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ARTICLE INFO ABSTRACT

Keywords: Animal and human research suggests that the development of the autonomic nervous system
Still-face paradigm (ANS) is particularly sensitive to early parenting experiences. The Still-Face Paradigm (SFP), one
Autonomic nervous system of the most widely used measures to assess infant reactivity and emotional competence, evokes

Respiratory sinus arrhythmia
Meta-analysis
Systematic review

infant self-regulatory responses to parental interaction and disengagement. This systematic re-
view of 33 peer-reviewed studies identifies patterns of parasympathetic (PNS) and sympathetic
(SNS) nervous system activity demonstrated by infants under one year of age during the SFP and
describes findings within the context of sample demographic characteristics, study methodolo-
gies, and analyses conducted. A meta-analysis of a subset of 14 studies with sufficient available
respiratory sinus arrhythmia (RSA) data examined whether the SFP reliably elicited PNS with-
drawal (RSA decrease) during parental disengagement or PNS recovery (RSA increase) during
reunion, and whether results differed by socioeconomic status (SES). Across SES, the meta-
analysis confirmed that RSA decreased during the still-face episode and increased during reunion.
When studies were stratified by SES, low-SES or high-risk groups also showed RSA decreases
during the still face episode but failed to show an increase in RSA during reunion. Few studies
have examined SNS activity during the SFP to date, preventing conclusions in that domain. The
review also identified multiple qualifications to patterns of SFP ANS findings, including those
that differed by ethnicity, infant sex, parental sensitivity, and genetics. Strengths and weaknesses
in the extant research that may explain some of the variation in findings across the literature are
also discussed, and suggestions for strengthening future research are provided.

Introduction

Early childhood experiences influence health and development across the life course (Bosquet Enlow et al., 2014; Brody et al.,
2013; Chen, Miller, Kobor, & Cole, 2011; Shonkoff, Boyce, & McEwen, 2009; van Lien, Neijts, Willemsen, & de Geus, 2015). Animal
and human research suggests that the autonomic nervous system (ANS) is particularly sensitive to the quality of early parental care
(Alkon et al., 2014; Hostinar, Sullivan, & Gunnar, 2014; McLaughlin et al., 2015; Propper, 2012; Shonkoff et al., 2009; Sroufe, 2005)
and is a key factor in the prediction of mental health (Anda et al., 2006; De Bellis & Zisk, 2014; Shonkoff et al., 2009). Understanding
the development of the ANS early in life advances opportunities for the prevention and treatment of future health problems, yet
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studying ANS functioning in infancy, particularly in relation to stress reactivity, provides many challenges. The Still-Face Paradigm
(SFP) (Tronick, Als, Adamson, Wise, & Brazelton, 1978), one of the most widely used measures to assess infant reactivity and
emotional competence, evokes infant self-regulatory responses to parental interaction and disengagement. SFP studies have provided
important data that inform a broad evidence base by examining diverse developmental phenomena, including infant attachment
(Braungart-Rieker et al., 2014; Holochwost, Gariepy, Propper, Mills-Koonce, & Moore, 2014; Planalp & Braungart-Rieker, 2013),
infant memory for social stress (Montirosso et al., 2014), infant temperament (Conradt & Ablow, 2010), infant responses to maternal
sensitivity (Braungart-Rieker, Garwood, Powers, & Wang, 2001; Conradt & Ablow, 2010; Moore et al., 2009; Tarabulsy et al., 2003),
the impact of parental anxiety (Grant et al., 2009), and infant sex and cultural differences (Kisilevsky et al., 1998; Weinberg, Tronick,
Cohn, & Olson, 1999). The SFP may also offer some of the earliest insights into infant development and trajectories of future
development and health. Although the SFP is similar to the gold-standard measure of infant attachment, the Strange Situation (SSP;
Ainsworth, Blehar, Waters, & Wall, 1978) in that it involves parental engagement and disengagement and elicits similar stress in
young children (Mesman, van Ijzendoorn, & Bakermans-Kranenburg, 2009), the SFP can be administered much earlier in develop-
ment than the 12-18 months target age for the SSP, sometimes as early as the first few hours of life (Nagy, 2008).

The SFP has increasingly been used in studies of infant ANS function, providing needed insight into the development of this
system in early life. Previous publications have reviewed the history of the SFP (Adamson & Frisk, 2003) and conducted a review and
a meta-analysis of SFP findings with behavioral measures (Mesman et al., 2009). One review and meta-analysis examined differences
in heart rate variability (HRV) between healthy versus at-risk infants and older children across 18 studies that used a variety of social
engagement-disengagement tasks, some of which included the SFP (Shahrestani, Stewart, Quintana, Hickie, & Guastella, 2014). Other
past reviews have examined prenatal and childhood proximal risk to ANS function citing some of the SFP studies (Propper &
Holochwost, 2013; Propper, 2012). Another recent meta-analysis examined infant cortisol reactivity during administration of the SFP
(Provenzi, Giusti, & Montirosso, 2016). These reviews have been helpful in highlighting the utility of the SFP, but ANS measurement
techniques are advancing, and more recent studies are accumulating, suggesting that an up-to-date systematic review and analysis of
ANS function within SFP studies, including both parasympathetic and sympathetic nervous system measures, will be informative.

Here we present a systematic review and meta-analysis of studies examining infant ANS responses demonstrated during the
administration of the SFP. The review has three objectives: (1) to summarize patterns of infant ANS activity observed in the SFP
across studies to date; (2) to identify different variables and methodologies used in the assessments that may, ultimately, explain
divergent findings; and (3) to conduct a meta-analysis to validate the SFP as a test of the infant parasympathetic nervous system
(PNS) response to a social stressor. This review starts by providing a brief operational definition of the parasympathetic and sym-
pathetic branches of the ANS and the measures commonly used to assess both systems. The SFP is then described, followed by a
description of the methodology used in this review. The review then presents a summary of the overall patterns of infant ANS activity
detected in the SFP and identifies variations in administration, sampling, and analytic approach that appear relevant to variation in
findings. This review is, by necessity, focused on PNS evidence but the limited findings on sympathetic nervous system (SNS) activity
are also described. Meta-analysis of respiratory sinus arrhythmia (RSA) findings within the SFP are described to determine whether
infant RSA consistently differentiates between periods of parental social engagement and disengagement, and whether such patterns
may be modified by socioeconomic and risk status, or age. Finally, strengths and weaknesses in the literature, conclusions that can be
drawn from extant research, and recommendations for future research are provided.

Background
The autonomic nervous system: constructs and measures

The ANS regulates the central nervous system (CNS), facilitates individual adjustment to changes in the internal and external
environment, including adaptation to psychosocial stress, and maintains overall homeostasis (Bernston, Cacioppo, & Quigley, 1993;
Mendes, 2009; Porges, 1995). The ANS consists of sensory and motor neurons that connect the CNS to a variety of internal organs
including the heart, lungs, glands (e.g., endocrine) and viscera (internal organs, e.g., intestines). The ANS has two main divisions; the
SNS and the PNS. The SNS activates vigilance, arousal, and mobilization in response to perceived threat (e.g., the “flight or fight”
response) that stimulates the heart to beat faster and the digestive system to slow down (Alkon et al., 2014; Sapolsky, 2004; Selye,
1956). The PNS acts to slow down bodily functions such as heart rate (HR), promotes growth and generally stimulates functions that
occur when the body is resting (e.g., digestion, elimination and salivation); for that reason it is known as, “the rest and digest system”
(Alkon et al., 2014; Sapolsky, 2004; Selye, 1956). The PNS and SNS can have synergistic or opposing effects, or may show asym-
metrical patterns of innervations (Alkon, Wolff, & Boyce, 2012; Bernston, Quigley, & Lazano, 2007).

The tenth cranial nerve, also referred to as the “vagus nerve,” is thought to regulate “homeostasis” (i.e., the resting state of the
internal organs such as heart and lungs) via afferent (sensory) fibers in the vagus that carry messages from most of the internal
organs, the pharynx and the larynx to the brain, and thus is considered to be a key component of the PNS (Porges, 2011; Stewart
et al., 2013). The vagus also acts as an efferent nerve carrying signals from the brain to visceral organs (Cacioppo & Bernston, 2011).
“Vagal tone” (VT), a commonly referenced measure of parasympathetic activity, is sometimes described as an index of neural reg-
ulation of cardiac activity by way of the vagus nerve (Mendes, 2009; Porges, 2011). Because the PNS plays such a vital role in
decreasing HR and returning the body to homeostasis after exposure to stress, vagal tone is thought to be a significant indicator of
self-regulatory capacity, particularly within the context of social interactions (Porges, 1995, 2007). Since vagal tone cannot be
measured directly, indirect methods such as RSA are used. Fundamentally, RSA represents variations in HR that occur with re-
spiration; HR increases with inhalation and decreases with exhalation (Ben-Tal, Shamailov, & Paton, 2012; Grossman & Taylor, 2007;
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Zisner & Beauchaine, 2016). RSA decreases when the PNS withdraws which allows HR to increase. On the other hand, when RSA
increases, the PNS is activated which allows HR to decrease (e.g., resting state). HR is influenced by both the SNS and PNS and may
increase without any concomitant change in RSA (Moore & Calkins, 2004). Thus, RSA is the preferred index of PNS activity.

Researchers use multiple methods to calculate RSA from electrocardiogram (ECG) data, including frequency-domain, time-do-
main, and non-linear measures (Bernston et al., 2007; Mendes, 2009; TFESOC, 1996). The studies included in this review primarily
use frequency and time domain methods. Among the time domain measures, the peak-valley statistic is a common method that
determines the differences between the minimum HR during expiration and maximum HR during inspiration and is reported in units
of millisecond (ms) (Grossman & Taylor, 2007; Grossman, Karemaker, & Wieling, 1991; Ritz et al., 2012). Frequency domain
measures gauge the power of HRV within low, mid or high frequency bands (Zisner & Beauchaine, 2016). Variations in HR that occur
in the highest frequency band occur at the same rate of respiratory inhalation and exhalation. Accordingly, RSA is considered the
“high frequency (HF)” component of HRV (Grossman & Taylor, 2007). RSA indices are derived using standardized scoring programs
that calculate RSA using interbeat intervals (IBI) from one R peak to another R peak on the EKG/ECG signal (sometimes referred to as
heart period (HP)) and respiration on a monitor or derived from an impedance signal (e.g., dZ/dt) (Bernston et al., 2007; Mendes,
2009). Because frequency domain methods report the variation of IBI occurring within respiratory frequency, units are reported in ms
squared (consistent with statistical units of variance) (Grossman & Taylor, 2007). The most common method for assessing RSA in the
frequency domain is spectral analysis (Zisner & Beauchaine, 2016). Most of the studies reviewed here calculate their estimates of RSA
using Porges (1985) algorithm, a method that has been widely used to assess infant RSA (Beauchaine, 2001). Porges (1985) applies a
digital bandpass filtering technique to remove non-respiratory variations in the IBI (Porges, 2011) and may be used with both
frequency- and time-domain methods (Grossman, van Beek, & Wientjes, 1990). Results are natural log transformed and are reported
in In (ms squared) units. Results from the various methods have validated their derivation of RSA indices with strong, positive
correlations with vagal tone indices (Goedhart, van der Sluis, Houtveen, Willemsen, & de Geus, 2007; Grossman et al., 1990); see
(Lewis, Furman, McCool, & Porges, 2012) for disagreement). Skin conductance (SC), T-wave amplitude (TWA) and pre-ejection
period (PEP) are measures used to index SNS activity (see Mendes (2009) for a detailed review). SC measures electrodermal activity
in the skin and is associated with emotional arousal (Ham & Tronick, 2009). SC is measured with electrodes placed on the skin
(frequently the hands and feet where eccrine sweat glands are most dense) while an electric current is passed between the two points;
the resistance to the current is then measured, and the reciprocal of the resistance is referred to as skin conductance (Mendes, 2009).
TWA attenuation is associated with SNS activation (Bosquet Enlow et al., 2014; van Lien et al., 2015). TWA is measured with an ECG
(Bosquet Enlow et al., 2014) and assesses the ventricular repolarization that occurs at the end of each cardiac cycle (van Lien et al.,
2015). PEP represents the period from the electrical stimulation of the heart’s left ventricle to the point at which the semilunar aortic
valve opens and blood is ejected into the aorta (Cacioppo, Uchino, & Bernston, 1994). PEP is measured using impedance cardio-
graphy (Alkon et al., 2012). Shorter PEP denotes SNS activation and higher HR (El-Sheikh & Erath, 2011).

Overall, ANS measures during baseline and reactivity are commonly used to describe an infant’s physiologic response to a resting
or challenging condition. Infants’ ANS measures during resting and challenging conditions are usually normally distributed within
each sample, thus, showing there are individual differences in their ANS responsivity. ANS reactivity is an indication of the change
from a challenging condition to a baseline or resting condition.

