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Abstract
Introduction: Toddlers rely on their caregivers for regulatory support when facedwith pain-related distress. The caregiver’s ability to
support their toddler relies on their capacity to regulate their own distress and respond effectively to the child’s need for support. The
aim of the current study was to describe patterns of caregiver–toddler physiological co-regulatory patterns, also known as
attunement, during routine vaccinations across the second year of life.
Methods:Caregiver–toddler dyads (N5 189) were part of a longitudinal cohort observed at either 12-, 18-, or 24-month well-baby
vaccinations. Parallel-process growth-mixture modeling was used to examine patterns of dyadic physiological co-regulatory
responses, indexed by high-frequency heart rate variability (HF-HRV).
Results: Three groups of dyads were discerned. The largest group (approximately 80%) demonstrated physiological attunement,
with a stable and parallel regulatory pattern of HF-HRV frombaseline to postneedle. The second group (7.9%) had parallel regulatory
trajectories butwith notably lower (ie, less regulated) HF-HRV values, which indicates independent regulatory responses (ie, a lack of
attunement among dyad members). The third group (11.1%) showed diverging regulatory trajectories: Caregivers showed a stable
regulatory trajectory, but toddlers demonstrated a steep decrease followed by an increase in HF-HRV values that surpassed their
baseline levels by the third minute postneedle. Post hoc analyses with the HF-HRV groupings explored heart rate patterns and
potential predictors.
Conclusions: These findings elucidate potential adaptive andmaladaptive co-regulatory parasympathetic patterns in an acute pain
context.
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1. Introduction

Research has increasingly elucidated the fundamental role of the
caregiver in the acute pediatric pain context, particularly early in
life.21,47 The “development of the infant acute pain response—re-
vised model” (DIAPR-R) is grounded in attachment theory10 and
conceptualizes the impact of biopsychosocial factors on the
development of early pain experiences.21 The model asserts the
primacy of the caregiver–child relationship, particularly how dyad

members respond to and adjust to one another, as the toddler
regulates their pain-related distress (eg, a child signals distress to
their caregiver, and the caregiver responds sensitively to the child’s
needs). The dynamic and reciprocal responding between caregivers
and their toddler is known as attunement.5,20 Much of the research
examining the influence between caregivers and their toddlers in the
pain context has focused on the links between caregiver behaviours
(eg, caregiver sensitivity) and infant and toddler pain-related distress
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behaviours.4,17,18,38 To our knowledge, no research has examined
young child and caregiver attunement during an acute pain
experience using cardiac physiology.

Caregiver physiology, through its influence on caregiver
behaviours in response to their child’s distress (eg, sensitive or
insensitive behaviours) and the sensory experience of the child (eg,
the child hearing caregiver’s calm heart rate during skin-to-skin
contact), operates as a co-regulator of young children’s physio-
logical response to stress.11,24 Thus, gaining an understanding of
caregiver–child co-occurring physiological responses in the pain
context is important, as sustained dysregulation in the caregiver or
childmay indicate a dyad that is struggling to adaptively respond to
and regulate distress, which may in turn then influence future pain
experiences for the child.17,31,38

Extensive research examining physiological responses to distress
hasdemonstrated that the responseof theparasympathetic system,
commonly indexed with high-frequency heart rate variability (HF-
HRV), reflects a regulatory response to distress,3,7,16 including pain-
related distress.36,49 Within the broader developmental literature,
many studies have examined caregiver–child HF-HRV attunement
within an experimental distress context.19 However, no studies have
examined the attunement patterns of caregiver and toddler HF-HRV
during an acute pain procedure in early life.

1.1. Present study

The current study examines the co-regulatory patterns of
caregiver and toddler HF-HRV during vaccination. Attunement
in this context reflects whether the patterns of cardiac responding
are similar in caregivers and children, as they regulate from pain-
related distress. Parallel-process growth-mixture modeling
(GMM) was used to describe variability in caregiver–toddler at-
tunement patterns over the course of the vaccination. Because
previous work has demonstrated variable pain responses in
young children,37,48 we hypothesized that there would be distinct
groupings of co-occurring caregiver and child HF-HRV trajectory
patterns. Furthermore, we aimed to further contextualize the
attunement patterns by examining the heart rate outcomes of
dyads in each group derived from the GMM. Heart rate reflects
both sympathetic and parasympathetic activity, and thus
provides indication of sympathetically mediated arousal in
response to a stressor.8 Finally, post hoc analyses were used
to examine predictors of the attunement trajectory patterns.

