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ABSTRACT

The present paper consists of two separate studies in which the overarching aim was to examine the relationships between caregiver-child behaviours in the vaccination context (infant and preschool) and preschool attachment outcomes. It provides for the first time an examination of acute pain behaviours during early childhood and how it relates to a critical aspect of child development (i.e., attachment status) at the end of early childhood. Study 1 examined the longitudinal relationship between caregiver-infant behaviours during infants’ first routine vaccination (2-months) and preschool attachment (n = 84). Study 2 examined the concurrent relationships between caregiver-preschooler behaviours during the last routine vaccination of preschool (4-5 years) and preschool attachment (n = 117). Hierarchical multiple regression analyses were utilized. Although there were several non-significant findings, the results revealed that higher caregiver sensitivity and higher proximal soothing 1-minute pre-needle during infants’ 2-month vaccinations predicted higher levels of preschooler avoidance and lower levels of preschooler ambivalence, respectively. Additionally, higher infant-pain related distress at 2 minutes post-needle was related to higher preschooler security and lower preschooler disorganization and controlling-punitive attachments. In terms of concurrent relationships, only caregiver sensitivity was significantly related to preschool attachment outcomes. Specifically higher caregiver sensitivity at preschoolers’ 4-5 year vaccinations was related to higher preschooler attachment security. The present study findings provide evidence that child-caregiver behavioural patterns during the infant and preschool routine vaccination relate to preschoolers’ patterns of attachment. Moreover, it underscores the potential importance of health professionals teaching and supporting attuned caregiving to the child in pain. 



1. Introduction 
	The development of immediate reactive and more distal regulatory acute pain behaviours in infancy has been shown to relate to infants’ attachment relationship with their primary caregiver [20,21,22]. Attachment relationships are fundamentally rooted in how a child is soothed during distressing events, such as pain, during early childhood [17,48]. Understanding how discrete caregiver behaviours relate to a child’s pain behaviours has been demonstrated within different stages of early childhood [6, 36].  This set of analyses takes the next step to examine both longitudinal and concurrent relationships between a parent and child behaviours during vaccinations and an objective measure of the caregiver-child dyadic relationship at 4 to 5 years of age (i.e.,  preschool attachment). Examining precursors to attachment in the preschool age is particularly important due to the links between preschool attachment and developmental psychopathology outcomes [19,24,25,31,33,34,35,46]. Thus, the current set of studies allows for an important contextualization of both parent and child behaviours during painful vaccinations within a larger child development context. 
Although research has examined the relationship between infant vaccination behaviours and infant attachment, no research exists linking parent and infant vaccination behaviours and attachment at the preschool age. Although one small pilot study examined caregiver sensitivity to children’s pain-related distress and childhood attachment to date, and found parents of secure children were more likely to engage in pain soothing behaviours [39]. The current study provides a unique longitudinal window linking both parent and child vaccination behaviours, in infancy and preschool, to preschool attachment outcomes. Moreover, the present study employed an attachment rating system [32], adapted from a “gold standard” measure [7,41], that allows for a fine-grained assessment of each of the four broad preschool attachment categories rather than narrow categorizations of secure (a calm and comfortable interaction, where the preschooler uses the caregiver a secure base to explore) versus insecure patterns [ambivalent (emphasis on dependency through immaturity and/or resistance), avoidant (a neutral interaction through avoidance of physical or emotional contact), and disorganized (behaviourally disorganized subtype with disordered sequences, confusion, or a mix of other classifications; controlling-caregiving subtype that guides, orients, or cheers-up the parent; and controlling-punitive subtype with punitiveness and hostility toward the parent)]. Study 1 examined caregiver-infant behaviours during the first vaccination of early childhood (2-months) as predictors of preschool attachment ratings. Study 2 examined caregiver-preschooler behaviours during the last vaccination of early childhood (4-5 years) as predictors of preschool attachment ratings. We hypothesized that: 
(1) More optimal caregiver behaviours (i.e., higher caregiver sensitivity, more soothing behaviours) would be related to higher levels of security and lower levels of insecure attachments. 
 (2) Higher anticipatory distress (pre-needle pain-related distress) would be related to higher levels of security and ambivalence, and lower anticipatory distress would be related to higher levels of the remaining types of insecure attachments. Previous research has suggested that in the vaccination context, due to the commonality of high signalling, relationships between distress behaviours and both security and ambivalence are similarly valenced [21].
(3) Given our past work in infants suggests that the first 15 seconds post-needle are the most painful [37] and the optimal nature of honest signalling of pain when pain is present [22], we would expect that all infants/preschoolers would exhibit high amounts of pain initially, and therefore it would not strongly relate to attachment. However, higher levels of pain-related distress during the regulatory phases (1 and 2 minutes post-needle) would be related to higher levels of security, and lower levels of pain-related distress during the regulatory phases would be related to higher levels of the insecure attachment types.
2.  Method
2.1 Participants

	The participants in this study are from the Opportunities to Understand Childhood Hurt (OUCH) cohort, a longitudinal sample (N = 760) of healthy caregiver-child dyads observed in infancy through preschool. Caregiver-child dyads were recruited in infancy at three pediatrics clinics in Toronto, Ontario, Canada. Dyads were eligible to participate if infants had no suspected developmental delays or impairments or chronic illnesses, had not previously been admitted to a neonatal intensive care unit, and were born at 36 weeks gestation or greater. Ethics approval was obtained from all participating institutions, and informed consent was obtained at each phase of participation.
 Caregiver-child dyads from the OUCH cohort were followed over children’s routine vaccination appointments over the first year of life (2-, 4-, 6- and 12-months of age) and then at preschool (4-5 years of age). Caregiver-child dyads who participated in the preschool vaccination phase of the study were contacted and asked if they would like to participate in the preschool assessment phase, which involved a separate full-day psychological assessment that included the preschool separation-reunion procedure [7]. Previous analysis of the preschool phase of our cohort [6] examined the difference in caregivers who chose to participate in the preschool phase versus not participate on various demographic variables (i.e., age, education, acculturation). Few demographic differences were identified such that caregivers who participated were marginally older, held slightly more graduate degrees, and no differences in acculturational ratings were identified [6]. Specifically at the 2-month vaccination infants were 48.8% female, and caregivers were 92.2% mothers (7.6% fathers, and .2% mothers and fathers), had an average age of 28.03 (SD = 13.31), and achieved high levels of education (30.3% with graduate school/professional training, 41.7% with a university degree, 20.8% with partial university, trade school, or community college, 6.6% with a high school diploma, .4% with some high school, and .2% with less than the 7th grade). Similarly, at the preschool vaccination, preschoolers were 47.7% female, and caregivers were 85.1% mothers (13.9% fathers and 1.0% grandmothers). Due to the longitudinal nature of the study, caregivers had an average age of 38.30 (SD = 5.35) at the preschool vaccination phase. Finally, among those choosing to participate in the separate full-day psychological assessment, preschoolers were 47.1% female, and caregivers were 86% mother (14% fathers), had an average age of 39.22 (SD = 4.12), and achieved high levels of education (37.13% with graduate school/professional training, 48.5% with a university degree, 12.57% with partial university, trade school, or community college, and 1.8% with a high school diploma).
A total of 172 caregiver-child dyads agreed to participate in the preschool assessment wave of the cohort study. However, 23 of those caregiver-child dyads could not be coded in the preschool separation-reunion procedure due to issues with the video (n = 19), or due to the caregiver-child speaking in a non-English language (n = 4), resulting in a total of 149 coded preschool-separation reunion procedures.
	The present paper examines data from the 2-month vaccination wave and the preschool separation-reunion procedure wave (Study 1), and data from the preschool vaccination wave and the preschool separation-reunion procedure wave (Study 2). Of the 149 caregiver-preschooler dyads coded in the preschool separation-reunion procedure, 103 had 2-month vaccination data, and 137 had preschool vaccination data. However, some cases were dropped in the analysis in order to ensure that the caregiver coded during a given vaccination wave was consistent with the caregiver participating in the preschool separation-reunion procedure (i.e., ensuring the parent whose sensitivity was coded during the preschool vaccination was also the same parent participating in the preschool separation-reunion procedure), resulting in n = 84 caregiver-child dyads in Study 1 analyses, and n = 117 caregiver-child dyads in Study 2 analyses. Figures 1 and 2 provide a flow diagram to further clarify the number of caregiver-child dyads included within the analyses for Study 1 and 2, respectively. 
Preschoolers who completed the preschool separation-reunion procedure were 50.3% female and had an average age of 4.83 years (SD = .58) at the preschool assessment. Caregivers who completed the preschool separation-reunion procedure were 87.9% mothers (12.1% fathers), had an average age of 39.24 (SD = 4.22), and achieved high levels of education (35.17% with graduate school or professional training, 48.97% with a 4-year university degree, 13.79% with partial university, trade school or community college, and 2.07% with a high school diploma). Children were identified as healthy, from middle/high socioeconomic status families, and developmentally typical. 
Two other papers from our cohort [6,40] have published data linking the infant and preschool waves. However, the focus was solely on pain-related worry and distress behaviours within the vaccination context itself. Additionally, the aforementioned papers did not examine the preschool attachment data analyzed in the current study.
2.2 Procedure