The Still-face Paradigm (SFP)

Introduction to the SFP

The SFP was designed to examine infant capacity for self-regulation during social interaction with their parent (Tronick et al.,
1978). According to Tronick and colleagues, the infant’s reaction to the still-face episode (SF) should show the “importance of
interactional reciprocity” to the infant and the infant’s “ability to regulate his/her affective displays to achieve the goals of the
interaction.” (Tronick et al., 1978, p. 2). Since Tronick’s first published study in 1978, the SFP has become a common procedure in
infant research (Adamson & Frisk, 2003; Mesman et al., 2009).

The standard SFP consists of a sequence of three, 2-minute episodes in which the parent and the infant are seated about one meter
away from each other. During the first episode, the parent is free to play with the infant as she or he would at home. During the “still-
face” episode (SF), the parent maintains a neutral face and is told not to touch or interact with the infant. The third episode is a
resumption of play sometimes referred to as the “reunion” episode. Many researchers, however, adapt the SFP to fit their needs,
which leads to considerable variation in SFP administration across studies. For example, some researchers add a second SF and
reunion episode (Bosquet Enlow et al., 2014; Bush et al., 2017; Haley & Stansbury, 2003; Haley, Handmaker, & Lowe, 2006). Others
have had the parent turn around in between episodes (Moore, Cohn & Campbell, 2001), leave the infant alone in the room (Grant
et al., 2009; Grant, McMahon, Reilly, & Austin, 2010; Stoller & Field, 1982), or even substitute strangers for the parent (Bazhenova,
Plonskaia, & Porges, 2001; Stewart et al., 2013). Although the SFP is frequently administered when infants are approximately
6 months of age, it has also been used with infants as young as 3 h old (Nagy, 2008) and children as old as 82 months (Ostfeld-Etzion,
Golan, Hirschler-Guttenberg, Zagoory-Sharon, & Feldman, 2015). In their review, Mesman et al. (2009) reported episode durations
ranging from 60 s to 180 s, although at least one study used 45- second episode intervals (Stoller & Field, 1982). The still-face “effect”
on infant behavior has been well documented (Adamson & Frisk, 2003; Mesman, Linting, Joosen, Bakermans-Kranenburg, & van
Iljzendoorn, 2013). One major review and meta-analysis (Mesman et al., 2009) confirmed the classic still-face effect of reduced
positive affect and gaze, and increased negative affect, as well as a partial carry-over effect into the reunion episode consisting of
lower positive and higher negative affect compared to baseline. Mesman et al. (2009) also concluded that the still-face effect is strong
because it has been detected regardless of factors such as infant sex, ethnicity, “risk status,” and procedural differences (e.g., length of
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the SFP episodes and the use of intervals between episodes). Yet, a relatively recent study showed the standard still-face effect in only
approximately half of the infants assessed, while a considerable minority showed no change from SF to reunion; further, only 4-17%
of infants showed the predicted patterns for negative affect and gaze from baseline to SF, and from SF to reunion (Mesman et al.,
2013). Thus, although sample averages typically demonstrate the classic still face effect, there is considerable variability in individual
responses. Multiple theories explaining the still face effect have been offered (Adamson & Frisk, 2003; Mesman et al., 2009). For
example, originally Tronick and colleagues suggested that infants show distress within the SF episode because the infant’s ex-
pectations of parental attention and responsiveness is violated (Tronick et al., 1978). Later, Tronick and colleagues formulated other
models. For example, the “Mutual Regulation Model (MRM) (Tronick & Weinberg, 1997) recognized the mistakes and mismatched
communications that are inherent in the parent-child relationship and emphasized the importance of relational repair to the infant’s
sense of self efficacy and regulation (Tronick & Beeghly, 2011). The Dyadic States of Consciousness Model (DSCM) asserts that the
mutual regulation of affect between parent and infant allows them both to increase the complexity of their own state of consciousness
(SOCQ), that is their own understanding of themselves and their “place” in the world (Tronick et al., 2005). The SF is disturbing to the
infant because the parent appears to be sending a contradictory message precluding the co-construction of a coherent dyadic state of
consciousness, forcing the infant to rely on their own SOC, a situation the infant could find confusing and threatening. Other re-
searchers have focused on the failure of the parent figure to provide emotional regulation to the infant (Field, 1994). In short,
multiple explanations for the still-face effect exist, with most acknowledging that although adults provide what is, in effect, scaf-
folding for infant self-regulation, infants also actively contribute to interactive processes (Mesman et al., 2009).

The SFP has shown validity (Braungart-Rieker et al., 2014; Hill & Braungart-Rieker, 2002; Holochwost et al., 2014; Moore et al.,
2001; Yazbek & D’Entremont, 2006), and test-retest reliability (Tronick & Weinberg, 1990; Montirosso et al., 2014; Provenzi, Olson,
Montirosso, & Tronick, 2016) but weak stability over time (Braungart-Rieker et al., 2014; Mesman et al., 2009; Toda & Fogel, 1993).

SFP and ANS functioning: Psychobiological model

Porges’ “polyvagal theory” (Porges, 1995, 2007, 2011) is the most common psychobiological theory of early development ex-
plored within the context of SFP studies. This theory postulates that vagal functioning via the PNS plays a key role in facilitating
interactive social experience and communication (Porges, 2007) via neural pathways that not only regulate vagal control of the heart
but also muscles of the face and head associated with social expression (Stewart et al., 2013). Porges proposes that when the
individual experiences the environment as safe, the mylenated vagus is activated first regulating the body to lower cardiac func-
tioning, inhibiting SNS fight or flight mechanisms and HPA (hypothalamic-pituitaryadrenal) functioning, and even decreasing in-
flammation. If the environment is perceived as threatening the individual may resort to two other, older subsystems (the “sympa-
thetic-adrenal system” related to active avoidance, and the “immobilization system” associated with passive avoidance)
consecutively. Porges (2007) asserts that the “vagal brake” supports individual efforts to interact or disengage with others and fosters
the ability to self-soothe and calm, making it particularly relevant for studies of infant regulation in the SFP.

In line with polyvagal theory, higher resting RSA and consistent RSA suppression in response to challenge are considered “po-
sitive” indicators of social and emotional regulation, while lower resting RSA and inconsistent RSA suppression are “risk” indicators
for problems in social and emotion regulation (Beauchaine, 2007; Graziano & Derefinko, 2013; Zisner & Beauchaine, 2016). Indeed,
high resting RSA and low RSA during challenge in children has been associated with positive emotions, social outcomes and effective
regulation (Bazhenova et al., 2001; El-Sheikh, Harger, & Whitson, 2001; Kogan et al., 2014; Propper, 2012). Some researchers have
nevertheless reported problematic outcomes in children with both high and low levels of RSA. Maintaining high levels of vagal tone
during stress has been associated with regulatory dysfunction in children (Beauchaine, Gatzke-Kopp, & Mead, 2007; Calkins,
Graziano, & Keane, 2007) while high vagal tone during non-challenging circumstances has also been associated with reduced
emotion regulation in adolescents, young children and infants (Dietrich et al., 2007; Eisenberg et al., 1995). Other researchers have
failed to find that either baseline or RSA suppression in response to challenge predicts self-regulatory behaviors in young children
(Calkins et al., 2007; Eisenberg et al., 2012; Stevenson-Hinde & Marshall, 1999). Examining ANS function in the SFP in young infants,
when the brain is particularly malleable and open to environmental influence, and self-regulatory behaviors are developing, may help
inform this dynamic area of research.

Review: Method
Literature search

The literature search for this review was conducted between October 2014 and January 2017. The search strategy was informed
by guidelines set forth in the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA; Moher, Liberati,
Tetzlaff, Altman, & Group, 2009). The studies were identified using electronic databases including PubMed/MED-LINE, PsychINFO
and Web of Science. Search term combinations included the phrase “still-face” (“paradigm” wasn’t included in order to ensure that we
maximized the number of studies detected) to identify studies that administered the task to infants, and studies were examined for
simultaneous use of physiologic measures of the ANS, including “respiratory sinus arrhythmia”, “vagal tone,” “pre-ejection period,”
“heart rate” and “skin conductance.” “Autonomic nervous system,” “parasympathetic nervous system” and “sympathetic nervous
system” were also used in the search combination to capture any remaining ANS measures. Citations appearing within the studies
collected as well as references in reviews were also considered for inclusion. Although international studies were included, most of
those studies were conducted on European samples. A flowchart with our selection steps is provided in Fig. 1. Inclusion criteria
included that research was submitted in English, that studies actually used the SFP data in their analyses, that studies used valid and
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Pub Med Web of Psych Info.
n=38 Science n=36
n=65
62 Duplicates —
Total
Records.
n=77

43 Non-SFP/ infant ANS
Studies, conference
papers or dissertations

—_—

Total
Records.
n=34

1 Non-validated study —_—

Total
Records.
n=33

Fig. 1. Flowchart.

reliable measures to assess ANS in the SFP, and that the studies appeared in peer reviewed journals (e.g. Grossman & Taylor, 2007;
Porges, 1985; Zisner & Beauchaine, 2016). The studies included and the data extracted for this review are presented in Tables 1, 2 and
Supplementary Table S1. Data extracted included sex, infant age, ethnicity, sample size, SES, RSA means/SD, whether the SFP was
conducted in the home or in a lab, clinical versus non-clinical samples, analytic methods and outlier removal criteria, and selected
measures of interest and findings. All authors participated in the determination that the SFP was being administered and that valid
measures were used to assess ANS function. Two authors participated in extracting data values from the publications. All studies
measuring ANS function during administration of the SFP were included except one that used an ANS measure that has not yet been
fully validated. In all, 33 studies met our criteria for the review.

Results of SFP and ANS studies

Stoller and Field (1982), one of the first published ANS findings within the context of the SFP, found an initial deceleration of
infant HR at the start of the SF episode, but by 7 s into the task, HR accelerated producing the classic negative response. Since that
time, over 30 other published studies have measured some facet of ANS activity in the SFP. Early research studies suggested that
infants showed an ANS response in the SFP consisting of a decrease in RSA during the SF episode and a return to baseline levels (i.e.,
higher RSA) during reunion (Bazhenova et al., 2001; Ham & Tronick, 2006; Weinberg & Tronick, 1996). In their analyses of 18
studies of infants and older children, Shahrestani et al. (2014) found that RSA did not change between baseline and various social
engagement tasks (e.g., Strange Situation, teaching and play tasks, and SFP) but decreased between baseline and disengagement
tasks. In the meta-analysis involving only the SFP (n = 7-8) Shahrestani and colleagues found that RSA was lower in the SF compared
to baseline and higher during reunion compared to SF, with no significant differences between baseline and reunion. When one study
with a high-risk sample was added to their analysis, the high-risk children did not show a difference in RSA between the SF and
reunion episodes. This review builds upon prior research by incorporating additional and more recent SFP studies, including studies
using measures of the SNS, and critically examines a range of factors that can lead to differing RSA patterns across SFP studies,
including infant age, sex, ethnicity, SES, parental behavior and psychopathology.

The following section reviews general patterns in parasympathetic and sympathetic activity across the studies that met inclusion
criteria. Although we often highlight when two published studies drew from the same participant sample, the reader is directed to
Table S1 for details on which studies share at least some participants, as well as studies’ sample sizes (note that publications drawn
from the same sample sometimes had notably different sample sizes). Table 1 provides the SFP means and standard deviations of RSA,
HR/HP and PEP from publications included in this review or that were provided to us through personal communication by those
study authors. When possible, in order to standardize the findings and improve comparability across studies, we included our cal-
culated effect sizes using Hedges’ g (Hedges & Olkin, 1985) reflecting the size of the change in the physiological variables between
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Table 2
Description and statistics of studies included in meta-analysis.