2. Method

2.1. Participants

Caregiver–toddler dyads were recruited from 2 pediatric clinics in the
greater Toronto area. Dyads were observed at routine vaccination
appointments at the age of 12, 18, or 24 months. This study used a
subsample of 189 dyads (Fig. 1) with both caregiver and toddler
cardiac data available at the 12- (n5 81), 18- (n5 66), or 24-month (n
5 42) vaccination appointments (if a dyad had data from multiple
appointments, data from only the most recent appointment was
included), with a mean age of 17.04 months (SD 5 4.80). Table 1
contains demographic and other characteristics of the dyads
included. Exclusion criteria were Neonatal Intensive Care Unit (NICU)
stay during infancy, prematurity (,37weeks’ gestation), suspected or
confirmed developmental delay, chronic illness, or lack of caregiver
fluency in English. Toddlers were 55% male, generally healthy, came
from middle-class families, and had well-educated caregivers.

Primary caregivers had a mean age of 36 years (SD 5 5.54).
They reported diverse cultural backgrounds. The majority reported

being born inCanada (57.6%), with a large proportion of caregivers
born outside of Canada, including Asia (18.3%), South America
(5.8%), Europe (5.2%), Africa (2.1%), Russia (2.1%), United States/
Mexico (2.1%), or Australia (1.6%). On average, caregiver ratings of
acculturation indicated a strong identification with both their
heritage cultural (ie, a culture inherited across generations of their
family) and mainstream North American culture (ie, the culture
within which they reside), suggesting the sample reflected the
integrated categorization of acculturation.9

2.2. Procedure and apparatus

Ethics approval was obtained for this study through the research
ethics review board at the participating university. Caregivers were
made aware of the study upon entering the pediatric clinic for their
child’s vaccination appointment. If they agreed to speak to a
researcher, caregivers were approached by a research assistant
who explained the study. Informed consent was obtained from all
caregivers included in the study. Caregivers were asked to fill out a
short demographic questionnaire immediately before the vaccination
appointment. During the appointment, caregiver–toddler dyads were
videotaped andbothmembers of the dyadwere connected tomobile
monitoring devices to measure their HF-HRV and heart rate (HR)
before and after the needle. Cardiac data were collected using
Mindwarewirelessmonitors (MW1000 A) with a sampling rate of 500
Hz. Mindware software (BioLab 3.3) was used to acquire electrocar-
diogram (ECG) data continuously, and Noldus technologies were
used to synchronize video and cardiac data capture. Based on the
methodology from a previous longitudinal infant cohort,37 dyads were
examined for 1minute before the needle and up to 3minutes after the
needle. All caregivers held their toddler during the vaccination. Once
monitoring equipment was in place, dyads were observed with
minimal interference from the research team. Caregivers who
participated in the study were given an information sheet on
evidenced-based pain management strategies.44

2.3. Measures

2.3.1. Demographic information

The short demographic questionnaire included questions about
caregiver age, education, self-reported heritage culture, relation
to the child, and toddler age and sex. Caregivers were also asked
to report on child factors that are known to affect biological
indicators,35,46 including time since last feeding and since last
nap, and number of needles the toddler received during the
vaccination appointment.

2.3.2. Cardiac indicators: high-frequency heart rate
variability and heart rate

Cardiac data were processed using Mindware HRV 3.1.5. Heart
rate was derived from the identification of R-waves, and HF-HRV
was calculated from spectral analysis of the R-R intervals (ie, the
intervals between successive heart beats)13 using the Mindware
HRV algorithm to identify eachRwave.We used frequency bands
within the range of spontaneous respiration (0.24–1.04 Hz for
toddlers and 0.12–0.40 for adults).6,13

All coders were trained to edit artifact by an experienced primary
coder. A total of 20% of the sample was double-coded for reliability.
Overall, interrater reliability was high (intraclass correlations between
0.96 and 0.99). Data were edited for artifacts because of software
misidentification or equipment failure (eg, device malfunction).
Decisions to exclude data because of artifact were made in
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consultation with the primary coder and decided on an epoch-by-
epoch basis. Editing of artifacts was below 5% for all participants.