	Details have been published elsewhere pertaining to the infant and preschool vaccination procedures [36,40] and the preschool psychological assessment procedure [6]. Accordingly, we describe only details pertaining to the preschool separation-reunion procedure that occurred as part of the full-day preschool psychological assessment.
	The modified separation-reunion procedure was adapted from the procedure described by Cassidy and Marvin with the MacArthur Working Group on Attachment [7] that specifies an ordered series of 2 separations and 2 reunions. Although the Cassidy and Marvin [7] procedure informed the separation-reunion procedure in the present study, we also incorporated adaptations from previous studies [30] to integrate the separation-reunion procedure within the context of our full day psychological assessment where the child was often separated from their caregiver while working with a clinical examiner. The present study protocol for the modified separation-reunion procedure [7]  is described below.
 	After arriving at the laboratory and completing informed consent (warm-up), the caregiver and preschooler separated for approximately 2 hours for the morning session. During the morning session, the parent completed some questionnaires in an adjacent room to where the preschooler completed several achievement and cognitive assessment measures with a clinical examiner. At the close of the morning session, the examiner stated to the child, “I am going to try to find your mom/dad now, you wait here.” These instructions served to activate the attachment system (i.e., the child becomes uncertain about the location of their caregiver). After leaving the preschooler in the room for 4 minutes (Separation 1), the caregiver is asked to enter the room (without any instructions about how to interact with their child) for a 4-minute reunion (Reunion 1). The caregiver and preschooler then left for a 1-hour lunch. When the caregiver and preschooler returned from lunch they separated and the child continued to complete some cognitive measures with the clinical examiner, while the caregiver completed measures in the adjacent room. After approximately 2 hours of testing, the second separation-reunion procedure was implemented with identical instructions (Separation 2), this time leaving the preschooler in the room for 6 minutes, followed by a 4-minute reunion (Reunion 2).  
2.3 Measures

