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Brand love is a relationship between brands and consumers. Managing the relationship is an important issue for marketing strategy since it changes according to temporal flow. Brand love theories, including their dynamics, have been developed based on interpersonal romantic love theories. Although many brand love studies have provided useful findings, the neural mechanism of brand love remains unclear. Especially, its dynamics have not been considered from a neuroscience perspective. The present study addressed the commonalities and differentiations of activated brain regions between brand love and interpersonal romantic love relationships using a quantitative neuroimaging meta-analytic approach, from the view of brain connectivity. Regarding the mental processes of each love relationship related to these activated brain regions, decoding analysis was conducted using the NeuroQuery platform to prevent reverse inference. The results revealed that different neural mechanisms and mental processes were distinctively involved in the dynamics of each love relationship, although the anterior insula overlapped across all stages and the reinforcement learning system was driven between both love relationships in the early stage. Remarkably, regarding the distinctive mental processes, although prosocial aspects were involved in the mental processes of interpersonal romantic love relationships across all stages, they were not involved in the mental processes of brand love relationships. Conclusively, although common brain regions and mental processes between both love relationships were observed, neural mechanisms and mental processes in brand love relationship dynamics might be innately different from those in the interpersonal romantic love relationship dynamics. As this finding indicates essential distinctiveness between both these relationships, theories concerning interpersonal romantic love should be applied cautiously when investigating brand love relationship dynamics.
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Introduction

Brand love is one of the most crucial concepts in marketing and consumer psychology (Batra et al., 2012). Studies on brand love have been conducted based on interpersonal romantic love studies (Shimp and Madden, 1988; Ahuvia, 1994, 2005a,2005b; Fournier, 1998; Thomson et al., 2005; Carroll and Ahuvia, 2006; Albert et al., 2008, 2009, 2013; Park et al., 2008; Albert and Valette-Florence, 2010; Lastovicka and Sirianni, 2011; Sarkar, 2011; Ahuvia et al., 2014; Langner et al., 2015; Bagozzi et al., 2017). Although the definition of brand love is controversial, major interpretations have converged. Shimp and Madden (1988) clustered brand love relationships into eight types (i.e., “non-liking,” “liking,” “infatuation,” “functionalism,” “inhibited desire,” “utilitarianism,” “succumbed desire,” and “loyalty”), based on Sternberg’s love theory (Sternberg, 1986). These types were decided based on a combination of three psychological components (i.e., “liking,” “yearning,” and “decision/commitment”). For example, the infatuation type of brand love consists of the “yeaning” component. The utilitarianism type of brand love consists of both the “liking” and “decision/commitment” components. Thomson et al. (2005) organized constructs of emotional bonds between consumers and brands by applying Bowlby’s attachment theory (Bowlby, 1969). Batra et al. (2012) proposed comprehensive brand love constructs that are composed of multiple factors including constructs such as passion, integration of the brand with self, emotion, trust, and rational evaluation. Moreover, the state of loving brands is a predictor of brand loyalty (Thomson et al., 2005; Batra et al., 2012). Like interpersonal romantic love relationships, brand love relationships also develop dynamically. Although brand love relationships are basically unidirectional from a consumer’s perspective, brand managers can generate and develop a quasi-interactive relationship by stimulating consumers’ perception via marketing-based communication such as advertisements and direct mails. The present study interprets brand love in a broad sense and defines it as a phenomenon or mental state generated by subjective emotional feelings for objects formed by the relationships between the consumers and objects in a consumption context.

Shimp and Madden (1988) pointed out that the dynamics of the relationship between brands and consumers could be described as a logistic or an S-curve function. In the early stage of the brand love relationship, the more a consumer gets acquainted with a brand, the more he/she becomes familiar with it. Their relationship becomes stronger and the slope of the function gets steeper. Intensive emotions toward a brand in consumer perception contribute to building their relationship in this stage. In the mature stage, their relationship becomes moderate by accumulating experiences. Finally, the slope of the function becomes flat. Although they did not qualitatively or quantitatively validate the dynamics of the brand love relationship, a few studies precisely investigated its dynamics. Langner et al. (2016) first investigated the trajectories of brand love relationships. They conducted an interview survey regarding temporal trajectories of brand love. They classified its trajectories into five types (i.e., Type 1, “Slow development;” Type 2, “Liking becomes love; “Type 3, “Love all the way;” Type 4, “Bumpy road;” and Type 5, “Turnabout”), as described in Figure 1. In all the trajectories of developing brand love relationships, intensities of the feelings toward a brand surged during the early stage of the relationship and calmed down over time. Gumparthi et al. (2021) conducted further research on the triggering factors of turning point in trajectories by means of an approach same as that of Langner et al. (2016). They also classified the developmental trajectories of brand love relationships into five types (i.e., “Turnaround to Love,” “Drop in Love,” “Gradual Development,” “Liking to Love,” and “Roller Coaster Ride”). The trajectory patterns that they identified were almost similar to the ones revealed in the study from Langner et al. (2016), except for the “Drop in Love” type. Although both Langner et al. (2016) and Gumparthi et al. (2021) investigated the temporal development of brand love relationship trajectories by means of a qualitative approach, Schmid and Huber (2019) statistically validated the development of brand love relationships based on Batra’s brand love framework (Batra et al., 2012). They adopted six brand love dimensions derived from the original brand love dimensions outlined by Batra et al. (2012) (i.e., “Self-brand integration,” “Positive emotional connection,” “Passion-driven behaviors,” “Long-term relationship,” “Attitude valence,” and “Anticipated separation distress”). “Self-brand integration” is composed of four sub-components (i.e., “Current self-identity,” “Desired self-identity,” “Attitude strength,” and “Life meaning”). “Positive emotional connection” is composed of three sub-components (i.e., “Emotional attachment,” “Positive affect,” and “Intuitive fit”). “Passion-driven behaviors” are composed of three sub-components (i.e., “Passionate desire to use,” “Willingness to invest,” and “Things done in the past”). They categorized the development of the brand love relationships into four lifecycle stages (i.e., “Exploration,” “Expansion,” “Maturity,” and “Decline”) based on the assumption that a relationship lifecycle in business, which is between firms or between salesperson and consumers, follows an inverse U-shaped track (Dwyer et al., 1987; Jap and Anderson, 2007; Palmatier et al., 2013). The inverse U-shaped trajectory means that the relationship lifecycle has dynamical patterns such as growth, flattening, and decline. The “Exploration” stage is the early stage of brand love relationships, which includes the first contact with a brand. Consumers get to know the characteristics of a brand from “Exploration” to “Expansion.” Over time, the relationship between consumers and a brand reaches the “Maturity” stage. After a stable relationship is attained in the “Maturity” stage, the momentum of their relationship begins to “Decline.” They investigated the fluctuations and differentiations of the brand love components between adjacent lifecycle stages. Their study demonstrated that the brand love relationship lifecycle is almost similar to the interpersonal romantic love relationship lifecycle even though some differences were observed between these relationships. It should be noted that their findings do not mean that brand love relationships are completely identical to interpersonal romantic love relationships. Concretely, at the “Exploration” stage, emotion-related constructs such as the “positive affect” sub-component and “Attitude valence” component got a significantly higher score, compared to other components and sub-components. In the “Expansion” stage, most of the components got a significantly higher score than those of the “Exploration” stage components. However, scores of the two sub-components (“Passionate desire to use” and “Willingness to invest”) in the “Passion-driven behavior” component were not significant. Moreover, the score of the “Passionate desire to use” sub-component was lower than that of the “Exploration” stage. They pointed out that this is a distinctive characteristic from interpersonal romantic love context. In the “Maturity” stage, although all indices of brand love relationship components were superior to those of the “Expansion” stage, the margin of increase was moderate. Interestingly, although the individual scores of self-related sub-components of the “Self-brand integration” (“Current self-identity” and “Desired self-identity”) were increased, they were not statistically significant compared to the “Positive affect” sub-component. Finally, in the “Decline” stage, all indices exhibited downward trends.
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FIGURE 1
Brand love trajectories as defined by Langner et al. (2016) were modified and reorganized by the present author. Reprinted with permission from Springer Nature (License 5423700948437).


Taken together, the developmental trajectory of brand love relationships can be generally classified into four phases (i.e., early stage, migration stage, stable, and decline stage) like interpersonal romantic love relationships. Thus, positioning the relationship strength such as the brand love components (Batra et al., 2012) and the intensive love feelings (Langner et al., 2016; Gumparthi et al., 2021) on the vertical axis, and positioning the relationship stages on the horizontal axis, the dynamics of brand love relationships can be generally organized as shown in Figure 2. In the early phase including the first contact, emotional constructs played a crucial role in developing brand love relationships. In the developing phase from the early to migration stage, most of the brand love-related constructs got higher scores or positions than in the previous phase which means that the relationship was reinforced. This developmental phase phenomenon in brand love relationships is the same as that in interpersonal romantic love relationships. Interpersonal romantic love relationships during the developmental phase are enhanced by a reinforcement learning system (Langeslag et al., 2014; Edalat, 2015). Moreover, according to Schmid and Huber (2019), the indices of motivation-related constructs driven by intensive passionate emotion were consistently flat around the low score level across all the phases unlike the interpersonal romantic love relationships.
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FIGURE 2
Generalized brand love relationship dynamics based on inverse U-shape model.


In this way, detailed theoretical and empirical studies on the dynamics of brand love relationships have been conducted. However, there are no studies on the neural mechanisms underlying brand love relationship dynamics. Although our previous study showed that activated brand regions in brand love relationships were largely different from those in the interpersonal romantic love relationships, it did not assess the dynamics of relationships between brands and consumers in terms of neural mechanisms. As many brand love studies noted (Ahuvia, 1992, 1994, 2005a,2005b; Albert et al., 2008; Batra et al., 2012; Albert and Merunka, 2013; Langner et al., 2015; Bagozzi et al., 2017), elucidating commonalities and differences between the mental processes involved in loving objects and those involved in loving persons can help in understanding the perceptions of the consumers. Therefore, the present study aims to identify the neural mechanisms of brand love relationships and interpersonal romantic love relationships by comparing distinct brain regions of each love relationship across all relationship stages and try to decode the mental processes derived from these neural mechanisms. Since the present study focuses on the dynamics of the relationship, the ascendant (product quality and brand awareness) and consequence (brand loyalty, willingness to pay a price premium, and positive word of mouth) of brand love are also included in the research objects as the series of brand love phenomena. In the present study, several hypotheses are validated to achieve the research objectives. Hypotheses to be assessed are as follows:







	

	Hypothesis 1: If the neural mechanisms of brand love relationship dynamics are the same as those of the interpersonal romantic love relationship dynamics, activation of the same brain regions should be observed and the same constructs of the mental processes should be decoded across all stages.











	

	Hypothesis 2: If relationships between consumers and brands are reinforced during term from the early stage to migration like the interpersonal romantic love relationships, reinforcement learning-related brain regions should be observed as shared brain regions between brand love and interpersonal romantic love relationships in the early stage and reinforcement learning-related constructs should be distinctively decoded in the early stage.











	

	Hypothesis 3: If the function of motivation-related constructs, which is driven by intensive passionate emotion, in brand love relationship dynamics is weaker than that in interpersonal romantic love relationship dynamics, motivation-related brain regions should be weakly observed, and motivation-related constructs should be weakly decoded across all stages.







Materials and methods

Assuming that the relationship dynamics of both brand love and interpersonal romantic love relationships develop across four stages, we conducted an analysis to assess several hypotheses by identifying the neural mechanisms of commonalities and differences between brand love and interpersonal romantic love relationships at each stage using a quantitative neuroimaging meta-analysis. The following procedures were carried out and the analysis pipeline is described in Figure 3. First, we conducted a quantitative neuroimaging meta-analysis to detect each love relationship-related brain region in each stage. In this study, an activated likelihood estimation (ALE) was adopted as a method of quantitative neuroimaging meta-analysis. The detailed explanation of the ALE is described in section “A quantitative neuroimaging meta-analysis approach and an activated likelihood estimation method.” Second, since identifying brain networks has become a major approach when analyzing mental processes (Seeley et al., 2007; Buckner et al., 2008; Menon, 2015), I tried to precisely identify the brain networks related to each relationship stage using meta-analytical connectivity modeling (MACM). MACM is a data-driven approach that reveals brain networks by identifying co-activated brain regions (Robinson et al., 2010; Laird et al., 2013). A detailed explanation of the MACM is described in section “Meta-analytical connectivity modeling.” Third, a conjunction analysis was conducted in each stage to identify the overlapping and distinctive brain regions between brand love and interpersonal romantic love relationships. When conducting the conjunction analysis, the activated brain regions in each stage, which were obtained by the MACM, were used. A detailed explanation of the conjunction and subtraction analysis is described in section “Conjunction and subtraction analysis.” Finally, we conducted a decoding analysis to infer and interpret the cognitive functions of these brain regions in each love relationship in each stage using the NeuroQuery platform to avoid reverse inferences. A detailed explanation of the decoding analysis is described in section “Decoding analysis.”
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FIGURE 3
Steps of the analysis. ALE, activated likelihood estimation; ROI, region of interest; PRISMA, preferred reporting items for systematic reviews and meta-analyses; MACM, meta-analytical connectivity modeling; API, application programming interface.



A quantitative neuroimaging meta-analysis approach and an activated likelihood estimation method

Several approaches for quantitative neuroimaging meta-analysis have been proposed. There are two types of quantitative neuroimaging meta-analysis methods. One type is the image based meta-analysis method (IBMA), which uses actual neuroimaging data. Although this approach is robust because it uses actual experimental brain image data, it is difficult for researchers to access these neuroimaging data for their study. The other type of quantitative neuroimaging meta-analysis method is to use peak coordinates reported in studies. This approach is referred to as the coordinate-based meta-analysis method (CBMA). The CBMA approach is more feasible for obtaining data because the coordinates are reported in a paper. In this study, we decided to adopt the CBMA method for quantitative neuroimaging meta-analysis. Moreover, we adopted the ALE method (Eickhoff et al., 2009) among the CBMA methods because the ALE method is the most popular among them (Acar et al., 2018). Since many analysis tools for the ALE method are available (Fox and Lancaster, 2002; Fox et al., 2014), this method is more viable for conducting a quantitative neuroimaging meta-analysis. Furthermore, the activated neuroimages produced with the ALE method were validated in comparison with the results from the IBMA, hence the effectiveness of the ALE method has been ensured (Salimi-Khorshidi et al., 2009). We conducted the meta-analysis based on publications from January 2000 to January 2022 that were indexed in PubMed database and found using keywords related to the research objective (i.e., Brand love relationships: “brand,” “consumer,” “fMRI,” “neural,” “choice,” “purchase,” “decision-making,” and “preference”/Interpersonal romantic love relationships: “romantic,” “love,” “fMRI”). We then added publications from other databases, such as Plassmann’s list (Plassmann et al., 2012) on branding study. (3) Selected publications for meta-analysis from searched and gathered publications, according to the following criteria: (i) Duplicated publications were eliminated (ii) Title and Abstract screening; studies which were irrelevant to the objective and theme of this study, were eliminated. Criteria for eliminating are as follows. (ii-1) fMRI was not used, (ii-2) Coordinates of the activated brain regions were not reported, (ii-3) Studied participants with a disease or reported the main results with diseased experimental participants (iii) Full text screening; studies in which brand logo-related objects were not used as experience stimuli, were eliminated. We considered whether the studies were conducted in a consumption context. Although the experimental stimuli without brand logos were used in both Klucharev et al. (2008) and Plassmann et al. (2008), both studies were adopted as publications for samples of this meta-analysis. Findings in these studies can be broadly interpreted as those in which brand logos were used as experimental stimuli since these studies were referenced in the study investigating that brand equity has influences on the decision making of the consumers (Plassmann et al., 2012). According to Plassmann et al. (2008), a wine with a higher price was associated with high quality and favorability. This finding is presumed to have the same effects of brand associations (Aaker, 1991; Keller, 1993). Klucharev et al. (2008) investigated that endorsement of experts has influenced the preferences of the consumers. This finding can be interpreted as the effect of brand knowledge. Regarding broadly interpreting and adopting publications for this meta-analysis, there might be insufficient publications employed in each stage in the present analysis if publications are going to be classified into four stages. Additionally, the product categories to which the experimental stimuli belonged (for example, consumer package goods, durable goods, or confectionary) did not matter. Regarding the interpersonal romantic relationships, unfaithful romantic love studies and studies with missing relationship durations were excluded. (iv) Activated foci of brain regions needed to be reported within the three-dimensional stereotactic space of the Talairach or the Montreal Neurological Institute (MNI) in the paper. (v) Relationship duration; (v-1) In brand love relationships, since relationship durations between brands and consumers were not described, the eligibility of the articles with respect to the stages of the brand love relationship was assessed based on levels of relationship strength such as the emotions of the consumers and self-integrity toward brands in each stage, according to the considerations of previous studies (Langner et al., 2016; Schmid and Huber, 2019; Gumparthi et al., 2021). According to the studies by Langner et al. (2016) and Gumparthi et al. (2021), the intensity of feelings toward brands becomes higher and gradually becomes moderate over time from the early stage, including the initial contact phase, to the current stage, except in the “Bumpy road (Type 4)” study typified by Langner et al. (2016) and “Drop in love” study typified by Gumparthi et al. (2021). Schmid and Huber (2019) described that the time dynamics of the relationship strength are not assessed according to the relationship length, but according to four stages based on subjective reports describing the inverse U pattern of the relationship life cycle in the business management studies (Dwyer et al., 1987; Jap and Anderson, 2007; Palmatier et al., 2013). Given that the present study considers that the relationship strength changes at each stage according to the inverse U pattern similar to the study by Schmid and Huber (2019), study selection was conducted based on the following criteria. In the early stage, a phase that includes first contact with the brands, although consumers start being familiar or make positive or negative decisions regarding the brands, they have limited knowledge of, infrequent contact with, and no emotional attachment to brands. The migration stage is an intermediate phase between the early and stable stages. Consumers have some types of emotional attachment (liking or favorite) toward brands in this stage. The stable stage is a phase where the relationship between the brand and the consumers matures and is well-established. Consumers have a high level of emotional attachment with brands (the most favorite brand, the most frequently buying, and the most preferred brand). The decline stage, which leads to breaking up relationships such as ceasing the usage of brands, is a phase where ties of relationships were weakened by decreasing the emotions and self-relevant thoughts toward the brands. Therefore, studies, in which it was difficult to infer the relationship strength, were eliminated. Deppe et al. (2005) and Kato et al. (2009) did not directly assess the brand love relationships. However, since they used familiar brands as experimental stimuli and did not assess the emotion and affection to the brands, I considered the relationship stage of the experimental participants in their studies to be almost parity to the state of early stage relationships. Plassmann et al. (2007) assessed the framing effect based on loyalty and did not directly assess the brand love. Since brand love is the ascendant of brand loyalty and their study can be positioned as the series of brand love relationship dynamics, Plassmann et al. (2007) was classified into the stable stage. Regarding Yoon et al. (2006), their study validated the discrepancy of brain activation between the brand and the person from the view of self-relevant constructs and did not directly assess the brand love. The study was classified into the stable stage since the brands used in their study have high familiarity and were associated with self-relevant constructs, which are crucial constructs of brand love. While Weber et al. (2007) assessed loss aversion for goods, not brand love, we believe that the implications of that study may also be relevant to the emotion of separation distress in the stable stage of brand love relationships. (v-2) In the interpersonal romantic love relationships, since relationship durations were described in most of the studies, each stage was classified based on these durations. The minimum relationship duration was 3 months, and the maximum relationship duration was 290.16 months. The mean relationship duration was 49.08 months, and the median relationship duration was 14.2 months. By referencing the median and mean values of the of relationship durations as norm values, studies were assigned to each stage. Therefore, the studies of the early stage romantic love relationships were defined as studies with relationship durations from 1 to 12 months, which is somewhat shorter than the median. Since the term of 49.08 months was presumed to be a very long duration to define the terminal durations of the migration stage, studies of migration-stage romantic love relationships were defined as studies with durations between 12 and 36 months, Studies of the stable stage of romantic love relationships were defined as studies with relationship durations over 36 months.

