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Introduction: Links between maternal sensitivity, hippocampal development, and memory abilities suggests early life insensitive care may shape structures and schemas influencing future decisions and stress management, biasing children to negative information. While it is possible that this pattern of neurodevelopment may have adaptive consequences, for example, preventing children from encountering untoward experience with future adversity, it may also leave some children at risk for the development of internalizing problems.

Methods: Here, in a Two Wave Study, we examine whether insensitive care predicts sub sequentially assessed memory biases for threatening (but not happy) stimuli in preschoolers (n = 49), and if such relations cut across different forms of relational memory, i.e., memory for relations between two “items,” between an “item” and its spatial location, and an “item” and its temporal sequence. In a subset (n = 18) we also examine links between caregiving, memory, and hippocampal subregion volume.

Results: Results indicate no main or interactive influence of gender on relational memory. However, insensitive caregiving predicted the difference between Angry and Happy memory during the Item-Space condition (B = 2.451, se = 0.969, p = 0.014, 95% CI (0.572, 4.340)], as well as memory for Angry (but not Happy) items [B = −2.203, se = 0.551, p < 0.001, 95% CI (−3.264,−1.094)]. Memory for the difference between Angry and Happy stimuli in the Space condition associated with larger right hippocampal body volumes (Rho = 0.639, p = 0.004). No relations were observed with internalizing problems.

Discussion: Results are discussed with reference to developmental stage and in consideration of whether negative biases may serve as an intermediate factor linking early life insensitive care and later socioemotional problems including an increased incidence of internalizing disorders.
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1. Introduction

Insensitive caregiving behavior occurs when a caregiver does not attend to or respond to a child’s signals in a timely manner and/or in a way that is appropriate to the situation, developmental stage, and expectable needs for security, comfort, exploration, and autonomy. As such intrusiveness, neglect, and rejection may be aspects of insensitive behavior. While all caregivers are likely to periodically exhibit insensitive behavior, at least in mild forms, consistent sensitivity is considered a hallmark of the “sensitive caregiver” (see Ainsworth, 1969). Although behavior that is abusive and fear invoking is clearly not sensitive, many caregivers are likely to behave in ways that are insensitive but decidedly not abusive. Indeed, a large proportion of children are likely to experience insensitive care (see De Wolff and Van Ijzendoorn, 1997; Madigan et al., 2006; Frankenhuis and Amir, 2022), which is itself a risk for the development of internalizing disorders (Cooke et al., 2022). As such, a better understanding of the mechanisms behind this association could allow for new targets for intervention, prior to the development of clinical disorder, with potential benefit for a large proportion of children.

One possible mechanism linking insensitive caregiving to offspring psychological health involves relational memory, or the ability to remember relations between forms of information. Relational memory, and the similar construct of associative memory, are considered integral to episodic (Olsen et al., 2012), and especially autobiographical information, as well as future oriented thinking (Richmond and Pan, 2013). As such, it may not be surprising that relational memory is underpinned by a brain region [i.e., the hippocampus (Hannula and Ranganath, 2008)], frequently implicated in mood disorders and biases toward negative information (Price and Duman, 2020).

Indeed, attentional preferences for negative information and (negative) mood-congruent-memory biases are often thought to help sustain depressed mood (LeMoult and Gotlib, 2019). That is, attention to and the enhanced remembering of negative information may make it difficult for depressed individuals to incorporate and learn from new mood-incongruent information, ultimately biasing experienced-based schemas guiding thought and behavior. Relevant to the current paper, mood-congruent-memory may be most apparent in tasks requiring elaboration (Faul and LaBar, 2022), such as relational memory. This is interesting to consider alongside work indicating that depression also associates with memory deficits (LeMoult and Gotlib, 2019), perhaps suggesting that even simple Relational Memory tasks may be susceptible to bias amongst depressed individuals.

Importantly, insensitive caregiving, and related constructs, are also linked to hippocampal development (Rao et al., 2010; Luby et al., 2012; Rifkin-Graboi et al., 2015; Bernier et al., 2019; Lee et al., 2019), and, perhaps, memory biases. First, a link between insensitive care during infancy and memory for negative experiences was implied within an experiment examining whether or not preschoolers exhibited decreased (as opposed to maintained or enhanced) fear behavior across multiple encounters with a potentially frightening stimulus, which a friendly experimenter had told them was okay to touch (Tsotsi et al., 2018). Greater levels of insensitive care predicted the maintenance or enhancement of startle behavior across trials (Tsotsi et al., 2018). This finding is reminiscent of animal research wherein worse early life experience impaired neurophysiology associated with learning during neutral conditions but promoted learning during frightening ones (Bagot et al., 2009).

Second, in another examination of insensitive caregiving, Rifkin-Graboi et al. (2021) found no differences in the relation between insensitivity in infancy and preschoolers’ memory for associations between pictures of animals and stimuli that were not socioemotional in nature (i.e., food items) but a significant relation to items that were (i.e., pictures of school-aged children’s emotional faces), specifically in girls. These results were interpreted in light of conditional adaptation. Such an interpretation is also consistent with work linking enhanced early neighborhood violence and improved memory for dominance, but not aged based, relationships between people (Frankenhuis et al., 2020). It is also in keeping with findings indicating biases for angry faces and/or auditory information in physically abused children (Shackman et al., 2007), as well as a link between poverty exposure and better performance on an ecologically salient (e.g., pictures of money) working memory task but not on an abstract working memory task (Young et al., 2022). That is, the results were considered in reference to the idea that insensitive care may be a marker of environmental adversity (Perry et al., 2018). As such, children who have experienced comparatively more insensitive care may need to especially attend and remember (negative) social information, especially as they are more likely to have to independently navigate the social world at an earlier stage of development than their counterparts who have received more sensitive care (Rifkin-Graboi et al., 2019; Rifkin-Graboi et al., 2021; Rifkin-Graboi and Ngoh, 2022).