2.3.1 Demographic Information 
Caregivers completed a brief demographic questionnaire that inquired about questions including; caregiver age, caregivers’ relation to their child, education, income, child age, and child sex.
2.3.2 Preschoolers’ Attachment Outcomes
Preschooler attachment behaviour during the separation-reunion procedure was coded using the Preschool Attachment Rating Scales (PARS) [32]. The PARS [32] was implemented to rate preschoolers on six separate scales corresponding to the Cassidy and Marvin [7] attachment categories (i.e., secure, avoidant, ambivalent, behaviourally disorganized/insecure-other, controlling-caregiving, and controlling-punitive). The security scale examines the degree to which preschoolers are observed to have a calm and enjoyable interaction with their primary caregiver, using the caregiver as a secure base in which to explore their environment. The avoidance scale examines the degree to which preschoolers are observed to maintain a neutral interaction with their caregiver through avoidance of physical or emotional interactions which may bring attention to the dyad’s relationship. The ambivalence scale examines the degree to which preschoolers are observed to emphasize dependency on the caregiver through immaturity and/or resistance. The behaviourally disorganized scale examines the degree to which preschoolers are observed to have disordered sequences, incomplete movements, confusion and apprehension, disoriented expressions, depressed affect, or a mix of the other attachment classifications within or between episodes (i.e., a mix of avoidant and ambivalent patterns). The controlling-caregiving scale examines the degree to which preschoolers are observed to demonstrate a desire to guide, orient, or cheer-up the parent, whereas the controlling-punitive scales examines the degree to which preschoolers are observed to demonstrate punitiveness or hostility toward the parent [7,32]. 
Each scale is scored using a 9-point scale with a total ranging from 1-9. A higher score is indicative of greater child attachment behaviours corresponding to a given scale (i.e., a higher score on the security scale is indicative of greater security, whereas a higher score on behavioural disorganization is indicative of greater behavioural organization). The PARS has been shown to have adequate psychometric properties to evaluate child-mother and child-father attachment [10]. 
 	The PARS was coded by four trained and reliable coders. Twenty-eight percent of the videos were double-coded, and any major discrepancies in coding were reviewed and resolved through consensus meetings. The interrater reliability for the PARS was examined using intraclass correlations (ICC), which ranged between ICC = .69 to ICC = .85. All attachment coders were blind to the caregiver-child dyad scores on all of the other study variables.
2.3.3 Infant Vaccination Predictors: 2-months 
The Emotional Availability Scales (EAS) was used to code caregivers’ sensitivity across the entire duration of infants’ 2-month vaccination [2]. The EAS provides an overall clinical judgement of caregiver behaviour in which caregivers are rated on four separate subscales; sensitivity, structuring, nonintrusiveness, and nonhostility. Caregivers are rated on a scale of 1 to 7 on seven dimensions for each of the four subscales, yielding a potential score of 7 to 29 on each subscale. Subscales are summed to create a combined score for emotional availability, with scores ranging from 28 to 116. A higher score on the emotional availability composite and/or the subscales is indicative of a more optimal caregiver interaction. The EAS was coded by four trained coders. The intraclass correlations for the caregiver emotional availability composite ranged between .88 to .93. All coders were blind to the other study measures.
The Measure of Adult and Infant Soothing and Distress (MAISD), a reliable and valid coding system of infant and caregiver behaviour in the vaccination context [8], was used to code caregiver proximal soothing (physical comfort and rocking) during infants’ 2-month vaccination appointments. Physical comfort and rocking were coded as absent (0) or present (1) over 5-second epochs for three phases during the vaccination appointment: 1 minute before the first needle, 1 minute after the last needle, and 2 minutes after the last needle. A total score for each behaviour (i.e., physical comfort and rocking) was first calculated for each of the three phases coded. Each behaviour was calculated by first summing the frequency of 5-second epochs where the given behaviour was observed for each minute and then divided by the total number of codable epochs (most often 12 epochs per minute; range 0-1). Subsequently, a composite score for proximal soothing was calculated by summing the index score for each target behaviour (physical comfort and rocking) at each of the three phases coded (1 minute pre-needle, 1 minute post-needle, 2-minutes post-needle). Scores ranged from 0-2 for each epoch. Higher scores on the proximal soothing index are indicative of a higher incidence of these soothing behaviours. Seven reliable MAISD coders, who were blind to the other study measures, coded the data. Intraclass correlations ranged from .91 to .95 for rocking, and .75 to .88 for physical comfort.
	The Modified Behaviour Pain Scale (MBPS) was used to code infant pain-related distress during infants’ 2-month vaccination appointment [44]. The MPBS measures infant-pain related distress over 15-second epochs at different phases across the appointment. In order to obtain a broad based measure of infant pain-related distress, infant behaviours are rated on three different dimensions: facial actions (range: 0-3), cry (range: 0-4), and distressed body movements (0-3). A composite score of infants’ overall pain-related distress for a given epoch is created by summing infants’ behaviours on each of the dimensions, resulting in a total score ranging from 0 to 10. A higher score is indicative of more pain-related distress. The present study examined four 15-second epochs of pain-related distress: 15-seconds prior to the first needle (MBPS Baseline), the first 15-seconds immediately after the last needle (MBPS0), 1 minute after the last needle (MBPS1), and 2 minutes after the last needle (MBPS2). Examining scores 15-seconds before the first needle facilitates an assessment of infants’ anticipatory distress [40]. Obtaining scores at 15-seconds after the last needle and 1- and 2-mintues post-needle facilitates a differentiation between infants initial reactivity and regulation periods of pain-related distress [37]. Twenty percent of the data was double-coded and all coders were blind to the other study measures. Intraclass correlations ranged from .93 to .96, indicating excellent interrater reliability.
2.3.4 Preschoolers’ Vaccination Predictors 
Caregiver sensitivity during preschoolers 4-5 year vaccination appointment was coded using the Maternal Behaviour Q-Set Short Form (MBQS-SF) [45]. The MBQS-SF uses 25 items that examine sensitivity-related caregiver behaviours including: responsiveness, monitoring, attentiveness, appropriateness of caregiver affect, and support in negative/distressing situations. The 25 items are rated on a scale from “not at all” (-2) to “very much like” (+2) a prototypically sensitive caregiver. The overall sensitivity score is created by calculating the item-by-item correlation between the observed sort of the caregivers’ interaction and the aggregate sort of the prototypically sensitive caregiver. A higher overall score is indicative of greater caregiver sensitivity. Sixty-seven percent of the MBQS-SF data was double-coded by two trained and reliable coders who were blind to the other study measures. The interrater reliability was high, with an overall intraclass correlation of .82.
	The Face, Legs, Activity, Cry, Consolability Behavioural Pain Assessment Scale (FLACC) was used to code preschoolers’ pain-related distress behaviours during preschoolers 4-5 year vaccination appointments [28]. The scale measures five dimensions (face, legs, activity level, cry, and consolability) to obtain a broad-based assessment of pain-related distress behaviours. Each behavioural category is scored using a 0-2 scale, with a total score ranging from 0-10. A higher score is indicative of greater pain-related distress. Paralleling the MBPS coding from infancy, the present study analysis examined total scores over 15-second epochs during four phases of the appointment: 15-seconds prior to the first needle (FLACC Baseline), the first 15-seconds immediately after the last needle (FLACC0), 1 minute after the last needle (FLACC1), and 2 minutes after the last needle (FLACC2). Examining scores 15-seconds before the first needle facilitates the assessment of preschoolers’ anticipatory distress [40]. Obtaining scores at 15-seconds after the last needle and 1- and 2-mintues post-needle facilitates a differentiation between preschoolers’ reactivity and regulation periods of pain-related distress [37]. The FLACC was coded by trained and reliable coders, and all intraclass correlations were greater than .85 for each of the five behaviours coded.
2.4 Plan of Data Analysis 

2.4.1 Study 1: The longitudinal relationship between caregiver-infant behaviours in the 

vaccination context and preschool attachment 
In order to examine the relationship between caregiver-infant behaviours in the vaccination context at 2-months of age and preschool attachment at 4-5 years of age, a series of hierarchical multiple regressions predicting each preschool attachment rating (i.e., security, avoidance, ambivalence, disorganization, controlling-caregiving, and controlling-punitive) were conducted.
A total of six planned hierarchical multiple regression (6 attachment rating outcomes [security, avoidance, ambivalence, disorganization, controlling-caregiving, controlling-punitive] were completed. Caregivers’ overall sensitivity across the entire duration of the appointment, caregiver proximal soothing (1 minute pre-needle, 1 minute post-needle, and 2 minutes post-needle), and infant-pain related distress over four 15-second epochs (15-seconds pre-needle [MBPS Baseline], 15-seconds post-needle [MBPS0], 60-74 seconds post-needle [MBPS1] and 120-134 seconds post-needle [MBPS2]) were entered as predictors in each model. Bivariate correlations were examined to ensure there was no multicollinearity between the predictor variables. None of the correlations were greater than .52, which is a well-below the acceptable cut-off criterion of r ≥ .9 [43]. Some of the model variables had a violation of the assumptions pertaining to multiple regression analyses (e.g., normality), and therefore bootstrapping methods were employed as they provide robust methods that generate bias corrected confidence intervals and significance tests of the model parameters.
Across all models, the caregiver sensitivity and proximal soothing variables were entered in Step 1, and infant pain-related distress variables were entered in Step 2. This decision was based on the previous evidence linking caregiver sensitivity and proximal soothing to attachment outcomes, both in our cohort [20] and in the broader literature [1,9,12,18,23,50]. The conducted models examined the longitudinal relationship between caregiver behaviours in the infant vaccination context and preschool attachment, and also investigated if infant pain-related distress would predict preschool attachment above and beyond the impact of caregiver behaviours. 
2.4.2 Study 2: The concurrent relationship between caregiver-preschooler behaviours in the vaccination context and preschool attachment 
The analysis plan for the second study followed in a similar fashion. In order to examine the relationship between caregiver-preschooler behaviours in the vaccination context and preschool attachment, a series of six planned hierarchical multiple regressions predicting each preschool attachment rating (i.e., security, avoidance, ambivalence, disorganization, controlling-caregiving, and controlling-punitive) were conducted. Caregivers’ overall sensitivity across the entire duration of the preschool vaccination appointment, and preschoolers’ pain-related distress over four 15-second epochs (15-seconds pre-needle [FLACC Baseline], 15-seconds post-needle [FLACC0], 60-74 seconds post-needle [FLACC1] and 120-134 seconds post-needle [FLACC2]) were entered as predictors in each model. Bivariate correlations were examined to ensure there was no multicollinearity between the predictor variables, and none of the correlations were greater than .66, which is well below the acceptable cut-off criterion of r  ≥ .9 [43]. Similar to study 1, some of the model variables had a violation of the assumptions pertaining to multiple regression analyses (e.g., normality), and therefore bootstrapping methods were employed.
Parallel to the analyses in study 1, caregiver sensitivity was entered in Step 1, and preschooler pain-related distress variables were entered in Step 2 across all study 2 models. The conducted models facilitated an examination of the relationship between caregiver sensitivity in the preschool vaccination context and preschool attachment, and further investigated if preschooler pain-related distress would predict preschool attachment above and beyond the impact of caregiver sensitivity. 
3. Results