Therefore, we selected publications for this study based on these procedures (Supplementary Tables 1A–C, 2A–C. Details of the screening process are depicted in the preferred reporting items for systematic reviews and meta-analyses (PRISMA) flow diagram (Figures 4, 5).


[image: image]

FIGURE 4
PRISMA flow diagram (brand love relationships).
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FIGURE 5
PRISMA flow diagram (interpersonal romantic love relationships).


The ALE is a method that makes a brain activation map using foci gathered from selected publications, based on a statistical method. Three types of brain activation maps can be created by statistical methods (i.e., modeled activation maps, ALE maps, and thresholded activation maps) based on these foci. First, modeled activation map is created depending on the gaussian probability density function. Therefore, the more the input foci with a large experimental sample size, the more the probability with which the activated brain regions are accurately estimated because the variances of the gaussian probability density function are minimized. These modeled activation maps are calculated for each focus. Second, these modeled activation maps are aggregated and calculated into a united map. This united map is referred to as an ALE map. Finally, the ALE map is compared with the maps created by the null distribution and a more accurate ALE map is produced. The thresholded ALE map is obtained through a permutation test. The permutation test is conducted at each voxel between the ALE map and the randomness map created by the null distribution (Eickhoff et al., 2009; Turkeltaub et al., 2012). The thresholded ALE map obtained by these procedures is used for analysis in this study. To calculate the thresholded ALE map, we adopted the GingerALE version 3.02.1 The GingerALE is implemented for calculating the ALE algorism (Fox and Lancaster, 2002; Fox et al., 2014). Foci in each stage of each love relationship were organized in each text file. In this study, six files were created (the early, migration, and stable stages in each love relationship). These text files were used as input files for the GingerALE. We set a brain coordinate system as the MNI space. Since the false discovery rate (FDR) was not recommended in the preference menu of the GingerALE manual, the FDR was not used in this study. The detailed parameters were as follows. Given that it was difficult to conduct the ALE using a cluster level threshold because of the insufficient sample size, the first ALE was performed using thresholds that were set as p > 0.001 (uncorrected) and a minimum cluster size of 100 mm3. These parameters are the same parameters used in our previous brand love-related study (Watanuki and Akama, 2020). A more conservative threshold (p > 0.0001; uncorrected) was applied when calculating ALE values using data from the brand love relationships in the stable stage. To view the file, the Mango software (version 4.1),2 which is a brain image viewer, was used. The file was overlaid onto a canonical anatomical T1 brain template in the MNI space.



Meta-analytical connectivity modeling

The MACM is a method used to identify brain regions correlated with the seed brain regions using an ALE algorithm. This ALE analysis is referred to as “second ALE” in the present study. Since Smith et al. (2009) reported that the brain networks revealed by MACM were consistent with the results of brain networks analyzed by a resting state networks approach, MACM is an effective approach for identifying brain networks. When executing the MACM, the regions revealed by conducting a quantitative neuroimaging meta-analysis at the first trial were used as seed brain regions. Since MACM was performed by using huge data and brain regions related to ROI were thresholded, significant brain connectivity could be obtained. Through conducting the ALE in two steps, we could obtain robust brain network images and locations regarding each stage of both love relationships. When curating brain regions correlated with the seed regions, we used the BrainMap database. The BrainMap database includes two types of databases. One type is the functional database. The other type is the voxel-based morphometry (VBM) database. We used the former type of database because our study is subject to a functional brain activation study with fMRI. The functional database in the BrainMap database covers 3,406 papers, 111 paradigm classes, 76,016 subjects, and 131,598 experiments. The MACM was conducted using the following procedures: (i) Set all brain regions calculated by the first ALE, that is, the brain regions related to each stage in each love relationship, as seed regions, (ii) Curate studies related to each seed region via the Sleuth version 3.0.4,3 from the BrainMap database. The Sleuth software is a curating tool for matching brain regions between the curated studies and the seed regions (Robinson et al., 2010; Vanasse et al., 2018). We set several appropriate conditions when curating studies, as follows: (ii-a) Context in the experiments was set as “Normal Mapping (experiments using normal participants who are not under the influences of drug and are not in the middle of the treatment from a disease);” (ii-b) Activation in the experiments was set to “Activation Only;” (ii-c) Imaging modality in the experiments was set to “fMRI;” and (ii-d) MNI image in the location set each seed region obtained by the first ALE. (iii) After the coordinates related to the seed regions were organized and aggregated by the Sleuth software, these coordinates were produced in text files. Six text files were prepared for conducting the second ALE. Brain coordinates that were correlated with brain regions related to each stage of each love relationship were stored in each text file. (iv) Conduct the second ALE using the GingerALE software. The text files obtained at the step (ii-d) were used as input files. When calculating the ALE algorism, we set the parameters according to Woo et al. (2014). The detailed parameters were as followed; (1) Cluster-level correction for multiple comparisons at p = 0.05, (2) Cluster-forming threshold of p = 0.001, (3) Permutation size = 5,000. The thresholded ALE maps were outputted as NIfTI files. When calculations of the ALE did not work in applying these parameters because of the insufficient sample size and exceeding the abilities of my personal computer specks, the ALE was conducted by setting the permutation size as 2,000 permutations. In case the calculations with 2,000 permutations did not work, the permutation size was set as 1,000. By testing the data of stable-stage brand love relationships when conducting the MACM, results with 5,000 permutations were equivalent to those with 2,000 permutations and mostly similar to those with 1,000 permutations. In testing with 1,000 permutations, the calculated peak coordination was equivalent to those with 5,000 permutations. Only small discrepancies of the maximum ALE score between the results with 5,000 and 1,000 permutations were confirmed (5,000 permutations = 0.14449802 and 1,000 permutations = 0.14449804). Eventually, the conducted analysis and permutation numbers show that the analysis using 5,000 permutations was the stable stage of brand love and the early stage of interpersonal romantic love relationships. While the analysis using 2,000 permutations was the migration stage of brand love, migration stage of interpersonal romantic love, and stable stage of interpersonal romantic love relationships. Finally, the analysis using 1,000 permutations was the early stage of brand love relationships.



Conjunction and subtraction analysis

A conjunction and subtraction analysis were performed using GingerALE software. In this analysis, we aimed to identify the overlapping and distinctive brain regions in each stage, as well as the statistical significance of each region. Since overlapping and distinctive brain regions in the two stages were compared with the brain regions produced by the null distribution, each significant brain region was generated based on an appropriately set significance level. Parameters set for this conjunction analysis were as follows: (i) p-value = p < 0.01, (ii) Number of permutations = 10,000, (iii) Minimum cluster size = 100 mm3.



Decoding analysis

A decoding analysis was conducted based on the results of the conjunction and subtraction analysis. To interpret the cognitive functions of the identified brain regions, and to avoid the reverse inference problem, a decoding analysis was conducted using the NeuroQuery platform4 (Dockès et al., 2020). The NeuroQuery platform is an automated neuroimaging meta-analysis platform that stores 13,459 studies, and 6,308 terms and phrases. The application programming interface (API) for a decoding analysis is implemented by Python language.5 Vocabulary size covered in the NeuroQuery is much superior to the Neutosynth platform6 (Yarkoni et al., 2011), which stores 1,314 terms. Further, terms and phrases covered in the NeuroQuery are calculated based on full-text articles and selected based on an occurrence rate of more than 0.05% of the publications. This means that NeuroQuery can appropriately interpret input neuroimages. NeuroQuery accepts activated brain image data with NIfTI file format. When inputting an activated brain image data, the NeuroQuery calculates terms and phrases, which are related to activated brain regions. The procedure of analysis with NeuroQuery is described in Supplementary Figure 1. These terms and phrases are produced along with the similarity score (Supplementary Figure 1B), which is the matched degrees between the inputted activated brain regions (Supplementary Figure 1A) and the terms related to the brain regions (Supplementary Figure 1H). The score is calculated with ranges from 0.00 (not at all matched terms) to 1.00 (the most matched terms). “In expansion” and “Publication related to the query” fields are helpful for inferring constructs of the decoded terms (Supplementary Figures 1F,G). Since the terms and phrases stored in the NeuroQuery platform were objectively analyzed by a text mining technique, there are some terms and phrases that were difficult to interpret. In case that the decoded terms apparently express mental processes-related terms such as “reward,” “emotion,” and “self-referential,” the decoded terms were easy to interpret. However, since some terms such as “flexibility” and “outcome” are generally used, it was difficult to specifically interpret these terms. Since “outcome” is used in a wide variety of situations, it is difficult to interpret the term appropriately and objectively. We could analyze the related terms to the target term (in this case, “outcome”) using “In expansion” and “Publication related to the query” (Supplementary Figures 1C,D). The related terms were produced in the “In expansion” field (Supplementary Figures 1E,F). According to results of the “In expansion” field, the term “outcome” is related to “reward” (Supplementary Figures 1E,F). Moreover, in the “Publication related to the query” field, reward-related publications were listed (Supplementary Figure 1G). Therefore, in this study, the uninterpretable terms were inferred according to this procedure.




Results


First activated likelihood estimation

First, the brain regions revealed for each stage in each love relationship are shown in Figure 6 and Supplementary Tables 3A,B detailed as follows.
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FIGURE 6
Region of interest. (A) Brand love relationships; (A1) early stage; (A2) migration stage; (A3) stable stage. (B) Interpersonal romantic love relationships; (B1) early stage; (B2) migration stage; (B3) stable stage. All crosshairs = (0,0,0).


In the brand love relationships, calculated peak coordinates of brain regions in the early stage of brand love relationships were the caudate (head and body), parahippocampal gyrus (BA28, amygdala), anterior cingulate gyrus (BA32), medial frontal gyrus (BA6, BA8, BA10), thalamus, lingual gyrus (BA17, BA18), parietal regions (precentral gyrus < BA4 >, postcentral gyrus < BA2 >), insula (BA13), and cuneus (BA17). The calculated peak coordinates of the brain regions in the migration stage of brand love relationships were the medial frontal gyrus (BA6, BA9, BA10), anterior cingulate gyrus (BA24), cerebellum, temporal regions (superior temporal gyrus < BA13 >, middle temporal gyrus < BA21 >, and inferior temporal gyrus < BA21 >), posterior cingulate gyrus (BA29, BA30), middle frontal gyrus (BA10), parahippocampal gyrus (BA35), caudate (head and body), and inferior frontal gyrus. The calculated peak coordinates of the brain regions in the stable stage of brand love relationships were the basal ganglia (putamen, caudate head, and body), posterior cingulate gyrus (BA23), precuneus (BA31), and insula (BA13).

In the interpersonal romantic love relationships, the calculated peak coordinates of the brain regions in the early stage of interpersonal romantic love relationships were the precuneus (BA7), posterior cingulate gyrus (BA30), inferior frontal gyrus (BA10), anterior cingulate gyrus (BA24, BA32), cuneus (BA17), midbrain (mammillary body), and caudate (head and body). The calculated peak coordinates of the brain regions in the migration stage of interpersonal romantic love relationships were the insula (BA13), claustrum, fusiform gyrus (BA37), precuneus (BA7), anterior cingulate gyrus (BA24), cingulate gyrus (BA32), superior frontal gyrus (BA8), parietal regions (precuneus < BA7 >, inferior parietal lobule < BA40 >), putamen, and lingual gyrus (BA17). The calculated peak coordinates of the brain regions in the stable stage of interpersonal romantic love relationships were the midbrain (subthalamic nucleus, mammillary body), basal ganglia (medial globus pallidus, caudate tail, putamen), thalamus, hippocampus, middle frontal gyrus < BA46 >, cuneus (BA23), medial frontal gyrus (BA9, BA10), claustrum, and insula.



Meta-analytical connectivity modeling

The MACM was conducted by setting the brain regions obtained from the first ALE as the seed regions according to the procedures described in the “Materials and Methods” section.


Curated results in the brand love relationships

For the early stage of brand love relationships, since the brain regions obtained by the first ALE were too large to curate the related coordinates via the Sleuth software, the brain regions needed for setting the ROI were divided into three groups (i.e., Group 1: Cluster 1, Group 2: Clusters 2 and 3, and Group 3: Clusters 4–16). The curated results in group 1 yielded 60 papers that included 70 experiments, 989 foci, and 962 subjects. The curated results in group 2 yielded 117 papers that included 145 experiments, 2,014 foci, and 2,300 subjects. The curated results in group 3 yielded 130 papers that included 131 experiments, 2,175 foci, and 2,135 subjects. The duplicated foci among these results were eliminated. Eventually, 4,799 foci, 330 experiments, and 5,780 subjects were used as input data for the MACM with the second ALE. For the migration stage of the brand love relationships, since the brain regions obtained by the first ALE were too large to curate the related coordinates via the Sleuth software, the brain regions needed for setting the ROI were divided into three groups (i.e., Group 1: Cluster 1, Group 2: Cluster 2, and Group 3: Clusters 3–21). The curated results in group 1 yielded 50 papers that included 57 experiments, 654 foci, and 884 subjects. The curated results in group 2 yielded 44 papers that included 55 experiments, 842 foci, and 1,052 subjects. The curated results in group 3 yielded 48 papers that included 59 experiments, 997 foci, and 855 subjects. The duplicated foci among these results were eliminated. Eventually, 2,296 foci, 157 experiments, and 2,934 subjects were used as input data for the MACM with the second ALE. For the stable stage of the brand love relationships, the curated results for setting the brain regions yielded 44 papers that included 47 experiments, 793 foci, and 759 subjects. The obtained data were used as input data for the MACM with the second ALE.



Results of the second activated likelihood estimation in the brand love relationships

The results of the MACM on each stage of brand love relationships are shown in Figures 7A1–A3 and Supplementary Table 4A. In the early stage of the brand love relationships, the parahippocampal gyrus (amygdala, BA28), basal ganglia (caudate head and body), anterior and mid insula (BA13), inferior frontal gyrus (BA9, BA45, BA47), middle frontal gyrus (BA46), precentral gyrus (BA44), anterior cingulate gyrus (BA32), medial frontal gyrus (BA6, BA8, BA9), superior frontal gyrus (BA6, BA9), cingulate gyrus (BA24, BA32), temporal regions (inferior temporal gyrus < BA32 >, and fusiform gyrus < BA32 >) were observed as the peak activated coordinates. In the migration stage of brand love relationships, the anterior cingulate gyrus (BA24, BA32), medial frontal gyrus (BA9, BA10), superior frontal gyrus (BA8, BA9), posterior cingulate gyrus (BA23, BA29), precuneus (BA31), temporal regions (superior temporal gyrus < BA13 >, middle temporal gyrus < BA39 >), parahippocampal gyrus (amygdala, BA28), anterior insula (BA13), inferior frontal gyrus (BA9, BA47), middle frontal gyrus (BA9, BA10), and precentral gyrus (BA6) were observed as the peak activated coordinates. In the stable stage of brand love relationships, the basal ganglia (caudate body, putamen), anterior insula (BA13), claustrum, thalamus, precentral gyrus (BA4, 6, 44), inferior frontal gyrus (BA44), and medial frontal gyrus (BA6) were observed as the peak activated coordinates.
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FIGURE 7
Results of the MACM. (A) Brand love relationships; (A1) early stage, crosshair = (0, −34, −6); (A2) migration stage, crosshair = (4, −64, −16); (A3) stable stage, crosshair = (28, −40, 2); (B) interpersonal romantic love relationships; (B1) early stage, crosshair = (10, −60, −14), (B2) migration stage, crosshair = (6, −62, −8); (B3) stable stage, crosshair = (6, −62, −8). MACM, meta-analytical connectivity modeling; BA, brodmann area; ACG, anterior cingulate gyrus; Amy, amygdala; CG, cingulate gyrus; CdH, caudate head; DMPFC, dorsomedial prefrontal cortex; FfG, fusiform gyrus; IFG, inferior frontal gyrus; Ins, insula; LGP, lateral globus pallidum; MB, midbrain; MFG, medial frontal gyrus; MGP, medial globus pallidum; MPFC, medial prefrontal cortex; PCG, posterior cingulate gyrus; PHG, parahippocampal gyrus; PreCG, precentral gyrus; Prec, precuneus; Put, putamen; RN, red nucleus; SFG, superior frontal gyrus; Th, thalamus; VMPFC, ventral medial prefrontal cortex.