With such work in mind, it is possible that insensitive caregiving may foster the development of relational memory biases, in a conditionally adaptive manner with regards to some aspects of life, but at the same time leaving children vulnerable to the development of internalizing problems via the same mechanism. Nevertheless, before concluding that relational memory is a candidate process in the association between insensitive care and mood disorders, the link between insensitive caregiving and relational memory must be further explored and elaborated. First, to date, all the published research concerning insensitivity and relational memory has emanated from one cohort study, i.e., Growing Up in Singapore Towards Healthy Outcomes (GUSTO). Although the aforementioned GUSTO papers did not include entirely overlapping participants, testing the relation in a different sample is important for concerns regarding replication. In addition, as Rifkin-Graboi et al. (2021) included both happy and angry faces at encoding, and only happy faces at test, questions remain whether the prior findings specifically indicate a bias for negative, potentially threatening information, or a bias, for social information, in general.

Furthermore, the moderating role of gender requires consideration. As noted above, exploratory analyses within Rifkin-Graboi et al. (2021) indicate that a negative memory bias was apparent in preschool girls, but not boys. Although a variety of reasons could account for this finding, including sexual dimorphism in the pace of hippocampal development (Mu et al., 2020), given that, at least starting in the teenage years, girls may be more likely to suffer from depression (Kovacs et al., 2003), it is important to further examine gender as a possible moderator in the relation between early life care and relational memory.

Additionally, there are reasons to ask whether variation in maternal sensitivity, outside of infancy, has a similar impact on emotional relational memory, and supporting neuroanatomy at various stages of the life course. First, the timing of exposure to adversity has been found to have an impact on performance in tasks involving the hippocampus. For example, Dunn et al. (2016) found positive effects of abuse on memory prior to adolescence (i.e., early childhood sexual abuse positively relating to numerical working memory and late childhood physical abuse predicting better verbal word recall) but early adolescent sexual abuse to have a negative impact upon numerical working memory. Second, developmental stage may influence the ability to detect individual differences in forms of relational memory, namely relations between items (Item-Item), items and space (Item-Space), and the temporal sequence of items (Item-Time) (Lee et al., 2016).

The present study sought to explore influences and outcomes of emotional relational memory in the preschool years as it is an important area of investigation with regards to the emergence of mood disorders. To better understand the relationship between early life care, gender, and memory development, the current study examined predictions from maternal sensitivity when children were roughly four and a half years of age, and their relational memory roughly one year later. Relational memory was assessed for person-person (Item-Item), person-space (Item-Space), and person-sequence (Item-Time) relationships when separately viewing vignettes about happy and angry children. We hypothesized that early life insensitive caregiving would specifically predict better memory for angry, but not happy, stimuli.

In addition, in the context of memory development two additional research questions were examined in an exploratory capacity in a subset of children in our sample with available neuroimaging data. First, as the hippocampus is a key brain area involved in emotional memory (Strange et al., 2014; Lambert et al., 2017) and can be influenced by early life adversity (Lee et al., 2019), we asked whether hippocampal volume would associate with maternal sensitivity or aspects of relational memory that are influenced by maternal sensitivity (as indicated by the results of our main research question). Past work suggests that the impact of maternal sensitivity in infancy upon preschool hippocampal development is not bilaterally uniform (Lee et al., 2019), and hippocampal sub-regions may support different forms of relational memory at varying points in development (Guillery-Girard et al., 2013; Lambert et al., 2017). As such we focused on left and right hippocampal head, body, and tail volume. The analyses concerning hippocampal volume and sensitivity represent a subset of pre-registered analyses; these analyses examining hippocampal volume and relational memory are related (but not identical) to those laid out in the same pre-registration1. The difference is that in the current work our examination of the hippocampus is within the context of expanding upon relations between sensitivity and relational memory.

Second, to shed light upon the potential role of negative memory biases in the formation of risk toward depressive mood in the preschool years, we examined whether better memory towards angry, but not happy, stimuli associated with co-occurring maternally reported internalizing problems.



2. Materials and methods

The current work is part of a larger two-wave study, SPACE (Singapore Parenting and Cognition in Early Childhood) study, funded by The National Research Foundation (NRF2016-SOL001-003) and approved by the NTU-IRB (IRB Ref no. 2018-04-015). Relevant to the current study are data from the Wave One visit (i.e., maternal sensitivity data), Wave Two visit (i.e., child Relational Memory data), and the optional neuroimaging visit (i.e., child hippocampal volumetric data). Mothers and children respectively, provided informed consent and assent prior to participation.

Sixty-seven mother preschooler dyads were recruited via word-of-mouth, social media, the Science Centre Singapore, and via preschools/child-care centers for the Wave One visit, which occurred between February 2019 and January 2020, so prior to the first reported COVID case in Singapore. This visit took place in participants’ homes, except for one dyad who found it more convenient to come to the laboratory. Wave One visits included cognitive and/or academic game-like tasks for children, an interview, and questionnaires for the mothers, and, relevant to the current study, observational sessions that occurred about 1 h into (or slightly less than halfway through) the visit.