	All analyses were interpreted by examining both the p-values and the standardized regression coefficients (i.e., Beta weights). Because the predictor variables were not highly correlated, our interpretation of the strength of the relationships between the predictor variables and outcome variables was informed by the Beta weights [13,49]. The strength of the Beta weights was determined using the criteria from recent guidelines for interpretation of effect sizes [16], which suggests that Cohen’s traditional categorizations are too stringent. Recommended categorizations [16] are: very small effect (r = .05), small effect (r = .10), medium effect (r = .20), large effect (r = .30), and very large effect (r = .40). In the present study, results were interpreted if the p-value was < .05, or if both the Beta weights reflected large effect sizes (β > .30) and the p-value was < .1. 
The interpretation of both p-values and Beta weights were considered in order to account for the exploratory nature of this research and to compensate for the risk of a Type II error. Additionally, G*Power Statistical Power Analysis Software for Mac was used to determine if there was enough power to detect significant effects in both Study 1 and Study 2 analyses. The power analysis for Study 1 was calculated based on a Linear Multiple Regression with an estimated effect size = .2, alpha error prob = .05, Power = .8, and 8 predictor variables. The total sample size required for Study 1 was 84 participants, which is consistent with the sample size in the Study 1 analyses. The power analysis for Study 2 was calculated based on a Linear Multiple Regression with an estimated effect size = .2, alpha error prob = .05, Power = .8, and 5 predictor variables. The total sample size required for Study 2 was 70, which is below the sample size for the Study 2 analyses. 
Sex analyses were completed to determine if child sex should be entered as a control variable in the main analyses. However, the relationship between child sex and all of the preschool attachment scales was non-significant (all p’s > .05). Table 1 presents the descriptive statistics for all model (Study 1 and Study 2) variables.
3.1 Study 1: The longitudinal relationship between caregiver-infant behaviours in the 

vaccination context and preschool attachment

Table 2 provides the bivariate correlations for all of the model variables examining the relationship between caregiver-infant behaviours during the 2-month vaccination and preschool attachment.  
3.1.1 The longitudinal relationship between 2-month caregiver-infant behaviours in the vaccination context and preschool attachment. 
Each of the hierarchical regressions are described below separately for each preschool attachment rating outcome. Table 3 provides the unstandardized and standardized regression coefficients, standard error, p-values, and bias-corrected confidence intervals for each of the 2-month models. While reported in Table 3, the model for Controlling-Caregiving will not be described due to non-significant findings. 
3.1.1.1 Security
 Details of the hierarchical model are in Table 3. The final regression model predicting preschool security from the infant vaccination variables (caregiver sensitivity, caregiver proximal soothing, infant pain-related distress) was non-significant (p = .07) with an R2  of .20. Although the overall model was non-significant, there was a significant positive relationship between infant pain-related distress at 2 minutes post-needle and preschooler security (β = .39, p = .01).
3.1.1.2 Avoidance 
Details of the hierarchical model are in Table 3. The final regression model predicting preschool avoidance from the infant vaccination variables (caregiver sensitivity, caregiver proximal soothing, infant pain-related distress) was non-significant (p = .39) with an R2 of .12. Although the overall model was non-significant, there was a significant positive relationship between caregiver sensitivity in the 2-month infant vaccination and preschooler avoidance (β = .30, p = .03).
3.1.1.3 Ambivalence 
Details of the hierarchical model are in Table 3. The final regression model predicting preschool ambivalence from the infant vaccination variables (caregiver sensitivity, caregiver proximal soothing, infant pain-related distress) was non-significant (p = .36) with an R2 = .13. Although the overall model was non-significant, there was a significant negative relationship between proximal soothing at 1 minute pre-needle and preschooler ambivalence (β = -.23, p = .04).
3.1.1.4 Disorganization
 Details of the hierarchical model are in Table 3. The final regression model predicting preschool disorganization from the infant vaccination variables (caregiver sensitivity, caregiver proximal soothing, infant pain-related distress) was non-significant (p = .54) with an R2 = .10. Although the overall model was non-significant, there was a marginally significant negative relationship between infant pain-related distress at 2 minutes post-needle and preschooler disorganization (β = -.35, p = .05).
3.1.1.5 Controlling-Punitive 
Details of the hierarchical model are in Table 3. The final regression model predicting preschool controlling-punitive attachment from the infant vaccination variables (caregiver sensitivity, caregiver proximal soothing, infant pain-related distress was significant (p = .04) with and R2 = .22. There was a marginally significant negative relationship between infant pain-related distress at 2 minutes post-needle and preschooler controlling-punitive attachment (β = -.43, p = .07).
3.2 Study 2: The concurrent relationship between caregiver-preschooler behaviours in the 
vaccination context and preschool attachment