Curated results in the interpersonal romantic love relationships

For the early stage of the interpersonal romantic love relationships, the curated results for setting the brain regions yielded 55 papers that included 63 experiments, 805 foci, and 965 subjects. The obtained data were used as input data for the MACM with the second ALE. For the migration stage of the interpersonal romantic love relationships, the curated results for setting the brain regions yielded 122 papers that included 136 experiments, 2,301 foci, and 2,133 subjects. The obtained data were used as input data for the MACM with the second ALE. For the stable stage of the interpersonal romantic love relationships, since the brain regions obtained by the first ALE were too large to curate the related coordinates via the Sleuth software, the brain regions needed for setting the ROI were divided into two groups (i.e., Group 1: Clusters 1 and 2, and Group 2: Clusters 3–11). The curated results in group 1 yielded 119 papers that included 144 experiments, 1,940 foci, and 2,260 subjects. The curated results in group 2 yielded 164 papers that included 188 experiments, 2,641 foci, and 2,948 subjects. The duplicated foci among these results were eliminated. Eventually, 4,581 foci, 332 experiments, and 5,575 subjects were used as input data for the MACM with the second ALE.



Results of the second activated likelihood estimation in the interpersonal romantic love relationships

The results of the MACM of each stage of the interpersonal romantic love relationships are shown in Figures 7B1–B3 and Supplementary Table 4B. In the early stage of the interpersonal romantic love relationships, the basal ganglia (putamen, caudate head), parahippocampal gyrus (amygdala), posterior cingulate gyrus (BA30), precuneus (BA7), inferior frontal gyrus (BA47), claustrum, midbrain (mammillary body), anterior insula (BA13), and extra-nuclear (BA13) were observed as the peak activated coordinates. In the migration stage of the interpersonal romantic love relationships, the claustrum, insula (BA13), thalamus, basal ganglia (putamen, medial globus pallidus, lateral globus pallidus, caudate head), midbrain (red nucleus), cingulate gyrus (BA24, BA32), anterior cingulate gyrus (BA24, BA32), inferior frontal gyrus (BA9), precentral gyrus (BA6), middle frontal gyrus (BA6, BA9, BA46), Sub-Gyral (BA6), parietal regions (superior parietal lobule < BA7 >, inferior parietal lobule < BA40 >, precuneus < BA7 >), fusiform gyrus (BA37), and cerebellum (culmen) were observed as the peak activated coordinates. In the stable stage of the interpersonal romantic love relationships, the basal ganglia (caudate head and body, putamen, lateral globus pallidus), midbrain (substania nigra), thalamus, temporal regions (Superior Temporal Gyrus < BA22 >, middle temporal Gyrus < BA37 >, fusiform gyrus < BA37 >), claustrum, parahippocampal gyrus (amygdala, BA36, hippocampus), medial frontal gyrus (BA6, BA9, BA10), inferior frontal gyrus (BA47), anterior cingulate gyrus (BA24, BA32), and cingulate gyrus (BA24, BA32) were observed as the peak activated coordinates.




Conjunction and subtraction analysis


Results of the conjunction analysis

To obtain the overlapping brain regions between the brand love relationships and interpersonal romantic love relationships, a conjunction analysis was conducted. Overlapping brain regions between the brand love relationships and interpersonal romantic love relationships in each stage are shown in Figures 8A1–A3 and Supplementary Table 5. In the phase of the early stage relationship, the overlapping brain regions were the basal ganglia (caudate head, putamen), amygdala, inferior frontal gyrus (BA47), anterior insula (BA13), midbrain (mammillary body), and thalamus. In the phase of the migration stage relationships, the overlapping brain regions were the anterior insula (BA13), inferior frontal gyrus (BA9, BA47), middle frontal gyrus (BA9, BA10), precentral gyrus (BA6), anterior cingulate gyrus (BA24), and lateral globus pallidus. In the phase of the stable stage relationships, the overlapping brain regions were the basal ganglia (caudate body, putamen), anterior insula, cingulate gyrus (BA24), precentral gyrus (BA44), medial frontal gyrus (BA6), and thalamus.
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FIGURE 8
Results of the conjunction and subtraction analysis. (A) Results of the conjunction analysis; (A1) 3D view of overlapping brain regions in the early stage, crosshair = (44, −20, −9); (A2) 3D view of overlapping brain regions in the migration stage, crosshair = (2,17, −5); (A3) 3D view of overlapping brain regions in the stable stage, crosshair = (27,4, −4); (B) results of the subtraction analysis (Brand love > Interpersonal romantic love); (B1) 3D view of the distinctive brain regions activated in the early stage brand love relationships, crosshair = (−7, −39, −14); (B2) 3D view of the distinctive brain regions activated in the migration stage of brand love relationships, crosshair = (1, −47, −20); (B3) 3D view of the distinctive brain regions activated in the stable stage of brand love relationships, crosshair = (−1, −54,10); (C) results of the subtraction analysis (Brand love < Interpersonal romantic love); (C1) 3D view of the early stage of interpersonal romantic love relationships, crosshair = (27, −10, −13); (C2) 3D view of the migration stage of interpersonal romantic love relationships, crosshair = (11, −54, −8); (C3) 3D view of the stable stage of interpersonal romantic love relationships, crosshair = (37, −45, −13). BA, brodmann area; ACG, anterior cingulate gyrus; Amy, amygdala; CG, cingulate gyrus; CdB, caudate body; CdH, caudate head; DMPFC, dorsomedial prefrontal cortex; FfG, fusiform gyrus; Hip, hippocampus; IFG, inferior frontal gyrus; Ins, insula; LGP, lateral globus pallidum; MB, midbrain; MmB, Mammillary Body; MFG, medial frontal gyrus; MPFC, medial prefrontal cortex; PCG, posterior cingulate gyrus; PHG, parahippocampal gyrus; PreCG, precentral gyrus; Prec, precuneus; Put, putamen; RN, red nucleus; SFG, superior frontal gyrus; SN, Substania Nigra; Th, thalamus; VAN, ventral anterior nucleus; VMPFC, ventral medial prefrontal cortex.




Results of the subtraction analysis

To obtain the distinctive brain regions in each love relationship, a subtraction analysis was conducted. The detailed results are shown in Figures 8 B1–B3,C1–C3 and Supplementary Tables 6–8.

During the early stage, the distinctive brain regions activated in the brand love relationships were the basal ganglia (medial globus pallidus, putamen, caudate body), thalamus, midbrain (substania nigra), parahippocampal gyrus (BA28), medial frontal gyrus (BA9), anterior cingulate gyrus (BA32), precentral gyrus (BA6), cerebellum (culmen), claustrum, and inferior occipital gyrus (BA19). The distinctive brain regions activated in the interpersonal romantic love relationships were the basal ganglia (caudate head, putamen), precuneus (BA7), posterior cingulate gyrus (BA30), midbrain (mammillary body), medial frontal gyrus (BA6), and anterior insula.

During the migration stage, the distinctive brain regions activated in the brand love relationships were the anterior cingulate gyrus (BA32), cingulate gyrus (BA31), precuneus (BA31), posterior cingulate gyrus (BA29), superior temporal gyrus (BA22), inferior parietal lobule (BA40), parahippocampal gyrus (amygdala, hippocampus, BA34), and inferior frontal gyrus (BA45, BA47). The distinctive brain regions activated in interpersonal romantic love relationships were the cingulate gyrus (BA32), medial frontal gyrus (BA6), anterior cingulate gyrus (BA24), insula (BA13), inferior frontal gyrus (BA13), fusiform gyrus (BA37), parietal regions (precuneus < BA7 >, inferior parietal lobule < BA40 >), thalamus, precentral gyrus (BA6), middle frontal gyrus (BA9, BA10), the basal ganglia (putamen, lateral globus pallidus), and sub-gyral (BA6).

During the stable stage, the distinctive brain regions activated in the brand love relationships were the basal ganglia (putamen), claustrum, precentral gyrus (BA4, 6, 44), medial frontal gyrus (BA6), thalamus, and anterior insula. In the distinctive brain regions activated in the interpersonal romantic love relationships, the brain regions in cluster 1 were the most broadly activated regions. Although only four brain regions were listed in Supplementary Table 8, multiple brain regions such as the thalamus, midbrain, hippocampus, and ventral striatum were included in cluster 1. The activated brain regions in cluster 2 were the inferior frontal gyrus (BA13) and extra-nuclear (BA13) regions. The activated brain regions in cluster 3 were the anterior insula (BA13).




Decoding analysis

The decoded results, excluding the anatomical and uninterpretable terms, are shown in Tables 1–3. Terms listed in Tables 1–3 were ranked in the top 10 terms at each stage. Terms with the same similarity scores were ranked in the same position. The complete list of terms with similarity scores greater than 0.45 in each stage of each love relationship is presented in Supplementary Tables 9–11. “Dopamine” was a common decoded term regarding both overlapping and distinctive brain regions in this stage.


TABLE 1    Decoded results (early stage phase).
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TABLE 2    Decoded results (migration-stage phase).
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TABLE 3    Decoded results (stable-stage phase).
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Regarding the terms associated with the overlapping activated brain regions of the early stage of both love relationships, the reward-related terms such as “reward,” “motivation,” “outcome,” and “gain” were dominantly decoded. Remarkably, the reinforcement learning-related terms (“reinforcement learning” and “reinforcement”) were characteristically decoded. The other characteristically decoded term was “substance.” As for the distinctive decoded terms in the brand love relationships, the emotional salience-related terms such as “emotional,” “affect,” “arousal,” “negative,” and “fear” were dominantly decoded. Although the emotional salience-related terms were superiorly positioned, emotional salience- and reward-related terms (“relevant,” “adaptive,” “research”) were mixed in the top tiers of the decoded terms. The other characteristically decoded term was “trust.” In the interpersonal romantic love relationships, the self-referential related terms (“self”) were well matched with the distinctive activated brain regions. The other decoded terms were reward-related (“immediate,” “attribution,” “outcome,” and “reward”), default mode network (DMN)-related (“theory,” “mentalizing,” and “mind”), and emotional salience-related terms (“positive,” “positive negative,” and “sad”).

In the migration stage, the top tier of decoded terms regarding overlapping brain regions of both love relationships was dominated by the cognitive control processing-related terms (“regulation,” “cognitive control,” “emotion regulation,” “impulse,” “wisconsin,” “sorting,” “strategy,” “regulate,” and “conflict”). The other decoded terms were social norm-related terms such as “norm,” and “social norm.” The dominantly decoded terms regarding distinctive activated brain regions of the brand love relationships were the DMN-related terms such as “default,” “self-referential,” “thought,” “conscious,” “network dmn,” “midline,” “dmn,” and “default mode.” In the interpersonal romantic love relationships, although the social norm (“norm”) and reward-related (“learn”) terms were partly observed, the working memory (“flanker,” “demand,” “resource,” “conflict,” “difficult,” and “accuracy”) and emotional salience (“feeling,” “experience,” “interoceptive,” “autonomic,” and “salience”) related terms were dominantly decoded.

In the stable stage phase, the decoded terms regarding the overlapping brain regions of both love relationships were complexly mixed by multiple constructs such as reward (“gain,” “motivation,” “desired,” and “outcome”), cognitive control (“uncertainty,” “flexibility”), and emotional salience-related terms (“salience,” “feeling,” and “experience.”) The other characteristically decoded terms were “love” and “dopamine,” although these are related to reward processing. The decoded terms regarding the distinctive activated brain regions of the brand love relationships were emotional salience-related terms (“experience,” “salience,” “feeling,” and “interoceptive.”) The other characteristically decoded terms were “flexibility” and “habit.” These terms are also decoded in the overlapping brain regions. The term “flexibility” and “making” is best matched to the distinctive brain regions of the brand love relationships. Regarding the interpersonal romantic love relationships, the reward-related terms (i.e.; “outcome,” “reward,” “gain,” “collection,” “motivation,” “substance,” “monetary,” “consumption,” “seeking,” “reward processing,” “anticipation,” and “loss”) were dominantly decoded. The other characteristically decoded terms were “serotonin.”




Discussion


Anterior insula: Overlapping brain regions across all stages in both love relationships

Although both brand love and interpersonal romantic love relationships have resembled mental processes, innately distinctive mental processes might be underlaid in these love relationships. Given that the distinctive activated brain connectivity related to each love relationship was revealed, the terms with distinctively characteristic features in each love relationship were decoded.

The conjunction analysis across three stages identified that the anterior insula was a shared brain region between both brand love and interpersonal love relationships. Therefore, it is suggested that each love relationship might be a mental process that is mainly modulated by the anterior insula. The anterior insula is associated with interoceptive feelings (Craig, 2003, 2009), generating emotional salience (Taylor et al., 2003; Phan et al., 2004; Xia et al., 2017), impulsive feelings such as sexual emotion, addiction behaviors (Childress et al., 2008; Gola et al., 2015), and cognitive regulation (Seeley et al., 2007; Bressler and Menon, 2010; Menon, 2011). The anterior insula integrates this multiple processing into engaging in a wide variety of adaptive behaviors such as decision-making (Sridharan et al., 2008; Singer et al., 2009; Kurth et al., 2010; Menon and Uddin, 2010; Uddin et al., 2014, 2017; Jiang et al., 2015; Wang et al., 2019). Thus, considering the mental processes in which the anterior insula is engaged, each love relationship is presumed to be a mental process where the visceral-derived subjective feelings are underlaid. Given that the anterior insula is composed of two segregate regions, the ventral part and dorsal part, each region of the insula has different brain connectivity with other brain regions (Nelson et al., 2010; Deen et al., 2011; Touroutoglou et al., 2012). The ventral anterior insula has connections with the inferior frontal gyrus, superior frontal gyrus, pregenual part of the anterior cingulate gyrus, dorsal part of the anterior cingulate gyrus, temporal regions, posterior cingulate gyrus, basal forebrain, parahippocampal gyrus (amygdala, hippocampus, BA28, BA34), and the ventral striatum (Deen et al., 2011; Cerliani et al., 2012; Touroutoglou et al., 2012). While the dorsal anterior insula has connections with the dorsal part of the anterior cingulate gyrus, lateral sides of the prefrontal cortex, lateral sides of the orbitofrontal cortex, motor cortex, parietal regions, anterior part of the inferior frontal gyrus, temporal pole, and the dorsal striatum (Deen et al., 2011; Touroutoglou et al., 2012; Odriozola et al., 2016). The former brain network is engaged in emotional and affective mental processes, while the latter brain network is engaged in cognitive control and rational mental processes (Kurth et al., 2010; Touroutoglou et al., 2012; Chang et al., 2013; Uddin et al., 2014; Wager and Barrett, 2017).



Early stage

The results of the conjunction analysis reveal that the ventral insula was co-activated with the ventral striatum and the parahippocampal gyrus including the amygdala. The ventral striatum is involved in a wide variety of reward processing activities (Elliott et al., 2000; Knutson et al., 2001; Haber and Knutson, 2010; Motoki et al., 2019), and engages in reinforcement learning (Haruno and Kawato, 2006). The ventral anterior insula, ventral striatum, amygdala, and hippocampus are composed of reward networks (Camara et al., 2009). The interconnection between the anterior insula and the ventral striatum is associated with addiction and substance dependence (Goldstein et al., 2009; Koob and Volkow, 2010; Everitt and Robbins, 2016; Peters et al., 2016; Voon et al., 2020). Moreover, the striatum, midbrain, amygdala, and thalamus are composed of a motivational network (Kelley et al., 2005). The decoded results also showed that the top tier of the decoded terms dominated the reward-related terms (“motivation” and “reward”), reinforcement learning-related terms, and addiction and dependence-related terms (“substance”). Thus, given that the common brain regions in each love relationship in the early stage phase mainly consist of components of the ventral insula pathway, these love relationships might be commonly underlaid by intensively motivated mental processing based on a reinforcement learning system.