The Wave Two visit occurred an average of 418 (SD = 77) days (or roughly 1.14 years, SD = 0.21) after the first visit, between September-December 2020. Fifty-one of the Wave One participants attended these visits. Wave Two visits took place at the National Institute of Education’s Centre for Research in Child Development. This visit was similar to that conducted at age four and a half, but relevant to the current study, also included a Relational Memory task. During this visit children participated in seven tasks (one of which included training on a controller) plus the observational session. The first two tasks, outside the scope of the current study, assessed processing speed and children’s preference for caregivers. The other five tasks, including the Relational Memory task, were counterbalanced. Interspersed between the tasks was a play session wherein children practiced behaviors relevant to MRI (e.g., laying still) and a parent-child observational session.

The optional neuroimaging visit occurred between January-March 2021 and included 23 of the children taking part in the Wave One and Wave Two visits.


2.1. Participants

As noted above, there were 67 participants in the Wave One visit (relevant to maternal sensitivity) and 51 who returned for Wave Two (relevant to Relational Memory), though Wave One maternal sensitivity data was not available for two mother-daughter dyads due difficulties uploading to the server. Thus, 49 dyads contributed data to the maternal sensitivity and Relational Memory analyses, and all but one of these dyads also contributed internalizing data. Twenty-three children attended the neuroimaging session, but three did not enter the scanner and an additional two did not complete the MPRAGE scan required for volumetric analyses. Thus, eighteen children contributed usable neuroimaging data. The average age of the 49 children taking part in the majority of analyses was 4.5 years (SD = 0.28, Range = 4.02–4.99 years) at Wave One and 5.65 years (SD = 0.38, Range = 4.98–6.32) at Wave Two.

Maternal sensitivity at Wave One did not differ [t (63) = −0.495, p = 0.622] between the 47 dyads with Wave One maternal sensitivity data who also returned for Wave Two (M = 0.39, SD = 0.23) and the 16 dyads who did not return to the Wave Two visit and so did not have relational memory data (M = 0.42, SD = 0.19). Furthermore, when comparing the 49 children (23 girls and 26 boys) with the 18 (12 girls and 6 boys) for whom either maternal sensitivity or relational memory data were not available, the ratio of male and female children did not significantly differ from chance (X2 = 2.053, p = 0.152), nor did maternal ethnicity amongst those whose data were (44/49 ethnic Chinese) and were not (15/18 ethnic Chinese) included. Of the eight mothers who did not report being of Chinese ethnicity, two reported their ethnicity as Indian, four as Malay, and one as Javanese. For context, the majority of Singaporean citizens report Chinese ethnicity (> 75%). At Wave One all mothers but one reported being married and at Wave Two all mothers but two (including the aforementioned one) reported being married at Wave Two. All mothers reported that the Study Child lived with them at both visits. All mothers reported their levels of maternal education, except for one who did not return for the Wave Two visit. Ordinal level of maternal education did not significantly differ [t (64) = −0.607, p = 0.546] between those whose data were and were (M = 3.96, SD = 0.763) and were not (M = 3.82, SD = 0.883) included, with mothers reporting at least the completion of secondary education (“2”) and up to the completion of a postgraduate degree (e.g., M.A. or PhD., “5”).

The imaging subsample included nine girls and nine boys, with an average age of 6.01 years (SD = 0.36) and did not differ from the 49 other children who participated in the SPACE study in terms of ratio of male to female children (X2 = 0.049, p = 0.824), maternal Chinese ethnicity (X2 = 0.523, p = 0.470), or level of maternal education [t (64) = 1.278, p = 0.206].



2.2. Assessments


2.2.1. Child gender

Male versus female status was recorded by the research assistant visiting the home during Wave One and reflects e.g., the family’s language usage when referring to the preschooler (e.g., “she”/“he”, “boy”/“girl”, “daughter”/“son”, “sister”/“brother,” etc.), the typical gender associated with the child’s name, and/or the way the child visually presented (e.g., wearing a dress, hair in bows, etc.). This definition does not consider whether children’s preferences, per se, were taken into account by their families, and, given local culture, likely also reflects sex assigned at birth.



2.2.2. Maternal sensitivity


2.2.2.1. Observational sessions

Maternal sensitivity was coded from video records of the observational sessions, which lasted a total of 15 min and consisted of four different scenarios: (1) free play/arts and crafts; (2) clean up; (3) math game; (4) novelty, in the form of an experimenter wearing a mask, with the option of then playing with the masks. Scenarios were counterbalanced across participants, with the exception that clean-up, by necessity, always immediately followed free play/arts and crafts. Each scenario was approximately 3 min and 45 s long, with the last 45 s constructed to elicit divided attention on the part of the mother. During the last 45 s of each scenario mothers were given an iPad including close captioned instructions for the next scenario or, in the case of the last scenario, a short wrap up video. An instructional video was also given to the mothers before the start of the first scenario.

All instructional videos provided some suggestions of what dyads could do during the scenario, but purposefully left it to the mothers to convey the task’s implicit goals, and to decide the extent to which she wanted to manage/comply. Each instructional video ended with the phrase, “During this activity please behave as you normally would in a similar situation.” However, in the clean-up session, additional instructions were given, i.e., “During clean-up please behave as you normally would in a similar situation. You may help your child, however, please have your child do at least 75% of the cleaning up.”



