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Abstract

1
2
3
4	ABSTRACT
5
 (
7
)6	Recent research has highlighted the need for a deeper understanding of the heterogeneity
8
9	in trajectories of children’s distress following acute pain exposure, moving beyond group means
10
 (
12
)11	of behavioural pain scores at a single timepoint. During preschool vaccinations, three distinct
13
14	trajectories of post-vaccination pain regulation have been elucidated, with approximately 75% of
15
 (
17
)16	children displaying trajectories characterized by down-regulation to no distress by two minutes
18
19	post-needle and 25% concerningly failing to down-regulate by two-minutes. The objective of the
20
21	present study was to examine child and caregiver predictors of preschool children’s post-
22
23
24	vaccination regulatory patterns. Our results indicated that higher child baseline distress, more
25
26	caregiver coping-promoting verbalizations in the first minute following the needle, less coping -
27
 (
29
)28	promoting verbalizations in the second minute, and more caregiver distress-promoting
30
31	verbalizations in the second minute following the needle were associated with membership in the
32
 (
34
)33	trajectories characterized by high distress. Further, while all children’s pain-related distress at
35
36	various timepoints throughout the appointment was most strongly predicted by prior pain scores,
37
38	different patterns of associations emerged depending on the trajectory exhibited. This research
39
40
41	highlights both the need to minimize distress prior to the needle in order to avoid the highly
42
43	distressed trajectory as well as the importance of considering the heterogeneity of trajectories of
44
 (
46
)45	preschool pain responding when examining the factors that are associated with children’s pain-
47
48	related distress.
49
50
51
52
53
54
55
56
57
58

 (
59
60
61
62
63
64
65
)
9	the developmental trajectory of a child’s acute pain response and the various factors that affect it.
10
 (
12
)11	Use of advanced statistical modelling on large longitudinal samples has illustrated the
13
14	importance of moving the field forward by uncovering heterogeneity in trajectories of pediatric
15
 (
17
)16	pain-related distress across the post-vaccination period [16].
18
19	Waxman et al. examined how variability in preschooler pain responses is best
20
21	represented, and elucidated three distinct trajectories of responses (See Figure 1) [20]. This
22
23
24	research highlights the considerable heterogeneity in preschooler patterns of responses to acute
25
26	pain, but we still lack an understanding of the factors associated with these differences.
27
 (
29
)28	Understanding predictors of highly distressed trajectories is critical given the established
30
31	association between increased vaccination distress in early childhood and future fear, pain and
32
 (
34
)33	behavioural avoidance [11].
35
36	The present study extends previous research by examining predictors of trajectories of
37
38	preschooler pain-related distress responses during the vaccination appointment. We considered
39
40
41	two categories of predictor variables based on theoretical models and empirical studies on early
42
43	childhood pain-related distress. First, we focused on the individual child’s characteristics that
44
 (
46
)45	have been shown to shape child distress. Specifically, preceding child distress responses,
47
48	especially during the pre-needle phase, have emerged as strong predictors of subsequent pain
49
 (
51
)50	responses within the same appointment [3,7,8,21]. We also included child sex and age given
52
53	their potential to contribute to child procedural distress outcomes [22]. Next, we examined
54
 (
56
)55	caregiver behaviours that are well-established as strongly associated with early childhood pain
57
58	outcomes. Adult distress-promoting verbalizations, particularly during the baseline period, have
 (
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 (
17
)16	Present Study
18
19	The first goal of this study was to examine whether specific child variables and caregiver
20
21	verbalizations (assessed at baseline and concurrent with trajectories) are associated with a child’s
22
23
24	likelihood of displaying the Regulated Trajectory (i.e., down-regulating to no-distress by two-
25
26	minutes; group 3) versus the Less Regulated Trajectories (i.e., failing to down-regulate by two-
27
 (
29
)28	minutes; group 1 or 2). We hypothesized that a child’s regulatory pattern post-vaccination would
30
31	be predicted by child factors, specifically Baseline distress, and secondarily predicted by
32
 (
34
)33	caregiver verbalizations. Specifically, higher child Baseline distress and higher caregiver
35
36	distress-promoting verbalizations at Baseline would both be associated with lower likelihood of
37
38	the Regulated Trajectory.
39
40
41	Subsequent to examining factors associated with the likelihood of a child displaying a
42
43	particular trajectory pattern, we investigated predictors of distress at individual timepoints for
44
 (
46
)45	each trajectory separately with the goal of examining whether previously identified phase-
47
48	specific associations between caregiver responses and child behaviour are relevant for both
49
 (
51
)50	trajectory types. We hypothesized that for both groups, prior pain would most strongly predict
52
53	subsequent pain and that caregiver verbalizations would predict pain above and beyond the child
54
 (
56
)55	variables.
57
58
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1
2
3
4
5
6
7
8
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) (
2
) (
been
 
consistently
 
linked
 
to increased
 
child distress
 
[10,17].
 
We
 
also included coping-promoting
) (
verbalizations,
 
which have
 
been shown to
 
shape
 
child outcomes albeit less strongly
 
than distress-
) (
promoting
 
verbalizations [1,7].
 
While
 
some
 
cognitive-affective caregiver
 
factors
 
have emerged
) (
as
 
associated with
 
child
 
distress,
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catastrophizing,
 
the effect
 
is
 
likely
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indirect
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behaviour
 
[4–6].
)