Cardiac values (HF-HRV and HR) were calculated for eight 30-
second epochs: 60 to 31 seconds before the first needle, 30
seconds to 1 second before the first needle, 1 to 30 seconds after
the last needle, 31 to 60 seconds after the last needle, 61 to 90
seconds after the last needle, 91 to 120 seconds after the last
needle, 121 to 150 seconds after the last needle, and 151 to 180
seconds after the last needle. Our methods are consistent with
official guidelines on HRV standards of measurement that
suggest approximately 1 minute of data is needed to identify
the high-frequency components of HRV.45

2.4. Analysis plan

Growth-mixture modeling (GMM) was used to describe variation
in patterns of cardiac outcomes over time (ie, trajectories) using a
small number of latent classes or groups.33 Specifically, our goal
was to identify distinct regulatory trajectory groups to represent
heterogeneity in how caregivers and their toddlers respond and
recover simultaneously (ie, parallel processes) in a stressful
context. With GMM, each dyad receives a score representing the
probability of membership in each discerned group. We then
classified each dyad into the group for which it had the highest
probability of membership. These models were estimated using
the robust maximum likelihood estimator (MLR) in Mplus version
8.032 to account for nonnormality in the data, which also handles
incomplete data using full-information maximum likelihood.

Separate univariate latent growth curve models were first
estimated for caregiver and toddler HF-HRV individually to examine
the formof theHF-HRV trajectories (ie, linear or nonlinear).29 For the
sake of estimating a smoother trajectory pattern, we averaged the
30-second HF-HRV epochs of the caregiver and toddler for every
minute preneedle and postneedle (ie, our timepoints became
baseline [60–1 second before the needle], post 1 [1–60 seconds
postneedle], post 2 [61–120 seconds postneedle], and post 3
[121–180 seconds postneedle]). Model fit was examined using the
root mean square error of approximation (RMSEA), the compar-
ative fit index (CFI), and the Tucker–Lewis index (TLI). As approxi-
mate guidelines, RMSEAvalues of 0.06 or lower indicate good fit as
well as CFI and TLI values of 0.95 of higher.26

Next, we estimated a single-group parallel-process GMM. This
model was then compared to a set of GMM models specified by

increasing the number of groups. Model fit was compared using
Akaike’s information criterion (AIC)2 and the Bayesian information
criterion (BIC).42 Smaller values of AIC and BIC are associated with
better model fit, while accounting for model complexity. The number
of groups specified increased until AIC andBIC no longer decreased.
The optimal number of groups was determined with consideration of
the information criteria and interpretability of the model.29

Once the optimal model was determined, dyad group
membership (ie, the group for which they had the highest
probability of belonging) was exported to SPSS (Version 26).27

Mean heart rate across epochs was calculated and trajectories
were plotted for groups 1 to 3 to further contextualize findings
with another biological indicator. Post hoc multinomial logistic
regression was used to examine whether dyadic or contextual
factors (ie, toddler sex, toddler age, relation to child, baseline
caregiver and toddler HF-HRV, time of last nap, time of last feed,
and number of needles toddler received) predicted group
membership. Predictors were examined in separate models to
maximize the sample size for each analysis.

3. Results

Table 2 presents the overall sample mean values and SDs of
caregiver and toddler HF-HRV. Table 3 presents the correlations
among caregiver and toddler HF-HRV variables.

3.1. Concurrent changes in caregiver and toddler high-
frequency heart rate variability during vaccination

3.1.1. Unconditional growth curve models

Table S1 (available as supplemental digital content at http://links.
lww.com/PR9/A190) provides the intercept and linear slope
factor mean values, SE estimates, and model fit for the

Figure 1. Participant flow diagram.

Table 1

Demographic and personal characteristics.