Regarding the mental processes of the early stage brand love relationships, since the activations of the brain regions involving the ventral insula pathway were observed, the emotional mental processes might be involved in the mental processes of the brand love relationships. Besides these brain regions, the medial prefrontal cortex (MPFC), dorsal striatum, and parahippocampal gyrus (entorhinal cortex) were characteristically observed. The connection between the MPFC (especially the ventral MPFC) and the ventral striatum is a component of a neural currency network. The network is associated with reward-based subjective valuation (Kable and Glimcher, 2007; Tom et al., 2007; Bartra et al., 2013). Same as the ventral striatum, the dorsal striatum is also associated with reward processing (Balleine et al., 2007) and reinforcement learning (Packard and Knowlton, 2002; Samejima et al., 2005). Besides the reward processing, the dorsal striatum is associated with a positive effect (Phan et al., 2002). The ventral striatum is also associated with an emotion such as euphoria. Although the reward-related terms and emotional salience-related terms were decoded, the reinforcement learning-related terms were not decoded. Given that the amygdala has connections with the entorhinal cortex, these connections play a crucial role in emotional episodic memories (Kesner and Rogers, 2004; Phelps, 2004). This consideration is consistent with decoded results that emotional salience-related terms were dominated in the top tier positions. Interestingly, negative emotion terms such as “negative,” “avoid,” “avoidance,” and “fear” were decoded. The amygdala engages in fear-conditioned associative memories and is associated with unconscious negative emotional evaluations (LeDoux, 1992; Phelps et al., 2000; Izuma et al., 2019). Fear-conditioned memories are instantly acquired and persistently remain (Phelps, 2004; Poulos et al., 2009). Additionally, the amygdala engages in assessing trustworthiness (Bzdok et al., 2011; Santos et al., 2016). Untrustworthiness and avoidance behavior was correlated with the activation of the amygdala (Engell et al., 2007; Todorov, 2008). Since the terms such as “trust,” “avoid,” and “avoidance” was decoded, this result suggests that consumers evaluate whether a brand might deserve trustworthy or untrustworthy during early stage brand love relationships. These considerations suggest that it is important for brand managers to manage in a sensitive manner to prevent associating brands with negative emotional elements since it is more difficult to remove negative emotions attached to brands than they can imagine. Therefore, making decisions about brands is emotionally executed during the early stage. The distinctive brain networks of the brand love relationships in the early stage are speculated to be strongly involved in the reward and emotional processing.

Since activations of the ventral striatum and anterior insula were observed similar to those of the overlapping brain regions in the interpersonal romantic love relationships, both reward processing and intensive motivative mental processing might be involved in the mental processes of the relationships. Although the reward-related terms such as “immediate,” “attribution,” and “reward” were decoded at the top tiers, intensive motivative-related terms were not decoded at the higher scores (i.e.,: “substance” = 0.59, “motivation” = 0.56, and “substance use disorder” = 0.52). The decoded results of the emotional salience-related terms, such as “positive” and “sad,” can be speculated by activations of components of the ventral insula pathway. As described above, the ventral insula pathway is associated with emotional and affective processing (Kurth et al., 2010; Touroutoglou et al., 2012; Chang et al., 2013; Uddin et al., 2014; Wager and Barrett, 2017). Characteristically activated brain regions are the precuneus and medial part of the posterior cingulate cortex. These regions are a crucial component of the posterior part of the DMN (pDMN) (Damoiseaux et al., 2008). The DMN is one of the major intrinsic brain networks (Buckner et al., 2008). The DMN is associated with self-referential and social cognitive processes such as autobiographical memories, mentalizing, mind-wandering, theory of mind, and empathy (Buckner et al., 2008; Spreng et al., 2009; Andrews-Hanna, 2012; Mars et al., 2012; Xin and Lei, 2015; Davey et al., 2016; Kucyi et al., 2016). Principally, the pDMN is associated with social cognitive processes such as mentalizing and theory of mind (Mars et al., 2012; Esménio et al., 2020). Both mentalizing and theory of mind are mental processes involving the simulation of other people’s minds, and are associated with prosocial behaviors (Caputi et al., 2012; Majdandžiæ et al., 2016). The decoded terms such as “theory” (theory of mind-related term) and “mentalizing” might be associated with the pDMN. Moreover, the pDMN was also engaged in self-referential processing such as self-affirmation (Cascio et al., 2016), self-reflection (Johnson et al., 2006), and self-attribution. Regarding self-reflection, the pDMN is associated with duty and obligation (Johnson et al., 2006). The pDMN engages in external attribution during self-attribution (Jackson et al., 2006). Self-affirmation and self-esteem are associated with the satisfaction of romantic love relationships (Cramer, 2003). Thus, the pDMN is associated with taking the perspectives of others and focusing on an external environment while engaging in self-referential mental processes (Jackson et al., 2006; Leech and Sharp, 2014). Therefore, it can be postulated that the decoded term “self” has prosocial aspects in spite of the terms concerning the self-referential processing. Accordingly, the mental processes of the interpersonal romantic love relationships might be underlaid by social cognitive processing including the reward processing.



Migration stage

The common brain regions composed of the salience network such as the dorsal part of the anterior cingulate gyrus and both the dorsal and ventral part of the anterior insula were observed. These brain regions are the main components of the salience network and are engaged in the mental processes related to attention, control, regulation, interoceptive, and autonomic processes (Seeley et al., 2007; Menon and Uddin, 2010; Menon, 2015). The other characteristically revealed brain region is the lateral side of the frontal cortex. These regions are associated with cognitive control processing and are activated during tasks where the cognitive load is demanded (Seeley et al., 2007; Bressler and Menon, 2010; Menon, 2011). Since the regulation and cognitive control-related terms were dominantly decoded, the mental processes of each love relationship might underlie the regulation and control mental processing interplayed by both the salience and cognitive control networks. The decoded results are shown in Table 2 and Supplementary Table 10. Additionally, given that the social norm-related terms such as “social norm” and “norm” were decoded, the activated brain regions might engage in social norm-related mental processes. Social norms are among the social decision-making and socially acceptable courtesy and manners (Sherif and Sherif, 1953) and they require rationally deliberative mental processes and thinking of the mental states of others (Berthoz et al., 2002; Bas-Hoogendam et al., 2017; Zinchenko and Arsalidou, 2018). The brain regions composing both the salience and cognitive control are associated with the social norms (Berthoz et al., 2002; Bas-Hoogendam et al., 2017; Zinchenko and Arsalidou, 2018). Thus, the interconnection of overlapping brain regions might engage in deliberative mental processing.

Regarding the distinctive brain regions and mental processes of the brand love relationships, core brain regions of the DMN such as the MPFC, medial part of the posterior cingulate gyrus, and parahippocampal gyrus were observed (Buckner et al., 2008; Andrews-Hanna, 2012). According to Andrews-Hanna (2012), the DMN is classified into three sub-systems composed of the core [the anterior MPFC (AMPFC) and medial part of the PCC], medial temporal lobe (< MTL >, the ventral MPFC < VMPFC >, the hippocampal formation and retrosplenial cortex < BA29, BA30 >), and dorsal MPFC sub-system (the DMPFC, temporal parietal function < TPJ >, lateral temporal cortex, and temporal pole). Both the core DMN and MTL subsystem were observed. The DMPFC and TPJ, which are components of the DMPFC subsystem, were observed. The core DMN is associated with self-referential processing, the MTL subsystem is associated with memory-based mental processes, and the DMPFC subsystem is associated with social cognition (Andrews-Hanna, 2012). The AMPFC, VMPFC, DMPFC, and the medial part of the PCC are referred as to the cortical midline structure (CMS) and are engaged in self-referential processing (Northoff and Bermpohl, 2004). Since the DMN and CMS-related terms were decoded, it could be speculated that these brain networks might engage in the mental processes of the brand love relationships in this stage. Although the social cognition-related terms (“social cognitive”) were decoded at a relatively higher rank and a similarity score of 0.65, self-referential processing-related terms (“self-referential”) were decoded in the top tiers at a higher score of 0.82 (see Supplementary Table 10 and Table 2). Interestingly, the mind-wandering related term “wandering” was decoded at a relatively higher rank with a similarity score of 0.61. Mind-wandering is one of the DMN-related mental, task-unrelated, and spontaneous thought processes (Buckner et al., 2008; Christoff et al., 2009, 2016; Andrews-Hanna, 2012; Fox et al., 2015). Since the interconnected activity between the salience network, cognitive control network, and the core DMN engages in mind-wandering (Christoff et al., 2009; Christoff, 2012), and the term “wandering” was decoded at the top tiers, the mental processes of the brand love relationships in this stage might be associated with mind-wandering. Given that, this internal mentation processing might be associated with frequent thinking (“very often have thoughts about it,” “coming to mind seemingly on their own”), which is one of the crucial constructs of brand love measurement (Park et al., 2010; Lastovicka and Sirianni, 2011; Batra et al., 2012; Bagozzi et al., 2017) and is a construct derived from self-brand integration (Batra et al., 2012). Thus, this consideration suggests that the mental processes of brand love relationships with weak social cognitive aspects might be strongly weighted by inward self-referential processing.

In the interpersonal romantic love relationships, the brain regions belonging to the salience network (i.e., the anterior insula and the dorsal part of the anterior cingulate gyrus) and to the cognitive control network (i.e., DMPFC, lateral sides of the frontal lobe, and the posterior part of the parietal regions) were mainly observed (Seeley et al., 2007; Menon and Uddin, 2010; Menon, 2011). Given that the brain regions related to these two networks were activated and the salience and cognitive control -related terms were decoded at the top tiers (see Table 2 and Supplementary Table 10), the activated brain regions might engage in regulation, control, and interoceptive processing (Seeley et al., 2007; Menon and Uddin, 2010; Menon, 2011). Since working memory- and emotional salience-related terms were well decoded. The working memory is the process which holds information for short periods of time to execute tasks (Baddeley, 2000). The working memory network includes the dorsal-lateral prefrontal cortex and posterior parietal regions, and is involved in working memory-related cognitive control processing such as planning, allocating attention, and inhibition (D’Esposito and Postle, 2015). Brain regions involved in both working memory and cognitive control networks overlap, and mental processes engaged in these networks are similar in their rational and deliberative nature (Menon, 2011). Both cognitive control and salience networks cooperatively function when executing emotional salience-relate tasks requiring cognitive resources to solve problems (Luo et al., 2014; Sheffield et al., 2021). Moreover, a connection between the salience and cognitive control network is enhanced when the task difficulties become high (Gong et al., 2016). “Flanker,” the most matched decoded term, is associated with the flanker task. The flanker task is helpful for assessing the mental processes involved in conflict resolution (Berron et al., 2015; Siemann et al., 2016). The cognitive control system is engaged in conflict resolution (Egner, 2008). According to Simpson et al. (2006), individuals with anxiety tend to distinguish relationship conflicts with beloved partners in daily life. In case these conflicts are severe and bring negative consequences for the stability of their future relationships, they try to implement conflict resolution strategies to preserve their relationships with their beloved partners (Pistole, 1989). The distinctive brain regions might engage in social decision-making since the decoded term “norm” is a social norm-related term, as previously described. Based on these considerations, the interplaying between the distinctive brain regions during the migration stage of the interpersonal romantic love relationships might strongly be engaged in social deliberative mental processing such as conflict resolution between partners.



Stable stage

Regarding the common brain regions in the stable stage phase, both the ventral and dorsal parts of the anterior insula, striatum (from the ventral to dorsal regions), midbrain, and anterior thalamus were observed. The crucial function of the salience network anchored in the anterior insula is saliency detection (Seeley et al., 2007; Singer et al., 2009; Menon and Uddin, 2010; Uddin et al., 2014), which is required to integrate multiple processes such as emotion, reward, social cognition, somatosensation, interoception, and exteroception (Seeley et al., 2007; Craig, 2009; Singer et al., 2009; Menon and Uddin, 2010; Uddin et al., 2014). Since the results showed that control and regulation-related terms were not decoded while emotional salience-related terms were decoded, the major common mental processes of each love relationship might be visceral derived subjective feelings. The detailed decoded results are shown in Table 3 and Supplementary Table 11. Moreover, the dopamine-related term “dopamine” was commonly decoded at the top tiers across all the results of the conjunction and subtraction analysis concerning the stable stage phase. The activation of the anterior insula and dopamine activity is associated with saliency detection (Oei et al., 2012; Kutlu et al., 2013). Brain regions in the dopaminergic pathway were observed in the conjunction and subtraction analysis results. Brain regions in the mesolimbic dopamine pathway were overlappingly activated in both relationships, and distinctive brain regions involved in interpersonal romantic love relationships were also activated. The mesolimbic dopamine pathway is engaged in motivational and hedonic processes such as enjoyment and desire (Kelley et al., 2005; Alcaro et al., 2007; Blaess et al., 2020). The dopamine synthesis and release functions of the mesolimbic dopamine system are associated with the connectivity of nodes within the salience network (McCutcheon et al., 2019). The connectivity of brain network systems is involved in detecting incentive salience driven by motivation (Kesserwani, 2021). In brand love relationships, the dorsal striatum, which is a component of the nigrostriatal dopamine pathway, was activated. The nigrostriatal dopamine pathway plays a crucial role in regulating voluntary movement (de Oliveira-Souza, 2012; Jang and Cho, 2022) and reward (Wise, 2009). Additionally, the term “flexibility” was decoded as one of the most matched terms. This decoded result might demonstrate that “flexibility” is a construct derived from “cognitive flexibility” because the term “flexibility” was mainly composed of publications regarding cognitive flexibility studies (the publication list, which is queried through the NeuroQuery platform, is sited in the Supplementary Table 12. Cognitive flexibility is the ability to adapt to a changing environment and regulate the mental state to adapt to it (Scott, 1962). This ability is required to drive the dorsal frontal-striatal network (Kehagia et al., 2010; Langley et al., 2021; Uddin, 2021). Cognitive flexibility involves dopamine-related behaviors and the ability to execute goal-directed behavior (van der Meulen et al., 2007; Kehagia et al., 2010). Since the other most matched term was “making,” which is the decision-making related term, this suggests that both love relationships are a kind of goal-directed behavior. Thus, the common mental processes of both love relationships might lead to visceral-derived incentive saliency detection and attention processing when making decisions.

The stable stage-brand love is a phase in which relationships between brands and consumers are established. The putamen covered broader activated brain areas in the stable stage-brand love relationships than those in the other stage-brand love relationships. Given that the putamen is one of the components of the salience network (Seeley et al., 2007), connections between the anterior insula and putamen are involved in the interoceptive processing (Ainley et al., 2014; de la Fuente et al., 2019; Paik et al., 2019). Interoceptive awareness, a key element of interoceptive processing, is linked to automatic behavior (Ainley et al., 2014). Paik et al. (2019) demonstrated that interoceptive processing plays a role in uncontrollable behavior. The putamen is associated with habitual behaviors (Tricomi et al., 2009; Morris et al., 2016). The caudate, which is the shared brain region between brand love and interpersonal romantic love relationships, is associated with goal-directed behaviors (Grahn et al., 2008; Dong et al., 2020). Successive and gradual goal-directed behavior brings out a transformation from the dominance of the goal-directed system to the dominance of the habit system in a neural mechanism (Tricomi et al., 2009; Lee et al., 2014). When the habit system becomes dominant, the goal-directed system strengthens the habit system (Jackson et al., 2019). Given that both the putamen and caudate are composed of the habit network, this interplay between these systems leads to automatic behavior (Zilverstand et al., 2018). Since “salience,” “interoceptive,” and “habit” were also decoded, these cognitive functions may be involved in the mental processes of brand love relationships during this stage. Moreover, the term “flexibility” was decoded in the top tiers. Especially, the basal ganglia plays a crucial role in cognitive flexibility (Erickson et al., 2010; Verstynen et al., 2012; Becker et al., 2016; Jackson et al., 2019). According to Jackson et al. (2019), when the influences of the putamen in reversal learning are superior to those of the caudate, cognitive flexibility is reduced. This suggests that the putamen inhibits goal-directed behavior and leads to automatic behavior. Thus, distinctive mental processes of brand love relationships might be habit-based automatic processing. Most consumer behaviors during this stage might be executed unconsciously and without cognitive effort. This state based on the mental processes between the consumers and the brands can be interpreted as a close construct of action loyalty among the customer loyalty phases (Oliver, 1999). The action loyalty is the ultimate phase of customer loyalty, in which the consumers repurchase specific brands without cognitive efforts like seeking information about the brand (Oliver, 1999). It leads to inertial rebuying behavior and prevents consumers from switching brands. The dominant activation of the putamen in the stable stage-brand love might be associated with the prevention of switching from a current beloved brand to other competitors since the functions of the putamen modulate cognitive flexibility. Thus, the putamen might be the central brain region for customer loyalty. Since the decoded terms did not match well with the distinctive brain regions of the brand love relationships because of the lower similarity scores than the other stages, better-matched constructs than the currently interpreted constructs based on “cognitive flexibility” and “habit” might be associated with mental processing in brand love relationships during the stable stage.

