non-social emotional scenes from the International Affective Pictures System (IAPS). Participants were instructed either to watch the pictures naturally, to use cognitive reappraisal, or to suppress their emotions. Most results were found during natural appraisal, implying that more conscious tasks might be performed equally well across attachment styles, whereas attachment styles predominantly affect habitual responses. As hypothesized, the task engaged many areas implicated in mentalizing behaviors, such as the medial prefrontal cortex, the precuneus, the posterior cingulate cortex, the posterior superior temporal sulcus bilaterally, and the fusiform face area (White et al., 2020). A stronger upregulation in the amygdala and the dorsolateral prefrontal cortex was detected in avoidant individuals during reappraisal, highlighting that avoidant individuals prefer to suppress rather than re-evaluate and think about socially unpleasant emotions. Furthermore, avoidant individuals recruited the dorsolateral prefrontal cortex and anterior cingulate cortex, which are involved in emotion regulation and tracking emotional conflicts during natural viewing. Alternatively, attachment anxiety correlated with activity in the right amygdala and left parahippocampal cortex for pleasant stimuli, the latter indicating improved access to emotional memories corresponding to a hyperactivation strategy.

Yaseen et al. (2016) investigated the neural substrates of attachment through both implicit and explicit measures. One of the main effects is mentioned in the first results section. Explicitly measured attachment security was negatively associated with right superior and medial temporal activations, indicating less effortful explicit self-regulation. In contrast, implicit security coincided with greater activity in the midline regions, attributed to an empathetic response to viewing pictures of mothers. Dismissiveness negatively interacted with the right cingulate cortex, among others, which may reflect decreased explicit mentalizing behavior consistent with a deactivation strategy (White L. et al., 2023; Long et al., 2020). It is noteworthy that Yaseen et al. (2016) used natural images of mothers as a control condition, whereas Vrtička et al. (2012) found that attachment styles predominantly influenced responses to naturally viewed emotional stimuli. Thus, results should be interpreted with caution.

Two studies employed EEG. First, Nash et al. (2014) detected an error-related negativity (ERN) signal in participants after exposure to threatening insecurity-related thoughts. Prior to the threat, no differences were observed between individuals with insecure and secure attachment styles. However, insecure individuals exhibited an augmented ERN amplitude after the threat stimulus at the frontal and central midline. Their findings suggest that secure individuals recover more easily from insecurity threats. Conversely, the results indicate hypervigilance to insecurity threats in insecure individuals. The second EEG study was conducted by Rognoni et al. (2008), who hypothesized, based on prior research, that activity in the left hemisphere denotes approach behavior, whereas right frontal activity indicates withdrawal. Attachment avoidance correlated with greater right frontal asymmetry when viewing happy emotional scenes, highlighting that avoidant individuals overlook opportunities to satisfy attachment needs. Emotionally negative scenes were associated with higher left asymmetry, interpreted as inhibition of attachment behaviors and decreased salience of aversive experiences. Notably, the authors identified an inverse pattern for anxious individuals, who exhibited left hemispheric activity during happy emotional scenes due to an increased longing for closeness and proximity. In the case of negative stimuli, insecure participants displayed enhanced right hemispheric activity, attributed to sensitivity to rejection and separation. Likewise, fearful-avoidant individuals revealed a left-sided pattern aligned with a strong desire for interpersonal intimacy. It is noteworthy that they demonstrated a mismatch between self-reported arousal and frontal asymmetry: fear was consciously evaluated as less stimulating while simultaneously displaying an enhanced right-hemispheric fear response.



Structural neurobiological findings of attachment (VBM)

Seven studies were included that mapped the structural neurobiological findings through voxel-based morphometry (VBM), a method that compares gray matter volumes (GMV) across different brain regions. Two structural studies used implicit measures to assess attachment styles and were therefore discussed under “implicit measures in healthy samples”. Results of the remaining five studies were corrected for multiple comparisons (Acosta et al., 2018; Benetti et al., 2010; Jin et al., 2016; Redlich et al., 2015; Zhang et al., 2018a). Furthermore, only one study recruited participants with a mental health comorbidity (Jin et al., 2016). For specifications, see Table 6.


TABLE 6 Structural neurobiological findings of attachment (VBM).
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Fonagy and Luyten (2009) found an inverse correlation between attachment avoidance and gray matter volume in the insular lobe, which is linked with altered emotion processing and reduced subjective feelings compared to anxious individuals. Furthermore, the inferior frontal gyrus exhibited decreased activity in avoidant individuals (Fonseka et al., 2016). Conversely, anxious individuals showed heightened recruitment in both areas, which may reflect an intensification of negative emotions.

Benetti et al. (2010) assessed the relationship between attachment styles, brain structures, and affective loss. After controlling for multiple comparisons, the authors did not identify significant volumetric correlations with avoidance. However, attachment anxiety was positively related to gray matter volume in the left lateral orbital, which may reflect increased emotion regulation in both positive and negative conditions. Decreased volumes in the right temporal pole were linked to emotion processing. The authors noted that reduced metabolic activity was also found in this region during major depression.

Jin et al. (2023) sought to identify neural correlates of insecure attachment in healthy controls and borderline patients. Increased GMV in the posterior cingulate cortex and the precuneus in BPD patients was attributed to stronger emotional engagement, increased depersonalization, and disturbed self-referential processing. However, attachment insecurity did not correlate with any of the regions in BPD patients, whereas the posterior cingulate cortex and precuneus demonstrated lower gray matter volumes in insecure healthy controls. The authors therefore proposed that BPD may obscure the effects of insecurity on gray matter volume in the aforementioned regions.

Redlich et al. (2015) performed a whole brain analysis to identify potential structural changes based on attachment styles. A positive association between separation anxiety and bilateral amygdala gray matter volume was found, with the strongest effect observed in the right hemisphere. Findings were adjusted for general measures of depression level, anxiety, and sociodemographic factors. These outcomes indicate a hyper-reactive attachment response, which is commonly observed in preoccupied attachment.

Finally, Zhang et al. (2018b) identified a negative correlation between avoidance and gray matter volumes in the parahippocampal gyrus, as well as in the left middle and superior temporal gyrus. The results may reflect difficulties in the retrieval of emotional memories, as is also observed in maltreated children. Moreover, reduced left superior temporal structural volumes suggest impaired empathy in interpersonal interactions, consistent with decreased mentalizing behaviors in attachment avoidance. Anxiety negatively correlated with anterior cingulate gray matter volume, indicating a reduced ability to inhibit negative emotions.



Structural neurobiological findings of attachment (DTI)

Although one of the four articles using Diffusion Tensor Imaging (DTI) reported both DTI and VBM results, this study is discussed in the current section (Picerni et al., 2022). In contrast to VBM, DTI is commonly used to obtain information about the integrity of white matter structures in the brain (O'Donnell and Westin, 2011). In addition to DTI, one of the included studies assessed patients with a mental health comorbidity through Diffusion Weighted Imaging (DWI) (Bracht et al., 2022). All studies, except for one by Serra et al. (2015), corrected their results for multiple comparisons (Table 7; Picerni et al., 2022; Bracht et al., 2022; Quirin et al., 2010; Rigon et al., 2016).


TABLE 7 Structural neurobiological findings of attachment (DTI).
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Bracht et al. (2022) explored the association between insecure attachment, depression, and structural changes in the hippocampal cortex and parahippocampal cingulum. Individuals with high attachment avoidance exhibited smaller hippocampal volumes, as well as higher mean diffusivity in the parahippocampal cingulum compared to those with low avoidance and healthy controls. The results reflect potential effects of insecure attachment on brain functioning that overlap with the effects of depression. No differences were observed for attachment anxiety or between patients with depression and healthy controls.

Picerni et al. (2022) did not detect a significant effect of attachment avoidance; however, an increase in cortical volume for the superior temporal gyrus was observed after lowering the statistical threshold, in accordance with Benetti et al. (2010). Anxiety correlated with enhanced cortical volume in the right middle orbitofrontal cortex and cerebellar areas, but not with other regions of interest that aligned with our hypothesis, such as the cingulate cortex and the insula. The authors suggest that the neural correlates of attachment should be expanded by including specific subdivisions of the cerebellum, consistent with prior studies that assign a role in mentalizing behaviors and self-related emotions to those areas (Van Overwalle et al., 2020).

Quirin et al. (2010) discovered that attachment avoidance and anxiety correlated with decreased left hippocampal volume. In addition, avoidance showed a trend toward significance in the right hippocampus. Their findings align with previous evidence indicating that attachment insecurity is related to other factors leading to reduced hippocampal volume, such as chronic stress, lower quality of parental care, and dysregulated glucocorticoid regulation (Quirin et al., 2010).

Rigon et al. (2016) contrasted attachment anxiety and avoidance by regressing the attachment styles against mean diffusivity in the amygdala. Lower structural integrity in the left, and to a lesser degree, right amygdala was found for attachment avoidance, whereas no differences were observed for the bilateral hippocampus and bilateral caudate. All findings remained significant after adjusting for the Big Five personality traits. The results indicated increased regulation of output from the amygdala. Increased organization of white matter fibers from the amygdala to prefrontal areas was also found. These observations were interpreted as reflecting a deactivating emotion regulation strategy. In contrast to previous studies, no findings reached significance for anxiety.