Study and measurement categories Play/Pre-SF SF Post-SF Hedges g

Publication UOM# SES RSA method Age+ N mean (SD) N mean (SD) N mean (SD) SF Re-union

Bazhenova et al. (2001) InRSA  middle class Porges 5 41 3.73 (1) 41 3.28 (.8) 41 3.77 (1) —-0.49 0.54

Moore and Calkins (2004) InRSA  middle class Porges 3 61 2.84 (.8) 60 2.64 (.7) 62 292 (.9 —0.27 0.35

Feldman et al. (2010) InRSA  middle class Porges 6 33  3.65(.7) 33 274(7) 33  2.83(.8) -1.27 0.12

Weisman et al. (2012) InRSA  middle class Porges 5 35 3.45(.8) 35 3.25 (.8) 35 3.63(1.1) —-0.26 0.39

Stewart et al. (2013) InRSA  middle class Porges 6 75 3.25(.7) 75 3.14 (.9) 75 —0.13

Montirosso et al. 2014 RSA middle class Porges 4 78  62.1 78 54.14 78  144.09 —0.08 0.24

(124.3) (74.7) (519.5)

Suurland et al. (2016) (low- InRSA middle class Grossman 6 69 3.36 (.4) 68 3.14 (.6) 67 3.28 (.5) —0.46 0.26
risk)”

Sharp et al. (2012) InRSA  mixed SES Porges 7.25 257 3.32(.8) 253 2.83(.8) 247 3.35(1) -0.61 0.6

Ritz et al. (2012) InRSA  mixed SES Grossman 6 23 1.47 (.2) 23 1.26 (.3) 23 1.35 (.3) —-.80 0.31
(uncorrected)

Quigley et al. (2016) InRSA  mixed SES Porges 6 94 357() 91 34 89 347 (1) -0.17 0.07

Busuito and Moore (2017) InRSA  mixed SES Porges 7 50 3.65(1.1) 51 3.4(9 48  3.61 (1.1) —-0.25 0.21

Bush et al. (2017) InRSA  high risk MindWare 6 63 4.27 (1) 60 3.99(1.2) 44 4.21(.2) —-0.25 0.18

Suurland et al. (2016) (high- InRSA  high risk Grossman 6 40 3.42 (.3) 38 3.27 (4) 38 3.13 (.6) —-0.38 0.27
risk)

Conradt and Ablow (2010) RSA high risk/low  Grossman 5 91 0.02 (.01) 91 0.01 (.01) 91 0.01 (.01) -0.28 0

SES

#UOM; Units of Measurements. + Age is in months.
* Standard unadjusted values were used for comparison.
** Low-risk and high-risk samples used in Suurland et al. (2016) are presented.

preceding episodes of the SFP. Hedges’ g generally uses the same definition of effect sizes as Cohen’s d, with 0.2 considered a small
effect, 0.5 a medium effect, and 0.8 a large effect (Cohen, 1988).

RSA responses differ across studies

As Table S1 indicates, multiple studies showed that RSA decreases from baseline/play to the SF episode (Bazhenova et al., 2001;
Bosquet Enlow et al., 2014; Bush et al., 2017; Busuito & Moore, 2017; Conradt & Ablow, 2010; Ham & Tronick, 2006; Moore &
Calkins, 2004; Moore et al., 2009; Suurland et al., 2016; Weinberg & Tronick, 1996), and although RSA may increase after the SF to
baseline/play levels of RSA (e.g., Ham & Tronick, 2006; Moore & Calkins, 2004; Weinberg & Tronick, 1996; Weisman, Zagoory-
Sharon, & Feldman, 2012), some studies found that RSA did not differ between the SF episode and reunion (Bush et al., 2017; Conradt
& Ablow, 2010; Montirosso et al., 2014; Suurland et al., 2016) or rises in reunion but does not reach the level of RSA in play/baseline
(Bosquet Enlow et al., 2014). At least four studies reported that roughly half of the infants decreased RSA during the SF episode
(called “suppressors” (S)) while others failed to decrease or actually increased RSA during the SF episode (called “non-suppressors”
(NS)) (Bazhenova et al., 2001; Montirosso et al., 2014; Moore & Calkins, 2004; Provenzi et al., 2015; note that Provenzi et al., 2015;
Montirosso et al., 2014 are drawn from/use the same sample although sample size does differ). Two other studies, (also drawn from
the same sample) found that although RSA decreased in the SF episode, RSA was not significantly different in reunion from play or
the SF episode suggesting heterogeneity in results (Busuito & Moore, 2017; Moore, 2010). Accordingly, PNS results have not all been
consistent.

Heart Rate/Heart Period patterns differ across the SFP studies

Generally, studies report that infant HR increases (or HP decreases) during the SF episode (e.g., Bazhenova et al., 2001; Bosquet
Enlow et al., 2009; Gunning, Halligan, & Murray, 2013; Haley et al., 2006; Haley & Stansbury, 2003; Ham & Tronick, 2006; Moore &
Calkins, 2004; Moore et al., 2009; Suurland et al., 2016). Some studies reported that HR decreased during the reunion (Bazhenova
et al., 2001 (HP increases during “social interaction”); Gunning, Halligan & Murray, 2015 (for non-irritable infants); Haley et al.,
2006 (during reunion-1); Haley & Stansbury, 2003 (during reunion-1); Moore & Calkins, 2004; Weinberg & Tronick, 1996). Other
studies reported no decrease in infant HR during reunion (Bosquet Enlow et al., 2014; Conradt & Ablow, 2010; Gunning et al., 2013;
Ham & Tronick, 2006; Moore et al., 2009). In Moore et al. (2009) overall, HP decreased for all infants from baseline to reunion.

Four of the studies that measured HR/HP did so in a modified SFP involving two repeated still-face exposures. Ritz et al. (2012)
reported that HR increased during the SF episodes but did not return to play levels during either reunion episode. Drawing from the
same participant sample but with a larger sample size, Bosquet Enlow et al. (2014) found that HR remained elevated after the first SF
episode. Haley and Stansbury (2003) found that some infants actually increased HR from SF-2 to reunion 2. Haley et al. (2006) found
that HR increased from play to SF-I, decreased from SF-1 to reunion I, and increased from reunion I to SF-II.

In sum, HR usually increased during the SF episode but did not always decrease during reunion.
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Exploring differences in measuring ANS within SFP studies

Next, we review a number of reasons why different studies may produce different results.

Various calculations of RSA are used in the SFP.

As indicated by Table S1, most of the studies in this review used Porges’ (1985, 1995) algorithm to calculate RSA. Several other
studies used a time-domain peak-valley approach thought to be correlated with the frequency domain methods (Goedhart et al.,
2007; Grossman et al., 1990). One study used spectral analysis with an algorithm by Berntson, and another reported using spectral
analysis with an algorithm in Chart (version 4.2) software. We examined whether these different calculations of RSA functioning
might produce particularly strong or weak effect sizes for the change in ANS response between SFP episodes. As indicated in Table 1,
using the peak-valley method, Ritz et al. (2012) produced an exceptionally high effect size for change from play to the SF (g = —1.45
(controlled for respiration)). The other two studies that used the peak-valley method reported more modest effects sizes (Suurland
et al., 2016 (g = —0.38 for high-risk sample/ —0.46 for low-risk); Conradt & Ablow, 2010 (g = —0.28)), which may be related to
their larger sample sizes (n = 121 and n = 91, respectively), relative to Ritz et al. (2012) (n = 23). Moreover, at least one study that
used the Porges method, Feldman, Singer, and Zagoory (2010), reported an effect size of g = —1.27, comparable to Ritz et al. (2012).
A number of other studies that used Porges method also produced moderate to high-moderate effect sizes, (Tibu et al., 2014
(g = —.77); Bazhenova et al., 2001 (g = —0.49). Accordingly, both Porges method and the peak-valley method have produced large
and moderate effect sizes.

Note that studies also use different time epochs, ranging from 5 to 30s, and variations in how they combined epochs for cal-
culating RSA baseline and reactivity (see Table S1). It was not possible to determine if epoch length made any difference for study
findings because some studies did not report epoch lengths for scoring, and those that did had a variety of other differences in
methodology and sample size, limiting comparability.

Different studies use different methods of calculating RSA reactivity.

A variety of different methods were used to calculate RSA reactivity (see Table S1). For example, some studies computed re-
activity scores by comparing mean RSA in baseline to mean RSA during each SFP episode (e.g., Busuito & Moore, 2017; Moore &
Calkins, 2004; Moore et al., 2009). Acknowledging that most studies compared baseline RSA to RSA during subsequent SFP episodes,
Moore (2010) argued that “...because the SFP presents a series of distinct but contiguous social contexts, the most relevant measure
of RSA reactivity was change from the preceding episode” (Moore, 2010, p. 6). Some studies compared mean RSA in baseline with the
mean RSA in each SFP episode, as well as mean RSA in preceding episodes (e.g., Bazhenova et al., 2001; Busuito & Moore, 2017).
Others computed a RSA reactivity ratio of mean episode RSA/mean baseline RSA (Montirosso et al., 2014; Provenzi et al., 2015 (same
sample)). Suurland et al. (2016) computed reactivity by subtracting the second minute of preceding episodes (i.e., play — still-face).
Two studies from the same sample also calculated a latent variable that constituted baseline RSA (Sharp et al., 2012; Tibu et al.,
2014). To leverage their modified SFP that included two SF episodes, but adjust for the fact that some infants terminated after the first
SF episode, Bush et al. (2017) calculated both a “First SF RSA reactivity score” as well as a “Last SF RSA reactivity score” by
subtracting the average response during the last available of the two SF episodes in which the infant had three or more scoreable 30-
second epochs from the play episode. Accordingly, although reactivity was most often calculated by comparing baseline measures to
the remaining SFP episodes, some studies used different methods, not only comparing preceding episodes, but also using more novel
approaches. These differences in calculations might be important because, for example, if baseline and play differ significantly,
reactivity scores and effect sizes could also could also differ depending on whether RSA in the SF is compared to RSA in baseline or
play.

Baseline measures lack standardization

Baseline RSA has been defined as a quiet alert state (Bar-Haim, Marshall, & Fox, 2000; Porges, 2007) and is viewed as an indicator
of the infant’s ability to engage with the environment, positive or negative (Beauchaine, Katkin, Strassberg, & Snarr, 2001; Conradt,
Measelle, & Ablow, 2013; Propper, 2012). Yet, the studies examined herein acquired baseline measures under a variety of conditions.
Some studies used the play episode before the SF as a baseline (Feldman et al., 2010; Ham & Tronick, 2006, 2009; Pratt, Singer,
Kanat-Maymon, & Feldman, 2015; Stewart et al., 2013; Weinberg & Tronick, 1996). For the play episode, the mother is instructed to
play with the child as she would at home, but some mothers play with their child quietly and gently while others are quite activating
and use vigorous physical play. Accordingly, it is unclear how “quiet” various children could be when playing with their mothers,
suggesting that infant movement and verbalization may affect or confound the RSA baseline measure.

Other studies, however, used a pre-SFP episode as a baseline measure. These baseline paradigms differed considerably. As in-
dicated in Table S1, baseline RSA measures appear to range from one to four minutes, with the majority using two minutes. In terms
of activity, baseline protocols may, for example, instruct mothers to place the infant in a seat, sit in the chair in front of the infant and
read instructions for 3 min while infant baseline measures are taken (Busuito & Moore, 2017; Moore, 2009, 2010). Other studies
allow mothers to actively play with the infant just before taking baseline measures (Ritz et al., 2012). Some studies have the infant
watch a video while sitting in their mother’s lap (Conradt & Ablow, 2010; Ostlund, Measelle, Laurent, Conradt, & Ablow, 2017 (same
sample)) or while lying down on a blanket (Suurland et al., 2016). Some studies provide the infant with a three-minute period of
“adaptation” to the environment during which baseline measurements are taken for varying amounts of time (Moore, 2009, 2010;
Provenzi, Giusti et al., 2016). In a series of studies from the same research group, the infant was allowed to calm after application of
the electrodes (approximately 5 min), then seated in the mother’s lap (facing away from the mother (Holochwost et al., 2014) or in a
seat (Propper et al., 2008)), and the mother was instructed not to interact (Gueron-Sela et al., 2017; Moore et al., 2009; Quigley,
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Moore, Propper, Goldman, & Cox, 2016) or to provide toys to the infant (Moore et al., 2009; Propper et al., 2008; Quigley et al., 2016)
to minimize stimulation. One research group, Sharp et al. (2012); and Tibu et al. (2014), administered two measures prior to the SFP,
the “helper-hinderer” (HH; over an average of 3.74 min infants are assessed to determine if they prefer toys that are “helpers” or
“hinderers”) and the “novel toy task” (NT; the infant sits on the mother’s lap for 2 min and given a toy), to capture the infant’s
attention in a non-stressful manner; they then calculated a latent baseline RSA variable with all episodes (HH, NT, play, still-face and
reunion) in their model.

In sum, baseline RSA measures vary considerably in this literature with little understanding of how those variations impact
findings. In particular, studies that permit infants to sit on their mothers’ laps prior to the SF episode introduce confounds in light of
evidence that sitting on mother’s lap enables contagion of affect that could impact infant RSA (Waters, West, & Mendes, 2014).

Instructions to parents or researchers in play and reunion episodes might differ

Instructions to parents in the play or reunion episodes differ with respect to touch or interactions with the infant. For example,
one study prohibited the use of toys and instructed parents to simply play with their babies (Conradt & Ablow, 2010), whereas
another study gave parents a toy with which to play with their infants but directed parents not to touch the babies (Haley &
Stansbury, 2003). Some studies told parents to engage in “interactive play” with their infants (Ham & Tronick, 2006); or to just play
with their babies as they “normally” would without further instruction (e.g., no mention of toys) (e.g. Moore, 2010; Moore & Calkins,
2004). One study expressly told researchers used in the SFP not to touch the infant in reunion (Bazhenova et al., 2001). In summary,
the extent to which parents touched their infants in most of these studies is inconsistent or unknown, and the use of toys versus only
parent interactions during play varied. As with lap-sitting, parental touching could also enable contagion of affect (Waters et al.,
2014) or other factors that affect infant ANS (Feldman et al., 2010).