2.2.2.2. Scoring the observations: The preschool MBQS

The video records were coded using the Maternal Behavior Q Sort Adapted for Preschool (Preschool MBQS) (Pederson et al., 2013). The Preschool MBQS contains 25 items that are sorted into one of 5 categories. The category labels range from “least like the observed interaction” to “most like the observed interaction,” and are associated with a score ranging from “−2” to “+2.” Each category is permitted to have exactly five items. Thus, when the coder has finished sorting the items, there should be an equal number of cards that have received a score of “−2”, “−1”, “0”, “+1”, or “+2.” This then allows for the scores of the 25 items to be correlated against standard scores that have been assigned to each item by the system’s developers. Scores assigned by the system’s developers reflect the ways in which the cards would be sorted if describing a prototypically sensitive interaction. Ultimately then, each observed interaction session receives a summary score (i.e., its correlation with the prototypically sensitive interaction) ranging from −1 to +1, with −1 indicating an interaction that is the most dissimilar to the hypothetical prototypically sensitive interaction and +1 indicating an interaction that is identical to the hypothetical prototypically sensitive interaction. In the current work, we created an average score, per dyad, based on the −1 to +1 scores assigned to each of the four sessions in which the dyad participated.



2.2.2.3. Training to code the preschool MBQS

Data were coded by two Southeast Asian coders, Lit Wee Sim (hereafter “LWS”, the current paper’s fifth author), and Clara Tan (CT). LWS had previously been trained in the conceptually and operationally similar MBQS by two of its developers (S. Bento and D. Pederson) and at the time of coding the current sample had already scored hundreds of video records using the mini-for-video MBQS for a separate large Singaporean study. At the time of coding, LWS had also achieved reliability (via Minnesota) in the organized categories of the strange situation, and so had a good foundation in concepts related to sensitivity and its impact on attachment relationships. To prepare for the current study, LWS, the lead author [ARG, also trained by S. Bento and D. Pederson on the infancy versions of the MBQS as well as Main and Hesse’s Frightening/Frightened (FR) system, Hesse and Main (2006)], and another local coder (Shamini Sanmugam, SS, with a similar background to LWS) discussed the preschool MBQS items and evaluated pilot scenarios that roughly followed the same procedure as those employed for the current study. Pilot scenarios were similar to those included here for Math, Novelty, Free Play, and Clean-Up, but, during the pilot, a separate scenario was designed for Divided Attention; in addition, during piloting two other scenarios (i.e., storybook reading and a language game) not included in the current study were also conducted. LWS and SS independently evaluated a number of pilot scenarios (including 26 pilot scenarios most similar to those used here) and reached consensus on any notable discrepancies. LWS then independently coded remaining pilot cases. Pilot cases, primarily those coded by both LWS and SS, were then used for CT’s training. Prior to scoring CT had also worked with ARG as part of the “Undergraduate Research Experience on Campus,” and during this time had been introduced to readings and concepts relevant to Attachment Theory and sensitivity.



2.2.2.4. MBQS reliability

Following training, LWS and CT coded data relevant to the larger study from which the current data is part. Approximately twenty percent of all available data in the larger data set (i.e., a total of 13 cases per each of the four task scenarios, including data from 35/67 children) were double coded. For these overlapping cases, one coder was pre-assigned as the primary coder and the other as the reliability coder and for those jointly coded cases, the pre-assigned primary coder’s score was entered into the database, except in cases where there were notable discrepancies between the coders (i.e., > 0.25 difference in MBQS sensitivity score). In such cases the coders met to discuss, and a finalized consensus score was used. In total, the current paper’s data set used individual participant averages based upon scores, from, respectively, LWS, consensus, and CT as follows: clean-up: 22,1,26; mask: 22,2,25; math: 26,3,20; free play: 27,5,17). Inter-rater reliability was assessed through two-way mixed model absolute intra-class correlation coefficients, which indicated reliability of 0.866 across these 52 scenarios (95% CI: 0.767 to 0.923). According to guidelines, this indicates “good” reliability, as less than 0.5 is thought to indicate poor reliability; 0.5 to 0.75 moderate; 0.75 to 0.9 good; and above 0.9 excellent (Koo and Li, 2016).




2.2.3. Relational memory task

The Relational Memory task was conducted on a touchscreen laptop. Experimenters told children that they would be told a story about similarly aged children who “go to school” [i.e., the Target (T) characters] and are allowed to play with other children [i.e., the Friend (F) characters] on a big field at break time. The pictures used in the story (experiment) were taken from the Child Affective Emotional Faces (CAFÉ’) Data Bry database (LoBue and Thrasher, 2015). The Café stimuli included a collection of photographs taken of 2- to 8-year-old children asked to depict angry or happy expressions, chosen to, as much as possible, represent the three majority races present in Singapore (Malay, Indian, and Chinese). Previously 100 adults had rated the pictures to confirm emotional expressions (Happy M = 90.92, SD = 5.33; Angry M = 75.75; SD = 9.57). Stimuli faces in this study include six female and six male models (LoBue and Thrasher, 2015).

This task had two counterbalanced emotional blocks depicting children with emotional expressions: Happy and Angry. Stimuli included in one block was not reused in the next. Otherwise, the procedure across the emotional blocks was similar. Both emotional blocks had three encoding slides followed by the test slides. Both conditions included encoding and test slides relevant to the three memory conditions (i.e., Item-Item, Item-Time, and Item-Space, see Figure 1).
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FIGURE 1
Graphic depiction of the task order within an Emotional Block. Happy and Angry blocks were counterbalanced within the participants. T (Target) and F (Friend) identities were randomly chosen across blocks, such that there was never the same T or F displayed in the Angry and Happy conditions. The usage of 1-2-3 is for heuristic purposes only. The order and pairings of T’s and F’s was random with no repetition across emotional blocks. T and F pictures were chosen from the NIMH ChEFS picture bank (Egger et al., 2011).