Serra et al. (2015) used diffusion tensor imaging to evaluate the integrity of white matter tracts. Consistent with their hypothesis, secure attachment was associated with greater integrity of four white matter tracts in the left hemisphere, linked to social competence, better affect regulation, and higher quality of maternal relationships. The apparent prevalence of left, but not right hemispheric tracts may support the importance of the left hemisphere in internal working models of security and attachment in general.




Neural correlates of Christian prayer

The neural correlates of Christian prayer were reported in 13 studies. Only those studies that revealed activation during a prayer task compared to a control condition were included, while indirect assessments of the influence of religion and spirituality on brain functioning were excluded. Moreover, we excluded one study during the quality assessment. Six articles failed to correct for multiple comparisons (Silveira et al., 2015; Beauregard and Paquette, 2006, 2008; Azari et al., 2001, 2005; Surwillo and Hobson, 1978). See Tables 8, 9 for more details.


TABLE 8 Neural correlates of Christian prayer.
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TABLE 9 Structural findings of prayer.
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Two of the included studies conducted by Azari et al. (2001, 2005) compared the recitation of Psalm 23 with a resting state for six Christian participants. Neural engagement was observed within the bilateral dorsolateral prefrontal cortex, which the authors attributed to the activation of religious schemas, reflecting a readiness for religious experiences. Activities within the precuneus were interpreted as an effect of visual memory, possibly resulting from the visualization of imagery in the recited psalm. Notably, our own hypothesis indicates a role for this region in mental state representation (White et al., 2020). In contrast to Schjoedt et al. (2009), discussed below, the results held for all regions except the left dorsolateral prefrontal cortex when compared to the recital of a happy nursery rhyme. In a subsequent study, Azari et al. (2005) subjected the retrieved results to a principal component analysis (PCA) to distinguish neural representations of religious experiences from non-religious emotional states. They identified the negative loading patterns of PC9 and PC11 as being associated with religious experiences, the first of which negatively corresponded with the precuneus in a slightly more caudal position. PC11 is negatively associated with frontal regions, possibly related to self-referential mental activity. The fact that the limbic system was not implicated in the results may indicate that religious experiences are complex cognitive phenomena that are not predominantly grounded in automatic brain responses.

Elmholdt et al. (2017) found that prayer was correlated with reduced pain sensation through an expectation (non-opioid-linked) neural system that could aid participants in dissociating from negative aspects of pain. No significant positive associations with prayer compared to secular prayer were observed. The reverse contrast exhibited significant areas of activation in several regions, including the precuneus and the dorsolateral prefrontal cortex. This was interpreted as an indication of enhanced working memory, executive control, cognitive appraisal, and attentional modulation.

Beauregard and Paquette (2006) conducted two studies employing fMRI and EEG. When asking Carmelite nuns to relive their most intense experience of union with God, which was contrasted with experiencing the most intense union with another human being after joining the order, the authors were surprised to find neural differences during the two socio-emotional tasks. Contrary to our expectations that activity in the insula and anterior cingulate cortex would align with the aversion module of attachment, insular recruitment was attributed to the representation of somatovisceral reactions reflecting joy and unconditional love, whereas the anterior cingulate was implicated in the interoceptive detection of emotional signals (Lotze, 2024). In addition, recruitment of the left medial prefrontal cortex possibly served conscious awareness of these emotions. The possibility that the emotional valence of the prayer task might be more negative than accounted for is challenged by increased caudal activations related to happiness, romantic love, and maternal love. In the subsequent EEG study, Beauregard and Paquette (2008) found increased theta power in frontal regions during the mystical condition. These findings may demonstrate feelings of joy and unconditional love but are equally likely to represent sustained attention. Moreover, enhanced gamma activity in the right temporal region could signify the impression of union with God.

Galanter et al. (2017) recruited currently abstaining members of Alcoholics Anonymous who experienced a spiritual awakening. The participants viewed alcohol-craving-inducing images during prayer after reading AA prayers related to promoting abstinence. These outcomes were contrasted with passive viewing or reading unrelated information prior to the task. Increased activity in prefrontal areas indicated voluntary control of emotions, whereas posterior temporal areas manifested semantic reappraisal of emotions. Notably, a subsequent principal component analysis revealed the right insula, inferior prefrontal cortex, and temporoparietal junction to be involved during prayer, indicative of bottom–up control, empathy, and ToM, in line with our hypothesis.

Based on previous findings obtained through a brain–computer interface (BCI) paradigm, Kober et al. (2017) expected individuals who regularly pray to show improved performance during a neurofeedback task due to enhanced cognitive control. Indeed, participants with high prayer frequency were able to linearly increase their sensorimotor-rhythm waves over the course of nine trials, whereas neurofeedback performance levels decreased in participants with low prayer frequency, even though only a small percentage of participants prayed during the task. Better individual performance correlated with increased gray matter volume in the left medial orbitofrontal cortex, a region that the authors linked to performing unspecified tasks. Furthermore, structural results demonstrated that neurofeedback performance positively correlated with the right insula, which may coincide with focusing on the present moment.

Leighton (2021) did not find any significant differences in brain activity in prefrontal areas or the anterior cingulate cortex when comparing prayers of adoration and forgiveness to baseline activity. To provide a rationale, the author states that using EEG rather than other neuroimaging techniques may have skewed their results since the findings were incongruent with other prayer studies. Beyond the postulated regions of interest, the author observed an association between prayer and temporal lobe activity, suggestive of the recall of negative memories. Additionally, the postcentral gyrus was markedly active, possibly related to different components of language processing. Interestingly, the involvement of the temporal region aligns with our hypothesis, given its role in ToM and mentalizing behaviors, despite not being explicitly addressed in the discussion (Beauchamp, 2015).

Neubauer (2014) aimed to elucidate the nature of prayer by comparing personal prayer to imaginatively speaking to a loved one and a baseline control. The outcomes demonstrated enhanced activations in core areas of theory of mind and mentalizing behavior, such as the posterior cingulate cortex, the parietal lobe near the temporoparietal junction, and the medial prefrontal cortex. Those areas were also implicated in the default mode network, subserving introspective thoughts related to the self. Notably, the authors argue that the pattern of observed activation indicates that, for participants, God was experienced as just as real as their loved ones, since perceived interactions with fictional characters may depend on different neural substrates (Abraham et al., 2008).

Two studies conducted by Schjoedt et al. (2009) and Schjødt et al. (2008) contrasted personal improvised prayer and formalized prayer (the Lord's prayer) with making a wish list to Santa Claus or internal speech of a well-known rhyme. A main effect of right caudal activity during prayer as opposed to control conditions was observed after a region of interest analysis focusing on the bilateral caudate. These activations were interpreted as a function of both rewarding repetitive behaviors and the recruitment of the dopaminergic system as a manifestation of trust in God. The second study by Schjoedt et al. (2009) observed, through a whole brain analysis, activation in the anterior medial prefrontal cortex, the precuneus, the temporopolar region, and the temporoparietal junction, in accordance with observations by Neubauer (2014). The authors similarly attributed the stimulated areas to theory of mind as part of social cognition, supported by the default mode network, which may demonstrate the perceived reality of God and expected reciprocity with God. A possible explanation could be habituation, as reciting the Lord's prayer showed no significant differences from the nursery rhyme and demonstrated no meaningful associations with brain regions linked to social cognition.

Silveira et al. (2015) measured the Lord's prayer as well as resting-state connectivity in a Catholic bishop. After decomposing the results into independent components, eight connectivity networks were identified, including the default mode network. However, no significant differences in functional connectivity were observed, suggesting that the neuroscience of religious prayer resembles resting. Interestingly, the previous study could not identify the default mode network in formalized prayer, indicating that the formalized prayer employed by the bishop might involve experiencing social interaction with God beyond habituation effects.

Finally, Surwillo and Hobson (1978) were interested in potential overlap between transcendental meditation and prayer, as the former coincided with a slowing of electrocortical rhythms. Alternatively, they observed that Christian prayers of adoration and praise, compared to resting, correlated with increased bilateral EEG frequency signals between the parietal and occipital lobes, potentially reflecting heightened mental activity. The authors noted that the speeding of the signal might correspond with effects observed in professional yoga meditators.




Discussion

This systematic review aimed to investigate whether the neural correlates of attachment relationships and prayer converge. The included studies were mostly of good quality, although one record was excluded during the quality assessment.