Analyzing infants by individual or dyadic characteristics may influence ANS outcomes

Infants may be categorized, organized or assessed using different criteria across studies, as well. For example, Ham and Tronick
(2006) divided infants into four groups based on behavior: (1) Recovered (n = 4) infants who protested during SF > 25% of time but
reduced protesting during the reunion episode; (2) Stably Low (n = 5) infants who did not protest for > 25% of time in SF or reunion;
(3) Dysregulated (n = 2) infants who protested during SF > 25% time and continued to increase in the reunion; and (4) Cry in
reunion only (n = 1) infants who only protested during the reunion. Although infants in the “recovered” group showed the greatest
increase in RSA from SF to reunion, the authors suggested those in the “stably low” group may represent the most “resilient” response
because they remained calm through the SFP, SC measurements suggested that their mothers were also calm, and mothers in these
dyads were responsive to their infants. Two major limitations of the study, however, were the small sample size and that the paper
did not report actual RSA values. The following section presents some of the other ways infants are categorized, organized or assessed
in the SFP/ANS literature.

Not all infants suppress RSA during challenge: Suppressor (S) vs. non-suppressor infants (NS)

As noted earlier, some studies distinguish between infants based on RSA reactivity and recovery and categorized them as either
“suppressors” (S) who demonstrate PNS withdrawal during challenges, suggesting a stress response, or “non-suppressors” (NS). This
distinction is of importance as some studies found that approximately half or more than half of the infants were NS (Bazhenova et al.,
2001 (45%); Montirosso et al., 2014 (50%) and Provenzi et al., 2015 (55.3%) (shared sample); Moore & Calkins, 2004 (53%)).
Categorizing infants across the SFP in this manner, however, did not provide strictly consistent patterns of PNS findings. Provenzi
et al. (2015) and Montirosso et al. (2014) did not find significant differences in RSA across the SFP overall. Provenzi et al. (2015) did
report that S infants increased RSA in reunion while NS infants showed no change in RSA from the SR to the reunion episode. Moore
and Calkins (2004) found significant differences in RSA between episodes in their entire sample (e.g., lower RSA in SF compared to
play) but also found significant differences in RSA when the infants were divided into S and NS groups. S infants showed an increase
in RSA from baseline to play, a decrease in RSA from play to SF episode, and an increase in RSA from play to reunion. The NS infants,
however, showed a significant decrease in RSA during play and reunion, but showed no differences in RSA during the SF episode
compared to S infants. The S infants had higher RSA during play and reunion than NS infants. Although Bazhenova et al. (2001)
subjected infants to five different episodic conditions (baseline, toy attention, picture attention, SF episode, social interaction and a
second picture attention) and involved a stranger instead of a parent, they also reported that S infants increased RSA in the social
interaction episode, while NS infants failed to increase RSA between the SF and social interaction episodes.

Parental behavior may influence ANS function

A number of SFP studies examined the association between infant ANS activity and a range of measures of parental behaviors
variously referred to as parental “sensitivity” (Bosquet Enlow et al., 2014; Conradt & Ablow, 2010; Gunning et al., 2013; Holochwost
et al., 2014; Moore et al., 2009; Propper et al., 2008); parental “responsiveness” (Haley & Stansbury, 2003) “dyadic” or mother-infant
synchrony (Moore & Calkins, 2004; Provenzi et al., 2015), and maternal touch (Feldman et al., 2010; Sharp et al., 2012). Most studies
evaluated these behavioral constructs within the SFP (Bosquet Enlow et al., 2014; Conradt & Ablow, 2010; Feldman et al., 2010;
Gunning et al., 2013; Haley & Stansbury, 2003; Ham & Tronick, 2006, 2009; Moore & Calkins, 2004; Provenzi et al., 2015) but at
least one set of studies drawing from the same sample evaluated parental sensitivity outside of the SFP (Holochwost et al., 2014;
Moore et al., 2009; Propper et al., 2008; Quigley et al., 2016). The most common divisions found in the reviewed studies were to
separate infants into those with “sensitive” versus “insensitive” parents using a variety of approaches to determine sensitivity (see
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Table S1). For example, Bosquet Enlow et al. (2014) found that infants of mothers who were insensitive during play showed higher
distress and lower levels of RSA through the SFP. Conradt and Ablow (2010) found that higher sensitivity in reunion predicted lower
HR in all three SFP episodes, even after adjusting for both infant temperament and movement in the SFP. Moore et al. (2009) reported
that maternal sensitivity was associated with slower infant HR during the SF episode. Although Moore et al. (2009) found no main
effects of sensitivity, they did report a significant interaction between sensitivity and SF episode; the infants of mothers classified as
highly sensitive showed lower RSA in the reunion than other infants and a decrease in RSA from baseline to reunion, suggesting that
these infants had a more difficult time recovering. Later, the same research group reported that breastfeeding infants also showed
lower RSA from baseline to reunion compared to non-breastfed babies, but maternal sensitivity was ultimately insignificant in their
model suggesting that breastfeeding may exert its own independent effect on infant ANS function (Quigley et al., 2016).

Other studies examined constructs related to parental sensitivity. For example, Moore and Calkins (2004) reported that infants
who did not show RSA withdrawal in the SF episode also showed lower infant-mother synchrony (i.e., the correlation between
mother and infant affect without regard to whether affect matches). In addition, they found that infants in dyads showing lower levels
of matched affect had greater decreases in RSA in reunion. Two studies drawing from the same sample (Busuito & Moore, 2017;
Moore, 2010) found that infant RSA was not associated with maternal-infant synchrony. Moore and colleagues did report, however,
that infants exposed to parental conflict showed lower mean RSA across the SFP, and that these infants actually withdrew RSA during
the play episode (Moore, 2010). Busuito and Moore (2017) later reported that the association between high parental conflict and
lower RSA reactivity was mediated through lower parental “flexibility” (i.e., balanced variability in dyadic states) assessed in the
reunion episode. In a recent study, Ostlund et al. (2017) examined the physiological synchrony, called “attunement,” between
maternal and infant RSA in the SFP. Although the study detected no mother—infant attunement in play, they did find that during the
first half of the reunion episode maternal RSA increased while infant RSA decreased. During the second half of reunion, however,
maternal RSA decreased and infant RSA increased suggesting that mothers were preparing physiologically to provide to support to
the stressed infant. Provenzi et al. (2015) found that reparation rate (i.e., the extent to which dyads repair mismatched states) during
play was lower in dyads with NS infants. Higher reparation rates during the play episode were associated with less negative emo-
tionality for S infants. Interestingly, there were no main effects of reparation rate or RSA classification on infant negative emo-
tionality during the SF episode. The amount of time mothers and infants spent in matched states overall was highest in dyads with S
infants compared to dyads with NS infants. Finally, Haley and Stansbury (2003) found that infants of parents who showed higher
levels of contingent responsiveness to infant vocalizations or facial expressions decreased their HR from SF 2 to reunion 2 compared
to infants of less responsive parents.

Three studies assessed the importance of some form of maternal touch. Sharp et al. (2012) found that higher maternal depression
was associated with decreasing infant vagal withdrawal and with increasing infant negative emotionality only in infants whose
mothers self-reported low levels of maternal stroking of infants. Feldman et al. (2010) found that infants whose mothers were not
allowed to touch them during the SF showed higher RSA suppression than infants who were touched. Moreover, among infants in the
touch condition, RSA almost returned to baseline levels in reunion, whereas RSA remained the same among infants in the no-touch
condition. Higher touch frequency was also related to higher infant RSA during play, whereas touch “myssynchrony” (mother touches
while infant looks away) was associated with lower infant RSA during play. The same research lab later confirmed the finding that
infants showed higher RSA suppression when mothers are not allowed to touch them (Pratt et al., 2015).

In sum, these studies appear to identify some relationship between SFP, RSA function, and parental behaviors. Most of the studies
found that infants of insensitive or nonresponsive parents had lower RSA during reunion than the infants of more sensitive or
responsive parents suggesting poorer vagal regulation. Differing outcomes might be explained by a number of factors including
different ways studies assessed sensitivity and other, related parental behaviors (e.g., parental touch) in the play episode, the reunion
episode or both, whether parental behavior was assessed within or outside of the SFP (see Table S1), and whether a study had two SF
episodes instead of one and/or had different baseline measures.

Environmental sensitivity to context

Developmental-evolutionary theories have suggested that children differ in their sensitivity to both positive and negative en-
vironmental experiences (Boyce & Ellis, 2005; Bush & Boyce, 2016; Ellis, Boyce, Belsky, Bakermans-Kranenburg, & van Ijzendoorn,
2011), and that individual variation in genotype is a key factor in determining susceptibility to environmental effects. Multiple
studies in this review suggest that gene-environment interactions influence RSA reactivity or that RSA levels may be associated with
environmental sensitivity. For example, hypothesizing that high RSA may be associated with greater environmental sensitivity,
Holochwost et al. (2014) compared infants that showed high RSA throughout the entire SFP to those who showed lower RSA. They
found that infants with high RSA in play and reunion at 6 months of age, and who had mothers who showed high levels of negative
intrusiveness, were more likely to be classified as disorganized during the strange situation (SS) administered at 12 months of age. No
relationship between maternal intrusiveness and disorganization was detected for infants with low RSA in play and reunion. It may
also be of interest to note, however, that high indices of RSA and maternal sensitivity did not predict secure attachment at 12 months
of age. Similarly, Gueron-Sela et al. (2017) reported that maternal depression was positively associated with infant sleep problems at
18 months only for those infants who showed high baseline RSA during the SFP at 3 and 6 months of age compared to infants with
low RSA-B. Contrary to the BSC hypothesis, however, infants with high baseline RSA did not have lower levels of sleep problems
when mothers reported low maternal depression suggesting that low maternal depression did not necessarily mean the infant was
living in a positive environment.

Pratt et al. (2015) reported that highly negative infants with poor dyadic synchrony showed poor vagal recovery in reunion, but
highly negative infants with high dyadic synchrony showed high levels of RSA during reunion, comparable with calm infants
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suggesting that infant negativity in that study may reflect sensitivity to the environment.

Finally, Propper et al. (2008) reported that infants who carried the dopamine receptor’s risk allele (DRD2) showed lower RSA
withdrawal at 3 and 6 months of age during the SF than those infants who were not DRD2 carriers. By 12 months of age, however, the
infants who carried DRD2 but who also had sensitive mothers displayed the same level of RSA withdrawal during the SSP as those
infants without DRD2. Propper et al.’s (2008) finding is in line with other evidence that the DRD2 polymorphism may convey
“sensitivity to context” rather than merely “risk” for problems (Belsky & Beaver, 2011; Belsky, Suppli, & Israel, 2014). Further
investigation of this type of “biological sensitivity to context” (BSC) within studies of ANS regulation in the SFP may be fruitful.

Demographic characteristics may influence infant ANS function

Different ANS responses may be associated with SES

Despite increasing research suggesting that children living in poverty, low SES or high-risk households suffer negative health
outcomes, there are few studies of ANS in the SFP for infants living under these conditions (Propper, 2012). In this review, the
majority of studies included middle class samples (see Table S1 for details on SES/risk). Some of the studies with mixed SES samples
did not find ANS differences based on SES (e.g., Moore, 2010; Moore et al., 2009 (different samples)). In fact, Moore et al. (2009)
noted that infant’s vagal tone patterns in her diverse sample (approximately half was low-SES) were the same as those identified in
studies with infants from middle class families (e.g., Bazhenova et al., 2001; Ham & Tronick, 2006; Moore & Calkins, 2004; Weinberg
& Tronick, 1996). Quigley et al. (2016), on the other hand, reported that infants of higher income families had lower RSA in reunion.

Two studies comprised of primarily low-SES samples experiencing adversity generally found that although RSA decreased in the
SF episode, RSA failed to rise in reunion (Bush et al., 2017; Conradt & Ablow, 2010). A recent study with a high-risk (a composite
measure of neuropsychiatric and psychosocial measures) and low-risk sample, reported that RSA decreased during the SF episode and
increased during reunion among low-risk infants; high-risk infants showed a decrease in RSA between SF and reunion (Suurland
et al., 2016).

Even among studies that involved primarily low-risk, middle class participants, results differed. For example, Weinberg and
Tronick (1996) reported that infants showed lower RSA during the SF episode with no significant differences between play and
reunion. Feldman et al. (2010) confirmed the classic SF effects of lower RSA in the SF episode, but found RSA only increased during
reunion among those infants whose mothers were allowed to touch them during the SF.

In sum, in the middle-class samples, unless the study divided infants between S and NS, researchers generally reported a decrease
in RSA in the SF episode, and usually an increase in reunion, although not always. High-risk or low-SES studies generally found that
RSA and HR in reunion did not differ from that of the SF episode or RSA decreased even further.