Tables 4 provides the bivariate correlations for all model variables examining the relationship between caregiver-preschooler behaviours in the vaccination context and preschool attachment. 
3.2.1 The concurrent relationship between caregiver-preschooler behaviours in the vaccination context and preschool attachment
Table 5 provides the unstandardized and standardized regression coefficients, standard error, p-values, and bias-corrected confidence intervals for each of the models. While reported in Table 5, models for Avoidance, Ambivalence, Disorganization, Controlling-Caregiving and Controlling-Punitive attachment outcomes will not be described below due to non-significant findings. 
3.2.1.1 Security
Details of the hierarchical model are in Table 5. The final regression model predicting preschool security from the preschool vaccination variables (caregiver sensitivity, preschool pain-related distress) was non-significant (p = .08) with an R2 = .09. Although the overall model was non-significant, there was a significant positive relationship between caregiver sensitivity in the preschool vaccination and preschooler security (β = .29, p = .003). 
4. Discussion 
	To our knowledge, this is the first study to comprehensively elucidate the longitudinal and concurrent relationships between routine vaccination behaviours, in infancy and preschool, and subsequent preschool attachment. Moreover, the vaccination appointments examined in the present paper facilitated a comparison between caregiver-child behaviours during the first and the last vaccination of early childhood. The results offer an interesting developmental contrast in examining the caregiver-child dyad given at the 2-month vaccination when the caregiver and child have had limited interactions versus  the preschool vaccination, by which point the caregiver-child dyadic patterns are much more established. Moreover, it allows a contrast between a developmental stage wherein the child is wholly dependent on a parent for regulation from pain-related distress and a developmental stage where the child is learning to regulate  pain-related distress independently. Study 1 identified both caregiver behaviours (sensitivity and proximal soothing) and infant pain-related distress as predictors of preschoolers’ attachment outcomes. In contrast, in Study 2, caregiver sensitivity was the only significant predictor of preschoolers’ attachment outcomes. 
4.1 Study 1: The Longitudinal Relationship Between Caregiver-Infant Behaviours During the 2-month Vaccination and Preschool Attachment
	 Consistent with our hypotheses, the present study findings revealed that higher infant pain-related distress at 2-minutes post-needle was related to both higher security ratings and lower behavioural disorganization and controlling-punitive ratings at preschool. The 2-minute post-needle phase is particularly interesting because it is the phase of the vaccination appointment often referred to as the regulation period [37] whereby infant pain-related distress behaviours are levelling off. Intuitively, one may mistakenly predict that higher security and lower disorganization or lower controlling-punitive attachments in preschool would be associated with faster regulation in infancy. However, further consideration of attachment theory and distress regulation within a pain paradigm elucidates the current study findings and confirms previous findings within infancy [22]. It is important to acknowledge that 2 minutes following exposure to a noxious stimuli (i.e., vaccination), infants continued to experience pain and pain-related distress. Thus, continued attachment signalling (i.e. pain behaviours or honest signalling) would actually be adaptive, as children would still need the caregiver near. 
Previous examinations of our infant cohort [36] revealed that early caregiver sensitivity (i.e., during infants’ 2-month vaccinations) predicted later caregiver sensitivity (i.e., during infants’ 12 months vaccinations). Given that a key tenet of attachment theory is that with repeated exposure to a sensitive attachment figure, children learn to explore the world with confidence and obtain support when necessary [3], it follows that children with more secure (and less disorganized and/or controlling-punitive attachments) at preschool would have also experienced repeated exposure to a sensitive caregiver and therefore would have been more likely to signal their pain-related distress in infancy. Therefore, it is reasonable that preschoolers with higher security and/or lower disorganization or lower controlling-punitive attachments would have shown higher pain-related distress behaviours following their 2-month vaccination when they are still attempting to recover from their pain-related distress. 
Additionally, consistent with our hypothesis, when caregivers demonstrated higher proximal soothing of their infant at 1 minute before the first needle, preschoolers were rated as lower on the ambivalence scale. Often caregivers of preschoolers with ambivalent attachment styles are intrusive at the expense of the preschoolers’ autonomy [7]. Accordingly, it follows that caregivers who are able to appropriately anticipate and respond to their infants’ distress (i.e., notice their infants’ anticipatory distress pre-needle and provide intervention via proximal soothing), would likely have children with lower levels of ambivalence. In contrast to the aforementioned finding, the relationship between 2-month caregiver sensitivity and preschool avoidance was contrary to our hypothesis. More optimal caregiver sensitivity at 2-months was related to preschoolers having higher levels of avoidance during preschool. One explanation is that this finding is related to a third unexamined variable. A previous study [21] from our cohort examining infant behaviours in the vaccination context and infant attachment found that when avoidant infants had higher temperamental fear (i.e., prone to high distress reactivity) they were observed to exhibit pain-related distress longer than secure infants. In contrast, when avoidant infants had lower temperamental fear (i.e., prone to low distress reactivity) they exhibited pain-related distress for a shorter period than secure infants. Therefore, the temperamental fear of the infants and their relative pain-related distress behaviour patterns may have yielded more caregiver sensitivity, in turn explaining why preschoolers with greater avoidance ratings had caregivers who demonstrated greater sensitivity during their 2-month infant vaccination. 
4.2 Study 2: The Concurrent Relationship Between Caregiver-Preschooler Behaviours and Preschool Attachment 
Across all of the concurrent models examined, caregiver sensitivity was the only variable that was significantly related to preschool attachment outcomes. Specifically, higher caregiver sensitivity across the duration of preschoolers’ vaccination appointments was related to higher security attachment ratings. This finding is concordant with the literature which has consistently identified caregiver sensitivity as a key predictor of preschool attachment in low to moderate distress contexts [4,5,10,11,14,15,26,27,29,42]. Moreover, the present findings are consistent with previous results in the OUCH Cohort [6,40] identifying caregiver behaviours in the pain context (e.g., sensitivity, distress-promoting behaviours), as consistent predictors of child outcomes (e.g., anticipatory distress, coping responses, cognitive abilities) above and beyond that of pain-related behaviours. Study 2 findings provide a significant contribution to the literature through identifying an association between caregiver sensitivity within a routinely occurring distress paradigm and preschool attachment security. While some studies have attempted to examine child and caregiver vaccination behaviours with preschool attachment, they have used an aggregate measure of attachment [47], a small sample size with a wide age range [39], and they have not specifically examined caregiver sensitivity as a predictor of preschool attachment outcomes. Furthermore, the present study implemented a fine-grained continuous measure [32] that is complementary to the PACS [7], and allows for examination of the level of each attachment category for each preschooler rather than assigning preschoolers to one specific attachment category.
4.3 Conclusion
	Overall, the present paper’s findings provide valuable information about the relationship between caregiver-child vaccination behaviours and preschool attachment. At the 2-month vaccination, higher pain-related distress at 2 minutes post-needle was related to higher attachment security at preschool. In the context of vaccinations where parents did not employ pharmacological agents that block pain, we identified that infants who expressed pain for a longer period were more secure. Given that pain has been reported for at least 1 day following the vaccination [38], the present findings validate that in the infant high distress context, continuing to signal when in pain is predictive of greater security and also less disorganization and controlling-punitive attachments in preschool. Moreover, our findings identified that caregiver behaviour at the preschool vaccination is a strong indicator of security, confirming previous 12 month data from our cohort [20] that brief primary care vaccination appointments are a valuable way to take the temperature of the caregiver-child dyadic relationship. However, the lack of findings associated with the 2-month caregiver vaccination behaviour should be interpreted with caution because the first vaccination is a very foreign and high stress context during a time when the infant-child relationship is in early stages of development. 
4.4 Limitations
	There are some limitations that warrant consideration for the present study. The present study revealed several null findings. Although there were some identified relationships between caregiver-child vaccination behaviours and preschool attachment, the null findings are possibly the result of attempting to compare behaviours in two separate paradigms (i.e., stress induced due to a painful procedure versus separation from one’s primary caregiver). Additionally, in order to contain the number of analyses in this two-study paper, we did not examine additional vaccination variables (i.e., peak distress, rate of decline) that could potentially be associated with preschool attachment outcomes. Finally, the study sample was quite homogeneous in regard to demographics (i.e., socioeconomic status, education) and continued self-selection to participate in a longitudinal study. Accordingly, it is difficult to determine how the present study findings may generalize to a different population of caregiver-child dyads that may have a greater representation of insecure attachments.  
4.5 Clinical Implications and Future Directions
	Overall, the current study presents a novel examination of both the longitudinal and concurrent relationship between caregiver-child behaviours in a naturally occurring distress paradigm and preschool attachment outcomes using a rigorous and fined-grained measure (PARS) [32]. Moreover, the present findings provide evidence that caregiver-child dyads develop patterns of responding within the acute pain paradigm which can at least, in part, predict subsequent patterns of responding in an attachment paradigm. The present study findings offer important contributions to both the clinical literature and the attachment literature. Clinically, the importance of preschool attachment in predicting developmental psychopathology is emphasized through the wealth of literature linking preschool attachment to internalizing and externalizing problems [24,25,33,34,35]. Accordingly, the present study supports that the level of parental sensitivity and/or sensitive behaviours during early childhood vaccinations is related to attachment outcomes both in infancy and preschool.  Moreover, infants and preschoolers who have secure attachments with their primary caregivers tend to signal longer (i.e. express more pain behaviours) during routine vaccinations. Confirming these findings with populations at greater risk for maladaptive development trajectories will provide important insights about the generalizability of the current set of studies. 
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Figure Legends
Figure 1: Flow diagram of the number of caregiver-child dyads included in the analyses of Study 1.