 (
59
60
61
62
63
64
65
)
4	2. Methods
5
 (
7
)6	Approval to collect data was obtained through both the York University Ethics Review
8
9	Board as well as the Hospital for Sick Children Institutional Review Board. Approval for the
10
 (
12
)11	present analyses was obtained from the York University Ethics Review Board.
13
14	2.1 Participants
15
 (
17
)16	Participants are part of a larger longitudinal study in which 760 caregiver-infant dyads
18
19	were recruited from three pediatric clinics in the greater Toronto area and were observed during
20
21	vaccinations over the first 12 months of a child’s life [e.g., 14]. Inclusion criteria were that
22
23
24	caregivers reported that their infants had no suspected developmental delays or impairments, had
25
26	no chronic illnesses, had never been admitted to a neonatal intensive care unit and were born no
27
 (
29
)28	more than two weeks preterm (i.e., 36 weeks gestation or more). A subset (n=302) was observed
30
31	at the child’s preschool vaccination (i.e., 4-6 years of age), and are the focus of the current
32
 (
34
)33	analyses. Previous analyses showed that caregivers who chose to participate versus not
35
36	participate in the preschool phase of the study differed marginally on some demographic
37
38	variables such as age (slightly older) and education (held marginally more graduate degrees).
39
40
41	Refer to Table 1 for the demographic information on the subsample of participants for the
42
43	current analysis.
44
 (
46
)45	2.2. Procedure
47
48	Figure 2 shows the phases of the vaccination and the timepoints at which measures were
49
 (
51
)50	obtained. Caregivers filled out a short demographic questionnaire before and after the
52
53	vaccination. Once in the examination room, two video cameras were set up to capture a close-up
54
 (
56
)55	face shot of the child as well as a wide shot to obtain a full view of the caregiver and the child,
57
58	from 5 minutes prior to 5 minutes post-needle. This was a naturalistic observational study, so
 (
1
2
3
) (
3
)

 (
59
60
61
62
63
64
65
)
4	families were observed with minimal interference on the part of the research team, aside from
5
 (
7
)6	videotaping the procedures. See Racine et al., 2016 for more information about study procedures.
8
9	2.3 Measures
10
 (
12
)11	2.3.1 Outcome
13
14	The Face, Legs, Activity, Cry, Consolability (FLACC) coding system was used to
15
 (
17
)16	measure pain-related distress [12]. The severity of distress is reflected in 5 types of pain
18
19	behaviors (face, legs, activity, cry, consolability) during 15-second epochs (15 seconds
20
21	immediately after the needle [FLACC0], 1 minute after the needle [FLACC1], and 2 minutes
22
23
24	after the needle [FLACC2]). Each category is scored on a 0 to 2 scale, which results in a total
25
26	score between 0 and 10 for each 15-second epoch. FLACC0 reflects the peak pain response that
27
 (
29
)28	occurs immediately after the needle. A lowering of scores from FLACC0 to FLACC1 to
30
31	FLACC2 would represent regulation from the peak distress (i.e., returning to low or no levels of
32
 (
34
)33	pain-related distress). Moderate to high concurrent and construct validity as well as item total
35
36	and inter-rater reliability have all been shown in the acute pain context [13]. The coders were
37
38	blind to the study hypotheses and inter-rater reliability between the coders was high (intraclass
39
40
41	correlations between .91 and .95). Severe pain is considered in the 7 to 10 range, moderate pain
42
43	in the 4 to 6 range, mild pain in the 1 to 3 range, and scores of 0 represent no distress behaviors.
44
 (
46
)45	2.3.2. Predictors
47
48	2.3.2.1 Child Baseline Distress
49
 (
51
)50	Child baseline distress was measured using a composite of FLACC scores over the one
52
53	minute prior to the needle. Four contiguous 15-second baseline ratings with scores ranging from
54
 (
56
)55	0-10 were summed, resulting in baseline scores ranging from 0 – 40.
57
58	2.3.2.2 Caregiver Within-Appointment Verbalizations
 (
1
2
3
) (
4
)
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4	Caregiver distress-promoting and coping-promoting verbalizations throughout the
5
 (
7
)6	vaccination appointment were coded using the Child-Adult Medical Procedure Interaction Scale-
8
9	Revised (CAMPIS-R) [2]. Verbalizations were coded according to three 60-second phases – the
10
 (
12
)11	one-minute period prior to the first needle, the one-minute period following the last needle, the
13
14	two-minute period following the last needle. Observer XT software (Noldus Inc, The
15
 (
17
)16	Netherlands) was used to facilitate the video coding. Timed-event data coding was used to
18
19	capture data on frequency, duration, and timing of codes. Interrater reliability for the CAMPIS-R
20
21	raw data was calculated using Cohen’s kappa. Kappa scores ranged from 0.73 to 1.00. The
22
23
24	average kappa was 0.88. Slightly over 30% (n=99) of the 302 children seen at the preschool
25
26	vaccination did not have data coded for caregiver verbalizations due to resource constraints on
27
 (
29
)28	coding capacity.
30
31	Caregiver distress-promoting verbalizations were operationalized by summing the
32
 (
34
)33	criticism, reassuring comment, giving control to the child, apology, and empathy verbalization
35
36	codes that occurred during each phase. These verbalizations were divided by the total
37
38	verbalizations for each individual to compute the proportion of distress-promoting verbalizations
39
40
41	for that phase. Three composites were created: (1) caregiver distress-promoting verbalizations 1-
42
43	minute pre-needle; (2) caregiver distress-promoting verbalizations in the first minute post-
44
 (
46
)45	needle; and (3) caregiver distress-promoting verbalizations in the second minute post-needle.
47
48	Caregiver coping- promoting verbalizations were operationalized by summing humour
49
 (
51
)50	directed to the child, non procedure-related talk to the child, and command to use the coping
52
53	strategy that occurred. These verbalizations were divided by the total verbalizations for each
54
 (
56
)55	individual to compute the proportion of coping-promoting verbalizations for that phase. Three
57
58	composites were created: (1) caregiver coping-promoting verbalizations 1-minute pre-needle; (2)
 (
1
2
3
) (
5
)
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4	caregiver coping-promoting verbalizations in the first minute post-needle; and (3) caregiver
5
 (
7
)6	coping-promoting verbalizations in the second minute post-needle.
8
9	2.4 Data Analysis Plan
10
 (
12
)11	Trajectory groups were originally discerned using Growth Mixture Modelling (GMM) in
13
14	MPlus (See Waxman et al., 2017 for original analyses). Group membership was exported from
15
 (
17
)16	MPlus into SPSS (Version 24) and the two groups representing the approximately 25% of the
18
19	sample that failed to down-regulate by two minutes post-needle were combined into one group,
20
21	resulting in a dichotomous categorical variable (Regulated Trajectory, n = 227 versus Less
22
23
24	Regulated Trajectory, n = 75). SPSS was used for all analyses pertaining to the present study.
25
26	We included all those with child pain-related distress data (n=302). Behavioural coding
27
 (
29
)28	variables were missing due to constraints on coding capacity and were therefore missing
30
31	completely at random (Little’s MCAR test: X2 = 74.564, df = 75, p = .492). Missing values were
32
 (
34
)33	imputed using multiple imputation with 10 iterations [18] and all variables from the analysis
35
36	model were included in the imputation model. The Markov chain Monte Carlo (MCMC) method
37
38	was used with linear regression models.
39
40
41	Sex and age analyses were completed to determine whether they should be entered as
42
43	covariates in the models. The relationship between child sex and all outcome variables was
44
 (
46
)45	nonsignificant (p’s > 0.05), so it was not included. Age was significantly correlated with some
47
48	outcomes so it was included in all analyses. Correlations between all study variables were
49
 (
51
)50	examined to ensure there was no multi-collinearity between the predictors.
52
53	One hierarchical binary logistic regression model was conducted in which regulation
54
 (
56
)55	trajectory status (coded as 1 for the Regulated Trajectory and 0 for the Less Regulated
57
58	Trajectory) was regressed on two blocks of variables, entered in ascending order of the factors