Few studies report sex differences in infant ANS function

It is unclear from the broader ANS literature whether there are sex differences in ANS functioning. Some studies report that girls
have lower resting RSA and suppression than boys (El-Sheikh, 2005; van Dijk, van Eijsden, Stronks, Gemke, & Vrijkotte, 2012), or
that girls have higher resting RSA than boys (Fabes, Eisenberg, Karbon, Troyer, & Switzer, 1994; Gordis, Feres, Olezeski, Rabkin, &
Trickett, 2010), or that girls and boys show no differences (Alkon et al., 2003; Wagner, Propper, Gueron-Sela, & Mills-Koonce, 2015).
Accordingly, it was of interest to examine the patterns of findings for sex differences for ANS during the SFP for this review.

Reportedly, there were no sex differences in vagal regulation in the SFP before 2009 when Moore and colleagues found that 6-
month old male infants demonstrated a higher baseline RSA than female infants (Moore, 2009). Since then one study found that that
lower birth weight was associated with higher vagal reactivity during the SFP in girls but not boys, and that prenatal maternal anxiety
was associated with less vagal withdrawal in boys but not girls (Tibu et al., 2014), suggesting infant sex may moderate associations
with infant ANS. Haley and Stansbury (2003), however, found that boys had slower HR than girls, and girls had faster HR than boys
during SF II and reunion II. Among mothers who were classified as high frequency drinkers, girls also showed higher HR than boys in
the SFP (Haley et al., 2006). Studies have also reported no significant effects for infant sex on HP (Moore et al., 2009). Though
requiring replication, these sets of findings point the possibility that infant sex may moderate associations of other factors with infant
ANS during the SFP.

ANS patterns may differ with age during the first year of life

Researchers have reported that resting levels of RSA increase during the first year of life and HR decreases with age (Alkon et al.,
2006; Alkon, Boyce, Davis, & Eskenazi, 2011; Bar-Haim et al., 2000; Propper & Moore, 2006). Accordingly, investigating whether age
might be associated with RSA was of some interest. Unfortunately, age variability across the studies was limited; although infants
ranged from eight weeks of age (Stoller & Field, 1982) to 8.5 months of age (Moore, 2010), most conducted the SFP at approximately
six months of age.

The S versus NS studies generally involved infants under five months of age (Table S1), which raises the question of whether it is
developmentally normative for approximately half of infants under the age of five months to fail to show RSA suppression during the
SF episode. Unfortunately, studies involving older children did not report on infants RSA suppression rates making it difficult to
address these questions. One other cross-sectional study reported that infant age was positively associated with RSA change from
baseline to the play episode in 6-8.5 month-old infants (older infants showed less RSA withdrawal) (Moore, 2009).

Propper et al. (2008) measured the stability of infant RSA during the SFP at ages 3 months and 6 months, and at 12 months in the
Strange Situation (SS). They reported that baseline RSA, but not HP, at 3 and 6 and 12 months were correlated, but RSA reactivity was
not correlated across time. Their age-related SFP findings are somewhat consistent with those of Alkon et al. (2011), which found
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stability in the HR, RSA and PEP assessed under resting and challenge conditions (not the SFP), but no stability in ANS reactivity
among Latino children from ages 6 to 60 months.

Though rare, some studies do detect racial/ethnic differences in ANS

Outside of the SFP literature, some studies report no difference in ANS function between racial/ethnic groups among infants and
children (Alkon et al., 2011; Wagner et al., 2015). Yet, a meta-analysis of 17 studies (33% of which included child samples), reported
that African Americans had higher resting HRV than European Americans (Hill et al., 2015). Accordingly, it was of some interest to
determine whether the SFP studies reported ethnic differences in ANS function.

Table S1 details the race/ethnicity of samples within this review. Only a few of the studies reviewed reported significant dif-
ferences in ANS by race/ethnicity. For example, in one sample used across several publications, African American infants were found
to have higher RSA than European American infants in the SFP (Holochwost et al., 2014; Moore et al., 2009; Quigley et al., 2016),
showed reduced RSA withdrawal at 3 months and 6 months during the SF episode, and had higher average baseline RSA at 12 months
than European American infants (Propper et al., 2008). It may be of some interest to note that the effect of race/ethnicity on RSA
withdrawal disappeared at 12 months once the study controlled for maternal sensitivity and a genetic risk allele. Other studies found
no difference in RSA reactivity scores between African-American and European American infants (Moore, 2009, 2010 (same
sample)).

Maternal clinical conditions may be associated with infant ANS

Maternal depression, anxiety, stress and trauma may impact infant ANS. Research has shown an association between maternal anxiety
and lower infant resting RSA (Field et al., 2002, 2003; Propper & Holochwost, 2013; Propper, 2012). Among the studies reviewed
here, Ostlund et al. (2017) reported that mothers with higher anxiety had infants with higher RSA during reunion. Tibu et al. (2014)
found that higher levels of prenatal maternal anxiety at 32 weeks of pregnancy, but not contemporaneous maternal anxiety, were
associated with less vagal withdrawal in boys during SF.

Maternal “stress” has also been studied. One study found that high maternal lifetime trauma exposure and elevated perinatal
trauma (over the course of pregnancy and the postnatal period) were associated with reduced infant HR recovery in reunion (Bosquet
Enlow et al., 2009). More recently, Bush et al. (2017) reported that maternal reports of higher counts of stressful life events (SLE)
during pregnancy and higher postnatal perceived stress were associated with higher infant RSA reactivity to the first SF episode.
Moreover, higher prenatal SLE and both prenatal and postnatal perceived stress were associated with higher infant reactivity in
whichever SF episode the infant completed last (of two possible episodes; some infants terminated prior to the second SF due to
distress).

Maternal depression has also shown some association with infant ANS function (Propper & Holochwost, 2013). One study in this
review found that infants of mothers placed into a depressed category had longer HP in the reunion episode and less change in HP
from baseline to reunion than infants of non-depressed mothers (Moore & Calkins, 2004). Dyads in the depressed group also showed
less synchrony in play and higher matched affect in reunion than the remaining dyads. Another study found that increasing maternal
prenatal depression was associated with decreasing vagal withdrawal and increasing infant negative emotionality only in the infants
of mother who engaged in low “maternal stroking” (Sharp et al., 2012). Of note, maternal depression may be less salient than other
clinical diagnoses, given that Ostlund et al. (2017) found maternal depression was not associated with infant RSA after adjusting for
the significant effect of maternal anxiety, and Bush et al. (2017) found maternal depression was not associated after adjusting for the
effects of stress and SLE (depression was dropped from their models).

In summary, there were few and mixed findings with respect to the impact of maternal depression or anxiety on ANS functioning
during the SFP. There was some indication among the studies that higher levels of prenatal or postnatal maternal stress or trauma is
associated with higher infant ANS reactivity and a failure to recover in reunion.

Maternal substance abuse may impact infant ANS. Few studies have examined the impact of maternal substance abuse on infant ANS,
but some studies have reported that infants exposed to alcohol or opiods in utero demonstrate higher HR and/or lower vagal tone, or
fail to show RSA withdrawal during stress (Fifer, Fingers, Youngman, Gomez-Gribben, & Myers, 2009; Jansson, Dipietro, Elko, &
Velez, 2010; Oberlander et al., 2010; Propper & Holochwost, 2013). Although there were very few studies in this review that
examined the association between substance use during pregnancy and infant ANS, one study did find that infants of mothers who
reported “high drinking frequency” (HDF) showed higher HR, and increased negative affect in the SFP than infants of mothers in the
“low drinking frequency” group (Haley et al., 2006). Mattson et al. (2013) found no differences in HR between cocaine exposed and
non-exposed infants; however, the authors posited that the level of cocaine exposure may have been insufficient to detect differences
between exposed (n = 44; only 8 had been heavily exposed to prenatal cocaine use) and non-exposed (n = 49) infants. Note that all
the infants in Mattson et al. (2013) reported pre-natal exposure to tobacco, marijuana and alcohol; cocaine exposed infants did,
however, have significantly higher exposure to marijuana and tobacco. Mattson et al. (2013) confirmed that HR increased during the
SF episode and remained elevated from the SF to reunion.

Fathers are rarely represented in the literature. Unfortunately, only one study assessed fathers in the SFP. Weisman et al. (2012)
administered oxytocin (OT) to fathers alone prior to the SFP and found that OT administration was associated with higher infant RSA
during play, as well as increased infant salivary OT levels and social behavior, compared to infants in the placebo condition.
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Design and methodology: Comparing effect sizes

Factors such as sample size, maternal touch, and controlling for respiration may impact effect sizes

Overall, there was a wide range of sample sizes in this review ranging from 12 to 270 dyads, with most studies having less than
100 (see Table S1). As Table 1 indicates, the two publications (using the same sample of participants) that showed some of the largest
effect sizes also had the largest sample sizes, Tibu et al. (2014) (g = —0.77 (boys; play to SF)) and Sharp et al. (2012) (g = —0.61)
(play to SF). Of note, those researchers subjected infants to two other tasks before the SFP, suggesting that infants might have been
more stimulated before experiencing the SF episode. Bazhenova et al. (2001) had a smaller sample size but produced medium effect
sizes (g = —0.49 (toy attention to SF); g = 0.54 (SF to reunion)); they also subjected infants to multiple measures before the SFP,
and, as noted earlier, involved a stranger in the SFP. The other study that used strangers in the SFP produced smaller effect sizes even
though it had a larger sample size than Bazhenova et al. (2001) (Stewart et al., 2013). Note that Stewart et al. (2013) did not indicate
that infants were subjected to prior tasks just prior to the SFP.

Although Conradt and Ablow (2010), Ritz et al. (2012), and Suurland et al. (2016) all used the peak-valley method, Table 1
reveals that the largest effect size across those 3 studies was found for the smaller sample of Ritz et al. (2012) (g = —1.45 (play to
SF1) (RSA corrected for respiration). Overall, there were too few peak-valley studies to provide a meaningful comparison with the
studies that used Porges (1985) algorithm, particularly considering that both Conradt and Ablow (2010) and Suurland et al. (2016)
included high risk/low SES samples, which might confound the findings. Accordingly, it is not clear that either method produces
larger effect sizes for change in RSA from play to the SF episode, and results across methods may be comparable.

As Table 1 shows, some of the largest effect sizes relating to RSA changes in the SFP was found in the study that explicitly directed
some mothers to touch their infants during the SF episode and other mothers not to touch the infant (NT) (Feldman et al., 2010). The
high effect size was found among the NT infants (g = —1.27). It is not clear why the no-touch condition would produce such a high
effect size given that parents are usually told not to touch their infants in the SF episode and other studies have not produced such a
large effect size. Note also that the study appeared to involve a low-risk sample and calculated RSA using the standard Porges (1985)
algorithm. One difference between this study and others is that Feldman et al. permitted mothers to play with their infants for 3 min
instead of the usual 2 min, which might have allowed the infants longer to become calmer in the lab environment creating a greater
contrast to the stress reaction during the SF episode. Other possibilities include sample differences in culture, parenting, or other
environmental influences. Additional research on the role of touch and play episode duration will be clarifying

Table 1 also illustrates that some of the most consistently high effect sizes across studies were produced by the change in HR(or
heart period) from baseline/play to the SF episode, (Bazhenova et al., 2001; Bosquet Enlow et al., 2009; Conradt & Ablow, 2010; Ritz
etal., 2012; Stewart et al., 2013; Suurland et al., 2016), possibly because both the SNS and PNS contribute to HR and SNS effects were
not assessed. The difference in effect size could be quite stark when comparing HR and RSA reactivity within the same study (e.g.,
Stewart et al., 2013 (effect size for: HP reactivity; g = —0.86; RSA reactivity; g = —0.13)).

The higher effect size found in Provenzi et al. (2015) among NS infants (g = 0.60; play to SF), is likely accounted for by the
stratification of the sample by S and NS. The remainder of the studies essentially produced between small and medium effect sizes.
Within these studies, the larger effect sizes were found within larger sample sizes ranging from 63 to 151 (Bush et al., 2017; Moore &
Calkins, 2004; Provenzi et al., 2015; Suurland et al., 2016; Weisman et al., 2012) or in studies examining HR (Haley & Stansbury,
2003).

Although comparing effect sizes is challenging because of differences in methodology, in summary, increasing sample size, using
strangers in the SFP instead of parents, subjecting infants to prior tasks before administering the SFP or controlling for respiration
may result in greater effect sizes.