Caregiver age in years, mean (SD) 36 (5.54)

Toddler age in months, mean (SD) 17.04 (4.80)

Toddler age by appointment, n (%)
12 mo 81 (42.9)
18 mo 66 (34.9)
24 mo 42 (22.2)

Sex of toddler, n (%)
Male 104 (55.0)
Female 85 (45.0)

Relationship to toddler, n (%)
Mother 163 (86.2)
Father 24 (12.7)
Other 2 (1.1)

Caregiver education, n (%)
Graduate school/professional training 92 (48.7)
University graduate 60 (31.7)
Partial university (at least 1 y) 5 (2.6)
Trade school/community college 26 (13.8)
High school graduate 2 (1.1)
Missing 4 (2.1)

Acculturation status, mean (SD)
Way of life reflects heritage culture 7.78 (2.13)
Way of life reflects mainstream North
American/Canadian culture

6.33 (2.83)

At vaccination appointment
Minutes since last feed for toddler, mean (SD) 102.22 (71.46)
Minutes since last nap for toddler, mean (SD) 137.38 (101.53)
No. of needles toddler received, mode (range) 1 (1–3)
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unconditional latent growth curvemodels of caregiver and toddler
HF-HRV. Among toddlers, mean HF-HRV was 3.81 at post 1 and
3.96 at post 3, suggesting a small average change from the
reactivity to regulatory phases. The SD of the toddler HF-HRV
slopewas 0.40, indicating that most data points clustered around
the average slope. There was a small average decrease in
caregiver mean HF-HRV scores from 4.84 at post 1 to 4.73 at
post 3. The SD of the caregiver slope factor was 0.26, suggesting
low heterogeneity in caregiver HF-HRV outcomes. Fit indices for
the caregiver and toddler growth curve models indicated good fit
to the data (see Table S1, available as supplemental digital
content at http://links.lww.com/PR9/A190), supporting the
estimation of linear growth models using a growth mixture
modeling approach.

3.1.2. Parallel-process growth-mixture model

Table S2 (available as supplemental digital content at http://
links.lww.com/PR9/A190) displays the fit indices of 1- to 4-
group GMM models. The toddler slope factor variances were
fixed to 0 to obtain proper model solutions. Based on the fit
indices and interpretability of the model solution, we considered
the 3-group model optimal. Table S3 (available as supplemental
digital content at http://links.lww.com/PR9/A190) presents the
intercept and linear slope factor mean values and SE estimates

for groups 1 to 3. Table S4 (available as supplemental digital
content at http://links.lww.com/PR9/A190) includes the inter-
factor correlations between groups. Figure 2 depicts the
trajectories for the 3-group model. See Table 2, available as
supplemental digital content at http://links.lww.com/PR9/
A190, for model-estimated mean values for caregiver and
toddler HF-HRV prevaccination and postvaccination across
groups.

Group 1 (80.9% of the sample) caregivers and toddlers
demonstrated generally stable levels of HF-HRV from baseline
to post 3 epochs and mirrored one another in their responses.
Specifically, both caregivers and toddlers in group 1 demon-
strated a small increase in HF-HRV immediately after the needle
and returned to baseline levels by the third minute postneedle.
Group 2 (7.9% of sample) dyads showed lower HF-HRV at
baseline relative to group 1. The caregivers and their toddlers
demonstrated a parallel response pattern whereby their HF-HRV
levels continued to decrease postneedle and did not return to
baseline levels by the third minute. Group 3 (11.1% of sample)
displayed similar but slightly lower baseline HF-HRV levels
compared with group 1 caregivers and toddlers. The dyads in
group 3 showed diverging response patterns such that care-
givers maintained stable levels of HF-HRV postneedle, compa-
rable with the caregivers in group 1, and toddlers’ HF-HRV
decreased immediately after the needle and then increased
steeply during the second and third postneedle minutes,
surpassing their baseline levels.

3.1.3. Heart rate patterns of groups

The mean heart rate of caregivers and toddlers across 1-minute
epochs were calculated post hoc according to group member-
ship from the GMMof HF-HRV and are plotted in Figure 3. Group
1 toddlers experienced an increased heart rate immediately
postneedle and a return to baseline levels by the third minute
postneedle. Caregivers in group 1 maintained a stable heart rate
across epochs. The lowbaseline and decreasingHF-HRVpattern
of group 2 dyads is also reflected in their heart rate responses.
Both caregivers and toddlers display a high baseline heart rate,
with caregivers maintaining that level of high heart rate across
epochs. Toddlers showed an increase in heart rate from baseline
right after the needle and maintained a high heart rate (ie, no
return to baseline) throughout all postneedle epochs. Group 3
caregivers maintained a stable heart rate level, similar to
caregivers in group 1, with slight fluctuations. In contrast, group
3 toddlers demonstrated a steep increase in heart rate

Table 2

Mean values and SDs of caregiver and toddler high-frequency
heart rate variability from the overall sample and the 3 groups
discerned from the parallel-process growth-mixture model.