Mentalizing module

We hypothesized that the neural correlates of prayer would correspond with those implicated in the mentalizing module of attachment, which includes the medial prefrontal cortex, precuneus, posterior superior temporal gyrus, temporo-parietal junction, and posterior cingulate, as well as the anterior superior temporal and fusiform gyrus (Vrticka, 2017; White et al., 2020; Long et al., 2020). Mentalization involves specific aspects of social cognition, broadly defined as the neurocognitive process of interpreting the behaviors of others. Social cognition has been further subdivided into social perception, understanding, and decision-making, with mentalizing behaviors primarily involved in social understanding (Arioli et al., 2018). The widespread activations observed in the medial prefrontal cortex, precuneus, posterior superior temporal gyrus, and temporo-parietal junction suggest that multiple regions commonly associated with mentalizing behaviors and theory of mind were engaged during prayer, as shown in Figure 2. This aligns with the definition of mentalizing as imaginative mental activity that interprets others' affective states and dispositions in terms of beliefs, desires, feelings, goals, and needs, as well as with William James' description of prayer as “inward communion or conversation with the power recognized as divine” (Fonagy and Luyten, 2009; Neubauer, 2014; White et al., 2020). Accordingly, believers may attribute different information, mental states, and motivations to God, necessitating the recruitment of the temporo-parietal junction, posterior superior temporal sulcus, precuneus, and medial prefrontal cortex, which are involved in ToM and mentalizing (Frith and Frith, 2012; Arioli et al., 2018). Not all forms of prayer equally engaged neural networks related to social processing, with the effect being most pronounced during improvised prayers (Schjoedt et al., 2009).


[image: Figure 2]
FIGURE 2
 Activation of neural areas during prayer and attachment main effects as a percentage of the total number of participants observed for each region of interest. Approach Module, HYP, hypothalamus; SN, substantia nigra; VMPFC, ventromedial prefrontal cortex; OFC, orbitofrontal cortex; VS, ventral striatum; VTA, ventral tegmental area; Aversion Module, ACC, anterior cingulate cortex; INS, insula; HC/HPA, hippocampus / hypothalamic–pituitary–adrenal axis; AMY, amygdala; ATP, adenosine triphosphate; emotion (self-)regulation module, DLPFC, dorsolateral prefrontal cortex; LOFC, lateral orbitofrontal cortex; mentalizing module, MPFC, medial prefrontal cortex; PCC, posterior cingulate cortex; PREC, precuneus; PSTS/TPJ, posterior superior temporal sulcus/temporoparietal junction; ASTG, anterior superior temporal gyrus; FG, fusiform gyrus; additional areas, IFG, inferior frontal gyrus. MOFC, medial orbitofrontal cortex; MTG, middle temporal gyrus. Areas belonging to each module of attachment were adopted from two prior studies reviewing the neuroscience of attachment (White et al., 2020; Long et al., 2020).


Included studies found enhanced activity in areas associated with resting state activity, commonly referred to as the DMN. This area shows extensive overlap with the mentalizing network (Neubauer, 2014; Silveira et al., 2015; Schjoedt et al., 2009). It has been suggested that the DMN facilitates social processing similar to the aforementioned functionality, reflecting the importance of contemplating social interactions or their absence (Schilbach et al., 2008). We would like to extend this interpretation by noting that the DMN has also been associated with the maintenance of certain aspects of internal working models (White et al., 2020; Alves et al., 2019). In keeping with attachment theory, the internal working models of the self and others are formed through early experiences with primary caregivers, primarily based on their availability and emotional sensitivity (Laurita et al., 2019). These working models were thought to remain stable after early childhood, but current research using both implicit and explicit measures suggests that they can be altered over time, as previously mentioned (Buchheim et al., 2012b; Dugan et al., 2024). In line with observed DMN activity, prayer may engage these internal working models of attachment, providing preliminary neuroscientific evidence for the connection between prayer to God and attachment-related goals, such as seeking a safe haven or departing from an internalized secure base from which to explore the world (Granqvist and Kirkpatrick, 2013; Cherniak et al., 2021; Hall et al., 2009; Kirkpatrick, 2005). Supporting this notion, individuals are more inclined to pray during unexpected aversive experiences (Lucchetti et al., 2021; Thomas and Barbato, 2020; Szałachowski and Tuszyńska-Bogucka, 2021; Sinding Bentzen, 2021). Such findings may indicate an attachment-related coping mechanism, consistent with the idea that the attachment system is primarily activated during negative circumstances (George and West, 2001).

Two observations did not align with the hypothesized convergence between the mentalizing module of attachment and prayer. First, prayer did not reveal significant interactions within the fusiform gyrus and anterior superior temporal gyrus. These areas relate to the interpretation of body language and facial expressions, supported by the extrastriate body area, the fronto-insular-temporal network, and the fusiform gyrus (Amoruso et al., 2011). Conceivably, perceived interaction with a supernatural entity precludes neural enhancement in areas related to the perceptual elements of social cognition (Arioli et al., 2018; Amoruso et al., 2011). Evidence from one of the included prayer studies indeed exhibited overlap between prayer and the DMN. An important caveat is that comparing prayer with speaking to a loved one revealed smaller areas of enhanced neural recruitment (Neubauer, 2014). Similar to different aspects of theory of mind, this might indicate that prayer can be differentiated from other forms of social behavior in terms of the additional neural areas that need not be engaged (Molenberghs et al., 2016). Secondly, it is noteworthy that the mentalizing module of attachment was less frequently implicated in the main effects of attachment compared to prayer. Nonetheless, prior studies indicate that mentalizing areas are significant to attachment experiences—findings that cannot be easily dismissed (Fonagy et al., 2023; Baskak et al., 2020). The disparity may have resulted from utilizing negative attachment stimuli such as the AAP or the threat primes (Labek et al., 2016; Lemche et al., 2006; Nash et al., 2014). These stimuli would not only activate neural areas pertaining to the mentalizing module of attachment but might also enhance other neural correlates in relation to the push-pull mechanism that situates mentalizing behaviors in the broader context of aversion, approach, and emotion (self-)regulation modules of attachment (Vrtička and Vuilleumier, 2012). Our interpretation is supported by the greater incidence of the amygdala in attachment compared to prayer studies, suggesting a greater fear response obtained through negative stimuli (Šimić et al., 2021; Lemche et al., 2006). In addition, pleasant stimuli could relate to enhanced recruitment in mentalizing areas, consistent with a primary attachment strategy observed in secure individuals (Galynker et al., 2012; Petrowski et al., 2019; Liu et al., 2017). If true, the prayer conditions might have been perceived as more engaging, resulting in greater recruitment of the mentalizing areas compared to the attachment stimuli. Although an aversive stimulus could possibly activate mentalizing regions in anxious participants due to their hypervigilant strategy, this effect might have been mitigated by the inclusion of avoidant and securely attached individuals in the main effects—despite initial hypervigilance in avoidant individuals to identify attachment information (Canterberry and Gillath, 2013). A complicating factor in this regard is that attachment studies recruited a significant number of insecurely attached individuals. The fact that non-clinical populations are characterized by more secure attachment styles is estimated to influence reported outcomes (Bakermans-Kranenburg and van IJzendoorn, 2009; van IJzendoorn and Bakermans-Kranenburg, 1996).



Approach and aversion modules

The approach and aversion modules were expected to show enhanced activation only to a slight degree. The reason being that, although prayer does not necessitate the visible presence of another human being, a posture of openness to the possibility of (mental) interaction with God might require imaginative approach behaviors. Conversely, we hypothesized that participants with a negative God image would recruit the aversion module. However, the God images of participants included in the prayer studies were not assessed, warranting caution in making definitive claims. None of the approach-related areas was shown to be reliably activated in both the attachment and prayer conditions, with the exception of a prayer study that assessed only one Catholic bishop and a record on attachment using both pleasant and unpleasant pictures, as mentioned in Figure 2. Although the second study observed medial orbital frontal cortical activations, this was interpreted by the researchers as an evaluation of decision outcomes (Vrticka et al., 2013; Silveira et al., 2015). Despite not being implicated within the postulated approach module, three prayer studies reported enhanced activations in the caudate nucleus (Galanter et al., 2017; Beauregard and Paquette, 2006; Schjødt et al., 2008). The caudate has previously been identified as important in happiness as well as maternal and passionate love, and it is functionally associated with the limbic system through the ventral striatum, which includes the ventral caudate (Damasio, 2012; Bartels, 2006; Bartels and Zeki, 2004; Shih et al., 2022). Moreover, ventral and dorsal regions of the caudate play distinct roles in processing immediate and future rewards, respectively, with the dorsal caudate, for example, showing engagement during the assessment of future monetary rewards within social contexts (Tricomi et al., 2004; Duarte et al., 2020; Driscoll et al., 2025). In line with the included studies, we interpret the implication of the dorsal caudate as reflecting anticipation of future rewards during the experience of interpersonal interaction with God, indicating trust in God to reciprocate prayer (Schjødt et al., 2008; Graff-Radford et al., 2017). These connections with love and (future) reward may align with the literature on attachment. First, two studies reported activity in the caudate nucleus as a main effect of watching a picture of a participant's mother and the AAP (Galynker et al., 2012; Petrowski et al., 2019; Liu et al., 2017). Recruitment of the caudate during the latter might result from depictions of a goal-corrected partnership within the attachment-caregiving dyad (Bowlby, 1982). Importantly, greater insecurity was related to enhanced left caudal activations as well, indicating augmented reward processing for employing a secondary strategy of “clinging” to attachment figures to assuage or prevent distress (Yaseen et al., 2016). Although not within the postulated approach network, these regions might provide some indication of expected social reciprocity in both prayer and attachment behaviors.