Figure 2: Flow diagram of the number of caregiver-child dyads included in the analyses of Study 2.



SUMMARY

For the first time, caregiver-child pain-related distress and soothing behaviours during infant 
and preschooler vaccinations are related to a critical distress-regulation outcome (i.e., preschool 
attachment). 
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Table 1. Means and standard deviations of all model variables

	
	
	N
	Mean
	SD
	Scale Range

	Infant Predictor Variables (2 months)
	
	
	
	
	

	
	EAS
	497
	92.32
	10.25
	28-116

	
	Proximal Soothing (1 minute pre-needle)
	492
	.21
	.29
	0-2

	
	Proximal Soothing (1 minute post-needle)
	497
	.84
	.50
	0-2

	
	Proximal Soothing (2 minutes post-needle)
	484
	.62
	.57
	0-2

	
	MBPS Baseline
	495
	2.99
	2.07
	0-10

	
	MBPS0
	498
	8.81
	.76
	0-10

	
	MBPS1
	461
	6.18
	2.37
	0-10

	
	MBPS2
	437
	5.64
	2.56
	0-10

	Preschool Predictor Variables (4-5 years)
	
	
	
	
	

	
	MBQS
	229
	.32
	.41
	0-1

	
	FLACC Baseline
	298
	3.19
	3.46
	0-10

	
	FLACC0
	299
	4.47
	2.99
	0-10

	
	FLACC1
	298
	2.52
	2.45
	0-10

	
	FLACC2
	295
	1.57
	2.18
	0-10

	Preschool Ouctome Variables (4-5 years)
	
	
	
	
	

	
	Security
	149
	4.67
	1.69
	1-9

	
	Avoidance
	149
	2.35
	1.49
	1-9

	
	Ambivalence
	149
	3.48
	1.76
	1-9

	
	Disorganization
	149
	2.38
	2.01
	1-9

	
	Controlling-Caregiving
	149
	2.64
	1.90
	1-9

	
	Controlling-Punitive
	149
	1.53
	1.29
	1-9


Note. EAS = Emotional Availability Scales; MBPS = Modified Behavior Pain Scale; MBQS = Maternal Behaviour Q-Set; FLACC= Face Legs Activity Cry Consolability scale
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Table 2. Correlations among preschool attachment and all 2-month infant vaccination predictors

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11
	12
	13
	14

	1. Security
	1
	-.16
	-.52**
	-.68**
	-.44**
	-.51**
	.15
	.20
	.03
	.06
	-.05
	-.20
	-.07
	.24*

	2. Avoidance
	
	1
	-.26*
	.17
	-.02
	-.08
	.20
	-.11
	-.11
	-.02
	.01
	.08
	-.03
	-.15

	3. Ambivalence
	
	
	1
	.32**
	-.00
	.30**
	-.15
	-.31**
	.04
	-.10
	.10
	.14
	.12
	.04

	4. Disorganization
	
	
	
	1
	.18
	.46**
	-.05
	-.13
	.00
	-.00
	.12
	.07
	.07
	-.22

	5. Controlling-Caregiving
	
	
	
	
	1
	.04
	-.15
	.01
	-.02
	-.04
	-.18
	.10
	.09
	-.07

	6. Controlling-Punitive
	
	
	
	
	
	1
	-.16
	-.16
	-.03
	-.14
	.24*
	.05
	.09
	-.15

	7. EAS 
	
	
	
	
	
	
	1
	.14
	.06
	.09
	-.08
	-.07
	-.35**
	-.31**

	8. Proximal Soothing (pre-needle)
	
	
	
	
	
	
	
	1
	.12
	.18
	.22*
	-.05
	-.10
	-.03

	9. Proximal Soothing (1 min post-needle)
	
	
	
	
	
	
	
	
	1
	.52**
	.09
	.10
	.05
	.22

	10. Proximal Soothing (2 mins post-needle)
	
	
	
	
	
	
	
	
	
	1
	.22*
	.22*
	.25*
	.26*

	11. MBPS Baseline 
	
	
	
	
	
	
	
	
	
	
	1
	.22*
	.18
	.12

	12. MBPS0
	
	
	
	
	
	
	
	
	
	
	
	1
	.22*
	-.04

	13. MBPS1
	
	
	
	
	
	
	
	
	
	
	
	
	1
	.45**

	14. MBPS2
	
	
	
	
	
	
	
	
	
	
	
	
	
	1


Note. EAS = Emotional Availability Scales; MBPS = Modified Behavior Pain Scale
*Correlation is significant at < .05 (two-tailed)
 **Correlation is significant at < .01 (two-tailed).



Table 3. Linear Regressions Analyses of Preschool Attachment Predicted by Infant Vaccination Variables at 2-months

	
	B
	SE B
	β
	p

	CI (Lower, Upper)

	Security
	
	
	
	
	

	   Step 1
	
	
	
	
	

	         EAS
	.02
	.02
	.14
	.30
	(-.02, .06)

	         Proximal Soothing (1 minute pre-needle)
	.20
	.75
	.03
	.80
	(-1.42, 1.79)

	         Proximal Soothing (1 minute post-needle)
	.01
	.42
	.00
	.99
	(-.83, .81)

	         Proximal Soothing (2 minutes post-needle)
	.35
	.37
	.13
	.33
	(-.47, 1.16)

	   Step 2   
	
	
	
	
	

	         EAS
	.03
	.02
	.20
	.10
	(-.01, .07)

	         Proximal Soothing (1 minute pre-needle)
	.31
	.73
	.05
	.68
	(-1.09, 1.72)

	         Proximal Soothing (1 minute post-needle)
	-.22
	.41
	-.07
	.58
	(-1.05, .66)

	         Proximal Soothing (2 minutes post-needle)
	.31
	.38
	.11
	.43
	(-.39, 1.03)

	         MBPS Baseline
	.07
	.13
	.07
	.62
	(-.19, .37)

	         MBPS0
	-.70
	.43
	-.21
	.07
	(-1.43, .09)

	         MBPS1
	-.08
	.10
	-.12
	.40
	(-.31, .18)