Baseline
Mean (SD)

Post 1
Mean (SD)

Post 2
Mean (SD)

Post 3
Mean (SD)

Overall
Caregiver HF-HRV 4.78 (1.20) 4.84 (1.22) 4.74 (1.23) 4.73 (1.15)
Toddler HF-HRV 3.90 (1.26) 3.81 (1.47) 3.78 (1.22) 3.96 (1.19)

Group 1
Caregiver HF-HRV 4.93 (1.11) 5.01 (1.13) 4.89 (1.16) 4.89 (1.02)
Toddler HF-HRV 4.05 (1.13) 4.18 (1.31) 4.03 (1.06) 4.03 (1.01)

Group 2
Caregiver HF-HRV 3.29 (1.19) 3.28 (0.88) 3.26 (0.88) 2.86 (0.75)
Toddler HF-HRV 2.43 (1.00) 2.13 (1.10) 1.75 (0.88) 1.81 (0.78)

Group 3
Caregiver HF-HRV 4.80 (1.06) 4.78 (1.23) 4.78 (1.24) 4.85 (1.18)
Toddler HF-HRV 3.92 (1.55) 2.35 (0.91) 3.55 (1.09) 4.93 (0.82)

Group 1 represents 80.9% of dyads, group 2 represents 7.9% of dyads, and group 3 represents 11.1% of

dyads.

HF-HRV, high-frequency heart rate variability.

Table 3

Correlations between caregiver and toddler high-frequency heart rate variability (1-minute epochs included in growth-mixture
modelings).

1. 2. 3. 4. 5. 6. 7. 8.

1. Caregiver HF-HRV baseline — 0.54* 0.52* 0.57* 0.07 0.15 0.16* 0.17*

2. Caregiver HF-HRV post 1 — 0.73* 0.73* 0.12 0.03 0.17* 0.16*

3. Caregiver HF-HRV post 2 — 0.79* 0.15 0.06 0.22* 0.20*

4. Caregiver HF-HRV post 3 — 0.20* 0.08 0.27* 0.27*

5. Toddler HF-HRV baseline — 0.53* 0.63* 0.63*

6. Toddler HF-HRV post 1 — 0.60* 0.52*

7. Toddler HF-HRV post 2 — 0.74*

8. Toddler HF-HRV post 3 —

* P , 0.05.

HF-HRV, high-frequency heart rate variability.
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immediately after the needle and decreased to baseline levels by
the third minute postneedle.

3.1.4. Post hoc analyses

Eight multinomial logistic regression models were estimated to
determine how well individual and contextual characteristics
predict group membership; these characteristics included
toddler sex, toddler age, caregiver relation to child, time since
last nap, time since last feed, number of needle toddlers received,
and baseline HF-HRV of caregivers and toddlers. Results are
presented in Table 4. Group 1 was the reference category
because it is the largest and is considered the normative-stable
group. Lower caregiver and toddler baseline HF-HRV valueswere
significantly associated with an increased likelihood of being in
group 3 compared with group 1, odds ratio (OR) 5 0.29,
P, 0.001, and OR5 0.29, P, 0.001, respectively. None of the
other characteristics significantly predicted group membership.

4. Discussion

To our knowledge, this is the first study to examine the co-
occurring physiological response patterns of caregivers and their
toddlers, measured with HF-HRV, in a pain context. Correlations
indicated that caregiver HF-HRV across baseline and postneedle
epochs are positively related, albeit small relations, with toddlers’
postneedle HF-HRV (post 2 and post 3). Based on correlations
alone, it cannot be interpreted whether caregivers and their
toddlers are regulated or dysregulated together. Thus, further
analyses were conducted to discern distinct trajectory groupings
that indicated meaningful differences in dyadic responses within

an acute pain context. In addition, individual and contextual
factors were examined as predictors of the groups. Our
discussion focuses on the caregiver and toddler co-regulatory
patterns for each group. Considering the importance of early
attachment relationships in serving as the primary context in
which young children regulate distress,1,10 we speculate about
the attunement patterns for each group according to differences
in attachment (ie, secure vs insecure relationships) patterns that
have been shown to be associated with physiological responses
to non–pain-related distress in children.22,40