Neural correlates associated with the aversion module of attachment displayed widespread differences between attachment and prayer. First, a greater incidence of the amygdala, anterior cingulate cortex, and hippocampus during the attachment tasks was observed. The amygdala is mainly involved in fear processing, whereas the hippocampal and anterior cingulate activations may reflect experiences of social pain and emotional recall, respectively (Buchheim et al., 2012a; Acosta et al., 2018; Bracht et al., 2022; Quirin et al., 2010; Buchheim et al., 2012b; Norman et al., 2015; Apkarian et al., 2005). We attribute these differences to the negative nature of the attachment stimuli employed, as well as to a purportedly greater number of insecure individuals within attachment studies. Second, the insula and anterior temporal pole, designated as part of the aversion module of attachment, were primarily recruited during prayer. This was unexpected, as prayer studies did not employ emotionally arousing stimuli, consistent with decreased involvement of the amygdala. In addition, the samples in prayer studies likely consisted of a greater number of securely attached individuals (Bakermans-Kranenburg and van IJzendoorn, 2009). In line with observations from the attachment studies included in this review, we therefore propose that insular involvement during prayer reflects interoceptive awareness, more effective emotion recognition, and improved emotion regulation (Galanter et al., 2017; Petrowski et al., 2019; Menon and Uddin, 2010; Molnar-Szakacs and Uddin, 2022; Terasawa et al., 2015; Damasio et al., 2013). Although insular enhancement indeed depends on attachment style, its role may also include regulating the level of access to information entering (un)conscious thought, self-reflective behavior, and salience detection, in addition to revealing an aversive response (White et al., 2020; Long et al., 2020; Menon and Uddin, 2010; Terasawa et al., 2015; Chong et al., 2017; Gibson, 2024; Modinos et al., 2009). In accordance with regions implicated in the mentalizing module of attachment, stronger insular engagement was found in anxious individuals, potentially indicating better access to attachment information, suggestive of a hypervigilant strategy (Lemche et al., 2006; Dewall et al., 2012; Vrticka et al., 2008; Vrtička et al., 2014). Consequently, the hyperarousal strategy typical of attachment avoidance was demonstrated by deactivations in the insula during social rejection, alongside decreased gray matter volume in the anterior insula, with the exception of insular activity in a priming study, as discussed in the mentalizing paragraph (Dewall et al., 2012; Canterberry and Gillath, 2013; Acosta et al., 2018). Therefore, our findings indicate that the insula is not only central to the aversion module of attachment but may also contribute to interoceptive awareness, access to emotional information in response to positive attachment experiences, salience detection, and self-reflective behavior, alongside its previously established role in processing social and physical pain (Yaseen et al., 2016; Petrowski et al., 2019; Kross et al., 2011; Uddin et al., 2017; Coan et al., 2006; Eisenberger et al., 2011). In brief, the neural correlates of the aversion module show mixed results in their overlap with prayer, with insular recruitment in prayer studies serving one of the aforementioned functions.



Emotion (self-)regulation module

The neural correlates of the self-regulation module were expected to be mobilized during prayer and attachment relationships. This expectation was based on prior studies that associated prayer with improved self-regulation, similar to various types of meditation (McCullough and Carter, 2013; Friese and Wänke, 2014; Tang et al., 2015, 2014). Although the self-regulation strategies employed to discard emotionally neutral events might be functionally distinct from those used to regulate emotions in attachment experiences, neural correspondence between prayer and attachment in these areas could signify a shared mechanism. This is especially true for improvised prayers that more closely reflect attachment experiences (Schjoedt et al., 2009). Two studies reported enhanced recruitment of the dorsolateral prefrontal cortex after contrasting formalized and improvised prayers, implying conscious monitoring of thoughts (Schjoedt et al., 2009; Azari et al., 2001; Raccah et al., 2021; McIntosh et al., 1999). Differences across prayer types likely indicate variations in religious experiences and their corresponding neuropsychological correlates, as well as the fact that formalized prayers are more prone to habituation effects. However, several outcomes suggest that formalized prayers might similarly recruit mentalizing areas (Silveira et al., 2015). Notably, in two prayer records, the condition of reference exhibited enhanced dorsolateral prefrontal and lateral orbitofrontal cortex activations, resulting from the cognitive control required when altering a habitual practice by praying to Santa Claus instead of God (Schjoedt et al., 2009; Elmholdt et al., 2017; Hertrich et al., 2021). In attachment studies, the dorsolateral prefrontal cortex was consistently involved in attachment conditions that evoked negative emotions (Vrtička et al., 2012; Buchheim et al., 2008; Lemche et al., 2006; Buchheim et al., 2013; Krause et al., 2016; Buchheim et al., 2016). This effect was most pronounced in unresolved participants, whereas unresolved borderline patients did not engage the dorsolateral prefrontal cortex, signifying their inability to self-regulate during heightened distress (Ochsner and Gross, 2005). Currently, we cannot determine whether conscious monitoring of thoughts during formalized prayer bears a functional similarity to the self-regulation module of attachment, since it is unclear to what degree the attachment system was engaged during structured forms of prayer and whether similar mechanisms were at play. In addition, both improvised prayer conditions and positive attachment stimuli did not reveal significant activations in the hypothesized areas. In brief, there are no substantive differences between prayer and attachment regarding the recruitment of areas associated with the emotion (self-)regulation module.



Other faith traditions

Although not discussed in the main body of our study, three of the included studies investigated prayer in other faith traditions (Baykara et al., 2023; AlMahrouqi and Mostafa, 2023; Perez-Diaz et al., 2023). Islamic prayer was explored through structural MRI, highlighting different corpus callosum shapes compared to non-praying controls. The observed changes were not ascribed to specific behavioral or psychological differences. Furthermore, the corpus callosum lies beyond the scope of the neural substrates associated with attachment (Baykara et al., 2023). A second study employing fMRI found that listening to Quran recitals by Muslims, compared to the same condition in non-Muslims, exhibited enhanced activation in the anterior cingulate cortex and insula, as well as the medial prefrontal and superior temporal cortex. From an attachment perspective, the amygdala might be related to aversive experiences, while the latter two regions are implicated in social interactions and ToM, coinciding with findings reported during Christian prayer partial (Ghobary Bonab et al., 2013; AlMahrouqi and Mostafa, 2023). This correspondence between Christian and Muslim prayer was also supported by two EEG recordings that were later identified, revealing increased gamma frequency in parietal and occipital regions (Surwillo and Hobson, 1978; Doufesh et al., 2014, 2012). Future research is warranted to compare Quranic recitals with more formal types of Christian prayer. Conversely, praying in Sahaja Yoga meditation was associated with inner concentration, reduced social judgment, and decreased mentalizing, evident from medial prefrontal deactivations (Perez-Diaz et al., 2023). This observation further supports the notion that religious practices across cultures may vary in terms of functionality and their neural underpinnings (Schjoedt et al., 2009; Newberg, 2014; Wuthnow, 2008).



Limitations and future research

Several strengths must be acknowledged. This is the first systematic review devoted to comparing the neuroscience of prayer and attachment relationships, as well as the first systematic review to compare a specific social cognitive function with a religious experience. As such, this systematic review provides empirically verifiable hypotheses on the mechanisms by which mental health and spirituality may interact.

When considering the extant body of research on attachment and prayer, a primary limitation to address is the relatively small sample sizes employed, particularly in prayer studies. Consequently, the results might be affected by insufficient statistical power, biased effect sizes, and inconsistent findings (Button et al., 2013). Moreover, our inability to analyze the data in a meta-analytic fashion could have resulted in a loss of precision regarding our overview of the neural correlates of prayer and attachment Figure 2. Secondly, the generalizability of our findings is limited by the predominance of female participants in the included populations. This issue was especially problematic in articles using implicit attachment measures, a concern also highlighted in an earlier systematic review (Eilert and Buchheim, 2023). Notably, only one sMRI study conducted in China examined sex differences. The authors observed differences in middle occipital gyrus volumes in relation to attachment avoidance and the biological sex of the participants. This result was attributed to the one-child policy, particularly the overprotection of male children (Zhang et al., 2011). Nonetheless, the extent to which our findings regarding attachment can be extrapolated to male populations remains uncertain. Thirdly, our scope was limited by the inclusion of studies from Europe and North America, with the exception of three attachment-related records from Asia. This increases the risk of selection bias resulting from cultural influences (Wuthnow, 2008). Finally, the assumption that prayer in an fMRI or neuroimaging environment corresponds to everyday prayer practices has been challenged by prior research in a mock-fMRI setting (Ladd et al., 2015). Although some of the included studies used debriefing protocols to assess the validity of prayer experiences, this was not standard practice and may have resulted in measurement bias. Future research within the neuroscience of prayer should include such questionnaires and aim to facilitate authentic prayer experiences (Ladd et al., 2015).