	         MBPS2*
	.26
	.09
	.39
	.01
	(.07, .45)

	Avoidance
	
	
	
	
	

	   Step 1
	
	
	
	
	

	         EAS*
	.04
	.02
	.28
	.02
	(.01, .06)

	         Proximal Soothing (1 minute pre-needle)
	-.35
	.64
	-.07
	.58
	(-1.58, .88)

	         Proximal Soothing (1 minute post-needle)
	-.42
	.38
	-.16
	.26
	(-1.20, .44)

	         Proximal Soothing (2 minutes post-needle)
	.12
	.31
	.05
	.72
	(-.46, .69)

	   Step 2   
	
	
	
	
	

	         EAS*
	.04
	.02
	.30
	.03
	(.01, .07)

	         Proximal Soothing (1 minute pre-needle)
	-.49
	.62
	-.10
	.43
	(-1.6, .75)

	         Proximal Soothing (1 minute post-needle)
	-.36
	.40
	-.14
	.33
	(-1.13, .50)

	         Proximal Soothing (2 minutes post-needle)
	.02
	.38
	.01
	.95
	(-.72 .68)

	         MBPS Baseline
	.09
	.17
	.10
	.54
	(-.15, .68)

	         MBPS0
	.02
	.43
	.01
	.98
	(-.93, .68)

	         MBPS1
	.08
	.11
	.13
	.49
	(-.13, .27)

	         MBPS2
	-.05
	.09
	-.10
	.55
	(-.22, .16)

	Ambivalence
	
	
	
	
	

	   Step 1
	
	
	
	
	

	         EAS
	-.02
	.02
	-.16
	.16
	(-.06, .01)

	         Proximal Soothing (1 minute pre-needle)
	-1.16
	.60
	-.22
	.05
	(-2.25, -.08)

	         Proximal Soothing (1 minute post-needle)
	.42
	.37
	.15
	.27
	(-.22, 1.21)

	         Proximal Soothing (2 minutes post-needle)
	-.30
	.32
	-.12
	.30
	(-.94, .32)

	   Step 2   
	
	
	
	
	

	         EAS
	-.03
	.02
	-.17
	.24
	(-.07, .01)

	         Proximal Soothing (1 minute pre-needle)*
	-1.24
	.63
	-.23
	.04
	(-2.49, .09)

	         Proximal Soothing (1 minute post-needle)
	.43
	.39
	.15
	.30
	(-.28, 1.13)

	         Proximal Soothing (2 minutes post-needle)
	-.37
	.37
	-.14
	.31
	(-1.12, .50)

	         MBPS Baseline
	.01
	.14
	.01
	.94
	(-.29, .26)

	         MBPS0
	.53
	.49
	.17
	.25
	(-.73, 1.35)

	         MBPS1
	-.03
	.13
	-.04
	.82
	(-.26, .18)

	         MBPS2
	.01
	.10
	.01
	.93
	(-.20, .21)

	Disorganization
	
	
	
	
	

	   Step 1
	
	
	
	
	

	         EAS
	-.01
	.02
	-.08
	.50
	(-.06, .03)

	         Proximal Soothing (1 minute pre-needle)
	-.14
	.83
	-.02
	.87
	(-1.72, 1.60)

	         Proximal Soothing (1 minute post-needle)
	.05
	.54
	.01
	.93
	(-1.03, 1.25)

	         Proximal Soothing (2 minutes post-needle)
	-.20
	.37
	-.06
	.62
	(-.84, .38)

	   Step 2   
	
	
	
	
	

	         EAS
	-.02
	.03
	-.12
	.38
	(-.07, .02)

	         Proximal Soothing (1 minute pre-needle)
	-.11
	.92
	-.02
	.91
	(-1.94, 1.92)

	         Proximal Soothing (1 minute post-needle)
	.28
	.54
	.08
	.61
	(-.72, 1.26)

	         Proximal Soothing (2 minutes post-needle)
	-.08
	.43
	-.03
	.85
	(-.91, .73)

	         MBPS Baseline
	-.11
	.16
	-.09
	.44
	(-.40, .33)

	         MBPS0
	.04
	.64
	.01
	.94
	(-1.44, 1.07)

	         MBPS1
	.13
	.14
	.16
	.34
	(-.14, .41)

	         MBPS2
	-.27
	.13
	-.35
	.05
	(-.53, -.02)

	Controlling-Caregiving
	
	
	
	
	

	   Step 1
	
	
	
	
	

	         EAS
	-.04
	.03
	-.20
	.20
	(-.10, .02)

	         Proximal Soothing (1 minute pre-needle)
	.99
	.97
	.15
	.32
	(-.69, 2.69)

	         Proximal Soothing (1 minute post-needle)
	-.23
	.44
	-.06
	.60
	(-1.06, .59)

	         Proximal Soothing (2 minutes post-needle)
	-.37
	.39
	-.12
	.34
	(-1.11, .30)

	   Step 2   
	
	
	
	
	

	         EAS
	-.03
	.03
	-.18
	.23
	(-.09, .01)

	         Proximal Soothing (1 minute pre-needle)
	1.27
	1.09
	.19
	.26
	(-.82, 3.54)

	         Proximal Soothing (1 minute post-needle)
	-.09
	.48
	-.02
	.87
	(-1.00, .82)

	         Proximal Soothing (2 minutes post-needle)
	-.35
	.40
	-.11
	.40
	(-1.09, .33)

	         MBPS Baseline 
	-.21
	.16
	-.18
	.17
	(-.58, .16)

	         MBPS0
	.20
	.60
	.05
	.70
	(-1.06, 1.03)

	         MBPS1
	.12
	.11
	.14
	.28
	(-.11, .30)

	         MBPS2
	-.11
	.11
	-.14
	.36
	(-.35, .12)

	Controlling-Punitive
	
	
	
	
	

	   Step 1
	
	
	
	
	

	         EAS
	-.01
	.02
	-.07
	.70
	(-.05, .02)

	         Proximal Soothing (1 minute pre-needle)
	-.14
	.32
	-.04
	.65
	(-.73, .69)

	         Proximal Soothing (1 minute post-needle)
	.24
	.24
	.12
	.36
	(-.27, .75)

	         Proximal Soothing (2 minutes post-needle)
	-.46
	.22
	-.26
	.08
	(-.89, -.08)

	   Step 2   
	
	
	
	
	

	         EAS
	-.01
	.01
	-.11
	.51
	(-.04, .02)

	         Proximal Soothing (1 minute pre-needle)
	-.10
	.39
	-.03
	.78
	(-.76, .90)

	         Proximal Soothing (1 minute post-needle)
	.41
	.25
	.21
	.14
	(-.05, .94)

	         Proximal Soothing (2 minutes post-needle)
	-.43
	.24
	-.24
	.11
	(-.94, -.04)

	         MBPS Baseline
	-.10
	.08
	-.15
	.16
	(-.30, .01)

	         MBPS0
	.31
	.21
	.14
	.13
	(-.03, .76)

	         MBPS1
	.10
	.10
	.22
	.36
	(-.05, .32)

	         MBPS2
	-.19
	.08
	-.43
	.07
	(-.38, -.06)