4.1. Caregiver–toddler co-regulatory trajectories

Parallel-process growth-mixture modeling was used to character-
ize heterogeneity in caregiver-toddler physiological co-regulatory
responses during routine vaccination. Specifically, 3 groups
sufficiently characterized the variation in dyad HF-HRV outcomes.
Group 1 represented most dyads (80.9%) and was characterized
by parallel caregiver and toddler regulatory trajectories that were
stable from preneedle to postneedle. The initial arousal of toddlers
in group 1, as indexed by heart rate, demonstrated a normative
peak distress response (ie, activation of the sympathetic branch of
the autonomic system) followed by a steady decline in heart rate to
baseline levels by the third minute postneedle. Caregivers in group
1 maintained a stable and normative heart rate pattern, indicating
low levels of arousal in response to their child’s vaccination. When
confronted with a distressing situation, it is common for individuals
to initially experience decreases in HF-HRV from baseline levels,
reflecting withdrawal of parasympathetic control of the heart (ie,
leading to increases in heart rate), which mobilizes the individual to
engage in active coping to return to homeostasis.39 However, the

Figure 2. Three-group parallel-process growth-mixture model of caregiver and toddler concurrent high-frequency heart rate variability (HF-HRV) across averaged
1-minute epochs. Baseline values were calculated post hoc using the exported class membership variable.
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toddlers in group 1 did not seem to activate their internal regulatory
system (ie, the parasympathetic system) to return to homeostasis.
Instead, we postulate that the toddler’s caregiver provided
“external” coping resources, including remaining calm and
responding to the child’s needs with close-contact soothing,
which allowed the toddler to adequately recover from pain-related
distress.47 The attuned physiological response patterns of dyads in
group 1 are consistent with what would be expected from a secure
attachment relationship. Young children with a secure attachment
rely on their caregiver as an external source of regulation.1,22

Engaging with one’s caregiver via physical proximity—behaviour
often exhibited by secure infants—hasbeen shown to reduce pain-
related distress in the vaccination context.23,25

Group 2 characterized 7.9% of dyads in the current study. Both
members of the dyad demonstrated lower HF-HRV values across
baseline and postneedle epochs comparedwith the normative and
stable responses of group 1. Caregivers and toddlers in group 2
mirrored each other in their regulatory responses, with continual
decreases in HF-HRV until the third minute postneedle. It is
important to highlight that the dyad did not demonstrate a HF-HRV
withdrawal response (ie, a clear lowering of HF-HRV values)
followed by augmentation (ie, increase in HF-HRV values), which
indicates an internal regulatory response. According to their heart
rate responses, the toddlers and caregivers also demonstrated
higher peak arousal compared with group 1 dyads and sustained
distress that did not return to baseline levels by 3 minutes
postneedle. These findings suggest that these toddlers were
suboptimally regulating, leaving them less able to return tobaseline.
The poorer regulatory coping resources likely results in prolonged
activation of the parasympathetic system (ie, stable, low HF-HRV
scores across time). We speculate that the caregiver in group 2 did
not have the capacity to respond to their child’s needs and soothe
their child’s pain-related distress given their own internal dysregu-
lation (ie, consistent lowHF-HRV and high heart rate). Although the
regulatory trajectories of the dyad look synchronous, each dyad

member likely responds to their distress independently, indicating a
lack of attunement.30 Further, this pattern of underregulation in
group 2 toddlers has been linked to resistant attachment style in
young children,12,40 whereby children both seek and resist contact
with their primary caregiver, which leads to difficulty calming down
and responding to their caregiver’s attempts to soothe distress.