With much yet to uncover in the social neuroscience of attachment and the neuroscience of prayer, there are a few considerations for future research. First, none of the implicit attachment studies separately measured the activated attachment system in preoccupied individuals or compared implicitly assessed preoccupation with avoidance (George and West, 2001). Such findings would be crucial for distinguishing patterns of hypo- and hyperarousal in attachment literature more broadly and for the relationship between prayer and attachment more specifically (Long et al., 2020). Importantly, secondary strategies of attachment were primarily assessed through explicit measures that reflect more conscious forms of processing, necessitating more research in this area (Yaseen et al., 2016). In the previous sections, observed divergence in the mentalizing and aversion modules was partly attributed to the negative influence of adult attachment stimuli. It should be examined whether incorporating negative stimuli prior to prayer yields a greater correspondence between prayer and attachment outcomes. Subsequently, these effects may be assessed at the level of main effects, as well as at the level of Correlates for Separate Attachment Styles (CSAS) and Differences Between Attachment Styles (DBAS), as mentioned in Tables 3–7. If convergence is indeed observed, it may highlight a physiological return to homeostasis through internal working models recruited during prayer, depending on one's representation of others and of God (Granqvist and Kirkpatrick, 2013; Porges, 2022). In addition, neuroimaging research offers the unique opportunity to bypass explicit beliefs and investigate whether individuals with insecure attachment styles implicitly compensate for their insecurity by having a more secure relationship with God, or whether there is correspondence between attachment to God and to others (Cherniak et al., 2021). Finally, future studies are warranted to explore how different religious practices within one religion relate to one another, for instance, investigating glossolalia: a type of prayer not addressed in this study (Walter, 2021; Chouiter and Annoni, 2017; Newberg et al., 2006).

To conclude, this systematic review lends further support to the previously established role of the default mode network in prayer, while adding that this network corresponds with the mentalizing module of attachment, involving the recruitment of internal working models of attachment. Furthermore, no significant differences were observed when comparing prayer to attachment within neural areas pertaining to the approach and self-regulation modules, with caudal activations potentially reflecting experienced social reciprocity related to trust in others and trust in God. A pronounced disparity between attachment and prayer was observed in areas of the aversion module. It was particularly unexpected that the insula exhibited enhanced activation during prayer practices: a finding attributed to the potentially multifaceted nature of the insula beyond its previously established role in aversive experiences. Future research is warranted to verify the hypothesized interaction between attachment and prayer for individuals with different attachment styles. Subsequently, the outcomes may inspire randomized controlled trials (RCTs) on the impact of prayer on attachment, to develop strategies for integrating religious beliefs in psychotherapy and ultimately improve therapeutic outcomes for clients.
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clectroencephalogram; IMRI, functional magnetic resonance imaging: FWE, family-wise error; IFG, inferior frontal gyrus; INS, insula; IPL, inferior parietal lobule; [OC, inferior occipital cortex; LG, lateral geniculate; LOEC, lateral orbitofrontal cortex; MFC, medial
frontal cortex; MOEC, medial orbitofrontal cortex; MOC, middle occipital cortex; MPEC, medial prefrontal cortex; MTG, middle temporal gyrus; MTC, middle temporal cortex; PC(A), principal component (analysis); PCC, posterior cingulate cortex; PCG, postcentral
gyrus; PET, positron emission tomography; PEC, prefrontal cortex; PMTG, posterior medial temporal gyrus; PPC, posterior parietal cortex; PREC, precuneus; ROI, region of interest; SFG, superior frontal gyrus; SPECT, single photon emission computed tomography;
SPL, superior parietal lobule; STG, superior temporal gyrus; TPJ, temporo-parietal junction; VMPEC, ventromedial prefrontal cortex.
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References = Adults  Imaging Attachment =~ Attachment Stimuli Main findings: neural correlates of Corrected

sample technique assessment  styles attachment for multiple
(female) instrument assessed (R: right, L: left) comparisons
Buchheim et al. 11 MRI Whole | AAP interview F, secure; AAP Increasing ME, main effects of attachment stimuli including all Uncorrected
(2006) (F=11) brain Ds, dismissing; attachment classifications;
E, preoccupied; system effect | CSAS, correlates for separate attachment styles;
U, unresolved DBAS, differences between attachment styles
ME: L SFG, L MFG, R/L precentral gyrus, R/L MSTG, R/L
F/Ds/E: 6 occipital cortex, R/L caudate nucleus, globus pallidus, R
U:5 ACC, L/R cerebellar hemisphere

DBAS, unresolved > resolved: R IFG, L STG, L caudate
nucleus, R/L AMY

DBAS: unresolved > resolved for all AAP stimuli: R
precentral gyrus, IFG, L STG, R occipital cortex

DBAS: unresolved > resolved for monadic AAP stimuli:
ACC, and parahippocampal gyrus for dyadic AAP stimuli

Lemche et al. 12 fMRI Whole Reaction time Secure: 7 Subliminal prime Neutral ME: R MTG, L DLPFC, R VLPEC, L STG, RIPL, L MOG, L P < 0,005
(2006) (F=5) brain difference to Insecure: 5 sentences of prime INS, L putamen, R cuneus, R/L AMY Cluster-wise
stress primes unpleasant sentences CSAS, insecurity: L VLPFC, L IPC, L MTG L STG, RDACC | probability
attachment R/L AMY threshold

experiences based
on the design of
Maier et al. (2004)

Petrowski et al. 38 fMRI Whole AAP interview F: 14 Faces of romantic Viewing ME: R/L MFG, L SFG, RIFG, R precentral/postcentral gyrus, P < 0,001
(2019) (F=28) Brain Ds/E: 15 partners and unfamiliar SMA, R/L MTG, R/L supramarginal gyrus, R/L INS, R Cluster-wise
U9 parents faces rolandic operculum, I precuneus, R/L ACC, L PCC, R/L probability
cingulate gyrus, R/L thalamus, R/L cerebellum, R cerebellar | threshold,
vermis, L caudate nucleus, L hippocampus, L uncorrected at
parahippocampal gyrus, L AMY voxel level

DBAS, secure > disorganized: L IPL, L STG, L INS, R ACC,
RMCC, L cerebellum/cerebellar vermis

DBAS, insecure > disorganized: R IFG, L IPL, R putamen,
RMCC

DBAS, secure > insecure, insecure > secure, disorganized
> secure and disorganized > insecure: no suprathreshold

voxels
Yaseen etal. 28 fMRI Whole AAl interview F: 15 Valence and Neutral ME in salience contrast: increased activity in R/L P < 0,005
(2016) (F=28) brain Ds: 4 salience viewing of viewing thalamostriatal system and PCC, deactivations in the R/L Cluster-wise
E:4 pictures of mother pictures of OPFC probability
U:3 mother ME in valence contrast: increased activity in R/L threshold

thalamostriatal system, PCC and L INS

CSAS, security: increased activity in R parahippocampal
gyrus, R PCC, R FG, and deactivations in the R/L cuneus
CSAS, dismissiveness: increased activity in R cuneus, L
lingual gyrus, R/L thalamus, deactivations in: L MFG, R/L
temporal lobe white matter tracts, R ACC, parahippocampal
gyri, CC

AMY, amygdala; CC, corpus callosum; CSAS, correlates for separate attachment styles. DACC, dorsal anterior cingulate cortex; DBAS, differences between attachment styles; DLPEC, dorsolateral prefrontal cortex; Ds, dismissing; E, preoccupied; E secure; EG, fusiform
gyrus; IMRI, functional magnetic resonance imaging; IEG, inferior frontal gyrus; INS, insula; IPC, inferior parietal cortex; IPL, inferior parictal lobule; ME, main effects; MFG, middle frontal gyrus; MOG, middle occipital gyrus; MSTG, middle superior temporal
gyrus; MTG, middle temporal gyrus; OPEC, orbital prefrontal cortex; PCC, posterior cingulate cortex; SEG, superior frontal gyrus; SMA, supplementary motor area; STG, superior temporal gyrus; U unresolved; VLPEC, ventrolateral prefrontal cortex.
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References Sample size Imaging Attachment =~ Attachmentstyles Stimuli Main findings: neural Corrected
(females) technique assessment correlates of attachment for
[comorbidity/ instrument (R: right, L: left) multiple
healthy comparisons
controls (HC)]

Bernheim et al. 26 (F=26) fMRI Whole AAP interview E Secure; AAP with AAP with ME, main effects of attachment stimuli P<

(2022) BPD 26 brain Ds, Dismissing; personalized neutral including all classifications; 0,05 cluster-