4	that were hypothesized to most strongly shape child distress. In the first block, child variables
5
 (
7
)6	(Baseline distress and age) were entered to examine whether the impact of caregiver factors is
8
9	robust to child characteristics. In the second block, caregiver verbalization variables (distress-
10
 (
12
)11	promoting verbalizations at three timepoints, coping-promoting verbalizations at three
13
14	timepoints) were entered. The statistical assumption of linearity of each predictor and the log of
15
 (
17
)16	the outcome variable was examined by assessing whether the interaction term between each
18
19	predictor and its log transformation was significant [9]. To assess the predictive power of each
20
21	step and the overall model, chi square likelihood ratio tests and Akaike Information Criteria
22
23
24	(AIC) were evaluated. The overall model was also evaluated using correct classification
25
26	percentages. Regression coefficients, associated significance tests, and odds ratios (with 95%
27
 (
29
)28	confidence intervals) for individual predictors were interpreted.
30
31	Eight hierarchical multiple linear regression models were estimated to assess how child
32
 (
34
)33	and caregiver factors predict average pain scores for the Regulated and Less Regulated
35
36	Trajectories at four timepoints – Baseline, Immediately post-needle, One-minute post-needle,
37
38	and Two minutes post-needle. Given that children’s pain responses are strong predictors of
39
40
41	subsequent pain responding in the short-term, all models included child distress from the
42
43	previous timepoints. Statistical assumptions of normality, homoscedasticity, and linearity were
44
 (
46
)45	inspected by examining histograms of model residuals as well as scatterplots of the standardized
47
48	residuals with standardized predicted values of the outcome. To examine the overall variance
49
 (
51
)50	accounted for by each step and overall model, adjusted coefficients of determination (adjusted
52
53	R2) were evaluated. Standardized regression coefficients of individual predictors were
54
 (
56
)55	interpreted based on their significance values as well as the additive benefit of the block of
57
58	predictors to the overall model.

6
7	3.1 Preliminary Analyses
8
9	Means and standard deviations for all study variables are provided in Table 2.
10
 (
12
)11	Correlations between all study variables are provided in Table 3. None of the correlations
13
14	between predictors was greater than 0.65, which is well below the acceptable cutoff criterion of
15
 (
17
)16	0.9 when assessing multicollinearity [19]. All assumptions examined for the multivariate
18
19	analyses were met. Further, analyses were replicated using bootstrapping methods, which
20
21	generate bias-corrected confidence intervals and significance tests of the model parameters, and
22
23
24	no differences in patterns of relationships between child and caregiver variables were observed.
25
26	3.2 Main Analyses
27
 (
29
)28	3.2.1 Predicting Pain-Related Distress Regulation Trajectories
30
31	Table 4 presents the details of the hierarchical binary logistic regression model. The first
32
 (
34
)33	step was significant (X2 (2) = 25.73, p < 0.001), indicating that the block of predictors is
35
36	significantly associated with a child’s likelihood of displaying the Regulated Trajectory versus
37
38	the Less Regulated Trajectory. Higher child baseline distress was significantly associated with a
39
40
41	decreased likelihood of displaying the Regulated Trajectory (B = -0.07, SE = 0.02, p < .01, OR=
42
43	0.93, 95% CI [0.89, 0.97]). The second step significantly improved the model over the first step
44
 (
46
)45	(X2 (6, 8) = 62.83, p < 0.001), though the AIC of the first step was lower than the second (Δ(AIC)
47
48	= 19.91) indicating model superiority when model complexity is taken into account. Higher
49
 (
51
)50	caregiver coping-promoting verbalizations in the first minute post-needle was associated with a
52
53	decreased likelihood of displaying the Regulated Trajectory (B = -4.84, SE = 1.51, p < .01, OR=
54
 (
56
)55	0.01, 95% CI [0.00, 0.16]). Higher caregiver distress-promoting verbalizations in the second
57
58	minute post-needle was also associated with a decreased likelihood of displaying the Regulated
 (
1
2
3
4
5
) (
8
) (
3
.
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18
19	3.2.2.1 Regulated Trajectory – Predicting Baseline Distress
20
21	Table 5 presents the details of the first hierarchical linear regression model examining
22
23
24	Baseline distress for the Regulated Trajectory. The first step was significant F(1, 225) = 15.62, p
25
26	< 0.01 and accounted for 6% of the variance in pain scores. Child age was a unique predictor of
27
 (
29
)28	increased child distress ( = 0.22, p < .001). The second step significantly improved the model
30
31	over the first step, adjusted R2 change = 0.14, Fchange (2, 223) = 14.26 p < 0.001, illustrating that
32
 (
34
)33	caregiver verbalizations account for additional variance in Baseline distress above and beyond
35
36	child variables. Increased caregiver distress-promoting verbalizations at Baseline was uniquely
37
 (
39
)38	associated with increased child distress ( = 0.37, p < .001). The full model predicted a
40
41	significant amount of the variance in Baseline distress, F(3, 223) = 15.15, p < 0.001, adjusted R2
42
 (
44
)43	= 0.20.
45
46	3.2.2.2 Regulated Trajectory – Predicting Distress Immediately Post-Needle
47
 (
49
)48	Table 6 presents the details of the second hierarchical linear regression model predicting
50
51	distress Immediately post-needle for the Regulated Trajectory. The first step was significant F(2,
52
53	224) = 43.79, p < 0.001 and accounted for 28% of the variance in distress. Child baseline distress
54
55
56	was a unique predictor of distress Immediately post-needle ( = 0.53, p < .001). The second step
57
58	did not significantly improve the model over the first step, adjusted R2 change = 0.00, Fchange (2,
 (
1
2
3
4
5
6
7
8
9
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16
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) (
9
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Trajectory
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an increased likelihood of displaying
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=
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4	222) = 0.01, p = 0.99, illustrating that caregiver verbalizations do not account for additional
5
 (
7
)6	variance in Immediate distress above and beyond child variables. The full model predicted a
8
9	significant amount of the variance in distress Immediately post-needle, F (4, 222) = 17.57, p <
10
 (
12
)11	0.001, adjusted R2 = 0.28.
13
14	3.2.2.3 Regulated Trajectory – Predicting Distress One-Minute Post-Needle
15
 (
17
)16	Table 7 presents the details of the third hierarchical linear regression model predicting
18
19	distress at One-minute post-needle for the Regulated Trajectory. The first step was significant
20
21	F(3, 223) = 23.97, p < 0.001 and accounted for 24% of the variance in distress scores. Child
22
23
24	distress Immediately post-needle was a unique predictor of distress at One-minute post-needle
25
26	( = 0.43, p < .001). The second step significantly improved the model over the first step,
27
 (
1
2
3
) (
10
)
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59
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28
29	adjusted R2
30