Lastly, group 3 dyads represented 11.1%of the sample. Unlike
the other 2 groups, the caregivers and toddlers within this group
demonstrated very different arousal and regulatory responses.
Specifically, caregivers in group 3 exhibited normative HF-HRV
and heart rate trajectory responses comparable with the
caregivers in group 1. However, the toddlers demonstrated a
large withdrawal response (ie, steep decrease in HF-HRV)
followed by large increase in HF-HRV that surpassed their
baseline levels. When the initial arousal is very high, which was
evident based on toddler peak heart rate, the parasympathetic
system can overcompensate in attempt to regulate the extreme
arousal.7 This exaggerated regulatory response seen in group 3
toddlers suggests that they overly rely on their own internal
physiological resources to cope with distress despite their
caregiver’s physical presence. The struggle to adjust one’s
responses appropriately among dyad members in a distress
context (eg, caregiver does not offer support to their child in
distress) indicates potential misattunement.30 Furthermore, this
pattern of overregulation in the toddler has been associated with
an avoidant attachment style between caregivers and young
children, whereby the caregiver does not provide adequate
regulatory support to the child and the child does not rely on their
caregiver for external regulatory support.1,40

4.2. Predictors of co-regulatory groups

Several individual and contextual factors were examined as
potential predictors of group membership (ie, the
caregiver–toddler co-regulatory trajectories). Only caregiver and

Figure 3.Distinct trajectories of caregiver and child concurrent heart rate based on groupings derived from the parallel-process growth-mixturemodel of HF-HRV
outcomes. Heart rate values were calculated post hoc using the exported class membership variable. HF-HRV, high-frequency heart rate variability.
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child baseline values of HF-HRV significantly predicted group
membership. Specifically, lower caregiver and toddler baseline
HF-HRV values predicted membership in group 2 (the group with
consistently low HF-HRV levels) compared with group 1 dyads,
suggesting that both caregivers and toddlers had lower
regulatory functioning from baseline. These results parallel
previous work that suggests young children with lower baseline
HF-HRV values have less potential to engage their internal
physiological regulatory system (ie, demonstrate HRVwithdrawal)
and thus have reduced regulatory resources to cope with
distress.15 Further, previous research has shown that children
who are distressed before a needle procedure experience more
pain-related behavioural distress after receiving the needle.18

This finding highlights the need for caregivers to provide support
to their toddlers in regulating distress beginning before a
vaccination procedure.

4.3. Limitations

As discussed in previous published papers using the same
sample,49,50 our study sample includes healthy toddlers and
caregivers with high education levels that may affect the
generalizability of our findings. Furthermore, the sample sizes of
dyads in groups 2 and 3 (n 5 15 and 21, respectively) were
smaller than the number of dyads in group 1 (n5 153), whichmay
have limited the ability to detect associations in our post hoc
analyses. Future work will benefit from collecting more detailed
information about factors that may modify HRV (eg, chronic
illness, mental health, medications, medical conditions41) or pain-
related distress (eg, vaccine choice28) and examine the role of
these variables.

5. Conclusions: research and clinical implications

This study presents a novel examination of distinct caregiver–child
attunement profiles based on HF-HRV outcomes during toddler
vaccinations. Most dyads in the sample displayed a stable and
unchanging HF-HRV trajectory, indicating that toddlers relied on
their caregivers as an external source of regulation to soothe their
pain-related distress. In groups where dyads experienced a lack of
attunement or were misattuned, toddlers were either under-
regulated (ie, less able to use internal or external resources to
regulate pain-related distress) or overregulated (ie, the toddler
appears to be overly reliant on internal regulatory systems instead
of their caregiver). Similar patterns of physiological responses have
been found in previous research with young children in experi-
mental distress context.40 Moreover, our findings are consistent
with caregiver–child attachment relationship styles that have pro-
vided an important understandingof a caregiver’s ability to respond
effectively to their child and a child’s ability to regulate their distress
in the vaccination context.23,25,34

The ability to regulate from distress within pain contexts and
beyond develops over the course of early childhood and plays an
important role in a variety of developmental and psychosocial
outcomes.14,15,43 This study highlights patterns of
caregiver–toddler distress responding that reflect a lowered ca-
pacity to cope with pain-related distress, which ultimately may
undermine a child’s ability to cope with future pain-related
distress. Researchers should continue to study potentially
maladaptive attunement patterns by further exploring caregiver
and child factors that predict these groups, as well as examine
whether different attunement patterns predict behavioural pain-
related distress in the vaccination context. It is also critical for
health care providers to help caregivers support their children
during vaccination procedures (eg, inform caregivers about
evidence-based strategies to support their child in distress) and
encourage caregivers to seek their own individual or parenting
support if needed.
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