E, preoccupied; sentences sentences CSAS, correlates for separate attachment wise FWE
U, unresolved styles; corrected
For monadic DBAS, differences between attachment styles
AAP stimuli:
F/Ds/E: 8 ME: bilateral fronto-temporal and occipital
U: 18 activation
For dyadic AAP stimuli: DBAS, more unresolved BPD > resolved
F/Ds/E: 22 for monadic AAP stimuli: R STS, AMCC, L
U:4 thalamus, R/L AINS, RAMY
DBAS, more unresolved BPD patients >
resolved participants, for monadic > dyadic
AAP stimuli: L VMPEC, DMCC/PCC, L
AINS, R AMY
DBAS, more unresolved BPD > resolved
for dyadic AAP stimuli: No suprathreshold
voxels

Buchheim et al. 30 (F =30) fMRI Whole AAP and AAL HC F/Ds/E: 10 AAP stimuli Baseline ME in controls for all AAP stimuli: L P < 0,001

(2008) HC17 brain interview HCU:7 (pre-speech + DLPFC, L VLPEC, R SFG, L PREC, L Voxel-wise
BDP 11 BPD U: 11 narrative) precentral gyrus, R SPL, R parahippocampal | probability

gyrus, R/LOC threshold and a
ME in BPD patients for all AAP stimuli: R P <005
VLPFC, L SFG, R PREC, R/L precentral Cluster-wise
gyrus, R cuneus, R/L OC, R/L cerebellum probability
DBAS, ranking from lowest to highest ACC | threshold
activity in response to monadic and dyadic

AAP stimuli: resolved controls, unresolved

controls, unresolved BPD patients

DBAS, ranking from lowest to highest

parahippocampal gyrus activity in response

to monadic and dyadic AAP stimuli:

unresolved BPD patients, resolved controls,

unresolved controls

DBAS, ranking from lowest to highest STG

activity in response to dyadic viewing AAP

stimuli: resolved and unresolved controls

(equal), unresolved BPD patients

Buchheim etal. 36 (F/M ratio not fMRI Whole AAP interview Although not specified, AAP with AAP with DBAS, more unresolved MDD patients > Uncorrected

(20120) significantly brain Most likely similar to personalized irrelevant resolved participants: increased activity in
different across (Buchheim et al., 2012b) sentences sentences AMPEC, L MTG, VACC, L AMY, AHC
groups) below
HC17
MDD 16

Buchheim et al. 36 (F/M ratio not fMRI Whole AAP interview HC F/Ds/E: 17 AAP with AAP with DBAS, more unresolved MDD patients > Uncorrected

(2012b) significantly brain HCU:3 personalized irrelevant resolved participants: AMPEC, L MTG,
different Patients F/Ds/E: 9 sentences sentences VACC, L AMY, AHC
across groups) Patients U: 11
HC17
MDD 16 After 15 months of

therapy, only four of the
remaining 18 patients
were judged unresolved

Buchheim et al. 1 (F=1) a female fMRI Whole AAP interview Ul AAP with AAP with ME summary: VLPFC, DLPFC, perigenual P < 0,017

(2013) with narcissistic brain personalized neutral portion of MPFC, PCC, PREC, MTG, cluster-wise
traits. sentences sentences anterior tip of the ITG, occipital/calcarine corrected via
and dysthymia cortex. RET for

ME in Table 3 of reported study: posterior

L Inf. frontal orbital, L. Inf. temporal, L cingulate, other
medial temporal, L medial frontal orbital, L. levels of
medial frontal orbital, R superior occipital, R | significance are
calcarine, L SMA, L superior frontal, R specified in
precentral, R inferior frontal operculum, R Table 3 in the
medial temporal, right superior temporal, L article

medial cingulum, L inferior parietal area

Buchheim et al. 28 (F=28) fMRI Whole AAP interview HC F/Ds/E: 10 AAP Increasing ME for all controls: DLPFC, MPFC, AMY P <005

(2016) HC17 brain HCU:7 attachment CSAS, resolved controls: STS Cluster-wise
BPD 11 BPD U: 11 system effect CSAS, unresolved controls: DLPFC, SFG, FWE corrected

AMY

CSAS, unresolved BPD patients: STS, CG,
ACC, AMY

CSAS, unresolved BPD patients and
controls: STS, MPFC, AMY

DBAS, unresolved controls > resolved
controls: DLPFC, AMY

DBAS, resolved controls > unresolved BPD
patients: MPFC

DBAS, unresolved controls > unresolved
patients: DLPFC, MPFC

Flechsig et al. 41 (F=41) fMRI Whole AAP interview AAP score ascribed AAP with AAP with DBAS, more unresolved BPD patients > Two-sided P <

(2023) HC23 brain ranging from 1-4 for personalized neutral more resolved controls: L AMY, AMCC 0,0032
BPD 18 each attachment in order sentences sentences DBAS, more unresolved BPD patients > voxel-wise

of appearance (E Ds, E, more resolved controls after one year of corrected,
U), with lower scores in DBT: no suprathreshold voxels method not
the BPD group reflecting specified
insecure attachment

Galynker et al. 28 (F=28) fMRI Whole AAl interview AAI coherence of mind Viewing Viewing ME, Mother > Stranger: R/L CG, L EMC, Absolute

(2012) HC 14 brain score from 1-9 with 6-9 | photographs of photographs | R/LLOC, AG, RPRRIFG,RIC,RTRLFP, | Z-score higher
MDD 14 representing secure, 1-3 mother of close L FOC, R/L TOFC, L TFC, L MTG, and than 2,32 (P <

representing insecure female deactivations in L FP, R/L SMG, R Postcentral 0,01) Voxel-
attachment and 4-5 friend or Gyrus, R Precentral Gyrus, R LOC in the wise corrected
indeterminate strangers superior division, R MFG, RIC, L PG P<

ME, Mother > Friend: R MFG, L PG, RIFG, 0,05 Cluster-

deactivations in the R Frontal Pole, L Lateral wise FWE

Ventricular Frontal Pole corrected

CCAS, insecure attachment Mother >

Stranger contrast: L SFG, L PCG, R/L MFG,

L SPL, R/L SMG, R LOC, L FOC, R/L FP, R/L

Thalamus, R/L Caudate, R IC, deactivations

in the R/L Posterior CG, L PREC, R/L AG, R

PP, R/L FP, R SMG, L MFG, LLG

CCAS, insecure attachment Mother >

Friend contrast: L ventral caudate,

R medial thalamus, deactivations in the L

occipital fusiform gyrus, R PREC, R

intracalcarine cortex

Zhangetal. 28 (F=28) MRI Whole | AATinterview AAI coherence of mind | Viewing Viewing DBAS, more secure attachment in healthy Uncorrected

(2011) HC 14 Brain score from 1-9 with 6-9 | photographs of images of a controls > more insecure attachment in
MDD 14 anda representing secure, 1-3 | mother female patients with MDD for mother > stranger

GLM representing insecure friend and contrast: deactivations in the APCG
analysis attachment and 4-5 female

to indeterminate strangers

identify

ROL L

anterior

PCG

AAL adult attachment interview; AP, adult attachment projective; ACC, anterior cingulate cortex; AG, angular gyrus; AINS, anterior insula; AMCC, anterior midcingulate cortex; AMY, amygdala; APCG, anterior paracingulate gyrus; BPD, borderline personality
disorder; CG, cingulate gyrus; CSAS, correlates for separate attachment styles; DBAS, differences between attachment styles; DBT, dialectic behavioral therapy; DMCC, dorsal medial cingulate cortex; Ds, dismissing E, preoccupied; E, secure; FMC, frontal medial

cortex; MRI, functional magnetic resonance imaging; FOC, frontal orbital cortex; F, frontal pole; FWE, family-wise error; HC, healthy controls/hippocampus; IC, insular cortex; ITG, inferior temporal gyrus; LG, lingual gyrus; LOC, lateral oceipital cortex; MDD,
major depression disorder; ME, main effects; MEG, middle frontal gyrus; MTG, middle temporal gyrus; OC, occipital cortex; PG, postcentral gyrus; PCG, paracingulate gyrus; PP, planum polare; PREC, precuneus; RET, random field theory; ROL region of interest;
SEG, superior frontal gyrus; SMG, supramarginal gyrus; SPL, superior parietal lobule; STS, superior temporal sulcus; TEC, temporal fusiform cortex; TOFC, temporal occipital fusiform cortex; TP, temporal pole; U, unresolved; VACC, ventral anterior cingulate cortex.