The distinctive activated brain regions in the interpersonal romantic love relationships consists of two broad regions such as the ventral parts of the subcortical regions (the thalamus, ventral striatum, parahippocampal gyrus, midbrain) and BA13 including the ventral part of the anterior insula. The connected network between the ventral part of the anterior insula, sometimes along with the dorsal part of the anterior and the posterior part of the insula, and these sub-cortical regions is associated with reward processing such as reward-seeking and addiction (Naqvi and Bechara, 2009; Naqvi et al., 2014; Droutman et al., 2015; Zhao et al., 2022). These sub-cortical regions are components of the motivational network (Kelley et al., 2005). Given that the reward-related terms (“outcome,” and “reward”) and intensive motivation-related terms (“motivation” and “substance”) were decoded at the top tiers, the mental processes during the stable stage might be underlying the mental processes driven by the intensively motivated mental processing. While the mental processes of the brand love relationships are dominated by habit-based automatic mental processing without including the motivation-related mental processes, those of the interpersonal romantic love relationships are driven by the “wanting” system, in which each partner is seeking each other, despite the long-term relationship. This relationship state during the stable stage in interpersonal romantic love relationships is close to the results in the early stage. The mental processes in the early stage were also driven by the intensively motivational system such as reinforcement learning. This consideration is in line with the previous studies concerning long-term romantic love relationships (Acevedo and Aron, 2009; O’Leary et al., 2012). Acevedo and Aron (2009) demonstrated that romantic love did not decay in long-term relationships similar to the pattern observed in the relationships during the early stage. They also revealed that the long-term romantic love relationships might lead to the wellbeing of the individual (Acevedo and Aron, 2009). This differentiation of mental processes might be caused by the involvement of different dopamine systems and mental processes in each love relationship (interpersonal romantic love relationships: mesolimbic dopamine pathway; brand love relationships: nigrostriatal dopamine pathway). Moreover, the term “serotonin” was only decoded in interpersonal romantic love relationships, and not in brand love relationships. The density of serotonin transporters has an influence on the mental processes of infatuated couples such as obsessions with partners (Marazziti et al., 1999; Langeslag et al., 2012). Moreover, the serotonin transporter gene (5-HTTLPR) is associated with wellbeing (De Neve, 2011; Matsunaga et al., 2013). Parameters of relationship quality such as wellbeing during the stable stage could be associated with the function of 5-HTTLPR. This suggests that the brand love and interpersonal romantic love relationships during the stable stage might be different mental processes in terms of both relationship quality and motivation for lasting relationships. Since the brand love relationships might be a weaker bonded relationship than the interpersonal romantic love relationships in spite of existing in the stable stage, brand love relationships might have a vulnerable tie in comparison with interpersonal romantic love relationships. In other words, unlike the interpersonal romantic love relationships, consumers might not already consider a brand as a long-term partner with strong bonding at the stable stage because of a lack or weak intensive motivation to maintain lasting relationships.



Evaluation of hypotheses

The assessment of each hypothesis mentioned in the Introduction section is described succeeding each hypothesis.







	

	Hypothesis 1: If the neural mechanisms of brand love relationship dynamics are the same as those of interpersonal romantic love relationship dynamics, activation of the same brain regions should be observed, and the same constructs of the mental processes should be decoded across all stages.





Regarding hypothesis 1, although overlapping brain regions such as the anterior insula were activated across all stages, broadly different activated brain regions were observed across all stages. Different terms concerning each distinct brain region across all stages were also decoded. Additionally, many social cognitive constructs including prosocial aspects were decoded across all stages in the interpersonal romantic love relationships. However, only two decoded terms concerning social cognitive constructs were observed in brand love relationships but with no prosocial aspects (i.e., the term “trust” was decoded in the early stage, while “partner” was decoded in the stable stage.) Since it is difficult to support hypothesis 1, the brand love relationship dynamics and interpersonal romantic love relationship dynamics do not have identical neural mechanisms and have different mental processes.







	

	Hypothesis 2: If relationships between consumers and brands are reinforced during term from the early to migration like interpersonal romantic love relationships, reinforcement learning-related brain regions should be observed as shared brain regions between brand love and interpersonal romantic love relationships in the early stage, and reinforcement learning-related constructs should be distinctively decoded in the early stage.





Regarding hypothesis 2, activation of the striatum (the putamen and caudate) was observed as common brain regions between the brand love and interpersonal romantic love relationships in the early stage. These regions are associated with reinforcement learning (Packard and Knowlton, 2002; Tanaka et al., 2007; Kunimatsu et al., 2019). Furthermore, reinforcement learning-related terms were decoded. Thus, the hypothesis 2 was confirmed. This suggests that both love relationships might have the same underlying mechanism in terms of both neural and mental processes systems during the early stage.







	

	Hypothesis 3: If the function of motivation-related constructs, which is driven by intensive passionate emotion, in brand love relationship dynamics is weaker than that in interpersonal romantic love relationship dynamics, motivation-related brain regions should be weakly observed, and motivation-related constructs should be weakly decoded across all stages.





Regarding hypothesis 3, the connection between the anterior insula and the ventral striatum was observed in the early stage of both love relationships. This connection is associated with motivation-related constructs such as carving drugs (Goldstein et al., 2009; Koob and Volkow, 2010; Everitt and Robbins, 2016; Peters et al., 2016; Voon et al., 2020) as previously above. The connection was also observed in the interpersonal romantic love relationships but not in the brand love relationships at the stable stage. Moreover, in the stable stage of the interpersonal romantic love relationships, the brain regions composing the motivational network were activated. Regarding the shared brain regions in the early stage and distinctive brain regions in the stable stage of interpersonal romantic love relationships, motivation-related constructs were decoded. Regarding the distinctive brain regions in all stages of brand love relationships, motivation-related constructs were not decoded. This could interpret the magnitude of involving motivation-related constructs in brand love relationships during the early stage that might be weaker than that in interpersonal romantic love relationships. However, the one in the brand love relationships might not function during the stable stage. From the view of dynamics, the motivation-related constructs might be strongly involved in the mental processes of interpersonal romantic love relationships rather than that of brand love relationships. This suggests that the trajectories of both love relationship dynamics might be different. Thus, the hypothesis 3 was supported.



General discussion

Taken together, the many common mental processes, such as the intensive motivation, regulation, and saliency detection, derived from the overlapping brain regions with which the anterior insula has connections were observed across all three stages. Moreover, the present study revealed that the mental processes of both love relationships are driven by the early stage reinforcement learning system. However, different brain regions and brain networks identified in a wide range and distinct terms in each love relationship were decoded across all three stages. The major brain networks and mental processing at each stage of each love relationship are organized in Figure 9. Moreover, social cognitive aspects including prosocial aspects were strongly involved in the distinctive mental processes of interpersonal romantic love relationships across all stages. In contrast, no prosocial aspects were observed in the mental processes of brand love relationships in any stage; however, a few social cognitive aspects were observed. This is suggested to be the key difference between the brand love relationships and interpersonal romantic love relationships. It is also suggested to be the key factor in constructing strong bonded relationships in interpersonal romantic love relationships but not in the brand love relationships. The interplay between the common and distinct brain networks in both love relationships might develop different trajectories of mental processing in each love relationship.


[image: image]

FIGURE 9
Brain networks and mental processing at each love relationship stage. DMN; default mode network.




Limitations and future research

Although the present study provides useful findings to practitioners and academicians, there are several limitations in our study. Since we conducted an ALE analysis without considering various product categories, the present results are integrated brain activation areas regarding brand love relationships, which do not include differentiations of consumer behavior depending on product categories. This indicates that our results have universalities because of depending on comprehensive publications regarding brand love studies with a brain activation method. However, no distinctiveness and characteristics depending on variations in product categories were assessed in this study. Since these differences are not considered in the present results, the present results have limitations for application to marketing strategies. Moreover, the first ALE was conducted by small experiments. The experiments in most studies conducting the first ALE, as recommended by Eickhoff et al. (2016), did not meet the appropriate experiment size (more than 17 experiments). While, according to Bossier et al. (2018), an experiment size of approximately 10 is appropriate in terms of balancing of statistical error types (Type 1 and 2). Considering both criteria Eickhoff et al. (2016) and Bossier et al. (2018), the sample size for the first ALE may have been insufficient. Regarding the classification of relationship stages, several studies may be classified under another stage. For example, the experimental stimulus used in Deppe et al. (2005) was a well-known magazine logo. In the present study, that study was classified into the early stage based on weighting of criteria such as the strength of the relationship between brands and consumers. However, when weighting criteria such as relationship length, that study might be classified as being in the stable stage. Thus, depending on the perspective of the classifying studies, the allocation of studies to stages might be altered. One possible approach for addressing this limitation is to conduct an analysis using all possible combinations of the studies, from which stages can be designated. Results obtained using these procedures may have sufficient robustness. The present study offers a perspective for addressing this issue. There are limitations to interpreting decoded results though we adopted the NeuroQuery platform. While the NeuroQuery approach has advantages in terms of the number of preserved terms for decoding analysis in comparison with the other decoding methods such as the Neurosynth and BrainMap platforms, it has critical weakness in terms of statistical robustness. Unlike the decoding method with the BrainMap platform, decoded results using the NeuroQuery platform are not the results thresholded by statistical methods. In this study, although we adopted the NeuroQuery approach with the emphasis on the number of terms for decoding functions of brain regions, in order to obtain more robust results, assessments using both NeuroQuery and BrainMap may be required in the next study. Moreover, due to the insufficient samples in the studies, the decline stage in both love relationships could not be assessed in this study. However, given that this is the first triggered study for meta-analytical connectivity of brain regions regarding brand love relationships, it may provide useful indications for subsequent brand love studies using neuroscientific approaches. For example, researchers can refer to the present results as the regions of interest for brain regions related to brand love relationships when conducting an experimental study with brain imaging techniques such as fMRI. Although the present study provides useful information, there are still many limitations to address. Further studies are needed to address these issues and further research is required for precisely characterizing the neural basis of the dynamics of brand love relationships.




Conclusion

To our knowledge, this is the first study revealing the neural mechanisms of the brand love relationship dynamics. The present study concluded that the developmental trajectories between brand love and interpersonal romantic love relationships are underlaid in different neural mechanisms and innately different mental processes generated by interconnecting both common and distinctive brain networks at each stage. This finding is generally consistent with those of previous brand love studies (Langner et al., 2015, 2016; Bagozzi et al., 2017). Brand love relationships may be more vulnerable due to underlying mental processes associated with weak social aspects, without the prosocial aspects of interpersonal romantic love relationships. For researchers, these findings suggest that crude applications of interpersonal romantic love theories to brand love relationship studies should be avoided. Practitioners need to realize that the brand love relationships are vulnerable on the premise when managing brand love relationships. Even though strong brand love relationships have been established and reached the stable stage, brand managers must carefully monitor signs of changing relationships between brands and customers by investigating indices of the relationship strength such as the brand love measurement (Batra et al., 2012) and methods of measuring intensive love feelings (Langner et al., 2016; Gumparthi et al., 2021), Therefore, nurturing brand love requires considerable attention and commitment.
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1     http://www.brainmap.org/

2     http://ric.uthscsa.edu/mango/

3     https://www.brainmap.org/sleuth/

4     https://neuroquery.org/

5     https://github.com/neuroquery/neuroquery

6     https://neurosynth.org/


References

Aaker, D. A. (1991). Managing brand equity: Capitalizing on the Value of a Brand Name. New York, NY: The Free Press.

Acar, F., Seurinck, R., Eickhoff, S. B., and Moerkerke, B. (2018). Assessing robustness against potential publication bias in activation likelihood estimation (ALE) meta-analyses for fMRI. PLoS One 13:e0208177. doi: 10.1371/journal.pone.0208177

Acevedo, B. P., and Aron, A. (2009). Does a long-term relationship kill romantic love? Rev. Gen. Psychol. 13, 59–65. doi: 10.1037/a0014226

Ahuvia, A. (1992). “For the love of money: Materialism and product love,” in SV Meaning, Measure, and Morality of Materialism, eds W. R. Floyd and M. Richins (Provo, UT: Association for Consumer Research), 188–198.

Ahuvia, A. C. (1994). I love it. Towards a unifying theory of love across diverse love objects. Ph.D thesis. Evanston, IL: Northwestern University.

Ahuvia, A. C. (2005a). Beyond the extended self: Loved objects and consumers’ identity narratives. J. Consum. Res. 32, 171–184. doi: 10.1086/429607

Ahuvia, A. C. (2005b). “The love prototype revisited: A qualitative exploration of contemporary folk psychology,” in University of Michigan-Dearborn working paper, (Ann Arbor, MI).

Ahuvia, A. C., Batra, R., and Bagozzi, R. P. (2014). “Love, desire, and identity: A conditional integration theory of the love of things,” in Handbook of brand relationships, eds D. J. MacInnis, C. Whan Park, and J. W. Priester (New York, NY: Routledge), 364–379.

Ahuvia, A., Batra, R., and Bagozzi, R. (2008). “Brand love: Towards an integrative model,” in NA-Advances in Consumer Research, Vol. 35, eds A. Y. Lee and D. Soman (Duluth, MN: Association for Consumer Research), 176–180.

Ainley, V., Brass, M., and Tsakiris, M. (2014). Heartfelt imitation: High interoceptive awareness is linked to greater automatic imitation. Neuropsychologia 60, 21–28. doi: 10.1016/j.neuropsychologia.2014.05.010

Albert, N., and Merunka, D. (2013). The role of brand love in consumer-brand relationships. J. Consum. Market. 30, 258–266. doi: 10.1108/07363761311328928

Albert, N., and Valette-Florence, P. (2010). Measuring the love feeling for a brand using interpersonal love items. J. Market. Dev. Compet. 5, 57–63.

Albert, N., Merunka, D., and Valette-Florence, P. (2008). When consumers love their brands: Exploring the concept and its dimensions. J. Bus. Res. 61, 1062–1075. doi: 10.1016/j.jbusres.2007.09.014

Albert, N., Merunka, D., and Valette-Florence, P. (2009). “The feeling of love toward a brand: Concept and measurement,” in NA-Advances in Consumer Research, Vol. 36, eds A. L. McGill and S. Shavitt (Duluth, MN: Association for Consumer Research), 300–307.

Albert, N., Merunka, D., and Valette-Florence, P. (2013). Brand passion: Antecedents and consequences. J. Bus. Res. 66, 904–909. doi: 10.1016/j.jbusres.2011.12.009

Alcaro, A., Huber, R., and Panksepp, J. (2007). Behavioral functions of the mesolimbic dopaminergic system: An affective neuroethological perspective. Brain Res. Rev. 56, 283–321. doi: 10.1016/j.brainresrev.2007.07.014

Andrews-Hanna, J. R. (2012). The brain’s default network and its adaptive role in internal mentation. Neuroscientist 18, 251–270. doi: 10.1177/1073858411403316

Baddeley, A. (2000). The episodic buffer: A new component of working memory? Trends Cogn. Sci. 4, 417–423. doi: 10.1016/S1364-6613(00)01538-2

Bagozzi, R. P., Batra, R., and Ahuvia, A. (2017). Brand love: Development and validation of a practical scale. Market. Lett. 28, 1–14. doi: 10.1007/s11002-016-9406-1

Balleine, B. W., Delgado, M. R., and Hikosaka, O. (2007). The role of the dorsal striatum in reward and decision-making. J. Neurosci. 27, 8161–8165. doi: 10.1523/JNEUROSCI.1554-07.2007

Bartra, O., McGuire, J. T., and Kable, J. W. (2013). The valuation system: A coordinate-based meta-analysis of BOLD fMRI experiments examining neural correlates of subjective value. Neuroimage 76, 412–427. doi: 10.1016/j.neuroimage.2013.02.063

Bas-Hoogendam, J. M., van Steenbergen, H., Kreuk, T., Van der Wee, N. J., and Westenberg, P. M. (2017). How embarrassing! The behavioral and neural correlates of processing social norm violations. PLoS One 12:e0176326. doi: 10.1371/journal.pone.0176326

Batra, R., Ahuvia, A., and Bagozzi, R. P. (2012). Brand love. J. Market. 76, 1–16. doi: 10.1509/jm.09.0339

Becker, L., Kutz, D. F., and Voelcker-Rehage, C. (2016). Exercise-induced changes in basal ganglia volume and their relation to cognitive performance. J. Neurol. Neuromed. 1, 19–24. doi: 10.29245/2572.942X/2016/5.1044

Berron, D., Frühholz, S., and Herrmann, M. (2015). Neural control of enhanced filtering demands in a combined Flanker and Garner conflict task. PLoS One 10:e0120582. doi: 10.1371/journal.pone.0120582

Berthoz, S., Armony, J. L., Blair, R. J. R., and Dolan, R. J. (2002). An fMRI study of intentional and unintentional (embarrassing) violations of social norms. Brain 125, 1696–1708. doi: 10.1093/brain/awf190

Blaess, S., Stott, S. R. W., and Ang, S.-L. (2020). “The generation of midbrain dopaminergic neurons,” in Patterning and Cell Type Specification in the Developing CNS and PNS, eds J. Rubenstein, P. Rakic, B. Chen, and K. Kwan (London: Academic Press), 369–398. doi: 10.1016/B978-0-12-814405-3.00017-5

Bossier, H., Seurinck, R., Kühn, S., Banaschewski, T., Barker, G. J., Bokde, A. L., et al. (2018). The influence of study-level inference models and study set size on coordinate-based fMRI meta-analyses. Front. Neurosci. 11:745. doi: 10.3389/fnins.2017.00745

Bowlby, J. (1969). Attachment and Loss: Volume I: Attachment. London: The Hogarth Press and the Institute of Psycho-Analysis.