In each emotional block, study children were exposed to two introductory slides, three encoding slides, and nine retrieval slides. In the first introductory slide, participants were introduced to pictures representing the three target (T) characters. In the second introductory slide, participants were introduced to pictures of three of T’s friends (F). To be inclusive of all genders, but to also help children further identify with the task, children presenting as female were given a version wherein the T’s were of girls and the F’s were of boys, whereas children presenting as male were given a version where the T’s were of boys and the F’s were of girls.

During the encoding slides, participants were sequentially shown different T-F pairs one-at-a-time at one of three locations (bottom left, bottom right, and top right) on a picture of a green field. The T-F pairings, locations, and order of presentation was randomized. Participants were asked to pay attention to where (Item-Space) on the field T went; whom (Item-Item) of three F’s went with T; and in relation to other T’s, when (Item-Time) T went to the field (i.e., first, second, or third). When the pairs were introduced the experimenter would say, “(First/Next/Lastly), we have this (Boy/Girl) who went to play with this (Girl/Boy)! And they had a (great time/huge fight),” with “great time” versus “huge fight” varying according to the Emotional Block. To ensure that children were attending to the relevant information, upon presentation the experimenter asked the child to point to the place (Item-Space) that both the T and F (Item-Item) were located and used a word-cue like first, second, or third (Item-Time) when doing so. In cases where the child did not point to a pair, before advancing to the next encoding slide, the experimenter would give an additional prompt.

Then, before retrieval children were given a preparatory slide that displayed the three T’s and were told, “Now that I finished the story, do you remember these boys/girls? I am going to be asking you some questions about them and I want you to touch the screen where you think the answer is!” They were then asked three questions (three times for each target stimuli) relevant to each of the memory conditions (i.e., Item-Item, Item-Space, and Item-Time). For Item-Item one T was shown on a slide with all three F’s, and children were asked “Can you tell me which (Boy/Girl) this (Girl/Boy) went to the field with?” This was repeated for all three T’s. For Item-Space, children were shown a T on the green field with tan boxes outlined in the three relevant locations and asked, “Can you tell me where on the field he/she went to play?” This was repeated for all three T’s. For Item-Time, children were shown all three T’s on one slide and asked, “Can you tell me which (Boy/Girl) went to the field (first/second/third)?.” This was repeated three times for all three T’s. Across conditions if children did not respond they were encouraged to just try their best.

The number of correct responses per emotional (Happy and Angry) and memory (Item-Space, Item-Item, and Item-Time) condition was recorded via the Eprime software, yielding six scores (e.g., Happy Item-Item; Angry Item-Item, Happy Item-Space, etc.), ranging from 0 to 3 per scale.



2.2.4. Internalizing problems

Mothers completed the Strength and Difficulties Questionnaire (SDQ, Goodman, 1997) at the Wave Two visit wherein they rated whether items accurately described their child’s behavior in a 3-point scale (0 = not true, 1 = somewhat true, 2 = certainly true). Based on the original scoring, an Internalizing Problems score can be calculated by summing up the item responses in two of the questionnaire’s five subscales, i.e., emotional problems and peer problems, leading to a maximum score of 20. In line with past Singaporean research (Bull et al., 2016) an Internalizing score was created that differed from the scale score defined by Goodman and colleagues (Goodman and Goodman, 2009) by omitting three items (Peer Relationship Items 11, 14, and 23) from its calculation, leading to a potential maximum score of 14. Internal reliability using all available data (n = 50) from the Wave Two time point was α = 0.78 (within this same sample, the internal reliability for the Internalizing score based on the Goodman et al. (Goodman and Goodman, 2009) criteria was α = 0.70).



2.2.5. Neuroimaging

MRI data were acquired using a Siemens (Siemens Healthineers, Erlangen, Germany) Prisma 3T system using the Q-body coil for signal transmission with reception on a 32-channel head coil. A T1-weighted Magnetization PRepAred Gradient Echo (MPRAGE) with 1 mm3 isotropic voxels, 192 × 192 × 192 matrix, TI/TE/TR = 877/2.08/2,000 ms was collected for volume-based morphometry (VBM) and was repeated if significant motion was detected on acquisition (based on recommendation of experienced radiographer).

MPRAGE data were processed using the Freesurfer (v7.1.1, MGH, Harvard) image analysis suite consisting of removal of non-brain tissue (Ségonne et al., 2004), Talairach transformation, intensity normalization (Sled et al., 1998), and segmentation (Fischl et al., 2002, 2004a,b). Data were further processed to extract hippocampal and amygdala subfields using the automated pipeline in Freesurfer (Iglesias et al., 2015).




2.3. Statistical analyses

Prior to assessing relations of interest, Spearman correlations were conducted to determine whether to control for maternal education and child age (i.e., relevant testing date minus birth date, divided by 365, with testing date corresponding to Wave One, Wave Two, and at Neuroimaging, as appropriate). If associations between these variables and both variables of interest (e.g., the predictor and outcome) were found greater than p > 0.05, covariates were to be entered into the models. Gender was similarly examined, via a Student’s T-Test, as a potential covariate for the neuroimaging and internalizing symptoms analyses.