Repeated SF episodes increase reactivity and contribute to effect size

Five studies used a modified version of the SFP, with two SF and two reunion episodes, to enhance ANS reactivity (Bosquet Enlow
et al., 2014; Bush et al., 2017; Haley & Stansbury, 2003; Haley et al., 2006; Ritz et al., 2012) (note that Bosquet Enlow et al. (2014)
and Ritz et al. (2012) draw from the same sample but differ in terms of sample size). For example, Haley and Stansbury (2003) found
a relationship between negative affect and HR in the second SF episode, but not during the first one, suggesting that behavioral and
physiological systems may become more tightly coupled under conditions of greater and repeated stress. Bosquet Enlow et al. (2014)
found that HR increased during the first SF episode but remained elevated during the entire SFP. Ritz et al. (2012) and Bush et al.
(2017) found RSA progressively decreased in SF 1 and SF 2 for RSA, and Bush et al. (2017) reported that RSA in reunion never
returned to play levels. Ritz and colleagues suggested that the extended reductions in RSA due to repeated exposure to stress may
influence the infant’s ability to recover from stress and may have clinical implications for infants in high risk environments. As noted
above, Ritz et al. (2012) produced some of the largest effect sizes but whether that was because the study controlled for respiration,
subjected infants to two SF episodes or was influenced by the small sample size is unclear (note that high effect sizes were produced
during both SF episodes). Finally, researchers should use some caution when using the modified SFP because studies report losing
more than a quarter of the participants by the time SF 2 is administered due to infant distress or fatigue (Bosquet Enlow et al., 2014;
Bush et al., 2017; Haley & Stansbury, 2003; Haley et al., 2006; Ritz et al., 2012).

In sum, the modified SFP with two SF and reunion episodes has advantages and disadvantages. Researchers must be prepared to
terminate the measure when infants become too distressed and lose possibly over a quarter of the sample. On the other hand, the
second SF does seem to increase stress and provide higher reactivity which may help differentiate the infants at risk for negative
outcomes later in life.
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Similar outcomes in the SFP are produced whether researchers or parents are used.

Some studies used stranger/infant dyads rather than parent/infant dyads to test various aspects of Porges Polyvagal theory
(Bazhenova et al., 2001; Stewart et al., 2013). These studies reported the same overall pattern of RSA withdrawal in the SF compared
to play or preceding episodes. Similarly, the SF behavioral effect is found regardless of the identity of the adult participant (parent or
stranger) (Mesman et al., 2009). Since Porges’ theory proposes that the ANS provides support for the affective adjustments in-
dividuals must make when interacting with environmental stimuli broadly, it is not necessarily surprising that infants would show
similar responses to the SFP with a stranger as with a parent. But these parallel results with both parents and strangers raise the
question of whether and how the SFP informs researchers about specific parent-infant relationships or whether the classic SF effect
reflects more general inborn infant interactional responses. Although it is possible that the relationship between parents and their six-
month-old infants could influence the SFP response with strangers, accounting for this shared pattern of findings across types of
individuals (Mesman et al., 2009), it is less likely that attachment relationships could be influencing the behavior of infants only
hours old. Indeed, even hours-old neonates exposed to the SFP exhibit decreased eye contract, greater distress, and self-regulatory
behaviors (Nagy, 2008), suggesting the existence of early inborn behavioral systems designed to eventually facilitate interaction with
an attachment figure (Bowlby, 1968/1982). More likely, the behaviors assessed in the SFP reflect the emerging confluence of bio-
logical, genetic, epigenetic and environmental influences that remain to be understood.

Administering SFP at home vs. lab may produce similar results

The Mesman et al. (2009) meta-analysis excluded studies that administered the SFP in the home on the grounds that the familiar
environment might influence infant behavior. Researchers working with high-risk or difficult-to-engage populations, however, may
have to administer some measures at home, because travel to a hospital or university lab could be too challenging or prohibitive for
some participants. Accordingly, a few studies reviewed here conducted the SFP in the home. Haley et al. (2006) conducted the SFP in
the home (n = 38) or in a hospital lab (n = 17) and found no differences between the two groups in infant HR or cortisol reactivity.
Bush et al. (2017) used a standardized blank visual screen to surround infants in both home and lab administrations and found no
differences in infant RSA between the two settings. Despite the findings of these two studies additional research is necessary before
concluding that administering the SFP in the home does not significantly impact ANS outcome, relative to administration in the lab.

Studies handle missing data in a variety of ways

Table S1 provides examples of some of the statistical approaches taken to deal with missing data resulting from equipment
malfunctions, ECG artifacts, early termination due to infant distress, noncompliance or outliers. Most studies report excluding out-
liers, though determination of outliers was variable across studies, ranging between scores higher than 1 SD to those higher than 3
SD. Some studies excluded cases that required over a certain threshold of editing within the ANS scoring, ranging from those
requiring more than 2 or 3% editing to data files that required more than 10% editing. A number of studies had missing data due to
terminating due to infant protest (Bosquet Enlow et al., 2009, 2014; Bush et al., 2017; Conradt & Ablow, 2010; Haley & Stansbury,
2003; Haley et al., 2006; Moore et al., 2009; Moore, 2009, 2010; Ritz et al., 2012). For example, Moore et al. (2009) stated that it is
“common” for 20% of cardiac data to be missing from each of the episode primarily because infants “...tend to be noncompliant” with
the recording measures and opined that loss of this data is most likely due to “movement artifact.” In Bosquet Enlow et al. (2014) 26%
of infants terminated after reunion 1 and 11% terminated after SF 2, and maternal sensitivity during reunion 1 was found to be
significantly greater among dyads who completed the entire SFP than those who failed to finish. These differences in outcomes
between those infants who terminate early and those who complete the SFP may bias the study findings and underestimate the results
since highly reactive infants are more likely to disengage and not participate in the full SFP. Researchers should be aware that as
many as 30% of the sample might be lost because of these various factors (Bosquet Enlow et al., 2009, 2014; Holochwost et al., 2014;
Moore, 2010) which should be accounted for and addressed in future research. As Table S1 indicates, the studies reviewed also
adopted a broad array of statistical methods to deal with missing data, which may influence results of models.

Other considerations

Movement

Because physical movement may modify the ANS response to challenge, many researchers have emphasized the importance of
controlling for motor activity (Bazhenova et al., 2001; Bosquet Enlow et al., 2014; Bush, Obradovic, Stamperdahl, & Boyce, 2011;
Grossman & Taylor, 2007; Laborde, Mosley, & Thayer, 2017). One study reviewed here reported that movement was positively
correlated with HR throughout the SFP (Conradt & Ablow, 2010), yet controlling for movement may be particularly challenging when
working with infants. The literature suggests that, to date, there is no widely-accepted standardized strategy to parse out the effects of
movement in models predicting infant RSA (Laborde et al., 2017).

Studies measuring SNS activity during SFP are limited: Skin Conductance (SC), T-wave amplitude (TWA) and pre-ejection period (PEP)

Our review found few studies that examined SNS activity during the SFP. For example, one study reported that SC increased
across the SFP (Ham & Tronick, 2006), suggesting SNS activation. Another study from the same research team found that con-
cordance between mother and infant SC in the reunion episode positively correlated with mother-infant behavioral synchrony (Ham
& Tronick, 2009). A third study found that infant TWA did not vary across episodes of the SFP, but higher T-wave attenuation (SNS
activation) during the SF episode was associated with maternal insensitivity during play and reunion (Bosquet Enlow et al., 2014).
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Finally, a fourth study detected no differences in infant PEP across the SFP in the sample as a whole, but authors did find SFP effects
on PEP depended upon risk status (Suurland et al., 2016); low risk infants demonstrated an increase in PEP during reunion while high
risk infants showed a decrease in PEP. Moreover, the researchers reported that within the high-risk group an increase in risk factors
was associated with greater decreases in PEP (reactivity) from play to the SF episode. Suurland et al. also reported that boys had
lower PEP (SNS activation) than girls in all episodes of the SFP. In sum, this small set of SNS results is somewhat consistent with those
assessing PNS response in the sense that they indicate that the SFP may provoke a stress reaction in infants, but that those reactions
are inconsistently detected and may be modified by risk status or parental behaviors.

Meta-analysis
Hypotheses

We hypothesized, based on the literature set forth above, that across the set of studies analyzed, infants would show a withdrawal
of the PNS during the SF episode. Based upon the variation in the pattern of findings for recovery by SES, however, we hypothesized
that in middle and upper-class samples infants would respond with an increase in RSA during reunion, whereas in low SES/high risk
samples, infants would show no change in RSA from SF to reunion. Finally, although most of the infants in this review were ap-
proximately on average 6 months of age, the samples in the meta-analysis ranged in age between 3 and 7.5 months. Although we
expected that the samples lacked sufficient variability in age to detect any differences, we did examine whether age was associated
with reactivity. We further hypothesized that age would not be significantly associated with reactivity because theoretically, re-
activity reflects the impact of differing experiences on genetics and biological inheritance and is not expected to be stable or ne-
cessarily linear in its age trajectory (Alkon et al., 2011). Although we would have liked to test other potential modifiers of infant ANS
such as sex, race, and SFP procedural differences, either there were too few appropriate studies to conduct such an examination or the
variable-specific M/SD required to compare those effects were not provided in publications or by request.

Study data

Stricter criteria for selection of studies were used for the meta-analysis than for the review. First, as with the review, only studies
that examined PNS activity during administration of the SFP using validated methods were included; however, too few studies of SNS
activity were available for a valid analysis of SFP effects on the SNS. Second, studies that examined exclusively HR were excluded
because both the PNS and SNS, as well as other systems, influence HR. Third, inclusion was limited to one published study per
participant sample (multiple studies/publications drew on the same sample). Fourth, only studies with the necessary data either
published or available upon request (note that data from four older studies were no longer available) were included. Fifth, we
excluded a cohort of mothers who were told to touch their infants during the SF episode for two reasons: such instructions are in
violation of the standard SFP procedure, and maternal touch could alter infant reactivity. Accordingly, the meta-analysis was re-
stricted to 14 studies (see Table 2). For each study we extracted sample size, age, SES, mean and standard deviation statistics on RSA
from each of three SFP episodes: (1) Free play/face-to-face immediately preceding still-face (except in the case of Bazhenova et al.
(2001) where we use the Toy Attention episode that precedes SF); (2) still-face; and (3) reunion/play immediately following still-face
(one study did not include reunion data (Stewart et al., 2013)). Data was extracted and checked independently by two authors. SES
data was coded into three categories: middle/upper SES, mixed SES and lower SES samples based on data provided in the pub-
lications. When additional data (e.g., means/SD, outcomes, etc.) were necessary, authors were contacted up to two times with
requests.

Statistical methods

In line with the literature reviewed above, we calculated the SFP meta-analytic RSA change scores for reactivity using episodes 1
and 2 (the difference between SF and play) and then for recovery using episodes 2 and 3 (the difference between reunion and SF).
Reactivity and recovery scores were converted into standardized mean differences (SMD) and recorded as Hedge’s g, which was then
used as the basis for comparison across studies (Borenstein, Hedges, Higgins, & Rothstein, 2009). Effects of SES were tested by
comparing a subset of studies (n = 10) where relative homogeneity suggested classification as either high-risk (n = 3) or pre-
dominately middle class (n = 7). The remaining studies (n = 4) included within-sample heterogeneity of mixed SES and were ex-
cluded from this follow-up analysis. Although there were 5 studies that produced mixed SES samples, Suurland et al. (2016) also
divided their sample into high-risk and low-risk samples, which allowed us test SES effects using their data as well.

Results

Analyses of SMDreactivity and SMDrecovery were performed in R using the metafor package (Viechtbauer, 2010) with a random
effects model. Meta-analytic results showed a significant overall effect of RSA suppression, SMDreactivity as Hedge’s g, of —.35 (with
95% CI —.48 to —.22, p < .001) and significant RSA recovery, SMDrecovery, of .24 (with 95% CI .10 to .30, p < .001). Significant
heterogeneity was demonstrated for suppression (I12 = 66.5%, p < .01) and for recovery (12 = 49.4%, p < .01). Forest plots for
each outcome are shown in Figs. 2 and 3; these plots provide effect sizes adjusted for sample size, and thus present a more nuanced
view of outcomes.

17



K. Jones-Mason et al. Developmental Review xxx (3XXX) XXX—XXX

Author(s) and Year Hedge's g [95% CI]
Bazhenova et al. (2001) e -0.49[-0.93,-0.05]
Moore & Calkins (2004) l—l—l -0.27[-0.63, 0.09]
Feldman, Singer & Zagory (2010) f ! -1.27[-1.79,-0.74]
Weisman, Zagoory-Sharon and Feldman (2012) +—-—i -0.26 [-0.73, 0.21]
Stewart et al. (2013) l—l——l -0.13[-0.45, 0.19]
Montirosso et al. (2014) I—I—I -0.08[-0.39, 0.24]
Suurland et al. (2017) (low risk) s -0.46[-0.80,-0.12]
Sharp et al. (2012) —— -0.61[-0.79,-0.43]
Ritz et al. (2012) (uncorrected) ; ! -0.35[-0.93, 0.23]
Quigley et al. (2016) |—-—( -0.17[-0.46, 0.12]
Busuito and Moore (2017) r—-—1 -0.25[-0.64, 0.14]
Bush et al. (2017) l—l————l -0.25[-0.60, 0.11]
Suurland et al. (2017) (high risk) r—-—| -0.38[-0.83, 0.06]
Conradt et al. (2010) |—-—+ -0.28[-0.57, 0.01]
RE Model - -0.35[-0.48,-0.22]

[ I I I I I |
-2.00 -150 -1.00 -0.50 0.00 0.50 1.00

Standardized Mean Difference

Fig. 2. Change in RSA from play to still-face.