OPS/images/fpsyg-16-1569514-t001.jpg
Population

Intervention

Comparator
(control group)

Outcomes of
interest

Study type

Mentally healthy adults of various backgrounds and
attachment styles

Attachment style assessment through self-report
measures or interviews. Participants are exposed to a
stimulus that activates the attachment system while
being scanned through a neuroimaging technique to
explore the neural correlates of attachment

Activity in the attachment condition was compared to a
non-attachment control condition

Neural activation during activation of the attachment
system in human beings in comparison to a
non-attachment control condition. Data on the
activation pattern of neural areas in included articles
should be obtained through neuroimaging methods
similar to the techniques mentioned in the extended
screening protocol, uploaded in OSF

Critically appraised studies that assess the neural
correlates of attachment relationships or object
relations through neuroimaging techniques
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Population

Intervention

Comparator
(control group)

Mentally healthy adults of various backgrounds and
attachment styles

Included prayer studies should expose participants to
any form of colloquial, meditative, and/or improvised
Christian prayer performed by adults who are praying
alone. Studies on other forms of Christian prayer
(petitionary or ritual prayer) might be analyzed
separately

A non-prayer control condition. Examples are reading
a poem out loud or making wishes to Santa Claus. At
least, the prayer-exposure should be controlled for by
baseline activity

Outcomes of
interest

Study type

Neural correlates of Christian prayer in comparison to
a control condition. Data should be obtained through
neuroimaging methods

Critically appraised studies that assessed the neural
correlates of Christian prayer through neuroimaging
techniques
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References Sample  Imaging Neuroimaging Field of Attachment Attachment Main findings: volumetric results Corrected for

size technique = modality view instrument styles assessed across attachment styles (R, right; multiple
(female) L, left) comparisons
Bracht etal. 66 (F/M dMRI Diffusion weighted ROIL: CMPH AAS-R S, secure ME, main effects of attachment stimuli including all P < 0,025
(2022) ratio not MRI Av, avoidant; classifications; Bonferroni corrected
significantly Ax, anxious; CSAS, correlates for separate attachment styles;
different FA. fearful-avoidant DBAS, differences between attachment styles
across groups)
HC 18 Gray matter volume CSAS, Av, Mean Diffusivity (MD): decreased volumes
MDD 48 regressed for attachment | in the HC and higher mean diffusivity in the PHC
anxiety and avoidance CSAS, Ax, mean diffusivity (MD): no volumetric or
mean differences in HC and PHC
Low Ax: 28
High Ax: 20
Low Av: 21
High Av: 27
Picerni etal. 79 (F=43) SMRI DTIand VBM on ROI: AAS Ax CSAS, Ax, increased GMV in: L cerebellum crus 2, R P < 0,05
(2022) the cerebellum R/L OFC, cerebellum lobule VI, R MOFC Cluster size 50 voxels,
middle frontal Cluster-wise FWE
area, INS, CC, corrected
and
cerebellum
Quirin etal. 22(F=11) | sMRI DTI ROIL: R/L HC ECR Regression analysis with CSAS, Av, decreased GMV in: L HC, revealinga trend | Threshold of t = 3.53 (P
(2010) Av, Ax, and gray matter toward decreased GMV in R HC as well < 0.001, uncorrected) to
concentration CSAS, Ax, decreased GMV in: L HC identify significant
cluster activations
P-values at cluster level
were determined using
RFT
Rigon etal. 20 (F =20) SMRI DTI ROL AMY, ECR-R Avand Ax CSAS, Av, mean diffusivity (MD) controlled for P < 0,008
(2016) HC, Caudate anxiety: lower structural integrity in R/L AMY but no Bonferroni corrected
correlation in HC and caudate
CSAS, Av, fractional anisotropy (FA) controlled for
anxiety: greater more organized and compact white
matter fibers in the R UF
CSAS, Ax controlled for avoidance: no significant
correlations in the ROIs
Serra etal. 53 (F=22) SMRI DTI ROL: UE CM, SS N CSAS, security, mean diffusivity (MD): no significant Not mentioned
(2015) EM, IFOE ILE, correlations in the ROIs
SLE CSAS, security, fractional anisotropy (FA): greater
FA in L UE L IFOE L SLE and L CMh
CSAS, security, axial diffusivity (AD): No significant
correlations in the ROIs
CSAS, security, radial diffusivity (RD): lower RD in
L UE LIFOE L SLE L CMh

AAS: adult attachment style AAS-R: revised adult attachment scale ACG: anterior cingulate gyrus AD: axial diffusivity Av: avoidance; Ax: anxiety; CC: cingulate cortex CMh: hippocampal region of the cingulum; CMPH: parahippocampal region of the cingulum;
DWI: diffusion weighted imaging; FA: fearful-avoidant/fractional anisotropy; EM: forceps minor; IFOF: inferior frontal occipital fasciculus; ITG: inferior temporal gyrus; MDD: major depressive disorder; MD: mean diffusivity; RD: radial diffusivity; S: secure; SLF:
superior longitudinal fasciculus; $S: Kerns security scale UF: uncinate fasciculus.
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References

Sample size
(female)

Imaging
technique

Attachment
assessment
instrument

Attachment
styles

Main findings: neural
correlates of attachment
(R, right; L, left)

Corrected
for

multiple
comparisons

Canterberry
and Gillath
(2013)

30 (F=15)

fMRI

Whole
brain

ECR

S, secure;

Av, avoidant;

Ax, anxious;

FA, fearful-avoidant

A regression analysis was
conducted for avoidant
and anxious attachment
styles.

Individual attachment
classifications were not
specified

(Sub)liminal
attachment
(in)security-related
prime sentences.
They modified the
design of Murphy
and Zajonc (1993)

(Sub)liminal
implicit and
explicit
neutral
primes

ME, main effects of attachment stimuli
including all classifications;

CSAS: correlates for separate attachment
styles;

DBAS, differences between attachment styles
ME during explicit security vs. neutral
contrast: MFG

ME during explicit security vs. explicit
insecurity contrast: R PG, L FFG, L MTG, L
PHG, L MFG, R MTG, L cerebellum nodule,
R/L cerebellum declive

ME during explicit insecurity > explicit
neutral contrast: L MTG, L STG, L IFG

ME during explicit insecurity > explicit
security contrast: L STG

CSAS, avoidance for explicit security >
explicit neutral contrast: R caudate, R/L
AMY, L PHG, R/L STG, L precentral gyrus, R
thalamus, L INS, L MTG

CSAS, avoidance for explicit security >
explicit insecurity contrast: L MTG, L STG,
LIP LPHG

CSAS, avoidance for implicit security >
implicit insecurity contrast: no
suprathreshold voxels

CSAS, anxiety for explicit security >
explicit neutral contrast: No suprathreshold
voxels

CSAS, anxiety for explicit security >
explicit insecurity contrast: L Paracentral
Lobule, L CG, L 1P

CSAS, anxiety for implicit security >
implicit insecurity contrast: R MFG, R SFG,
RIFG

Uncorrected

Krause et al.
(2016)

23(F=0)

fMRI

ROL:
AMY, HC
and
DACC

ECR

A regression analysis was
conducted for avoidant
and anxious attachment
styles. Individual
attachment
classifications were not
specified

Listening to secure,
preoccupied and
dismissing speech

Baseline
measurement

ME for dismissing narrative listening >
baseline: increased functional connectivity
between R/L DACC and R/L AMTG

CSAS, anxious attachment controlled for
dismissing attachment: increased functional
connectivity between L DACC and R DLPFC
(uncorrected, controlled for dismissing
attachment)

CSAS, dismissing attachment controlled for
anxious attachment: increased functional
connectivity between R DACC and AMTG,
between R DACC and MPFC (uncorrected,
controlled for dismissing attachment).
Functional connectivity between DACC and
hippocampus failed to show significance

P < 0,05
Voxel-wise
FDR corrected

Liuetal. (2017)

33(F=14)

fMRI

Whole
brain

ECR

S: 16 (8 females)
Av: 17 (6 Females)

Viewing images of
positive romantic
and parent-child
bonding, and
negative romantic
and parent-child
bonding scenes

Viewing
images of
neutral non-
attachment
scenes

CSAS, secure attachment during
engagement with negative emotional
stimuli (but not positive emotional
stimuli): R FFG, R MOG

CSAS, avoidant attachment during
attentional engagement with positive and
negative emotional stimuli: R/L FFG, R/L
MOG

CSAS, avoidant attachment during
attentional disengagement from positive
(but not negative emotional stimuli): R/L
FFG, R/L MOG

DBAS, avoidant > secure attachment
during attentional engagement with
emotional stimuli: R STG, R/L MOG, L
MEFG, SMA, CG

P < 0,05
Cluster size of
20+ voxels,
Cluster-wise
FWE corrected

Nash etal.
(2014)

56 (F = 38)

EEG

Scalp
locations:
Czand
FCzin
the EEG
10-20
system

ECR

FA: 9

Analysis was conducted
with scores of insecurely
attached participants
collapsed into one
insecure category as
opposed to security.

Before and after
asking participants
to think about
feeling insecure,
participants
conducted a
multi-source
interference task.