Bressler, S. L., and Menon, V. (2010). Large-scale brain networks in cognition: Emerging methods and principles. Trends Cogn. Sci. 14, 277–290. doi: 10.1016/j.tics.2010.04.004

Buckner, R. L., Andrews-Hanna, J. R., and Schacter, D. L. (2008). The brain’s default network: Anatomy, function, and relevance to disease. Ann. N. Y. Acad. Sci. 1124, 1–38. doi: 10.1196/annals.1440.011

Bzdok, D., Langner, R., Caspers, S., Kurth, F., Habel, U., Zilles, K., et al. (2011). ALE meta-analysis on facial judgments of trustworthiness and attractiveness. Brain Struct. Funct. 215, 209–223. doi: 10.1007/s00429-010-0287-4

Camara, E., Rodriguez-Fornells, A., and Münte, T. F. (2009). Functional connectivity of reward processing in the brain. Front. Hum. Neurosci. 2:19. doi: 10.3389/neuro.09.019.2008

Caputi, M., Lecce, S., Pagnin, A., and Banerjee, R. (2012). Longitudinal effects of theory of mind on later peer relations: The role of prosocial behavior. Dev. Psychol. 48, 257–270. doi: 10.1037/a0025402

Carroll, B. A., and Ahuvia, A. C. (2006). Some antecedents and outcomes of brand love. Market. Lett. 17, 79–89. doi: 10.1007/s11002-006-4219-2

Cascio, C. N., O’Donnell, M. B., Tinney, F. J., Lieberman, M. D., Taylor, S. E., Strecher, V. J., et al. (2016). Self-affirmation activates brain systems associated with self-related processing and reward and is reinforced by future orientation. Soc. Cogn. Affect. Neurosci. 11, 621–629. doi: 10.1093/scan/nsv136

Cerliani, L., Thomas, R. M., Jbabdi, S., Siero, J. C., Nanetti, L., Crippa, A., et al. (2012). Probabilistic tractography recovers a rostrocaudal trajectory of connectivity variability in the human insular cortex. Hum. Brain Mapp. 33, 2005–2034. doi: 10.1002/hbm.21338

Chang, L. J., Yarkoni, T., Khaw, M. W., and Sanfey, A. G. (2013). Decoding the role of the insula in human cognition: Functional parcellation and large-scale reverse inference. Cerebr. Cortex 23, 739–749. doi: 10.1093/cercor/bhs065

Childress, A. R., Ehrman, R. N., Wang, Z., Li, Y., Sciortino, N., Hakun, J., et al. (2008). Prelude to passion: Limbic activation by “unseen” drug and sexual cues. PLoS One 3:e1506. doi: 10.1371/journal.pone.0001506

Christoff, K. (2012). Undirected thought: Neural determinants and correlates. Brain Res. 1428, 51–59. doi: 10.1016/j.brainres.2011.09.060

Christoff, K., Gordon, A. M., Smallwood, J., Smith, R., and Schooler, J. W. (2009). Experience sampling during fMRI reveals default network and executive system contributions to mind wandering. Proc. Natl. Acad. Sci. U. S. A. 106, 8719–8724. doi: 10.1073/pnas.0900234106

Christoff, K., Irving, Z. C., Fox, K. C., Spreng, R. N., and Andrews-Hanna, J. R. (2016). Mind-wandering as spontaneous thought: A dynamic framework. Nat. Rev. Neurosci. 17, 718–731. doi: 10.1038/nrn.2016.113

Craig, A. D. (2003). Interoception: The sense of the physiological condition of the body. Curr. Opin. Neurobiol. 13, 500–505. doi: 10.1016/S0959-4388(03)00090-4

Craig, A. D. (2009). How do you feel–now? The anterior insula and human awareness. Nat. Rev. Neurosci. 10, 59–70. doi: 10.1038/nrn2555

Cramer, D. (2003). Facilitativeness, conflict, demand for approval, self-esteem, and satisfaction with romantic relationships. J. Psychol. 137, 85–98. doi: 10.1080/00223980309600601

D’Esposito, M., and Postle, B. R. (2015). The cognitive neuroscience of working memory. Annu. Rev. Psychol. 66, 115–142. doi: 10.1146/annurev-psych-010814-015031

Damoiseaux, J. S., Beckmann, C. F., Arigita, E. S., Barkhof, F., Scheltens, P., Stam, C. J., et al. (2008). Reduced resting-state brain activity in the “default network” in normal aging. Cerebr. Cortex 18, 1856–1864. doi: 10.1093/cercor/bhm207

Davey, C. G., Pujol, J., and Harrison, B. J. (2016). Mapping the self in the brain’s default mode network. NeuroImage 132, 390–397. doi: 10.1016/j.neuroimage.2016.02.022

de la Fuente, A., Sedeño, L., Vignaga, S. S., Ellmann, C., Sonzogni, S., Belluscio, L., et al. (2019). Multimodal neurocognitive markers of interoceptive tuning in smoked cocaine. Neuropsychopharmacology 44, 1425–1434. doi: 10.1038/s41386-019-0370-3

De Neve, J.-E. (2011). Functional polymorphism (5-HTTLPR) in the serotonin transporter gene is associated with subjective well-being: Evidence from a US nationally representative sample. J. Hum. Genet. 56, 456–459. doi: 10.1038/jhg.2011.39

de Oliveira-Souza, R. (2012). The human extrapyramidal system. Med. Hypotheses 79, 843–852. doi: 10.1016/j.mehy.2012.09.004

Deen, B., Pitskel, N. B., and Pelphrey, K. A. (2011). Three systems of insular functional connectivity identified with cluster analysis. Cerebr. Cortex 21, 1498–1506. doi: 10.1093/cercor/bhq186

Deppe, M., Schwindt, W., Kraemer, J., Kugel, H., Plassmann, H., Kenning, P., et al. (2005). Evidence for a neural correlate of a framing effect: Bias-specific activity in the ventromedial prefrontal cortex during credibility judgments. Brain Res. Bull. 67, 413–421. doi: 10.1016/j.brainresbull.2005.06.017

Dockès, J., Poldrack, R. A., Primet, R., Gözükan, H., Yarkoni, T., Suchanek, F., et al. (2020). NeuroQuery, comprehensive meta-analysis of human brain mapping. Elife 9:e53385. doi: 10.7554/eLife.53385

Dong, C., Yang, Q., Liang, J., Seger, C. A., Han, H., Ning, Y., et al. (2020). Impairment in the goal-directed corticostriatal learning system as a biomarker for obsessive–compulsive disorder. Psychol. Med. 50, 1490–1500. doi: 10.1017/S0033291719001429

Droutman, V., Bechara, A., and Read, S. J. (2015). Roles of the different sub-regions of the insular cortex in various phases of the decision-making process. Front. Behav. Neurosci. 9:309. doi: 10.3389/fnbeh.2015.00309

Dwyer, F. R., Schurr, P. H., and Oh, S. (1987). Developing buyer-seller relationships. J. Market. 51, 11–27.

Edalat, A. (2015). “Introduction to self-attachment and its neural basis,” in 2015 International Joint Conference on Neural Networks (IJCNN), (Piscataway, NJ: IEEE), 1–8. doi: 10.1109/IJCNN.2015.7280780

Egner, T. (2008). Multiple conflict-driven control mechanisms in the human brain. Trends Cogn. Sci. 12, 374–380. doi: 10.1016/j.tics.2008.07.001

Eickhoff, S. B., Laird, A. R., Grefkes, C., Wang, L. E., Zilles, K., and Fox, P. T. (2009). Coordinate-based ALE meta-analysis of neuroimaging data: A random-effects approach based on empirical estimates of spatial uncertainty. Hum. Brain Mapp. 30, 2907–2926. doi: 10.1002/hbm.20718

Eickhoff, S. B., Nichols, T. E., Laird, A. R., Hoffstaedter, F., Amunts, K., Fox, P. T., et al. (2016). Behavior, sensitivity, and power of activation likelihood estimation characterized by massive empirical simulation. Neuroimage 137, 70–85. doi: 10.1016/j.neuroimage.2016.04.072

Elliott, R., Friston, K. J., and Dolan, R. J. (2000). Dissociable neural responses in human reward systems. J. Neurosci. 20, 6159–6165. doi: 10.1523/jneurosci.20-16-06159.2000

Engell, A. D., Haxby, J. V., and Todorov, A. (2007). Implicit trustworthiness decisions: Automatic coding of face properties in the human amygdala. J. Cogn. Neurosci. 19, 1508–1519. doi: 10.1162/jocn.2007.19.9.1508

Erickson, K. I., Boot, W. R., Basak, C., Neider, M. B., Prakash, R. S., Voss, M. W., et al. (2010). Striatal volume predicts level of video game skill acquisition. Cerebr. Cortex 20, 2522–2530. doi: 10.1093/cercor/bhp293

Esménio, S., Soares, J. M., Oliveira-Silva, P., Gonçalves, Ó. F., Friston, K., and Fernandes, C. J. (2020). Changes in the effective connectivity of the social brain when making inferences about close others vs. the self. Front. Hum. Neurosci. 14:151. doi: 10.3389/fnhum.2020.00151

Everitt, B. J., and Robbins, T. W. (2016). Drug addiction: Updating actions to habits to compulsions ten years on. Annu. Rev. Psychol. 67, 23–50. doi: 10.1146/annurev-psych-122414-033457

Fournier, S. (1998). Consumers and their brands: Developing relationship theory in consumer research. J. Consum. Res. 24, 343–373. doi: 10.1086/209515

Fox, K. C., Spreng, R. N., Ellamil, M., Andrews-Hanna, J. R., and Christoff, K. (2015). The wandering brain: Meta-analysis of functional neuroimaging studies of mind-wandering and related spontaneous thought processes. Neuroimage 111, 611–621. doi: 10.1016/j.neuroimage.2015.02.039

Fox, P. T., and Lancaster, J. L. (2002). Mapping context and content: The BrainMap model. Nat. Rev. Neurosci. 3, 319–321. doi: 10.1038/nrn789

Fox, P. T., Lancaster, J. L., Laird, A. R., and Eickhoff, S. B. (2014). Meta-analysis in human neuroimaging: Computational modeling of large-scale databases. Annu. Rev. Neurosci. 37, 409–434.

Gola, M., Miyakoshi, M., and Sescousse, G. (2015). Sex, impulsivity, and anxiety: Interplay between ventral striatum and amygdala reactivity in sexual behaviors. J. Neurosci. 35, 15227–15229. doi: 10.1523/jneurosci.3273-15.2015

Goldstein, R. Z., Bechara, A., Garavan, H., Childress, A. R., Paulus, M. P., and Volkow, N. D. (2009). The neurocircuitry of impaired insight in drug addiction. Trends Cogn. Sci. 13, 372–380. doi: 10.1016/j.tics.2009.06.004

Gong, D., He, H., Ma, W., Liu, D., Huang, M., Dong, L., et al. (2016). Functional integration between salience and central executive networks: A role for action video game experience. Neural Plast. 2016:9803165. doi: 10.1155/2016/9803165

Grahn, J. A., Parkinson, J. A., and Owen, A. M. (2008). The cognitive functions of the caudate nucleus. Progress Neurobiol. 86, 141–155. doi: 10.1016/j.pneurobio.2008.09.004

Gumparthi, V. P., Srivastava, M., and Chatterjee, D. (2021). Turning Point Analysis of Brand Love Trajectories. J. Consum. Satisfact. Dissatisfact. Complain. Behav. 34, 132–163.

Haber, S. N., and Knutson, B. (2010). The reward circuit: Linking primate anatomy and human imaging. Neuropsychopharmacology 35, 4–26. doi: 10.1038/npp.2009.129

Haruno, M., and Kawato, M. (2006). Different neural correlates of reward expectation and reward expectation error in the putamen and caudate nucleus during stimulus-action-reward association learning. J. Neurophysiol. 95, 948–959. doi: 10.1152/jn.00382.2005

Izuma, K., Aoki, R., Shibata, K., and Nakahara, K. (2019). Neural signals in amygdala predict implicit prejudice toward an ethnic outgroup. NeuroImage 189, 341–352. doi: 10.1016/j.neuroimage.2019.01.019

Jackson, P. L., Brunet, E., Meltzoff, A. N., and Decety, J. (2006). Empathy examined through the neural mechanisms involved in imagining how I feel versus how you feel pain. Neuropsychologia 44, 752–761. doi: 10.1016/j.neuropsychologia.2005.07.015

Jackson, S. A., Horst, N. K., Axelsson, S. F., Horiguchi, N., Cockcroft, G. J., Robbins, T. W., et al. (2019). Selective role of the putamen in serial reversal learning in the marmoset. Cerebr. Cortex 29, 447–460. doi: 10.1093/cercor/bhy276

Jang, S. H., and Cho, M. J. (2022). Relationship of the Nigrostriatal Tract with the Motor Function and the Corticospinal Tract in Chronic Hemiparetic Stroke Patients: A Diffusion Tensor Imaging Study. Healthcare 10:731. doi: 10.3390/healthcare10040731

Jap, S. D., and Anderson, E. (2007). Testing a life-cycle theory of cooperative interorganizational relationships: Movement across stages and performance. Manag. Sci. 53, 260–275. doi: 10.1287/mnsc.1060.0610

Jiang, J., Beck, J., Heller, K., and Egner, T. (2015). An insula-frontostriatal network mediates flexible cognitive control by adaptively predicting changing control demands. Nat. Commun. 6:8165. doi: 10.1038/ncomms9165

Johnson, M. K., Raye, C. L., Mitchell, K. J., Touryan, S. R., Greene, E. J., and Nolen-Hoeksema, S. (2006). Dissociating medial frontal and posterior cingulate activity during self-reflection. Soc. Cogn. Affect. Neurosci. 1, 56–64. doi: 10.1093/scan/nsl004

Kable, J. W., and Glimcher, P. W. (2007). The neural correlates of subjective value during intertemporal choice. Nat. Neurosci. 10, 1625–1633. doi: 10.1038/nn2007

Kato, J., Ide, H., Kabashima, I., Kadota, H., Takano, K., and Kansaku, K. (2009). Neural correlates of attitude change following positive and negative advertisements. Front. Behav. Neurosci. 3:6. doi: 10.3389/neuro.08.006.2009

Kehagia, A. A., Murray, G. K., and Robbins, T. W. (2010). Learning and cognitive flexibility: Frontostriatal function and monoaminergic modulation. Curr. Opin. Neurobiol. 20, 199–204. doi: 10.1016/j.conb.2010.01.007

Keller, K. L. (1993). Conceptualizing, measuring, and managing customer-based brand equity. J. Market. 57, 1–22. doi: 10.2307/1252054

Kelley, A. E., Baldo, B. A., Pratt, W. E., and Will, M. J. (2005). Corticostriatal-hypothalamic circuitry and food motivation: Integration of energy, action and reward. Physiol. Behav. 86, 773–795. doi: 10.1016/j.physbeh.2005.08.066

Kesner, R. P., and Rogers, J. (2004). An analysis of independence and interactions of brain substrates that subserve multiple attributes, memory systems, and underlying processes. Neurobiol. Learn. Mem. 82, 199–215. doi: 10.1016/j.nlm.2004.05.007

Kesserwani, H. (2021). Apathy Antedating and Evolving With Dementia: A Case Report and Insights Into Apathy as a Network Dysfunction. Cureus 13:e13802. doi: 10.7759/cureus.13802

Klucharev, V., Smidts, A., and Fernández, G. (2008). Brain mechanisms of persuasion: How ‘expert power’modulates memory and attitudes. Soc. Cogn. Affect. Neurosci. 3, 353–366. doi: 10.1093/scan/nsn022

Knutson, B., Adams, C. M., Fong, G. W., and Hommer, D. (2001). Anticipation of increasing monetary reward selectively recruits nucleus accumbens. J. Neurosci. 21:RC159. doi: 10.1523/jneurosci.21-16-j0002.2001

Koob, G. F., and Volkow, N. D. (2010). Neurocircuitry of addiction. Neuropsychopharmacology 35, 217–238. doi: 10.1038/npp.2009.110

Kucyi, A., Esterman, M., Riley, C. S., and Valera, E. M. (2016). Spontaneous default network activity reflects behavioral variability independent of mind-wandering. Proc. Natl. Acad. Sci. U. S. A. 113, 13899–13904. doi: 10.1073/pnas.1611743113

Kunimatsu, J., Maeda, K., and Hikosaka, O. (2019). The caudal part of putamen represents the historical object value information. J. Neurosci. 39, 1709–1719. doi: 10.1523/JNEUROSCI.2534-18.2018

Kurth, F., Zilles, K., Fox, P. T., Laird, A. R., and Eickhoff, S. B. (2010). A link between the systems: Functional differentiation and integration within the human insula revealed by meta-analysis. Brain Struct. Funct. 214, 519–534. doi: 10.1007/s00429-010-0255-z

Kutlu, M. G., Burke, D., Slade, S., Hall, B. J., Rose, J. E., and Levin, E. D. (2013). Role of insular cortex D1 and D2 dopamine receptors in nicotine self-administration in rats. Behav. Brain Res. 256, 273–278. doi: 10.1016/j.bbr.2013.08.005

Laird, A. R., Eickhoff, S. B., Rottschy, C., Bzdok, D., Ray, K. L., and Fox, P. T. (2013). Networks of task co-activations. Neuroimage 80, 505–514. doi: 10.1016/j.neuroimage.2013.04.073

Langeslag, S. J., Van der Veen, F. M., and Fekkes, D. (2012). Blood levels of serotonin are differentially affected by romantic love in men and women. J. Psychophysiol. 26, 92–98. doi: 10.1027/0269-8803/a000071

Langeslag, S. J., van der Veen, F. M., and Röder, C. H. (2014). Attention modulates the dorsal striatum response to love stimuli. Hum. Brain Mapp. 35, 503–512. doi: 10.1002/hbm.22197

Langley, C., Gregory, S., Osborne-Crowley, K., O’Callaghan, C., Zeun, P., Lowe, J., et al. (2021). Fronto-striatal circuits for cognitive flexibility in far from onset Huntington’s disease: Evidence from the Young Adult Study. J. Neurol. Neurosurg. Psychiatry 92, 143–149. doi: 10.1136/jnnp-2020-324104

Langner, T., Bruns, D., Fischer, A., and Rossiter, J. R. (2016). Falling in love with brands: A dynamic analysis of the trajectories of brand love. Market. Lett. 27, 15–26. doi: 10.1007/s11002-014-9283-4

Langner, T., Schmidt, J., and Fischer, A. (2015). Is it really love? A comparative investigation of the emotional nature of brand and interpersonal love. Psychol. Market. 32, 624–634. doi: 10.1002/mar.20805

Lastovicka, J. L., and Sirianni, N. J. (2011). Truly, madly, deeply: Consumers in the throes of material possession love. J. Consum. Res. 38, 323–342. doi: 10.1086/658338

LeDoux, J. (1992). “Emotion and amygdala,” in The Amygdala: Neurobiological Aspects of Emotion, Memory, and Mental Dysfunction, ed. J. P. Aggleton (New York, NY: Wiley-Liss), 339–351.