Examination of sample SES as a moderator of associations was conducted by subgroup analyses. In studies with “mixed SES”
samples (n = 4), analyses revealed heterogeneity estimates that were large for suppression (I2 = 89.2%, p < .01) and recovery
(I2 = 61.2%, p = .02). Among studies of predominantly middle-class samples (N = 7), heterogeneity of suppression was smaller than
“mixed SES”, though still large (I2 = 68.6, p < .01); for recovery, heterogeneity was not observed (I2 = 0%, p = .85). Studies with
samples characterized as “high-risk” (n = 3) did not demonstrate heterogeneity in either suppression (I2 = 0%, p = .89) or recovery
(I2 = 0%, p = .33). Comparison between SES groups (high-risk vs. mid/upper class) revealed no significant differences for
SMDreactivity (Q = .15, p = .15). However, for SMDrecovery the two groups were significantly different (Q = 5.52, p = .02), with
the high-risk group showing no overall change in RSA (effect = —.01, p = .95) while the mid/upper class group showed significant
recovery (effect = 0.31, p < .001). As expected, tests examining infant age as a moderator were not significant for either
SMDreactivity (B = —.08, p = .13) or SMDrecovery (B = —.02, p = .77).

Publication bias and sensitivity analysis

To assess publication bias we calculated the number of unpublished negative studies (fail-safe N) that would be required to: (1)
increase the p-value of the meta-analysis above .05 (Sterne & Egger, 2005). For SMDreactivity the fail-safe n was 289 (p > .05), and
for SMDrecovery it was 105. To assess bias in the estimated size of effect we inspected the funnel plot and tested for plot asymmetry
using random effect version of Egger’s regression test (Egger, Smith, & Minder, 1997). Tests for asymmetry were not significant for
either SMDreactivity (z = —.71, p = .48) or SMDrecovery (z = —1.25, p = .21). Visual inspection of funnel plots however indicated
that individual studies might be influential so “leave-one-out” sensitivity analyses were performed (Viechtbauer, 2010). No one study
changed the significance of overall effects. However, the exclusion of Sharp et al. (2012) substantially altered the estimated effect; for
SMDreactivity, effect changes from —.37 to —.30 and for SMDrecovery from .24 to .18. Taken together, the results across studies
appear robust, yet the estimation of effect size is somewhat challenged in part by the largest study relative to the collected other
smaller studies in the meta-analysis.

As noted in Table 1, Ritz et al. (2012) showed much larger effect sizes after adjusting for respiration and making other statistical
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Author(s) and Year Hedge's g [95% CI]
Bazhenova et al. (2001) e 0.54[ 0.10,0.98]
Moore & Calkins (2004) r—-—i 0.34[-0.01,0.70]
Feldman, Singer & Zagory (2010) b—‘—-—i 0.12[-0.36,0.61]
Weisman, Zagoory-Sharon and Feldman (2012) y-—-—i 0.39[-0.09,0.86]
Montirosso et al. (2014) b——l—l 0.24[-0.07,0.56 ]
Suurland et al. (2017) (low risk) I—I—I 0.26[-0.08,0.59]
Sharp et al. (2012) —— 0.60[ 0.43,0.78]
Ritz et al. (2012) (uncorrected) f ! 0.18[-0.40,0.76 ]
Quigley et al. (2016) }—-l—{ 0.07[-0.22,0.36 ]
Busuito and Moore (2017) ;——-—1 0.21[-0.19,0.60]
Bush et al. (2017) r—-—i 0.18[-0.21,0.57 ]
Suurland et al. (2017) (high risk) it -027[-0.72,0.18]
Conradt et al. (2010) »—-—1 0.00[-0.29,0.29]
RE Model < 0.24[ 0.10,0.38]

I T i | T T |
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Standardized Mean Difference

Fig. 3. RSA recovery in reunion episode.

adjustments. Using the respiration-adjusted values instead of the standard log-transformed values reported in our meta-analysis
resulted in a significant asymmetry test. We chose to present our meta-analysis using the standard unadjusted values in order to
present a more homogenous comparison. However, the overall results of the meta-analysis were not appreciably different using either
calculation.

Discussion and conclusion
Patterns of ANS activity for infants administered the SFP differ

Providing a comprehensive review and a meta-analysis helped us tell a more nuanced story about infant stress reactivity and
recovery than a review or meta-analysis alone could have provided. The review confirmed that the majority of studies showed that
infants exhibit a decrease in RSA (PNS withdrawal) during the SF episode compared to baseline/play suggesting that the SFP ef-
fectively induces stress reactions in infants. Fewer studies, however, found that RSA returned to baseline levels (recovery) after the SF
episode, with some reporting that RSA increased in reunion but not to baseline levels and others reporting that RSA did not change
from SF to reunion. Moreover, a few studies reported that, for some infants, RSA actually decreased across the SFP. In three study
samples, authors reported that approximately half of infants decrease RSA during the SF episode while the remaining infants either do
not decrease or show increased RSA. Studies also showed that HR increased during the SF episode compared to baseline/play and
decreased during reunion; in some studies, however, infant HR remained elevated from SF to reunion and/or did not return to play
levels. In terms of SNS measures, although an increase in SC was triggered during the SFP suggesting SNS activation, no effects were
found for TWA or PEP unless infants were classified by maternal sensitivity or risk status. Despite the range of findings identified by
the review, the meta-analytic results supported our hypothesis that, overall, the SF episode reliably induces a decrease in infant RSA
(PNS withdrawal).

Our second hypothesis was also supported: middle/upper class/low-risk infants showed an increase in RSA (PNS activation)
during reunion, whereas low-SES/high-risk infants did not. These results suggest that infants coping with the stresses associated with
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poverty and/or maternal psychopathy and risk have more difficulty reinstating the vagal brake than those babies raised in a low risk/
middle class environment. This review indicates that a number of factors may be associated with infants’ failure to recover in the SFP
including differences in parental behaviors, SES and high-risk factors such as maternal trauma (Bosquet Enlow et al., 2009; Bush
et al., 2017; Busuito & Moore, 2017; Conradt & Ablow, 2010; Haley & Stansbury, 2003; Mattson et al., 2013; Suurland et al., 2016).
Integrating across these findings, it makes sense that infants with sensitive parents would show vagal recovery upon reunion as their
source of emotional regulation has re-engaged. Overall, these studies suggest that it is important to assess parental behavior because
reliable parenting measures may help identify and explain different infant ANS responses. There were a number of concerns that
arose from this review, however;

Study outcomes relating to parental behavior were not all consistent.

For example, a number of studies found that parental sensitivity or related concepts were associated with ANS recovery in reunion
(although not always back to baseline levels) (Haley & Stansbury, 2003; Moore & Calkins, 2004; Provenzi et al., 2015). There was one
notable exception, however: Moore et al. (2009) reported that the infants of the most sensitive mothers during play showed lower RSA
in the reunion than other infants, and a decrease in RSA from baseline to reunion. Noting that these sensitive mothers also showed a
decrease in RSA during reunion, Moore et al. (2009) suggested that the lower RSA shown by infants may have reflected “mutual
responsiveness” between mother and child. In this review, we found that lower RSA in reunion, or even a failure to increase RSA in
reunion was more common for high-risk infants or infants living in high conflict environments (Busuito & Moore, 2017; Bush et al.,
2017; Conradt & Ablow, 2010; Suurland et al., 2016). Why were the results in Moore et al. (2009) different? There are a number of
possibilities. For example, perhaps the infants in Moore et al. (2009) were more environmentally sensitive; they may have had genetic
or epigenetic differences that impacted their ability to recover. It is also possible that the outcome differences reflect differences in
measures of parental sensitivity: Moore et al. (2009) was one of the few studies that assessed maternal sensitivity outside of the SFP. A
later study that drew from the same sample may also offer some hints; Quigley et al. (2016) found that babies who were breastfed had
lower RSA from baseline to reunion than non-breastfed babies, and that the babies of high SES parents had lower RSA in reunion.
Perhaps the findings in Moore et al. (2009) reflect the presence of a significant number of breastfed babies although Quigley et al.
(2016) reported that in their model maternal sensitivity was insignificant (there were some sample differences between the two
studies). It is not clear why the babies of high SES parents would have lower RSA in reunion. Additional research is needed to unravel
all these complex variables.

Although the meta-analysis confirmed that infant RSA decreases in the SF episode, approximately half of the infants in the S-NS studies failed
to show a decrease in RSA during the SF episode.

There are multiple reasons why infants might not show RSA withdrawal during challenge. First, these infants may simply not be
stressed. But NS infants appeared to show similar levels of negative behaviors and elevated HR as S infants in the SF at least
suggesting that they were stressed. Second, these infants may not have developed the ability to engage in emotional self-control yet
(Moore et al., 2009; Porges, 1996). Third, multiple findings suggested an association between the failure to withdraw during the SF
episode and insensitive or unresponsive parenting (Moore & Calkins, 2004; Provenzi et al., 2015), and one found that infants from
high conflict families actually showed PNS withdrawal during the play episode (Moore, 2010). One reason for such patterning might
be that interaction with the parent is more stressful for the infant than parental disengagement, particularly if the parent is aggressive
or intrusive. Moore also suggests that since the NS infants do not appear to receive the parental support necessary to regulate
emotional arousal, they may have to habitually self-regulate contributing to the failure to exhibit PNS withdrawal during the SF
episode. As suggested by the BSC theory, the failure to withdraw RSA during times of stress might be adaptive in a high-risk
environment where parental disengagement is a consistent phenomenon. Another possibility is that infants may simply show “innate”
differences in ANS function (Moore & Calkins, 2004). The attachment literature also gives some clues about what might be happening
with NS infants; among toddlers and older children, those who do not withdraw PNS during challenge are classified with ambivalent
or disordered attachment (Abtahi & Kerns, 2017; Oosterman, De Schipper, Fisher, Dozier, & Schuengel, 2010; Paret, Bailey, Roche,
Bureau, & Moran, 2015), while toddlers who showed PNS withdrawal from baseline to a stressor are classified as securely attached
(Paret et al., 2015). Insecurity or even attachment disorganization would be expected in an environment in which the child coped by
suppressing normal stress reactions in response to parental disengagement or frightening parental behavior. On the other hand,
parental sensitivity may support flexible PNS function. Given the linkage between attachment and self-regulation, longitudinal
follow-up of infants who fail to suppress RSA in the SF may confirm that ANS response during the SFP provides an early glimpse into
future emotional regulation.

Other factors that might impact ANS.

Subjecting infants to more than one task prior to administering the SFP (Bazhenova et al., 2001; Sharp et al., 2012; Tibu et al.,
2014), a large sample size (Sharp et al., 2012; Tibu et al., 2014), controlling for respiration (Ritz et al., 2012), subjecting infants to
two SF episodes (Ritz et al., 2012) and dividing infants into S and NS groups (Provenzi et al., 2015) appeared to produce some of the
moderate and high effect sizes for RSA reactivity. We did not perform a meta-analysis comparing studies that used the peak-valley
method versus Porges (1985) algorithm because of the low number of peak-valley studies and the potentially confounding factor of
SES (two of the three peak valley studies used a low SES/high risk sample). Nevertheless, we note that both methods produced, with
few exceptions, between small and medium effect sizes. We were also not able to discern any difference in effect sizes based on
scoring epochs or handling of missing data. Finally, we were not able to ascertain the impact of parental touch in the SFP in our meta-
analysis, because many studies simply told parents to play with their infants as they normally would, which might or might not

20



K. Jones-Mason et al. Developmental Review xxx (3XXX) XXX—XXX

include touching. Given the studies that suggest parental touch may impact infant RSA (Feldman et al., 2010; Sharp et al., 2012)
additional research should be conducted to investigate this phenomenon.