NA

ME for all participants: Greater error-related
negativity (ERN) signal observed at Cz and
FCa after the insecurity threat

DBAS, insecure > secure participants:
increased signal at Cz and FCz after the
insecurity threat

Not mentioned

Vrticka et al.
(2012)

19 (F=19)

fMRI

Whole
brain and
ROI for
areas
related to
social vs.
non-
social
stimuli

RQ

A regression analysis was
conducted for both Av-
and Ax-scores across all
participants. Individual
attachment
classifications were not
specified

Pleasant and
unpleasant IAPS
affective pictures
during natural
viewing,
reappraisal, or
suppression

Non-social
IAPS
pictures

ME of social vs. non-social scenes pleasant
and unpleasant scenes: L/R AMY, MOFC,
MPEFC, PCC, PREC, R/L FFA, R/L FBA, L
fusiform gyrus, R DLPFC, R/L TI, R/L
PSTS/occipital, L occipital

CSAS, avoidance for social unpleasant >
non-social unpleasant during natural
viewing: L LPFC, R/L DLPFC, R LPFC R/L
DACC, R/L VACC

CSAS, anxiety for social pleasant >
non-social pleasant during natural viewing:
L parahippocampus

CSAS, anxiety for social unpleasant >
non-social unpleasant during natural
viewing: R AMY

P < 0,05
Voxel-wise
FDR-corrected

Rognoni et al.
(2008)

39 (F=20)

EEG

Scalp

Locations:

Fpl, Fp2,
F7,F8,
F3, F4,
Fz, C3,
C4,Cz,
T3,

T4, TS,
Té6, P3,
P4, Pz,
Ol,and
O2in the
EEG 10-
20 system

RQ

S: 14
Av:9
Ax:9
FA:7

Attachment related
film content
involving
happiness, sadness
or fear

Neutral film
content

DBAS, ranking from left asymmetry
(approach behavior) to right asymmetry
(withdrawal) during happy emotional
scenes: anxious, fearful-avoidant, aecure,
avoidant

DBAS, ranking from left asymmetry
(approach behavior) to right asymmetry
(withdrawal) during fearful emotional
scenes: Avoidant, Secure, Fearful-Avoidant &
Anxious

DBAS, ranking from left asymmetry
(approach behavior) to right asymmetry
(withdrawal) during sad emotional scenes:
avoidant, anxious, secure, fearful-avoidant

Bonferroni
corrected

Yaseen et al.
(2016)*

28 (F =28)

fMRI

Whole
brain

RSQ

S (covaried for Ds),
Ds (covaried for S)

Valence and
salience viewing of
photographs of
mother

Neutral
viewing
photographs
of mother

ME: reported in Table 3.

CSAS, security for salience contrast,
corrected for RSQ avoidance, depression,
and anxiety: deactivations in the R MTG, R
STG, R cerebrum sub-Gyral, parietal lobe, R
CG,

CSAS, avoidance for salience contrast,
corrected for RSQ security, depression, and
anxiety: deactivations in the R cerebellum
declive and L cerebellum (uvula, tuber and
pyramis), R cuneus, R CG, R/L precentral
gyrus, RPG, R CC, RIPL, L STG, L cerebrum
sub-lobar extra-nuclear white matter

P <001
Voxel-wise
probability
threshold P
<0,05
Cluster-wise
probability
threshold

Yaseen et al. (2016) investigated the neural correlates of attachment through both implicit and self-report measures, as mentioned in Table 3. Since the main findings do not distinguish between explicit or implicit results, their outcomes are not restated here. AMTG,
anterior middle temporal gyrus; AMY, amygdala; Av, avoidant; Ax, anxious; BPD, borderline personality disorder; CG, cingulate gyrus; CC, corpus callosum; CSAS, corrclates for separate attachment styles; DBAS, differences between attachment styles; DLPFC,
dorsolateral prefrontal cortex; ECR, experiences in close relationships scale; A, fearful-avoidant; FBA, fusiform body area; FEA, fusiform face area; FDR, false discovery rate; FFG, fusiform gyrus; fMRI, functional magnetic resonance imaging: HC, hippocampus; IFG,
inferior frontal gyrus; INS, insula; IPL, inferior parietal lobule; IP, inferior parietal; MDD, major depressive disorder; ME, main effects; MFG, middle frontal gyrus; MOG, middle occipital gyrus; MOEC, middle orbitofrontal cortex; MPFC, middle prefrontal cortex;
MTG, middle temporal gyrus; PCC, posterior cingulate cortex; PG, posteentral gyrus; PHG, parahippocampal gyrus; PREC, precuneus; PSTS, posterior superior temporal sulcus; ROI, region of interest; RQ, relationships questionnaire; RSQ, relationship structures
questionnaire; S, secure; SMA, supplementary motor area; STG, superior temporal gyrus; TI, temporal inferior; VACC, ventral anterior cingulate cortex.
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References Sample  Imaging Neuroimaging Field of Attachment Attachment Main findings: volumetric results Corrected for
size technique = modality view instrument  styles assessed across attachment styles (R, right; multiple
(female) L, left) comparisons
Acosta et al. 192 (F SMRI VBM Whole brain RSQ S, Secure; ME, main effects of attachment stimuli including all P <005
(2018) =96) Av, Avoidant; classification; voxel-wise FWE corrected
Ax, anxious; CSAS, correlates for separate attachment styles;
FA, fearful-avoidant DBAS, differences between attachment styles
Regression analysis with | CSAS, Av: L STG, L cerebellum inferior semilunar
Av, Ax, FA, and GMV lobule, decreased volumes in the R/L HC, L AINS
DBAS: Av > Ax: L cerebellum, decreased volumes in
the L AINS and the pars opercularis of the L IFG
CSAS, Ax: left lateral orbital gyrus, decreased volumes
in the R anterior TP, left HC
Benetti et al. 32(F=17) | sMRI VBM Whole brain ECR-R Regression analysiswith | CSAS, Av: increased GMV without correcting for P <0,05
(2010) Av, Ax, and GMV multiple comparisons: L STG -
CSAS, Av: no suprathreshold voxels after correcting FDR corrected
for multiple comparisons.
CSAS, Ax: increased GMV in L LOG, decreased
volumes in the R MTG, RIT
Jinetal (2016) | 68(F=36) | sMRI VBM-DARTEL Whole brain ASQ Gray matter volume and | CSAS, insecurity in healthy controls: decreased P <0,
HC34 concentration GMYV in PREC, MCC, MOG CSAS, insecurity in BPD | Voxel-wise
BPD 34 differences were patients: no GMV differences were observed DBAS, FDR corrected
regressed on insecurity more insecurely attached BPD patients > healthy P < 0,05
scores for BPD patients controls: PREC, MCC, PCC Cluster size 50+ voxels,
and healthy controls cluster-wise probability
threshold
Lyons-Ruth 18(F=10) | sMRI VBM, GMV ROL: AMY, SSp Disorganized (12 CSAS, attachment disturbance (disorganizationand | Not mentioned
etal. (2016)* analysis using FSL HC, caudate participants or 67% of disruption in mother-infant interaction) at 18
and thalamus sample assessed in months of age: L AMY, but not in HC, caudate, and
infancy) and 6 resolved. thalamus
Moutsianaetal. | 59 (F=29) | sMRI(T1) VBM ROL: SSp Secure vs. insecure and DBAS, insecurity > security: greater R but not L Uncorrected
(2015 hippocampus Vice versa regressed on AMY volume DBAS, insecurity > security: no
and amygdala volumetric differencesin | significant differences in HC volume observed
the ROI's between secure and insecure individuals
Redlich et al. 306 (F SMRI VBM whole brain RSQ Regression analysiswith | CSAS, Ax, increased GMV in: R/L AMY P <005
(2015) =154) with ROI: Axand GMV Voxel-wise
bilateral FWE corrected
amygdala
Zhang etal. 106 (F SMRI VBM Whole brain ECR (Chinese Regression analysis with | CSAS, Av, decreased GMV in: L MTG, L STG, LTRR | P < 0,001
(2018a) =57) version) Av, Ax, and GMV PHG after controlling for attachment anxiety, sex, age, | Voxel-wise Monte Carlo

and global GMV
CSAS, Ax, decreased GMV in: R ACC, MFG, OFC
after controlling for attachment avoidance, sex, age,
and global GMV

simulations (1,000) to derive
aP <005

Cluster-wise threshold
combininga P < 0,001
height threshold and a
minimum cluster size of 527
contiguous voxels

AINS, anterior insula; ASQ, attachment style questionnaire; Av, avoidance; Ax, aniety; BPD, borderline personality disorder; CSAS, correlates for separate attachment styles; DBAS, differences between attachment styles; DTI, diffusion tensor imaging; ECR, experiences
in close relationships scale; ECR-R, experiences in close relationships revised; FA, fearful-avoidant; FWE, family-wise error GMV, gray matter volume; HC, healthy controls; hippocampus; IFG, inferior frontal gyrus; LOG, lateral orbital gyrus; MCC, middle cingulate
cortex; ME, main effects; MEG, middle frontal gyrus; MOG, middle occipital gyrus; MTG, middle temporal gyrus; OFC, orbitofrontal cortex; PCC, posterior cingulate cortex; PHG, parahippocampal gyrus; PREC, precuneus; RO region of interest; RSQ, relationship
scales questionnaire; SMRI, structural magnetic resonance imaging; SSP, strange situation procedure; STG, superior temporal gyrus; TP, temporal pole; S, secure; VBM, voxel-based morphometry.

*and ** mark the two studies that employed implicit measures for attachment classification. Other studies used self-report measures.
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