change

= 0.05, Fchange

(4, 219) = 3.21, p < 0.05, illustrating that caregiver verbalizations

31	account for additional variance in distress at one minute above and beyond child variables.
32
 (
34
)33	Caregiver distress-promoting verbalizations in the first minute after the needle was a unique
35
36	predictor of child distress at one minute ( = 0.22, p < .01). The full model predicted a significant
37
 (
39
)38	amount of the variance in distress at One-minute post-needle, F(7, 219) = 11.17, p < 0.001,
40
41	adjusted R2 = 0.29.
42
 (
44
)43	3.2.2.4 Regulated Trajectory – Predicting Distress Two-Minutes Post-Needle
45
46	Table 8 presents the details of the fourth hierarchical linear regression model predicting
47
 (
49
)48	distress at Two-minutes post-needle for the Regulated Trajectory. The first step was significant
50
51	F(4, 222) = 6.71,  p < 0.001 and accounted for 9% of the variance in child distress scores. Child
52
53	distress at one minute was a unique predictor of distress at Two-minutes post-needle
54
55
56	( = 0.38, p < .001). The second step did not significantly improve the model over the first step,
57
58	adjusted R2 change = 0.03, Fchange (6, 216) = 0.42, p = 0.86, illustrating that caregiver verbalizations

4	do not account for additional variance in distress above and beyond child variables at Two
5
 (
7
)6	minutes post-needle. The full model predicted a significant amount of the variance in distress at
8
9	Two-minutes post-needle, F(10, 216) = 2.55, p < 0.01, adjusted R2 = 0.12.
10
 (
12
)11	3.2.3 Predicting Pain-Related Distress at Four Timepoints for Less Regulated Trajectory
13
14	3.2.3.1 Less Regulated Trajectory – Predicting Baseline Distress
15
 (
17
)16	Table 5 presents the details of the fifth hierarchical linear regression model examining
18
19	Baseline distress for the Less Regulated Trajectory. The first step was not significant F(1, 73) =
20
21	1.05, p = 0.31 and accounted for 0% of the variance in pain scores. The second step significantly
22
 (
1
2
3
) (
11
)

 (
59
60
61
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63
64
65
)
 (
24
)23	improved the model over the first step, adjusted R2
25


change

= 0.14, Fchange

(2, 71) = 5.26, p < 0.01.

26	Increased caregiver distress-promoting verbalizations at Baseline was uniquely associated with
27
 (
29
)28	increased child distress ( = 0.40, p < .01), and the full model predicted a significant amount of
30
31	the variance in Baseline distress F(3, 71) = 4.04, p < 0.05, adjusted R2 = 0.15.
32
 (
34
)33	3.2.3.2 Less Regulated Trajectory – Predicting Distress Immediately Post-Needle
35
36	Table 6 presents the details of the sixth hierarchical linear regression model predicting
37
 (
39
)38	distress Immediately post-needle for the Less Regulated Trajectory. The first step was significant
40
41	F(2, 72) = 7.84, p < 0.01 and accounted for 15% of the variance in pain scores. Child baseline
42
 (
44
)43	distress was a unique predictor of pain ( = 0.38, p < .01). The second step did not significantly
45
46	improve the model over the first step, adjusted R2 change = -0.02, Fchange (2, 70) = 0.00, p = 0.99,
47
 (
49
)48	illustrating that caregiver verbalizations do not account for additional variance in distress
50
51	Immediately post-needle above and beyond child variables. The full model predicted a
52
53	significant amount of the variance in distress Immediately post-needle, F(4, 70) = 3.45, p < 0.05,
54
 (
56
)55	adjusted R2 = 0.13.
57
58	3.2.3.3 Less Regulated Trajectory – Predicting Distress One-Minute Post-Needle