2.3.1. Relational memory and maternal sensitivity

Following this, a mixed ANCOVA was performed via IBM SPSS Statistics Version 28 (SPSS Inc., Chicago, IL, USA). The between-subject variables were gender and maternal sensitivity (entered as a covariate due to software specifications) and the within-subject variables were the two-level emotion variable (i.e., Happy and Angry) and the three-level memory condition variable (i.e., Item, Time, and Space). Any significant main effects for within subject variables were subsequently probed with pairwise comparisons. Significant interactions involving the between-subject variables were probed via regression (see Section “3. Results” for additional details). The criterion for statistical significance for follow-up analyses was > 0.05.



2.3.2. Relational memory and hippocampal volume

Spearman Correlations were conducted to determine whether whole brain corrected hippocampal subregion volumes associated with (a) aspects of relational memory predicted by maternal sensitivity as observed above and (b) maternal sensitivity during Wave One. The criterion for statistical significance was set to > 0.008 (i.e., 0.05 divided by 6) to account for the fact that six regions were considered. A formal test of mediation was not considered given that the acquisition of neuroimaging data did not precede that of relational memory data.



2.3.3. Relational memory and internalizing problems

Spearman correlations were used to examine the relation between internalizing problems and any forms of (a) aspects of relational memory predicted by maternal sensitivity as observed above (2.3.1) (b) maternal sensitivity during Wave One A formal test of mediation was not considered given that the acquisition of neuroimaging data did not precede that of internalizing data.





3. Results

Maternal sensitivity was not related to whether children took part in the Happy or Angry emotional condition first. In addition, in no case was child age or maternal level of education related to both variables of interest. Thus, our models did not include these variables as covariates. Likewise, gender was not related to hippocampal subregion volumes or internalizing problems and so was not included in those analyses.

Descriptives for maternal sensitivity, relational memory, hippocampal subregion volumes, and internalizing problems can be found in Table 1.


TABLE 1    Descriptive statistics for variables of interest.
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3.1. Overall effects of gender, maternal sensitivity, emotion condition, and memory condition

Shapiro-Wilkes tests indicated that neither memory nor maternal sensitivity were normally distributed (p < 0.05), and that there were two outliers in the data (i.e., for girls within the Happy-Space condition), as assessed by inspection of a boxplot for values greater than 1.5 box-lengths from the edge of the box. In one case a review of the case notes suggested that the child may not have understood the task. Thus, analyses were conducted with and without both outlying cases. Because the pattern of results remained similar in both analyses (i.e., there were no changes in overall effects with regards to their statistical significance, p < 0.05, and in only one instance was there a difference in the pairwise comparisons) we report results with these two cases included.

There was homogeneity of variances, as assessed by Levene’s test for equality of variances (p > 0.05). Mauchly’s test of sphericity indicated that the assumption of sphericity was not met with regards to the memory condition χ2 (2) = 10.733, p = 0.005, but was met with regards to the interaction between emotion and memory conditions, χ2 (2) = 0.947, p = 0.623. With regards to the between subject variables, a significant main effect of sensitivity [F (1,45) = 4.241, p = 0.45, ηp2 = 0.086] was observed with no significant main effects of gender [F (1,45) = 0.147, p = 0.703, ηp2 = 0.003], nor the interaction between gender and sensitivity [F (1,45) = 0.006, p = 0.941, ηp2 = 0.000]. As detailed in Table 2, with regards to the within-subject variables, there were no significant effects of emotion condition or memory condition. However, a significant interaction was observed between emotion and memory condition as well as between emotion condition, memory condition, and maternal sensitivity.


TABLE 2    Within-subject effects of emotion, memory type, and their interactions.
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Pairwise comparisons were based on the estimated marginal means with no adjustment. Pairwise comparisons considering Emotion differences within each Memory condition did not reveal any significant effects. However, pairwise comparisons considering Memory type within each Emotion condition indicated that within the Happy emotional condition, memory accuracy within the Time condition was significantly better than memory within the Item condition (Mean Difference = 0.527, se = 0.210, p = 0.016) or the Space condition (Mean Difference = 0.913, se = 0.224, p < 0.001), and that memory accuracy within the Item condition was significantly better than memory within the Space condition (Mean Difference = 0.387, se = 0.178, p = 0.035). Within the Angry condition, only one significant difference was observed, namely that accuracy for Item relationships was better than accuracy for Space relationships (Mean Difference = 0.386, se = 0.172, p = 0.030). However, when conducted without the two outlying cases, we also observed that children performed significantly better in the Angry Time condition than the Angry Space condition.

Despite the fact that the two-way interaction indicated no emotion differences within each memory type, we chose to probe our three-way interaction between Memory condition, Emotion condition, and sensitivity by calculating scores for the Happy and Angry conditions separately within each memory condition (e.g., Happy Space minus Angry Space), rather than by calculating scores for the varying Memory types within each Emotion condition. This choice was based upon the hypotheses of interest for this paper- namely that sensitivity may bias memory according to its emotional content. Difference scores were used as outcome variables. Regressions were bootstrapped at 10,000 simulations and indicated that only the association between maternal sensitivity and the Happy-Angry difference score within the Space condition reached significance [B = 2.451, se = 0.969, p = 0.014, 95% CI (0.572, 4.340)]. Differences scores in Item-Item [B = −0.605, se = 0.995, p = 0.546, 95% CI (−2.472, 1.415)] and Item-Time [B = −0.542, se = 0.945, p = 0.563, 95% CI (−2.379, 1.340)] were not significant.