Note. EAS = Emotional Availability Scales; MBPS = Modified Behavior Pain Scale; Unstandardized Regression Coefficients, standard errors, p-values, and confidence intervals are based on 1000 bootstrap sample.
* p-value is significant at < .05



Table 4. Correlations among preschool attachment and all preschool vaccination predictors

	
	1
	2
	3
	4
	5
	6
	7
	8
	9
	10
	11

	1. Security
	1
	-.15
	-.55**
	-.62**
	-.33**
	-.46**
	.31**
	-.07
	-.04
	.01
	.00

	2. Avoidance
	
	1
	-.31**
	.12
	.03
	-.08
	-.17
	.04
	.02
	.04
	-.02

	3. Ambivalence
	
	
	1
	.31**
	-.11
	.34**
	-.08
	-.06
	-.03
	.01
	.04

	4. Disorganization
	
	
	
	1
	.17
	.40**
	-.04
	.01
	-.00
	-.03
	-.08

	5. Controlling-Caregiving
	
	
	
	
	1
	-.10
	-.14
	.12
	.10
	.12
	.05

	6. Controlling-Punitive
	
	
	
	
	
	1
	-.18
	.08
	-.08
	-.13
	-.09

	7. MBQS
	
	
	
	
	
	
	1
	-.05
	-.02
	-.02
	-.01

	8. FLACC Baseline
	
	
	
	
	
	
	
	1
	.63**
	.37**
	.22*

	9. FLACC0
	
	
	
	
	
	
	
	
	1
	.66**
	.50**

	10. FLACC1
	
	
	
	
	
	
	
	
	
	1
	.64**

	11. FLACC2
	
	
	
	
	
	
	
	
	
	
	1


Note. MBQS = Maternal Behaviour Q-Set Short Version, FLACC = Face, Legs, Activity, Cry, Consolability scale. 
*Correlation is significant at < .05 (two-tailed)
 **Correlation is significant at < .01 (two-tailed)

Table 5. Linear Regressions Analyses of Preschool Attachment Predicted by Preschool Vaccinations Variables

	
	B
	SE B
	β
	p

	CI (Lower, Upper)

	Security
	
	
	
	
	

	   Step 1
	
	
	
	
	

	         MBQS*
	1.22
	.38
	.29
	.002
	(.48, 2.04)

	   Step 2   
	
	
	
	
	

	         MBQS*
	1.22
	.40
	.29
	.003
	(.48, 1.98)

	         FLACC Baseline
	-.02
	.06
	-.05
	.68 
	(-.13, .08)

	         FLACC0
	-.01
	.09
	-.02
	.87
	(-.18, .17)

	         FLACC1
	.00
	.10
	.00
	.99
	(-.23, .22)

	         FLACC2
	.03
	.10
	.41
	.76
	(-.14, .20)

	Avoidance
	
	
	
	
	

	   Step 1
	
	
	
	
	

	         MBQS
	-.58
	.36
	-.16
	.11
	(-.13, .08)

	   Step 2   
	
	
	
	
	

	         MBQS
	-.58
	.36
	-.16
	.13
	(-.13, .08)

	         FLACC Baseline
	.02
	.05
	.04
	.75
	(-.08, .10)

	         FLACC0
	-.02
	.07
	-.05
	.73
	(-.16, .11)

	         FLACC1
	.06
	.08
	.10
	.46
	(-.09, .21)

	         FLACC2
	-.05
	.08
	-.07
	.54
	(-.19, .11)

	Ambivalence
	
	
	
	
	

	   Step 1
	
	
	
	
	

	         MBQS
	-.29
	.42
	-.06
	.52
	(-.1.15, .55)

	   Step 2   
	
	
	
	
	

	         MBQS
	-.29
	.43
	-.06
	.52
	(-1.14, .53)

	         FLACC Baseline
	-.03
	.07
	-.07
	.61
	(-.17, .09)

	         FLACC0
	-.03
	.08
	-.04
	.72
	(-.18, .15)

	         FLACC1
	.03
	.10
	.05
	.74
	(-.18, .26)

	         FLACC2
	.02
	.10
	.03
	.81
	(-.16, .20)

	Disorganization
	
	
	
	
	

	   Step 1
	
	
	
	
	

	         MBQS
	-.14
	.54
	-.03
	.78
	(-1.25, 1.11)

	   Step 2   
	
	
	
	
	

	         MBQS
	-.15
	.55
	-.03
	.78
	(-1.29, 1.17)

	         FLACC Baseline
	.00
	.07
	.00
	.99
	(-.14, .14)

	         FLACC0
	.03
	.11
	.04
	.78
	(-.19, .25)

	         FLACC1
	.02
	.12
	.02
	.88
	(-.20, .21)

	         FLACC2
	-.11
	.14
	-.11
	.43
	(-.38, .19)

	Controlling-Caregiving
	
	
	
	
	

	   Step 1
	
	
	
	
	

	         MBQS
	-.68
	.54
	-.14
	.22
	(-1.77 .31)

	   Step 2   
	
	
	
	
	

	         MBQS
	-.65
	.54
	-.13
	.23
	(-.177, .43)

	         FLACC Baseline
	.04
	.08
	.06
	.64
	(-.13, .20)

	         FLACC0
	-.001
	.11
	-.002
	.99
	(-.23, .21)

	         FLACC1
	.09
	.13
	.12
	.46
	(-.17, .32)

	         FLACC2
	-.04
	.13
	-.05
	.75
	(-.29, .23)

	Controlling-Punitive
	
	
	
	
	

	   Step 1
	
	
	
	
	

	         MBQS
	-.55
	.43
	-.17
	.21
	(-1.51, .28)

	   Step 2   
	
	
	
	
	

	         MBQS
	-.57
	.44
	-.18
	.20
	(-1.58, .28)

	         FLACC Baseline
	.07
	.04
	.19
	.07
	(-.002, .16)

	         FLACC0
	-.05
	.06
	-.11
	.48
	(-.19, .09)

	         FLACC1
	-.07
	.07
	-.14
	.29
	(-.21, .05)

	         FLACC2
	.00
	.05
	.00
	.98
	(-.10, .10)


Note. MBQS = Maternal Behaviour Q-Set Short Version, FLACC = Face, Legs, Activity, Cry, Consolability scale; Unstandardized Regression Coefficients, standard errors, p-values, and confidence intervals are based on 1000 bootstrap samples.
*p-value is significant at < .01







Total infant-caregiver dyads with vaccination data at 2-months (n = 499)


Total preschool-caregiver dyads with coded preschool attachment data at 4-5 years (n = 149)


Total dyads with both 2-month vaccination data and preschool attachment data (n = 103)


Total dyads with both 2-month vaccination data and preschool attachment data where the caregiver is consistent at both time points (n = 84 )



Total preschool-caregiver dyads with vaccination data at 4-5 years (n = 302)


Total preschool-caregiver dyads with coded preschool attachment data at 4-5 years (n = 149)


Total dyads with both preschool vaccination data and preschool attachment data (n = 137)


Total dyads with both preschool vaccination data and preschool attachment data where the caregiver is consistent at both time points (n = 117)