Lee, S. W., Shimojo, S., and O’Doherty, J. P. (2014). Neural computations underlying arbitration between model-based and model-free learning. Neuron 81, 687–699. doi: 10.1016/j.neuron.2013.11.028

Leech, R., and Sharp, D. J. (2014). The role of the posterior cingulate cortex in cognition and disease. Brain 137, 12–32. doi: 10.1093/brain/awt162

Luo, Y., Qin, S., Fernandez, G., Zhang, Y., Klumpers, F., and Li, H. (2014). Emotion perception and executive control interact in the salience network during emotionally charged working memory processing. Hum. Brain Mapp. 35, 5606–5616. doi: 10.1002/hbm.22573

Majdandžiæ, J., Amashaufer, S., Hummer, A., Windischberger, C., and Lamm, C. (2016). The selfless mind: How prefrontal involvement in mentalizing with similar and dissimilar others shapes empathy and prosocial behavior. Cognition 157, 24–38. doi: 10.1016/j.cognition.2016.08.003

Marazziti, D., Akiskal, H. S., Rossi, A., and Cassano, G. B. (1999). Alteration of the platelet serotonin transporter in romantic love. Psychol. Med. 29, 741–745. doi: 10.1017/s0033291798007946

Mars, R. B., Neubert, F.-X., Noonan, M. P., Sallet, J., Toni, I., and Rushworth, M. F. (2012). On the relationship between the “default mode network” and the “social brain”. Front. Hum. Neurosci. 6:189. doi: 10.3389/fnhum.2012.00189

Matsunaga, M., Isowa, T., Yamakawa, K., and Ohira, H. (2013). Association between the serotonin transporter polymorphism (5HTTLPR) and subjective happiness level in Japanese adults. Psychol. Well Being Theory Res. Pract. 3, 1–6. doi: 10.1186/2211-1522-3-5

McCutcheon, R. A., Nour, M. M., Dahoun, T., Jauhar, S., Pepper, F., Expert, P., et al. (2019). Mesolimbic dopamine function is related to salience network connectivity: An integrative positron emission tomography and magnetic resonance study. Biol. Psychiatry 85, 368–378. doi: 10.1016/j.biopsych.2018.09.010

Menon, V. (2011). Large-scale brain networks and psychopathology: A unifying triple network model. Trends Cogn. Sci. 15, 483–506. doi: 10.1016/j.tics.2011.08.003

Menon, V. (2015). Salience network. Brain Mapp. 2, 597–611. doi: 10.1016/B978-0-12-397025-1.00052-X

Menon, V., and Uddin, L. Q. (2010). Saliency, switching, attention and control: A network model of insula function. Brain Struct. Funct. 214, 655–667. doi: 10.1007/s00429-010-0262-0

Morris, L. S., Kundu, P., Dowell, N., Mechelmans, D. J., Favre, P., Irvine, M. A., et al. (2016). Fronto-striatal organization: Defining functional and microstructural substrates of behavioural flexibility. Cortex 74, 118–133. doi: 10.1016/j.cortex.2015.11.004

Motoki, K., Sugiura, M., and Kawashima, R. (2019). Common neural value representations of hedonic and utilitarian products in the ventral stratum: An fMRI study. Sci. Rep. 9:15630. doi: 10.1038/s41598-019-52159-9

Naqvi, N. H., and Bechara, A. (2009). The hidden island of addiction: The insula. Trends Neurosci. 32, 56–67. doi: 10.1016/j.tins.2008.09.009

Naqvi, N. H., Gaznick, N., Tranel, D., and Bechara, A. (2014). The insula: A critical neural substrate for craving and drug seeking under conflict and risk. Ann. N. Y. Acad. Sci. 1316, 53–70. doi: 10.1111/nyas.12415

Nelson, S. M., Dosenbach, N. U., Cohen, A. L., Wheeler, M. E., Schlaggar, B. L., and Petersen, S. E. (2010). Role of the anterior insula in task-level control and focal attention. Brain struct. Funct. 214, 669–680. doi: 10.1007/s00429-010-0260-2

Northoff, G., and Bermpohl, F. (2004). Cortical midline structures and the self. Trends Cogn. Sci. 8, 102–107. doi: 10.1016/j.tics.2004.01.004

O’Leary, K. D., Acevedo, B. P., Aron, A., Huddy, L., and Mashek, D. (2012). Is long-term love more than a rare phenomenon? If so, what are its correlates? Soc. Psychol. Pers. Sci. 3, 241–249. doi: 10.1177/1948550611417015

Odriozola, P., Uddin, L. Q., Lynch, C. J., Kochalka, J., Chen, T., and Menon, V. (2016). Insula response and connectivity during social and non-social attention in children with autism. Soc. Cogn. Affect. Neurosci. 11, 433–444. doi: 10.1093/scan/nsv126

Oei, N. Y., Rombouts, S. A., Soeter, R. P., Van Gerven, J. M., and Both, S. (2012). Dopamine modulates reward system activity during subconscious processing of sexual stimuli. Neuropsychopharmacology 37, 1729–1737. doi: 10.1038/npp.2012.19

Oliver, R. L. (1999). Whence consumer loyalty? J. Market. 63, 33–44. doi: 10.2307/1252099

Packard, M. G., and Knowlton, B. J. (2002). Learning and memory functions of the basal ganglia. Annu. Rev. Neurosci. 25, 563–593. doi: 10.1146/annurev.neuro.25.112701.142937

Paik, S. H., Park, C., Kim, J. Y., Chun, J. W., Choi, J. S., and Kim, D. J. (2019). Prolonged bedtime smartphone use is associated with altered resting-state functional connectivity of the insula in adult smartphone users. Front. Psychiatry 10:516. doi: 10.3389/fpsyt.2019.00516

Palmatier, R. W., Houston, M. B., Dant, R. P., and Grewal, D. (2013). Relationship velocity: Toward a theory of relationship dynamics. J. Market. 77, 13–30.

Park, C. W., MacInnis, D. J., and Priester, J. (2008). Brand attachment: Constructs, consequences, and causes. Foundat. Trends Market. 1, 191–230. doi: 10.1561/1700000006

Park, C. W., MacInnis, D. J., Priester, J., Eisingerich, A. B., and Iacobucci, D. (2010). Brand attachment and brand attitude strength: Conceptual and empirical differentiation of two critical brand equity drivers. J. Market. 74, 1–17. doi: 10.1509/jmkg.74.6.1

Peters, S. K., Dunlop, K., and Downar, J. (2016). Cortico-striatal-thalamic loop circuits of the salience network: A central pathway in psychiatric disease and treatment. Front. Syst. Neurosci. 10:104. doi: 10.3389/fnsys.2016.00104

Phan, K. L., Taylor, S. F., Welsh, R. C., Ho, S. H., Britton, J. C., and Liberzon, I. (2004). Neural correlates of individual ratings of emotional salience: A trial-related fMRI study. Neuroimage 21, 768–780. doi: 10.1016/j.neuroimage.2003.09.072

Phan, K. L., Wager, T., Taylor, S. F., and Liberzon, I. (2002). Functional neuroanatomy of emotion: A meta-analysis of emotion activation studies in PET and fMRI. Neuroimage 16, 331–348. doi: 10.1006/nimg.2002.1087

Phelps, E. A. (2004). Human emotion and memory: Interactions of the amygdala and hippocampal complex. Curr. Opin. Neurobiol. 14, 198–202. doi: 10.1016/j.conb.2004.03.015

Phelps, E. A., O’Connor, K. J., Cunningham, W. A., Funayama, E. S., Gatenby, J. C., Gore, J. C., et al. (2000). Performance on indirect measures of race evaluation predicts amygdala activation. J. Cogn. Neurosci. 12, 729–738. doi: 10.1162/089892900562552

Pistole, M. C. (1989). Attachment in adult romantic relationships: Style of conflict resolution and relationship satisfaction. J. Soc. Pers. Relat. 6, 505–510. doi: 10.1177/0265407589064008

Plassmann, H., Kenning, P., and Ahlert, D. (2007). Why companies should make their customers happy: The neural correlates of customer loyalty. Adv. Consum. Res. 34, 735–739.

Plassmann, H., O’doherty, J., Shiv, B., and Rangel, A. (2008). Marketing actions can modulate neural representations of experienced pleasantness. Proc. Natl. Acad. Sci. U. S. A. 105, 1050–1054. doi: 10.1073/pnas.0706929105

Plassmann, H., Ramsøy, T. Z., and Milosavljevic, M. (2012). Branding the brain: A critical review and outlook. J. Consum. Psychol. 22, 18–36. doi: 10.1016/j.jcps.2011.11.010

Poulos, A. M., Li, V., Sterlace, S. S., Tokushige, F., Ponnusamy, R., and Fanselow, M. S. (2009). Persistence of fear memory across time requires the basolateral amygdala complex. Proc. Natl. Acad. Sci. U. S. A. 106, 11737–11741. doi: 10.1073/pnas.0905257106

Robinson, J. L., Laird, A. R., Glahn, D. C., Lovallo, W. R., and Fox, P. T. (2010). Metaanalytic connectivity modeling: Delineating the functional connectivity of the human amygdala. Hum. Brain Mapp. 31, 173–184. doi: 10.1002/hbm.20854

Salimi-Khorshidi, G., Smith, S. M., Keltner, J. R., Wager, T. D., and Nichols, T. E. (2009). Meta-analysis of neuroimaging data: A comparison of image-based and coordinate-based pooling of studies. Neuroimage 45, 810–823. doi: 10.1016/j.neuroimage.2008.12.039

Samejima, K., Ueda, Y., Doya, K., and Kimura, M. (2005). Representation of action-specific reward values in the striatum. Science 310, 1337–1340. doi: 10.1126/science.1115270

Santos, S., Almeida, I., Oliveiros, B., and Castelo-Branco, M. (2016). The role of the amygdala in facial trustworthiness processing: A systematic review and meta-analyses of fMRI studies. PLoS One 11:e0167276. doi: 10.1371/journal.pone.0167276

Sarkar, A. (2011). Romancing with a brand: A conceptual analysis of romantic consumer-brand relationship. Manag. Market. 6, 79–94.

Schmid, D. A., and Huber, F. (2019). Brand love: Emotionality and development of its elements across the relationship lifecycle. Psychol. Market. 36, 305–320. doi: 10.1002/mar.21180

Scott, W. A. (1962). Cognitive complexity and cognitive flexibility. Sociometry 25, 405–414.

Seeley, W. W., Menon, V., Schatzberg, A. F., Keller, J., Glover, G. H., Kenna, H., et al. (2007). Dissociable intrinsic connectivity networks for salience processing and executive control. J. Neurosci. 27, 2349–2356. doi: 10.1523/JNEUROSCI.5587-06.2007

Sheffield, J. M., Mohr, H., Ruge, H., and Barch, D. M. (2021). Disrupted salience and cingulo-opercular network connectivity during impaired rapid instructed task learning in schizophrenia. Clin. Psychol. Sci. 9, 210–221. doi: 10.1177/2167702620959341

Sherif, M., and Sherif, C. W. (1953). Groups in harmony and tension; an integration of studies of intergroup relations. New York, NY: Harper & Brothers.

Shimp, T. A., and Madden, T. J. (1988). “Consumer-object relations: A conceptual framework based analogously on Sternberg’s triangular theory of love,” in NA-Advances in Consumer Research, ed. M. J. Houston (Provo, UT: Association for Consumer Research), 163–168.

Siemann, J., Herrmann, M., and Galashan, D. (2016). fMRI-constrained source analysis reveals early top-down modulations of interference processing using a flanker task. Neuroimage 136, 45–56. doi: 10.1016/j.neuroimage.2016.05.036

Simpson, J. A., Campbell, L., and Weisberg, Y. J. (2006). “Daily Perceptions of Conflict and Support in Romantic Relationships: The Ups and Downs of Anxiously Attached Individuals,” in Dynamics of romantic love: Attachment, caregiving, and sex, eds M. Mikulincer and G. S. Goodman (New York, NY: The Guilford Press), 216–239.

Singer, T., Critchley, H. D., and Preuschoff, K. (2009). A common role of insula in feelings, empathy and uncertainty. Trends Cogn. Sci. 13, 334–340. doi: 10.1016/j.tics.2009.05.001

Smith, S. M., Fox, P. T., Miller, K. L., Glahn, D. C., Fox, P. M., Mackay, C. E., et al. (2009). Correspondence of the brain’s functional architecture during activation and rest. Proc. Natl. Acad. Sci. U. S. A. 106, 13040–13045. doi: 10.1073/pnas.0905267106

Spreng, R. N., Mar, R. A., and Kim, A. S. (2009). The common neural basis of autobiographical memory, prospection, navigation, theory of mind, and the default mode: A quantitative meta-analysis. J. Cogn. Neurosci. 21, 489–510. doi: 10.1162/jocn.2008.21029

Sridharan, D., Levitin, D. J., and Menon, V. (2008). A critical role for the right fronto-insular cortex in switching between central-executive and default-mode networks. Proc. Natl. Acad. Sci. U. S. A. 105, 12569–12574. doi: 10.1073/pnas.0800005105

Sternberg, R. J. (1986). A triangular theory of love. Psychol. Rev. 93, 119–135. doi: 10.1037/0033-295X.93.2.119

Tanaka, S. C., Schweighofer, N., Asahi, S., Shishida, K., Okamoto, Y., Yamawaki, S., et al. (2007). Serotonin differentially regulates short-and long-term prediction of rewards in the ventral and dorsal striatum. PLoS One 2:e1333. doi: 10.1371/journal.pone.0001333

Taylor, S. F., Phan, K. L., Decker, L. R., and Liberzon, I. (2003). Subjective rating of emotionally salient stimuli modulates neural activity. Neuroimage 18, 650–659. doi: 10.1016/S1053-8119(02)00051-4

Thomson, M., MacInnis, D. J., and Park, C. W. (2005). The ties that bind: Measuring the strength of consumers’ emotional attachments to brands. J. Consum. Psychol. 15, 77–91. doi: 10.1207/s15327663jcp1501_10

Todorov, A. (2008). Evaluating faces on trustworthiness: An extension of systems for recognition of emotions signaling approach/avoidance behaviors. Ann. N. Y. Acad. Sci. 1124, 208–224. doi: 10.1196/annals.1440.012

Tom, S. M., Fox, C. R., Trepel, C., and Poldrack, R. A. (2007). The neural basis of loss aversion in decision-making under risk. Science 315, 515–518. doi: 10.1126/science.1134239

Touroutoglou, A., Hollenbeck, M., Dickerson, B. C., and Barrett, L. F. (2012). Dissociable large-scale networks anchored in the right anterior insula subserve affective experience and attention. Neuroimage 60, 1947–1958. doi: 10.1016/j.neuroimage.2012.02.012

Tricomi, E., Balleine, B. W., and O’Doherty, J. P. (2009). A specific role for posterior dorsolateral striatum in human habit learning. Eur. J. Neurosci. 29, 2225–2232. doi: 10.1111/j.1460-9568.2009.06796.x

Turkeltaub, P. E., Eickhoff, S. B., Laird, A. R., Fox, M., Wiener, M., and Fox, P. (2012). Minimizing within-experiment and within-group effects in activation likelihood estimation meta-analyses. Hum. Brain Mapp. 33, 1–13. doi: 10.1002/hbm.21186

Uddin, L. Q. (2021). Cognitive and behavioural flexibility: Neural mechanisms and clinical considerations. Nat. Rev. Neurosci. 22, 167–179. doi: 10.1038/s41583-021-00428-w

Uddin, L. Q., Kinnison, J., Pessoa, L., and Anderson, M. L. (2014). Beyond the tripartite cognition–emotion–interoception model of the human insular cortex. J. Cogn. Neurosci. 26, 16–27. doi: 10.1162/jocn_a_00462

Uddin, L. Q., Nomi, J. S., Hébert-Seropian, B., Ghaziri, J., and Boucher, O. (2017). Structure and function of the human insula. J. Clin. Neurophysiol. 34, 300–306. doi: 10.1097/wnp.0000000000000377

van der Meulen, J. A., Joosten, R. N., de Bruin, J. P., and Feenstra, M. G. (2007). Dopamine and noradrenaline efflux in the medial prefrontal cortex during serial reversals and extinction of instrumental goal-directed behavior. Cerebr. Cortex 17, 1444–1453. doi: 10.1093/cercor/bhl057

Vanasse, T. J., Fox, P. M., Barron, D. S., Robertson, M., Eickhoff, S. B., Lancaster, J. L., et al. (2018). BrainMap VBM: An environment for structural meta-analysis. Hum. Brain Mapp. 39, 3308–3325. doi: 10.1002/hbm.24078

Verstynen, T. D., Lynch, B., Miller, D. L., Voss, M. W., Prakash, R. S., Chaddock, L., et al. (2012). Caudate nucleus volume mediates the link between cardiorespiratory fitness and cognitive flexibility in older adults. J. Aging Res. 2012:939285. doi: 10.1155/2012/939285