Following this, to more comprehensively understand the direction of effects, two additional bootstrapped regressions were conducted with maternal sensitivity as the predictor and child memory for item-space associations in the happy, and separately, angry conditions. As indicated in Figure 2, there was a significant (p < 0.008) negative association between sensitivity and relational memory in the Angry Item-Space condition [B = −2.203, se = 0.551, p < 0.001, 95% CI (−3.264,−1.094)]. Maternal sensitivity did not significantly predict memory in the Happy Item-Space condition: (B = 0.249, se = 0.764, p = 0.743, 95% CI [−1.176, 1.828]).
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FIGURE 2
Insensitive caregiving predicted the difference between Angry and Happy memory during the item-space condition (B = 2.451, se = 0.969, p = 0.014, 95% CI [0.572, 4.340]), as well as memory for Angry (but not Happy) items [B = –2.203, se = 0.551, p < 0.001, 95% CI (–3.264,–1.094)].




3.2. Hippocampal volume

Hippocampal data were normally distributed; however, in this subsample maternal sensitivity and the difference between Item-Space performance in Happy and Angry conditions, as well as within the Angry condition itself exhibited non-normal distributions. Hence, the Spearman Rho test was used to examine relationships.

As reported in Table 3, none of the hippocampal subregion volumes significantly associated with maternal sensitivity.


TABLE 3    Spearman Rho correlations between hippocampal subregion volume, maternal sensitivity, and relational memory in the space condition (i.e., Happy versus Angry and Angry).
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With regards to relationships between hippocampal volumes and relational memory, we focused upon potential associations between hippocampal subregions and the difference between Happy and Angry Item-Space relational memory, as well as variation within Angry Item-Space relational memory. We focused our analyses on these aspects because these were the only forms of memory predicted by maternal sensitivity (see Section “3.2. Hippocampal volume”).

The difference between Angry and Happy stimuli in the Space condition revealed an association with the bilateral hippocampal body [Spearman Rho: 0.531, p = 0.023 (left); 0.639, p = 0.004 (right)], extending in the right hemisphere to the tail (Rho = 0.570, p = 0.013). Still after correction for multiple comparison only the association with the right hippocampal body achieved significance at p < 0.008 (see Figure 3).
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FIGURE 3
Memory for the difference between Angry and Happy stimuli in the space condition associated with larger right hippocampal body volumes (Rho = 0.639, p = 0.004).


Besides the difference scores, the substantial majority of analyses examining the association between the hippocampus (head, body, tail separately for the right and left hemispheres) and relational memory for Angry Item-Space suggested a negative association. Yet, none of the correlations remained significant after Bonferroni correction, and only one was significant prior to Bonferroni correction (i.e., uncorrected Rho = −0.509, p = 0.031 for the association between right body and relational memory in the Angry Item-Space condition).



3.3. Internalizing problems, relational memory, and maternal insensitivity

Spearman Rho’s were used to assess relations as none of the variables of interest were normally distributed. Forty-eight children were examined in these analyses.

Internalizing problems were not associated with the relational memory difference score between Angry versus Happy stimuli in the Space condition (Rho = 0.194, p = 0.187), nor with relational memory in the Angry Item-Space condition (Rho = −0.102, p = 0.489). Neither did they associate with maternal sensitivity (Rho = −0.132, p = 0.370).




4. Discussion

Here we investigated links between maternal sensitivity, emotional memory biases, and hippocampal subregions in preschoolers to further elucidate the neurobiology linking variation in early life care to psychological risk. Consistent with theory and research suggesting that environmental exposures influence the development of memory and schemas important to close relationships and risk management (Main, 1981; Belsky et al., 1991; Vandevivere et al., 2014; Biro et al., 2015; Peltola et al., 2015; Bosmans et al., 2020), here we found that comparatively lower levels of maternal sensitivity when children were four and a half years of age predicted better relational memory when angry, as opposed to happy, stimuli were involved. Considering the results from analyses examining performance within the emotional conditions, this difference was likely due to a boost in memory performance with angry stimuli. In addition, in a small (n = 18) subset of children we found an association between hippocampal subregions and the difference in performance for angry versus happy relational memory. As such, the current work adds to an increasing number of papers linking early life environmental exposures to memory biases (Rifkin-Graboi et al., 2021) as well as hippocampal development (Rao et al., 2010; Luby et al., 2012, 2013, 2016; Rifkin-Graboi et al., 2015; Bernier et al., 2019; Lee et al., 2019; Wang et al., 2019), potentially important to the development of children’s adaptive functioning and psychological health.

Still, despite the associations between maternal sensitivity, memory, and hippocampal development, associations with internalizing behavior were not significant. Nevertheless, although, at a population health level, maternal sensitivity may be important given its likely pervasiveness (De Wolff and Van Ijzendoorn, 1997; Moran et al., 2008), published meta-analytic effect sizes for the link between maternal sensitivity and internalizing behavior are rather weak r = −0.08, and known to be moderated by SES groups, with lower SES samples showing larger effects, r = −0.14 (Cooke et al., 2022). Therefore, our results with a small sample of highly educated Singaporean dyads may be expectable. In fact, according to University of California at San Francisco’s (Hulley et al., 2013) a sample size of 1,224 would be necessary for an analysis with 80% power. Indeed, our effect of Rho = −0.132 is similar to the meta-analytically reported 95% CI’s (i.e., −0.12 to −0.05) (Cooke et al., 2022). As such, future research may wish to extend the current findings in a larger higher risk group, within the context of a Three Wave Study where a formal test of mediation is feasible. In addition, future research may wish to examine whether genetic risk toward internalizing difficulties (Asarnow et al., 2014) and/or other forms of prior and concurrent experience moderate potential links between sensitivity, relational memory, and internalizing problems. It is easy to imagine that negative memory biases could be beneficial in some circumstances, perhaps preventing the escalation of interpersonal difficulties and facilitating socially adaptive behavior during encounters with others who have also experienced insensitive care, but harmful when the majority of peers have had more sensitive caregiving experiences, or with regards to other domains. Indeed, one Singaporean study reported relatively low rates of sensitive caregiving, as well as an inverse relation between aspects of sensitive care and female peer likability, despite some positive associations with components of language development (Cheung, 2021).