4	Table 7 presents the details of the seventh hierarchical linear regression model predicting
5
 (
7
)6	distress at One-minute post-needle for the Less Regulated Trajectory. The first step was
8
9	significant F(3, 71) = 4.22, p < 0.01 and accounted for 11% of the variance in pain scores. Child
10
 (
12
)11	baseline distress was a unique predictor of distress at One-minute post-needle ( = 0.33, p < .05).
13
14	The second step did not significantly improve the model over the first step, adjusted R2 change = -
15
 (
17
)16	0.03, Fchange (4, 67) = 0.29, p = 0.88, illustrating that caregiver verbalizations did not account for
18
19	additional variance in distress at One minute post-needle above and beyond child variables. The
20
 (
22
)21	full model did not predict a significant amount of the variance in distress at One-minute post-
23
24	needle, F(7, 67) = 1.68, p = 0.13, adjusted R2 = 0.08.
25
26	3.2.3.4 Less Regulated Trajectory – Predicting Distress Two-Minutes Post-Needle
27
28
29	Table 8 presents the details of the eighth hierarchical linear regression model predicting
30
31	distress at Two-minutes post-needle for the Less Regulated Trajectory. The first step was
32
 (
34
)33	significant F(4, 70) = 5.08, p < 0.05 and accounted for 22% of the variance in distress scores.
35
36	Child distress at One-minute was a unique predictor of distress at Two-minutes post-needle
37
 (
39
)38	( = 0.64, p < .001). The second step did not significantly improve the model over the first step,
40
41	adjusted R2 change = 0.10, Fchange (6, 64) = 1.52, p = 0.19, illustrating that caregiver verbalizations
42
 (
44
)43	do not account for additional variance in distress above and beyond child variables at Two-
45
46	minutes post-needle. The full model predicted a significant amount of the variance in distress at
47
 (
49
)48	Two-minutes post-needle, F(10, 64) = 2.78, p < 0.01, adjusted R2 = 0.33.
50
51	4. Discussion
52
53	The aim of the current study was to gain a deeper understanding of the child and
54
55
56	caregiver factors that are associated with preschooler pain-related distress regulation trajectories,
57
58	and to determine whether the factors differentially predict pain scores in children who display the
 (
1
2
3
) (
12
)

 (
59
60
61
62
63
64
65
)
4	different trajectories. To the best of our knowledge, this is the first study to identify the specific
5
 (
7
)6	child and caregiver factors associated with differences in patterns of preschooler regulatory
8
9	behaviour in response to acute pain. Distinct predictors differentiated the group of children who
10
 (
12
)11	completely regulated within two minutes post-vaccination versus those that did not.
13
14	4.1 Primary Analysis
15
 (
17
)16	Both the child and caregiver blocks of variables were associated with trajectory group
18
19	membership, though the AIC suggests that the simpler model is superior. Importantly, our
20
21	interpretation focused on individual predictors rather than the block of predictors.
22
23
24	In line with hypotheses, higher child Baseline distress was uniquely associated with a
25
26	decreased likelihood of a child exhibiting the Regulated Trajectory (i.e., lower likelihood of
27
 (
29
)28	regulating by two minutes post-vaccination). Replicating findings with infants [15] and toddlers
30
31	[21], these results further demonstrate the pivotal role that distress prior to the needle plays in the
32
 (
34
)33	sequelae of behaviour following the needle and importantly extended it to a child pain outcome
35
36	that accounts for different regulation patterns across the vaccination appointment. Contrary to
37
38	hypotheses, pre-needle caregiver verbalizations were not associated with a child’s likelihood of
39
40
41	membership in the Regulated Trajectory group. However, post-needle caregiver verbalizations
42
43	were significantly associated with trajectory outcomes.
44
 (
46
)45	Higher coping-promoting verbalizations in the first minute post-needle as well as higher
47
48	distress-promoting verbalizations in the second minute post-needle predicted membership in the
49
 (
51
)50	Less Regulated Trajectory group, while higher coping-promoting verbalizations in the second
52
53	minute post-needle predicted membership in the Regulated Trajectory group. Because the
54
 (
56
)55	trajectories take into account the full pattern of responses that children exhibit across the
57
58	vaccination, these findings are not surprising. In the first minute post-needle, children in the Less

4	Regulated Trajectory are displaying considerable distress, likely preceded by high distress at
5
 (
7
)6	Baseline. Their caregivers may display coping-promoting verbalizations in an attempt to sooth
8
9	their highly distressed child. By the second minute post-needle, these caregivers may be more
10
 (
12
)11	likely to exhibit distress-promoting verbalizations, perhaps due to mild frustration or fatigue.
13
14	Caregivers of children in the Regulated Trajectory, on the other hand, may be more able and
15
 (
17
)16	willing to exhibit coping-promoting verbalizations by the second minute as their child is close to
18
19	down-regulating to no distress.
20
21	4.2 Follow-Up Analyses
22
23
24	Next, pain-related distress at each timepoint throughout the appointment was explored
25
26	separately for each trajectory to further understand differences between these groups of children.
27
 (
29
)28	Analyses explored factors that predict individual child pain scores at different timepoints
30
31	throughout the appointment (i.e., Baseline, Immediately post-needle, One-minute post-needle,
32
 (
34
)33	Two-minutes post-needle). For both trajectory groups, child pain at the immediately preceding
35
36	timepoint was the strongest predictor of pain at the next timepoint, consistent with previous
37
38	work. Further, only the most proximal pain score remained significant, illustrating a ‘domino
39
40
41	effect’ and reiterating the importance of minimizing distress prior to the needle in order to
42
43	attenuate this phenomenon. Of interest, given the importance of Baseline distress in serving as
44
 (
46
)45	the first ‘domino’ to trigger post-needle distress, for both trajectories, the strongest relationship
47
48	with Baseline distress was caregiver distress-promoting verbalizations during the Baseline
49
 (
51
)50	period.
52
53	Two variables distinguished the prediction of distress between the two groups. Firstly,
54
 (
56
)55	child age predicted Baseline distress in the Regulated Trajectory group only, showing that the
57
58	older the child at vaccination the higher the Baseline distress. This extends findings from Racine