Voon, V., Grodin, E., Mandali, A., Morris, L., Doñamayor, N., Weidacker, K., et al. (2020). Addictions NeuroImaging Assessment (ANIA): Towards an integrative framework for alcohol use disorder. Neurosci. Biobehav. Rev. 113, 492–506. doi: 10.1016/j.neubiorev.2020.04.004

Wager, T. D., and Barrett, L. F. (2017). From affect to control: Functional specialization of the insula in motivation and regulation. biorxiv [Preprint]. doi: 10.1101/102368

Wang, X., Wu, Q., Egan, L., Gu, X., Liu, P., Gu, H., et al. (2019). Anterior insular cortex plays a critical role in interoceptive attention. Elife 8:e42265. doi: 10.7554/eLife.42265

Watanuki, S., and Akama, H. (2020). Neural substrates of Brand love: An activation likelihood estimation meta-analysis of functional neuroimaging studies. Front. Neurosci. 14:534671. doi: 10.3389/fnins.2020.534671

Weber, B., Aholt, A., Neuhaus, C., Trautner, P., Elger, C. E., and Teichert, T. (2007). Neural evidence for reference-dependence in real-market-transactions. Neuroimage 35, 441–447. doi: 10.1016/j.neuroimage.2006.11.034

Wise, R. A. (2009). Roles for nigrostriatal—not just mesocorticolimbic—dopamine in reward and addiction. Trends Neurosci. 32, 517–524. doi: 10.1016/j.tins.2009.06.004

Woo, C.-W., Krishnan, A., and Wager, T. D. (2014). Cluster-extent based thresholding in fMRI analyses: pitfalls and recommendations. Neuroimage 91, 412–419. doi: 10.1016/j.neuroimage.2013.12.058

Xia, C., Touroutoglou, A., Quigley, K. S., Feldman Barrett, L., and Dickerson, B. C. (2017). Salience network connectivity modulates skin conductance responses in predicting arousal experience. J. Cogn. Neurosci. 29, 827–836. doi: 10.1162/jocn_a_01087

Xin, F., and Lei, X. (2015). Competition between frontoparietal control and default networks supports social working memory and empathy. Soc. Cogn. Affect. Neurosci. 10, 1144–1152. doi: 10.1093/scan/nsu160

Yarkoni, T., Poldrack, R. A., Nichols, T. E., Van Essen, D. C., and Wager, T. D. (2011). Large-scale automated synthesis of human functional neuroimaging data. Nat. Methods 8, 665–670. doi: 10.1038/nmeth.1635

Yoon, C., Gutchess, A. H., Feinberg, F., and Polk, T. A. (2006). A functional magnetic resonance imaging study of neural dissociations between brand and person judgments. J. Consum. Res. 33, 31–40. doi: 10.1086/504132

Zhao, H., Turel, O., Bechara, A., and He, Q. (2022). How distinct functional insular subdivisions mediate interacting neurocognitive systems. Cerebr. Cortex [Epub ahead of print]. doi: 10.1093/cercor/bhac169

Zilverstand, A., Huang, A. S., Alia-Klein, N., and Goldstein, R. Z. (2018). Neuroimaging impaired response inhibition and salience attribution in human drug addiction: A systematic review. Neuron 98, 886–903. doi: 10.1016/j.neuron.2018.03.048

Zinchenko, O., and Arsalidou, M. (2018). Brain responses to social norms: Meta-analyses of fMRI studies. Hum. Brain Mapp. 39, 955–970. doi: 10.1002/hbm.23895



OPS/images/fnins-16-984647-g007.jpg
Brand
love

Romantic
love

0.017 osseessssssssn 0.096

Migration
A2
ACG
Prec
g::f; (ba32) e
DMPFC) 1A
DS NN pca
MFG ) m (ba30)
(ba10/ [ *1 A\

MFG IF
s)l\::’::é) (bad?) Amy

0.028 0.238

B2
CG

(ba32)

Stable
A3

0.144

0.042 s 0.404






OPS/images/fnins-16-984647-g008.jpg
Conjunction

Brand love
> Romantic

Brand love
< Romantic

Early Migration

A1 A2

Ins
(bai3)

IFG
(bad7)
0.022 0.066 0.021 s (.064
B1 B2
; Th ACG , Prec
CdH / S/ (VLN) A g (ba31)
Y PHG
MFG S .
(ba10) '; " ( (s Hip
MF >

(ba10/ VMPFC)
(ba11/VMPFC)
0.000 “— 3,891 0.000

Prec

(ba?)
FfG
(ba37)

Put

Ins
(ba13)

0.000 e 3 891 0.000 - 3 801

0.000 ——— 3,801






OPS/images/fnins-16-984647-g009.jpg
Migration Stable
Salience network
) anchored in the anterior
v" Ventral Anterior Insula —
pathway v Salience network el
Common v" Reward network v" Executive control Dorsal fromtal-striatal
. network
v' Motivational network 5 :
Mesolimbic dopamine
pathway
Salience network
. anchored in the anterior
Brain insula
networks v' Ventral insula pathway v' DMN Dorsal frontal-striatal
Brand love v Neural currency network v"  Cortical midline structure network
Habit network
Distinctiveness Nigrostriatal dopamine
pathway
Ventral Anterior Insula
v" Ventral Anterior Insula v' Salience network pathway
R tic pathway v" Executive control Motivational network
CREEIEHILINS Jiby e v' Posterior DMN v" Working memory network Mesolimbic dopamine
pathway
Visceral derived
Conimon > Intensively motivated mental » Deliberative mental incentive saliency
processing processing detection and attention
processing
Mental _ , , _ _
. Brand love » Emotional processing » Inward self-referential Habit-based automatic
processing » Reward processing processing processing
Distinctiveness T—— _
eward processing . . . . .
Romstie love > Emotional processing » Social 4e11berat1ve mental Intensively moFlvated
. > ) processing mental processing
» Social cognitive processing






OPS/xhtml/Nav.xhtml




Contents





		Cover



		Neural mechanisms of brand love relationship dynamics: Is the development of brand love relationships the same as that of interpersonal romantic love relationships?



		Introduction



		Materials and methods



		A quantitative neuroimaging meta-analysis approach and an activated likelihood estimation method



		Meta-analytical connectivity modeling



		Conjunction and subtraction analysis



		Decoding analysis







		Results



		First activated likelihood estimation



		Meta-analytical connectivity modeling



		Curated results in the brand love relationships



		Results of the second activated likelihood estimation in the brand love relationships



		Curated results in the interpersonal romantic love relationships



		Results of the second activated likelihood estimation in the interpersonal romantic love relationships







		Conjunction and subtraction analysis



		Results of the conjunction analysis



		Results of the subtraction analysis







		Decoding analysis







		Discussion



		Anterior insula: Overlapping brain regions across all stages in both love relationships



		Early stage



		Migration stage



		Stable stage



		Evaluation of hypotheses



		General discussion



		Limitations and future research







		Conclusion



		Data availability statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		Supplementary Material



		Footnotes



		References

















OPS/images/fnins-16-984647-g001.jpg
Intensity of feelings for the brand

Love : R

Like ’
Neutral y > Time
First contact- Today
Dislike -V | (Type 1) Slow development

Il ( Type 2) Liking Becomes love
lll ( Type 3) Love all the way

IV ( Type 4) Bumpy road
Hatred V (Type 5) Turnabout





OPS/images/fnins-16-984647-g002.jpg
Relationship strength

> Phase

Early Migration Stable Decline

\ )
I

Relationship stage






OPS/images/fnins-16-984647-g003.jpg
Step 1 Step 2 Step 3 Step 4

Conjunction
First ALE MACM & Decoding
Subtraction
> Make ROls as > Reveal brain > ldentify > Infer cognitive
seed regions connectivity commonalities functions of
v Search publications v" Curate publications and o brain regions
v'  Select publications and studies related to ~ differentiations
based on PRISMA ROIs using Sleuth of brain regions ¥  Conduct decoding
v" Organize foci software analysis using
v Conductthe ALE v Organize foci v" Conduct conjunction python API
using GingerALE v Conduct the ALE & subt.racti.on implemented using
software using GingerALE analysis using NeuroQuery

software GingerALE software platform





OPS/images/fnins-16-984647-g004.jpg
Identification

Eligibility

1st Trial : Records identified
through database searching
(n=157)

2nd Trial : Additional record
identified through other
sources(Plassmann’s list)
(n=12)

|

’

Records after duplicates
removed

(n=91)

v

Records screened on titles
and abstracts

Records excluded(n=26)

(n=91)

|

Full-text articles assessed for
eligibility

(n=65)

Full-text articles
excluded(n=39)

.

Studies included in the
quantitative synthesis
(meta-analysis)
(n=14)

.

X2 study overlapped
< Early-stage>

Studies included in the
quantitative synthesis
(meta-analysis)
(n=7)

1 study overlapped
< Migration-stage >

.

Studies included in the
quantitative synthesis
(meta-analysis)
(n=7)

I

1 study overlapped
< Stable-stage >

Studies included in the
quantitative synthesis
(meta-analysis)
(n=0)

< Decline-stage >






OPS/images/fnins-16-984647-g005.jpg
Identification

Eligibility

Records identified through
database searching
(n=51)

Records after duplicates
removed
(n=51)

v

Records screened on titles

(n=36)

and abstracts —> Records excluded(n=15)

l

Full-text articles assessed for
eligibility —>
(n=19)

Full-text articles
excluded(n=2)

|

.

Studies included in the
guantitative synthesis
(meta-analysis)
(n=6)

I I

X1 study overlapped
< Early-stage>

Studies included in the Studies included in the
guantitative synthesis quantitative synthesis
(meta-analysis) (meta-analysis)
(n=5) (n=6)

I

X2 study overlapped

X1 study overlapped
< Migration-stage >

< Stable-stage >

Studies included in the
quantitative synthesis
(meta-analysis)
(n=2)

< Decline-stage >






OPS/images/fnins-16-984647-g006.jpg
| OF: 1\ Migration Stable

Romantic
love






OPS/images/cover.jpg
’ frontiers | Frontiers in Neuroscience

Neural mechanisms of brand
love relationship dynamics: Is
the development of brand love

relationships the same as that of
interpersonal romantic love
relationships?












OPS/images/logo.jpg
'frontiers ‘ Frontiers in Neuroscience







OPS/images/cross.jpg
@ Check for updates.





OPS/images/fnins-16-984647-t002.jpg
Brand love and interpersonal Brand love > interpersonal Brand love < interpersonal

romantic love romantic love romantic love

Rank Term Construct SS Rank Term Construct SS Rank Term Construct SS
1 Regulation CC/ES 0.86 1 Network D 0.88 1 Flanker CcC 0.74
2 Cognitive CONTROL CC/D 085 2 Default D 0.86 2 Feeling ES/R/Ss 0.73
3 Norm SC 073 3 Self REFERENTIAL D/M/SR 082 3 Demand CC/V 0.71
4 Economic R 071 4 Referential D/SR 08 3 Resource CC/D/IV 0.71
5 Emotion Regulation CC/ES 0.66 5 Thought D 075 4 Conflict CC/ES/R 0.71
6 Social norm M/SC 0.63 6 Conscious D 074 5 Experience ES/R 0.7
7 Wisconsin CC/M 062 7 Network dmn D 073 5 Difficult CC/R/IV 0.7
8 Impulse CcC 0.61 8 Midline D/SR 072 6 Accuracy CC/Mt/V 0.69
9 Sorting CcC 059 9 Dmn D 071 6 Selection CC/M/RIV 0.69
9 Strategy CcC 0.59 10 Default mode D 07 6 Rejection CC/ES/R/SC  0.69
9 Regulate CC/DJ/ES 059 - - - - 6 Reactiontime ~ CC/Mt/R 0.69
9 Conflict CC/ES/R 059 - - - - 7 Interoceptive ~ ES/M 0.67
9 Regulate CC/D 059 - - - - 7 Autonomic ES 0.67
10 Anxiety ES 058 - - = - 7 Norm SC 0.67
- - - - - - - - 8 Salience D/ES/R 0.65
- - - - - - - - 8 Bodily ES/Ss 0.65
- - - - - - - - 8 Partner SC 0.64
- - - - - - - - 9 Empathy SC/Ss 0.64
- - - - - - - - 10 Interference CcC 0.63

The terms are sorted by order of the similarity score. Bold characters in the construct column represent the most influential mental process constructs. The terms are sorted by the order
of the similarity score. SS, Similarity score; D, default mode network-related constructs; CC, cognitive control processing; ES, emotional salience mental processes; M, memory-related
mental processes; Mt, motor processing; R, reward processing; SC, social cognitive processing; SR, self-referential processing; Ss, somatosensory processing; V; visual processing.





OPS/images/fnins-16-984647-t003.jpg
Brand love and interpersonal

romantic love

Rank Term

I Flexibility
1 Making
Dopamine
Experience
Salience
Gain
Motivation
Habit
Feeling
Uncertainty
Outcome
Financial
Desired
Decision
Partner

Food

O O 0 0 e NN NNy s W

Love

—
(=]

Effort

—
(=]

Collection

Construct

CC/ES
DM/Mt/R/V
Mt/R
ES/R
D/ES/R
Mt/R/V
R/V

Mt
ES/R/Ss
CC/ES/R
D/Mt/R
CC/R
R/V/Ss
DM/M/R
SC

R/V

R
CC/Mt/R
R

SS

0.77
0.77
0.73
0.72
0.7

0.68
0.67
0.67
0.67
0.66
0.66
0.66
0.65
0.64
0.64
0.64
0.64
0.63
0.63

Brand love > interpersonal

Rank

O e o ® o NN U R W W N

—_
(=]

romantic love
Term Construct
Making DM/Mt/R/V
Flexibility CC/ES
Experience ES/R
Inhibition Mt/Ss
Feeling ES/R/Ss
Motor Mt
Salience D/ES/R
Motor response Mt
Inhibitory control ~ CC/Mt/R
Dopamine Mt/R
Partner SC
Interoceptive ES/M
Effort CC/Mt/R
Habit Mt

SS

0.64
0.62
0.55
0.55
0.54
0.53
0.52
0.49
0.48
0.48
0.48
0.48
0.47
0.46

Brand love < interpersonal

Rank

o O O X NN O O T 1l R R W W NN

_ =
(=R -]

10

romantic love
Term Construct
Outcome D/Mt/R
Reward R
Gain Mt/R/V
Motivation R/V
Collection R
Substance R
Monetary R
Loss R
Positive D/ES/R
Consumption CC/D/R/V
Dopamine Mt/R
Self report ES/R/SR
Seeking R
Reward processing R
Anticipation ES
Unexpected R/V
Reinforcement Mt/R/V
Rewarding R/V
Sharing R/SC
Expected R/V
Incentive D/R

SS

0.75
0.73
0.72
0.72
0.71
0.71
0.67
0.66
0.66
0.65
0.65
0.65
0.64
0.64
0.64
0.63
0.63
0.63
0.63
0.62
0.62

The terms are sorted by order of the similarity score. Bold characters in the construct column represent the most influential mental process constructs. The terms are sorted by the

order of the similarity score. SS, Similarity score; D, default mode network-related constructs; DM, decision-making; CC, cognitive control processing; ES, emotional salience mental

processes; M, memory-related mental processes; Mt, motor processing; R, reward processing; SC, social cognitive processing; SR, self-referential processing; Ss, somatosensory processing;

V, visual processing.





OPS/images/fnins-16-984647-t001.jpg
Brand love and interpersonal Brand love > interpersonal Brand love < interpersonal

romantic love romantic love romantic love

Rank Term Construct SS  Rank Term Construct  SS Rank Term Construct  SS
1 Outcome D/Mt/R 096 1 Affect ES/R 0.99 1 Self D/R/SR 1

2 Reward R 091 2 Avoid ES/R 0.94 2 Positive D/ES/R 0.78
3 Motivation R/V 0.9 3 Emotional ES 0.9 3 Theory D/R/SC 0.73
4 Gain Mt/R/V 089 3 Arousal ES 0.9 4 Immediate D/M/R 0.68
5 Substance R 088 3 Negative D/ES 0.9 5 Attribution D/R/SC 0.66
6 Collection Mt/R 083 4 Trust ES/SC 0.89 6 Mentalizing D/SC 0.65
7 Monetary ES/R 082 5 Fear ES/V 0.87 6 Outcome D/R 0.65
8 Positive D/ES/R 0.8 6 Avoidance ES/R 0.83 6 Failure D/R 0.65
9 Rewarding R/V 079 7 Salient ES/R/V 0.83 7 Sad ES/SC 0.63
9 Reward processing R 079 7 Self Report ES/R/SR 0.81 8 Trial Mt/R/V 0.62
10 Reinforcement Mt/R/V 078 8 Emotional stimuli ~ ES/V 0.79 8 Positive negative ~ D/ES/R 0.62
10 Unexpected R/V 078 9 Affective ES 0.78 9 Mind D/SC 0.61
10 Immediate D/M/R 078 10 Negative affect ES/R 0.77 9 Collection R 0.61
- - - - - - - - 10 Reward R 0.6

The terms are sorted by order of the similarity score. Bold characters in the construct column represent the most influential mental process constructs. The terms are sorted by the order of
the similarity score. SS, Similarity score; D, default mode network-related constructs; ES, emotional salience mental processes; M, memory-related mental processes; Mt, motor processing;
R, reward processing; SC, social cognitive processing; SR, self-referential processing; V, visual processing.