In the current work we only considered one potential moderator—gender (likely identical to sex assigned at birth for this sample) and did not find any main or interaction effects. Although we had anticipated that associations would be stronger in females than males, this lack of interaction may not be surprising as past work indicates that male-female differences in depression may not be apparent until the adolescent years (Kovacs et al., 2003). Thus, the current findings may be best interpreted within the developmental context in which they were assessed.

Indeed, the developmental stage at the age of relational memory assessment may have played a substantial role in the specifics of the observed associations, both in terms of memory form (e.g., Item-Space), and hippocampal subregion (e.g., right posterior). First, it is notable that we specifically found relations between sensitivity and a preference for angry over happy memory when assessing memory for where items were in relation to space (Item-Space), but not in relation to one another (Item-Item, Item-Time). Indeed, past developmental research (Lee et al., 2016) implies it may be easiest to observe differences in Item-Space memory before the age of 10. In Lee at al’s (2016) study of differences between adults’ and children’s Item-Space, Item-Time, and Item-Item memory they report that between the ages of eight to eleven children showed the best memory for Item-Space associations, followed by Item-Time, and then Item-Item associations (also see Lee et al., 2020); and that Item-Item memory may not be better than chance before age ten. In addition, in combination with work suggesting that insensitive caregiving may speed up hippocampal and memory development (Rifkin-Graboi et al., 2015; Rifkin-Graboi et al., 2018; Bernier et al., 2019) other work (Guillery-Girard et al., 2013) could suggest that Item-Space relational memory, unlike Item-Item and Item-Time memory, may be a good candidate for individual difference research during childhood given its linear development. That is, in the case of Item-Space memory, insensitivity could be expected to both speed up memory capability and bias memory toward negative emotions. In contrast, since Item-Item memory does not exhibit linear development across ages 6 to 10, the effects of insensitivity may work at odds with one another masking results; and Item-Time memory may not show sufficient variance to detect emotion related differences, given that it is relatively stable from six to nine before showing improvement (Guillery-Girard et al., 2013). Still, this interpretation is speculative, given that our planned comparisons did not find Memory condition effects, and pairwise comparisons within each emotion suggested that on our task preschoolers exhibited the worst memory for Item-Space associations.

In addition, the developmental stage may have influenced which hippocampal subregions were most related to emotion related differences in spatial relational memory. Though past work suggests that the anterior hippocampus may play an important role in emotional memory (Fanselow and Dong, 2010), an examination of 8–10-year-olds found the posterior hippocampus is specifically activated during the encoding of angry (but not happy) face-context associations and that its activity associates with greater accuracy in recalling these associations (Lambert et al., 2017).

Finally, by investigating maternal sensitivity in the preschool years, in combination with similar research examining maternal sensitivity’s prediction to relational memory in preschool (Rifkin-Graboi et al., 2021), the current work contributes to studies seeking a better understanding of the ways in which early life experience may contribute to memory development (Dunn et al., 2016) and suggests that insensitive care’s role on memory biases may be similar regardless of time point of early life exposure. Supporting this idea, differences in the way parents discuss autobiographical memory, including the identification of positive and negative events, predicts preschoolers’ accurate autobiographical memory of discussed events (e.g., Lawson et al., 2021). Nevertheless, given that variation in maternal sensitivity is likely somewhat stable in low-risk groups (Behrens et al., 2012), it remains possible that the current effects were driven by earlier exposure to insensitive care.

In sum, the current research further supports the idea that early life caregiving adversity may influence negative memory biases. In addition to replication in a substantially larger sample, future research may wish to examine associations at particular stages in the memory process. Prior work suggests that variation in caregiving experience could impact attentional processes at the time of encoding (Shackman et al., 2007). However, it is also possible that variation in exposure to insensitive care also biases storage and/or retrieval. For example, insensitivity is linked differences in basal cortisol levels (Berry et al., 2017), and cortisol can influence storage (Bisaz et al., 2014) and retrieval (Schilling et al., 2013), as well as biases toward emotional and/or negative information at retrieval (Mickley et al., 2017).

In addition, an important next step will be to determine the functional significance of such biases within varying caregiving contexts, as this could have important implications for prevention programs. Attachment theorists have long hypothesized that relationships are guided by cognitive-affective models, built up from experience, that guide behavior in conditionally adaptive ways (Main, 1981; Belsky et al., 1991). Likewise, there is evidence that forms of neurodevelopment, associated with adversity, can benefit individuals within certain contexts of risk (Gee et al., 2013; Ellis et al., 2017; Frankenhuis and Amir, 2022). If future research were to find that amongst children experiencing insensitive care, those who develop negative biases fare better in their family relationships then the implication might be that that prevention programs should not attempt to change negative biases without first changing caregiver sensitivity. Similarly, targeting biases could be problematic if future research were to find that children with negative memory biases are more socially adept than those without such biases specifically when they live in communities where insensitive care is the norm (but not when they live in communities where sensitive care is the norm). However, if biases are not found predictive of relatively better outcomes and are associated with future difficulties, then in the future it could be important to consider interventions targeting children themselves before problems occur.
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