4	and colleagues [17], importantly showing the pattern in one sub-set of children only. Secondly,
5
 (
7
)6	higher caregiver distress-promoting verbalizations in the first minute post-needle predicted
8
9	greater child distress at one-minute in the Regulated Trajectory group only. For the children
10
 (
12
)11	exhibiting highly distressed regulation patterns, it appears as if once the pain ‘domino effect’ was
13
14	set into motion, external caregiver factors had little effect on child distress.
15
 (
17
)16	Finally, an interesting difference was discerned between the trajectories related to
18
19	patterns in the amount of variance accounted for in the models. When examining the overall
20
21	effect size (i.e., adjusted R2 values) in the Regulated Trajectory analyses, the values ranged
22
23
24	between .20 and .29 (a strong relationship for behavioural science), except for the model
25
26	predicting pain-related distress at Two-minutes which had an adjusted R2 value of .12. The
27
 (
29
)28	opposite pattern was shown for the Less Regulated Trajectory models, where all of the adjusted
30
31	R2 values were less than .15, except for the two-minute model which was the highest of all the
32
 (
34
)33	analyses with a value of .33. Further, the amount of variance accounted for by the individual
35
36	prior pain predictors reflected a similar pattern in which the amount of variance accounted for by
37
38	the prior pain variable in the two-minute model was the lowest of all models in the Regulated
39
40
41	Trajectory group and the highest of all models in the Less Regulated Trajectory group. This
42
43	suggests that in the earlier phases of the vaccination (Immediately post-needle and One-minute
44
 (
46
)45	post-needle) the pain ‘domino-effect’ is more pronounced in the Regulated Trajectory and then
47
48	tapers off with the opposite observed in the Less Regulated Trajectory. This finding is interesting
49
 (
51
)50	in light of the fact that the two-minute distress score is a core distinguishing feature between the
52
53	groups (i.e., down-regulation to no distress versus the maintenance of moderate or high distress),
54
 (
56
)55	further illustrating the importance of disaggregating the groups to understand predictions of
57
58	distress patterns.

4	4.3 Conclusions
5
 (
7
)6	In conclusion, results from both the primary and secondary analyses replicate and extend
8
9	findings from other developmental stages, showing that during the preschool vaccination,
10
 (
12
)11	Baseline distress and caregiver behaviours were influential in predicting Trajectory group
13
14	membership. When analyses were run for the two groups of children separately and individual
15
 (
17
)16	pain scores were predicted, different patterns emerged. Across both sets of models, the ‘domino-
18
19	effect’ of prior pain predicting subsequent pain was seen. Only in the Regulated Trajectory,
20
21	though, was older age a significant predictor of Baseline distress and caregiver distress-
22
23
24	promoting verbalizations a predictor of One-minute distress. Moreover, the magnitude of the
25
26	effects of the regression models tended to be stronger for the Regulated Trajectory analyses,
27
 (
29
)28	except for the final timepoint. At two-minutes post-needle, the overall adjusted R2 value for the
30
31	Less Regulated group was almost three times that of the Regulated group. The totality of our
32
 (
34
)33	findings lends further evidence for the need for both researchers and clinicians to take care to
35
36	disaggregate subgroups of pain responders when understanding, assessing, and managing
37
38	pediatric acute pain.
39
40
41	4.4 Clinical Implications
42
43	It is critical that pediatric pain researchers continue to examine pain trajectories as well as
44
 (
46
)45	heterogeneity in pain responses. Failing to do so misrepresents child pain, either under or over
47
48	estimating the pain of most children in a clinically meaningful way [16]. Secondly, as illustrated
49
 (
51
)50	here, it obscures our understanding of the ways in which child and caregiver factors shape child
52
53	distress distinctly for children who display different distress trajectories.
54
 (
56
)55	The findings also provide insight for healthcare providers and caregivers to support
57
58	children during immunization appointments. Because all children show the prior pain ‘domino-
 (
1
2
3
) (
16
)

 (
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64
65
)
4	effect’, it is critical for health care providers to try to avoid vaccinating a distressed preschooler.
5
 (
7
)6	Adopting techniques that allow the child to be approached without distressing them (e.g.,
8
9	allowing a child to stay close to their caregiver while viewing a video on a smartphone as a
10
 (
12
)11	distraction) will help minimize the pain ‘domino effect’ this study elucidated. Moreover, for both
13
14	groups, supporting caregivers to avoid distress-promoting behaviours prior to the vaccination
15
 (
17
)16	will be critical. Also, based on our disaggregated findings, it is recommended that for the
18
19	majority of preschoolers, being vaccinated earlier rather than later within the preschool period
20
21	would be beneficial.
22
23
24	4.5 Limitations and Future Directions
25
26	As discussed in the other published papers using the same preschooler sample (e.g.,
27
 (
29
)28	7,14,17) the study sample is quite homogeneous in regard to demographics (i.e., socioeconomic
30
31	status and education). Additionally, there is self-selection bias associated with the caregiver’s
32
 (
34
)33	choice of participating in a longitudinal study. Accordingly, it is unclear how the study findings
35
36	may generalize to a higher risk population of caregiver–child dyads.
37
38	The study design was observational in nature so causal inferences are limited and only
39
40
41	based on temporal precedent. The directionality of the relationships should be investigated in
42
43	future experimental research. Further, the sample size of the Less Regulated group was smaller
44
 (
46
)45	than that of the Regulated group (n = 75 vs. 227), thus those analyses should be considered
47
48	exploratory and replication is needed. Given the Less Regulated Trajectory is the less-normative
49
 (
51
)50	response pattern, this is to be expected despite the large sample size of over 300 preschoolers.
52
53	Finally, 30% of the sample had missing CAMPIS-R data. These values were missing completely
54
 (
56
)55	at random and appropriately imputed to substantiate the analyses in the present study, however,
57
58	the fact remains that resource constraints allowed only for coding of a random selection of 200
 (
1
2
3
) (
17
)

 (
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60
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)
4	appointments of our total dataset. Thus, future research with larger datasets may be considered to
5
 (
7
)6	replicate and extend the findings.
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Table 1. Demographic variables