Strength and weaknesses in the SFP literature and proposals for future research

The meta-analysis findings suggest one major strength in the literature: the SFP reliably produces a PNS reaction. Moreover, the
SFP appears to differentiate PNS reactivity between low-risk/mid/high-SES infants and high-risk/low-SES infants. Yet there are many
weaknesses in the literature that must be addressed before further conclusions can be made. Below is a list of limitations and
proposed solutions to guide future research:

(1) Limitation: The most persistent weakness across studies is a lack of standardization of RSA measures and analyses (e.g.,

Frequency vs. peak-trough methods; measures of RSA at 5, 10, 15, 20 or 30 s epochs; different definitions of outliers; different
techniques for dealing with missing data; different levels of data editing; different methods of calculating ANS reactivity (e.g.,
SFP episode minus baseline vs. differences between preceding episodes); different baseline conditions (e.g., play episodes vs.
another condition before onset of the SF episode); different criteria to determine when to terminate an episode; and different
instructions to parents/researchers during play and reunion (e.g., touch vs. no touch; toys vs. no toys, etc.). This prevents
researchers from meaningfully comparing across studies or determining whether these differences impacts infant ANS mea-
surements.
“Proposal: While we understand the need to modify the SFP to test specific hypotheses, some standardization across these realms
may be appropriate to improve reliability and generalization of findings. For example, given the importance of parental touch
we suggest that studies standardize instructions on parental touch, and/or explicitly code instances of parental touch at any
point during the SFP (Mantis, Stack, Ng, Serbin, & Schwartzman, 2014), and report these details in publications. We also urge
researchers to adopt a standardized method to calculate ANS reactivity to allow for easier comparisons between studies. Re-
searchers could then modify reactivity calculations in secondary analyses, to assess the impact of such innovation. Standardizing
baseline measures (and limiting challenging tasks administered prior to the SFP) is also important as infants could start the SFP
at different levels of activation or relaxation depending on the nature of the pre-task activity. Finally, because differences in
scoring and cleaning ANS data can impact RSA, we suggest that both be reported and that the field endeavors toward uniform
approaches. Researchers might work together to achieve greater standardization by organizing specialized pre-conference
seminars at conferences specializing in child development and publishing suggestions for future studies.

(2) Limitation: Differences in methodology and protocol design (e.g., use parents vs. strangers, length of episodes, one SF vs. two SF

episodes, etc.).
“Proposal: Again, although we acknowledge the potential utility of variation in study design, we suggest some basic standar-
dization is possible here. For example, although the length of the SFP episodes may be adjusted in the case of very young infants
(e.g. neonates) most of the infants in studies reviewed were 6 months of age. Accordingly, standardization of episode duration
would be feasible for similarly-aged infants, unless other study elements required minimizing task length.

(3) Limitation: Lack of standard methods to control for influence of movement on ANS measures.

“Proposal: We recommend that the community adopt replicable methods to assess the role of infant movement in SFP ANS
responses.

(4) Limitation: Lack of standardization when measuring infant and maternal behaviors during the SFP (maternal sensitivity, par-

ental responsiveness, “matching,” reparation rates, different child behavior codes and the array of “sensitivity” measures).
Moreover, it is difficult to measure such a complex phenomenon as “maternal sensitivity”, particularly based upon 2-4 min of
play behavior within the SFP. These difficulties could explain why studies produce mixed results.
“Proposal: Because the attachment relationship provides the primary environment in which the highly-plastic infant brain
develops (Jones-Mason, Allen, Bush, & Hamilton, 2016; Kolb & Gibb, 2011), the most salient modifier for infant ANS function is
likely the infant — parent relationship. Parental sensitivity is a key starting point for studies seeking to understand differences
ANS function. We suggest that investing the time and resources necessary to conduct reliable and valid measures of parental
sensitivity, as noted by others (Lindhiem, Bernard, & Dozier, 2011), would advance SFP research. For example, the Maternal
Behavior Q Sort (MBQSPederson & Moran, 1995) is a highly respected method of assessing maternal sensitivity, has an ab-
breviated 25 item version that can be used relatively quickly in the lab (Behrens, Haltigan, & Bahm, 2016). Increased colla-
boration across labs might facilitate the use of the more validated parental sensitivity measures and lower barriers to their use.
Otherwise, researchers are encouraged to clarify that they are assessing parental behavior within the context of the SFP rather
than assessing parental sensitivity more broadly.

(5) Limitation: Few studies were found that involved a preponderance of participants from low-SES families, limiting the ability to

understand the role of SES on infant ANS response to the SFPO. Further, although there were few studies of sex and ethnic/race
differences available for review, there was some evidence for such. There is need for more investigation into sex, racial/ethnic,
and SES differences.
“Proposal: We advise the use of representative, diverse sample populations, when feasible, and/or increase the number of studies
focusing on samples of infants living in low SES households. Additional research on sex and ethnicity/race differences would
clarify whether differences are reliably identified. In addition, despite the fact that rural areas have higher levels of poverty and
health disparities, such populations in this research were rarely examined (HAC, 2012; Hartley, 2004). Accordingly, we suggest
that research include more participants living in the rural areas.
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(6) Limitation: A number of researchers have noted the lack of research into infant SNS reactivity (Moore et al., 2009; Suurland

et al., 2016) despite evidence for variability in ANS branch reactivity among children and adults -some show PNS withdrawal
while others show SNS activation and still others show both (Bernston et al., 2007). Yet, as this review shows, there is a dearth of
research in this area, with only four published studies attempting to assess SNS indicia during the SFP (Bosquet Enlow et al.,
2014; Ham & Tronick, 2006, 2009; Suurland et al., 2016).
*Proposal: Suurland et al. (2016) and Caron et al. (2017) are two of the newest studies that demonstrate it is possible to measure
SNS functioning, via PEP, in infants. Accordingly, we recommend that SFP researchers include measures of SNS. Moreover, we
endorse the suggestion made by Moore et al. (2009) for more integrated studies that incorporate not only PNS and SNS indicia,
but also variables that may add a more multi-dimensional aspect to understanding infant ANS development including infant and
maternal behavioral responsivity and other physiological variables relevant to self-regulation (e.g., cortisol or salivary alpha
amylase). Multiple researchers have proposed cross-system coordination of stress responses (Bernston et al., 1993; McEwen,
2006; Quas et al., 2014; Sapolsky, 2004), and some studies have already examined multi-system relationships in infants, but
more research is needed (Bauer, Quas, & Boyce, 2002; Quas et al., 2014; Rash et al., 2016).

(7) Limitation: There are still other important individuals and communities that have not been involved in SFP-ANS research. For
example, one of the starkest weaknesses in these studies is the almost total lack of SFP- infant ANS data with fathers. Weisman
et al. (2012) was the only study found that focused on fathers, demonstrating that fathers too may have a profound impact on
attachment related infant biological function. Fathers are also important to infant ANS function through the role they play in
their relationships with mothers (Moore, 2010). To fully understand infant ANS function, research must include fathers to the
same extent as mothers. Moreover, the composition of families is growing more diverse and there are few, if any, studies that
examine the ANS function in the SFP of infants living in non-traditional configurations (e.g., infants raised by grandparents or
other relatives, adoptive parents, or infants with same sex parents, etc.).

“Proposal: Include fathers in future research to expand the breadth of understanding of the home environment and its influence
on infant-parent responsiveness. Further extend samples to include infants living in non-traditional households.

(8) Limitation: Investigation into genetic and epigenetic differences that impact ANS has barely begun.

“Proposal: Researchers have already begun to demonstrate interest in examining epigenetic correlates of SFP response in healthy
(Conradt et al., 2015) and at-risk infants (Montirosso et al., 2016). We suggest expansion to include consideration of genetic and
epigenetic influences and search for interactions with environmental experience (e.g., SES, parental sensitivity, parental psy-
chopathology).

(9) Limitation: There is limited longitudinal research.

“Proposal: Longitudinal research would allow for determination of, for example, the implications of being a S versus a NS infant
over time and under what conditions those RSA profiles change. Is it possible that ANS category is influenced by genes or
epigenetic processes or maternal prenatal experience? We also urge researchers to report the precise numbers of infants that are
S and NS to help the field definitively determine the normative distribution of reactivity among infants and to determine if the
distribution of S vs. NS infants changes over time.

(10) Limitation: Few studies examine whether outcomes differ depending on whether measures are administered in the home or the
lab.
“Proposal: Many families, particularly high-risk families, are not able or willing to travel to a lab to participate in research.
Although no differences between results when the SFP was administered in a lab vs. the home were described in this review, the
evidence was limited. Further, researchers could explore opportunities for standardization across settings; for example, mobile
vans equipped with EKG/ECG equipment have been used successfully with older children.

(11) Limitation: Sample sizes may vary depending on drop-out rate.
“Proposal: Researchers should conduct a power analysis to determine a sufficient starting sample size, considering the effect
sizes in their population of interest and the likelihood of a significant drop out rate. Note that Moore (2010) indicated that it is
typical to lose about a quarter of data due to infant movement and noncompliance, and even more because of infant protest and
technical problems.

Conclusion

In conclusion, several questions and overall issues arise from this review. First, this review shows that many researchers are trying
to demonstrate that the parent-child relationship may influence ANS function. As alluded to earlier, if infants show the same overall
ANS responses in the SFP with strangers as with parents, however, to what extent is the SFP revealing something about the history of
the parent-child relationship as opposed to, perhaps, evidence of a bio-behavioral system present at birth? More research is necessary
to determine to what extent ANS function measured in the SFP may reveal something about the quality of specific relationships.

Second, can researchers be certain about what the behaviors and physiological reactions demonstrated by infants mean in the
SFP? For example, as noted in this review, NS infants may be at risk of developmental or behavioral problems, but they may also not
suppress simply because they are not stressed (Ham & Tronick, 2006). Administering other measures of infant stress reactivity (e.g.,
salivary alpha amylase, PEP, etc.) may aid interpretation of findings.

Third, while we acknowledge study heterogeneity, the results did confirm that the SFP appears to create a stress reaction in
infants resulting in PNS withdrawal. We remain concerned, however, that the lack of standardization and other factors compromise
the ability to understand what is driving variation in findings. The S-NS studies suggest that the “normal” distribution of RSA
responses among infants to the SF episodes is that half of infants withdraw and half do not. If that is the case, many studies might
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produce null findings, and positive finding publication bias may be skewing the knowledge base. That said, our tests for publication
bias in the meta-analyses suggest this is not the case although we acknowledge that tests of publication bias are not perfect and are,
ultimately, based on published studies. Collectively, although our hypothesis of a SFP effect on RSA was confirmed, we believe
considerable additional work is required to derive definitive conclusions about factors that predict infant ANS responses in the SFP.

Does the review suggest any clinical implications for this field of research? The lack of standardization in the field, some in-
consistent findings, particularly around parental behavior, and limited samples of high-risk/low SES communities prevent conclusive
answers. Nevertheless, results of the meta-analysis do confirm that sustained parental disengagement is associated with infant PNS
withdrawal, on average, and that re-engagement with the infants in play typically results in recovery. Clinically, this affirms the key
role parenting behaviors play in activating infant stress responses and in supporting their return to “non-stressed” levels of phy-
siology. Results also suggest that infants raised in high-risk environments take longer to recover from stressful challenges. On the
other hand, as the review indicated, infants exposed to insensitive parenting or high levels of parental conflict within the household
may show lower RSA than other infants, or may not suppress RSA during challenge at all (Moore, 2010; Provenzi et al., 2015). These
results are consistent with the conclusion of other research reviews finding that factors such as prenatal stress, and post-natal
environmental exposures such as marital conflict, maternal psychopathology and insensitive parenting are associated with low vagal
tone and inconsistent vagal withdrawal (Graziano & Derefinko, 2013; Propper and Holochwost, 2013). Given the neuroplasticity of
the infant brain, prolonged stress reactions could have significant consequences to both brain development and future stress re-
activity (e.g., heightened or blunted) (Kolb & Gibb, 2011; McEwen, 2015). Failure to exhibit PNS withdrawal during times of
challenge has also been associated with less optimal outcomes such as insecure or disorganized attachment (Oosterman et al., 2010).
If these results are confirmed in larger meta-analytic samples, consideration of therapeutic intervention may be advisable. For
example, interventions such as “The Attachment and Biobehavioral Catch-up (ABC) have been shown to improve parenting and the
parent-child relationship, and appears to contribute to sustained normalization of children’s HPA-axis functioning—such work may
be useful for supporting healthy ANS physiology as well (Bernard, Simons, & Dozier, 2015). We emphasize three points, however.
First, the intervention must take into account the context in which the infant lives. Prolonged protest and PNS withdrawal (low RSA)
may be adaptive in a high-risk household; the infant may have to protest longer in order to capture the attention of a parent who may
be distracted or unavailable. Second, as alluded to earlier, the failure to withdraw RSA may be adaptive; infants may be self-
regulating because the parent is too stressed or not available for other reasons to help the baby regulate. Third, some forms of
maternal “psychopathology” such as anxiety may actually have some beneficial effects for the infant. Recall that Ostlund et al. (2017)
found that infants of anxious mothers had the highest RSA in reunion; the authors opined that anxious mothers may be more
responsive to the infants resulting in quick recovery. In short, any interventions considered in the future will have to thoughtfully
consider the biological and social complexities, particularly for families living in high-risk environments.

Ultimately, the challenge facing researchers in the future is to untangle a web of complex variables without assuming that any one
pattern is optimal. As the BSC literature suggests, optimal outcomes may depend on the challenges facing the infant in life (Bush &
Boyce, 2016). The only way researchers can meaningfully answer these questions is through longitudinal studies of diverse popu-
lations that employ rigorous standardized conditions and include measures of family demographics and parenting.
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