	Variable
	Value

	Mean caregiver age at preschool (SD), years
	38.2 (5.3)

	Primary caregiver education, %
	

	Graduate school or professional training
	29.5

	University graduate
	35.1

	Partial university
	4.6

	Trade school or community college
	13.9

	High school graduate
	2.0

	Some high school
	0.3

	Junior high school graduate
	0.3

	Caregiver Heritage Culture
European
	
40.8

	Asian
	20.7

	Canadian/American
	17.7

	Jewish
	9.2

	African/Middle Eastern
	4.8

	South/Latin American
	4.4

	Other
	2.4

	Child Sex, %
	

	Male
	52.3

	Female
	47.7

	Number of siblings at preschool, %
0
	
9.3

	1
	31.8

	2
	9.9

	3
	0.3

	4
	1.3

	Basic pregnancy risk factors, % a
	


0	63.9
1-3	36.1

a Maternal prenatal medication use, cigarette exposure, and alcohol and drug use.




Table 2. Study variable descriptive statistics

	Variable
	M / %
	SD
	Range

	1.	Child Age
	4.65
	0.55
	4 – 7

	2.	Female Sex
	47.70%
	—
	—

	3.	Regulated Trajectory Status
	75.20%
	—
	—

	4.	FLACC Baseline
	7.42
	9.84
	0 – 40

	5.	FLACC Immediate
	4.47
	2.99
	0 – 10

	6.	FLACC 1 Minute
	2.53
	2.45
	0 – 10

	7.	FLACC 2 Minutes
	1.57
	2.18
	0 – 10

	8.	Distress CAMPIS - B
	0.10
	0.14
	0 – 1

	9.	Coping CAMPIS - B
	0.29
	0.28
	0 – 1

	10. Distress CAMPIS - 1
	0.16
	0.16
	0 – 1

	11. Coping CAMPIS - 1
	0.10
	0.14
	0 – 1

	12. Distress CAMPIS - 2
	0.12
	0.16
	0 – 1

	13. Coping CAMPIS - 2
	0.23
	0.23
	0 – 1


Note. FLACC Baseline = Child distress prior to the needle [sum of 4 x 15-second epochs); FLACC Immediate = Child distress 15-seconds immediately following the needle; FLACC 1 Minute = Child distress 15-second epoch at one-minute following the needle; FLACC 2 Minutes
= Child distress 15-second epoch at two-minutes following the needle; Distress CAMPIS – B = Caregiver distress-promoting verbalizations at baseline; Coping CAMPIS – B = Caregiver coping-promoting verbalizations at baseline; Distress CAMPIS – 1 = Caregiver distress- promoting verbalizations in the first minute post-needle; Coping CAMPIS – 1 = Caregiver coping-promoting verbalizations in the first minute post-needle; Distress CAMPIS – 2 = Caregiver distress-promoting verbalizations in the second minute post-needle; Coping CAMPIS
– 2 = Caregiver coping-promoting verbalizations in the second minute post-needle.



Table 3. Bivariate correlations among all study variables

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

	1.	Child Age
	1
	.025
	.004
	.199**
	.137*
	-.014
	-.018
	.048
	-.116
	.050
	.052
	-.088
	-.102

	2.	Child Sex
	
	1
	-.096
	.107
	.087
	.047
	.030
	.107
	-.046
	.049
	-.049
	.083
	-.032

	3.	Regulatory Grouping
	
	
	1
	-.306**
	-.496**
	-.582**
	-.875**
	-.112
	.035
	-.183**
	-.132
	-.416**
	.195**

	4.	FLACC Baseline
	
	
	
	1
	.561**
	.355**
	.327**
	.421**
	-.152**
	.259**
	-.071
	.278**
	.001

	5.	FLACC Immediate
	
	
	
	
	1
	.611**
	.511**
	.238**
	-.088
	.457**
	-.039
	.331**
	-.081

	6.	FLACC 1 Minute
	
	
	
	
	
	1
	.654**
	.240**
	-.094
	.374**
	.074
	.448**
	-.118

	7.	FLACC 2 Minutes
	
	
	
	
	
	
	1
	.102
	-.061
	.197**
	.180*
	.362**
	-.145*

	8.	Distress CAMPIS - B
	
	
	
	
	
	
	
	1
	-.243**
	.171*
	-.004
	.233**
	.012

	9.	Coping CAMPIS - B
	
	
	
	
	
	
	
	
	1
	-.026
	.113
	-.010
	.026

	10. Distress CAMPIS - 1

11. Coping CAMPIS - 1
	
	
	
	
	
	
	
	
	
	1
	-.149*

1
	.389**

-.068
	-.025

.277**

	12. Distress CAMPIS - 2
	
	
	
	
	
	
	
	
	
	
	
	1
	-.206**

	13. Coping CAMPIS - 2
	
	
	
	
	
	
	
	
	
	
	
	
	1


Note. Child Sex = 0 for male, 1 for female; Regulatory Grouping = Trajectory status coded as 0 for the Less Regulated Trajectory and 1 for the Regulated Trajectory.
* p < .05. ** p < .01 (two tailed).





	Table 4. Trajectories
	

	
	B (SE)
	OR
	OR 95% C
	Model X
	X2 Change
	AIC

	Step 1
	
	
	
	25.73***
	
	247.08

	Age
	0.38 (0.34)
	1.47
	0.75, 2.85
	
	
	

	FLACC Baseline
	-0.07 (0.02)**
	0.93
	0.89, 0.97
	
	
	

	Step 2
	
	
	
	89.55***
	62.82***
	266.99

	Distress CAMPIS - B
	1.42 (1.57)
	4.13
	0.19, 91.27
	

	Coping CAMPIS - B
	0.77 (0.76)
	2.16
	0.48, 9.69
	

	Distress CAMPIS - 1
	-0.56 (1.22)
	0.57
	0.05, 6.27
	

	Coping CAMPIS - 1
	-4.84 (1.51)**
	0.01
	0.00, 0.16
	

	Distress CAMPIS - 2
	-5.50 (1.45)***
	0.00
	0.00, 0.07
	

	Coping CAMPIS - 2
	3.54 (1.12)**
	34.55
	3.77, 316.4
	


Note. * p < 0.05. ** p < 0.01. *** p < 0.001.



Table 5. Baseline Distress

	Regulated Trajectory
	B (SE)
	
	Adjusted R2
	Adjusted R2 Change

	Step 1
Age
	
3.36 (0.95)
	
0.22***
	0.06***
	--

	Step 2
Distress CAMPIS - B
	
22.31 (4.73)
	
0.37***
	0.20***
	0.14***

	Coping CAMPIS - B
	-1.09 (2.13)
	-0.04
	
	

	Less Regulated Trajectory
	B (SE)
	
	Adjusted R2
	Adjusted R2 Change

	Step 1
Age
	
1.88 (2.46)
	
0.09
	0.00
	--

	Step 2
Distress CAMPIS - B
	
34.00 (10.21)
	
0.40**
	0.15*
	0.14**

	Coping CAMPIS - B
	-0.30 (6.02)
	-0.01
	
	


Note. * p < 0.05. ** p < 0.01. *** p < 0.001.



Table 6. Distress Immediately Post-Needle

	Regulated Trajectory
	B (SE)
	
	Adjusted R2
	Adjusted R2 Change

	Step 1
Age
	
0.26 (0.29)
	
0.05
	0.28***
	--

	FLACC Baseline
	0.15 (0.02)
	0.53***
	
	

	Step 2
Distress CAMPIS - B
	
-0.13 (1.56)
	
-0.01
	0.28***
	0.00

	Coping CAMPIS - B
	-0.09 (0.77)
	-0.01
	
	

	Less Regulated Trajectory
	B (SE)
	
	Adjusted R2
	Adjusted R2 Change

	Step 1
Age
	
0.35 (0.45)
	
0.09
	0.15**
	--

	FLACC Baseline
	0.09 (0.03)
	0.38**
	
	

	Step 2
Distress CAMPIS - B
	
0.19 (2.15)
	
0.01
	0.13*
	-0.02

	Coping CAMPIS - B
	0.01 (0.99)
	0.00
	
	


Note. * p < 0.05. ** p < 0.01. *** p < 0.001.



Table 7. Distress One-Minute Post-Needle

	Regulated Trajectory
	B (SE)
	
	Adjusted R2
	Adjusted R2 Change

	Step 1
Age
	
-0.32 (0.21)
	
-0.09
	0.24***
	--

	FLACC Baseline
	-0.02 (0.02)
	-0.11
	
	

	FLACC Immediate
	0.28 (0.05)
	0.43***
	
	

	Step 2
Distress CAMPIS - B
	
1.38 (1.02)
	
0.10
	0.29***
	0.05**

	Coping CAMPIS - B
	-0.38 (0.51)
	-0.05
	
	

	Distress CAMPIS - 1
	2.76 (0.94)
	0.22**
	
	

	Coping CAMPIS - 1
	0.55 (0.98)
	0.04
	
	

	Less Regulated Trajectory
	B (SE)
	
	Adjusted R2
	Adjusted R2 Change

	Step 1
Age
	
-0.23 (0.47)
	
-0.06
	0.11***
	--

	FLACC Baseline
	0.02 (0.04)
	0.08
	
	

	FLACC Immediate
	0.24 (0.11)
	0.33*
	
	

	Step 2
Distress CAMPIS - B
	
-0.45 (2.67)
	
-0.03
	0.08
	-0.03

	Coping CAMPIS - B
	-0.20 (1.14)
	-0.02
	
	

	Distress CAMPIS - 1
	0.63 (2.09)
	0.04
	
	

	Coping CAMPIS - 1
	0.78 (2.15)
	0.05
	
	


Note. * p < 0.05. ** p < 0.01. *** p < 0.001.



Table 8. Distress Two-Minutes Post-Needle

	Regulated Trajectory
	B (SE)
	
	Adjusted R2
	Adjusted R2 Change

	Step 1
Age
	
-0.02 (0.09)
	
-0.01
	0.09***
	—

	FLACC Baseline
	-0.01 (0.01)
	-0.08
	
	

	FLACC Immediate
	0.02 (0.02)
	0.09
	
	

	FLACC 1 Min
	0.12 (0.03)
	0.38***
	
	

	Step 2
Distress CAMPIS - B
	
0.26 (0.45)
	
0.05
	0.12*
	0.03

	Coping CAMPIS - B
	0.04 (0.19)
	0.01
	
	

	Distress CAMPIS - 1
	-0.05 (0.40)
	-0.01
	
	

	Coping CAMPIS - 1
	-0.62 (0.46)
	-0.11
	
	

	Distress CAMPIS - 2
	-0.80 (0.44)
	-0.17
	
	

	Coping CAMPIS - 2
	0.27 (0.29)
	0.08
	
	

	Less Regulated Trajectory
	B (SE)
	
	Adjusted R2
	Adjusted R2 Change

	Step 1
Age
	
-0.10 (0.32)
	
-0.03
	0.22**
	—

	FLACC Baseline
	0.04 (0.02)
	0.21
	
	

	FLACC Immediate
	-0.16 (0.08)
	-0.28
	
	

	FLACC 1 Min
	0.44 (0.09)
	0.64***
	
	

	Step 2
Distress CAMPIS - B
	
-2.48 (1.46)
	
-0.20
	0.33**
	0.10

	Coping CAMPIS - B
	-0.95 (0.68)
	-0.15
	
	

	Distress CAMPIS - 1
	0.55 (1.64)
	0.05
	
	

	Coping CAMPIS - 1
	2.54 (1.62)
	0.20
	
	

	Distress CAMPIS - 2
	-1.75 (1.67)
	-0.17
	
	

	Coping CAMPIS - 2
	0.75 (0.93)
	0.10
	
	


Note. * p < 0.05. ** p < 0.01. *** p < 0.001.
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