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ABSTRACT
The adaptive calibration model (ACM) asserts that the stress response system, including the parasympathetic nervous system
(PNS), conditionally adapts to one’s environment. In infancy, the proximal context of parental influences (e.g., maternal
depression/anxiety) affects the development of the infant stress response system. In contrast, the relation between broader
contexts, such as neighborhood environment, and infant PNS development is less well understood, despite the impact
neighborhoods may have on maternal mental health and youth outcomes. The present study bridges prior research examining
relations between neighborhood and maternal depression, and maternal depression and infant PNS development. Latent growth
curve analysis with mother–infant dyads (N = 320), assessed when infants were 4, 8, 12, 18, and 24 months old, indicated that
maternal depressive symptoms showed global decreases across infancy and that infant resting RSA showed global increases,
as well as variability across the sample in these trajectories. Moderated mediation modeling showed significant direct effects of
neighborhood structural disadvantage on initial levels of infant resting RSA. However, there were no significant indirect effects
of neighborhood through maternal depressive symptoms on RSA levels or trajectories. These findings suggest that the broader
environment impacts infant stress response system development, but this may occur through other mechanisms beyond proximal
maternal depressive symptoms.

1 Introduction

Exposure to environmental adversity in periods marked by rapid
physiological development may “get under the skin” to influence
long-term physiological functioning (Boyce and Ellis 2005). One
way in which contextual factors may influence physiological
development is by calibrating the individual’s stress response
system, including both basal levels and reactivity to stress, as
proposed by the adaptive calibration model (ACM; Del Giudice
et al. 2011). The ACM asserts that conditional adaptation to
stressors in one’s environment results in differential tuning of

the stress response system, making it more or less susceptible to
environmental influence. This fine-tuning of the stress response
system has the potential to be evolutionarily adaptive for oper-
ating within the contexts that individuals experience in their
everyday lives (Boyce and Ellis 2005).

The current study examined if and how neighborhood context
may calibrate the parasympathetic nervous system (PNS) branch
of the stress response system in infancy. Neighborhood stress
is not often examined as a direct impact on the daily lives of
infants despite growing understanding that developmentmust be
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situated within context, including both the home and the broader
environment (Bolger et al. 1988). Much of the prior literature
has focused on proximal influences on PNS activity, often in
the form of maternal traits. For example, increased maternal
depression has been associated with lower levels of infant resting
PNS activity (Jacob et al. 2009;K.C. Johnson et al. 2014).However,
we know that the larger environment, such as the neighborhood,
shapes the contexts that infants must adapt to (Bronfenbrenner
and Ceci 1994). While there may be direct effects, maternal
traits and behaviors with respect to their infant may also reflect
the caregiver’s experience of the daily environment (Kohen
et al. 2008; May et al. 2018). Therefore, the current study also
aimed to investigate the mediating role of maternal depressive
symptoms in the relation between neighborhood and infant PNS
development, given that maternal traits have a robust impact on
infant trajectories.

1.1 PNS Developmental Trajectory

One of the primary components of the stress response system is
the autonomic nervous system (ANS), within which the sympa-
thetic nervous system (SNS) is often thought to be responsible for
responding to stressors (flight or fight) and the PNS is responsible
for recovery (rest and digest) (McCorry 2007). However, the
polyvagal theory proposes that the PNS may play an important
part in responding to challenge or low-level stressors (Porges and
Furman 2011). Specifically, both the SNS andPNS canmove in two
directions independently, presenting increasing and decreasing
activity.When task or stressor demands are perceived as relatively
minor, the body may be able to cope with these demands by
decreasing PNS influence alone, rather than also increasing SNS
activity (Porges 2007).

Vagal tone is a measure of PNS influence over the heart and
is primarily indexed by respiratory sinus arrhythmia (RSA), a
measure of high-frequency heart rate variability that oscillates
with spontaneous breathing (Porges and Furman 2011). High-
frequency heart rate variability has been found to be almost
entirely controlled by the vagus nerve, which provides parasym-
pathetic control over the heart from the brain (Berntson et al.
1997). High levels of resting RSA have been interpreted as
reflecting the ability for an individual’s nervous system to quickly
and positively respond to stressors in their environment and
regulate behavior and emotion elicited by the stressor, as higher
levels allowmore room to withdraw PNS control from baseline to
task (Calkins 1997).Measures of resting PNS activity are relatively
stable after 1 year of age and reflect a trait-level ability to regulate
one’s response to stress (Alkon et al. 2011; Dollar et al. 2020;
Wagner et al. 2021).

Recent work has sought to map normative resting RSA tra-
jectories to determine sensitive periods in development (Dollar
et al. 2020; Wagner et al. 2021). Although studies have varied
in the age range investigated, vagal tone shows rapid increases
during the first year of life (Bar-Haim et al. 2000; Porges and
Furman 2011). Further, vagal tone shows relative instability in
the first 6 months such that infant RSA measured at 1 month
has shown no associations with RSA measured at 3 or 6 months
(Porter et al. 1995). Averaging across individuals, resting RSA
continues to increase in the first 3 years of life. However, there

is also variability in the degree of increase, which leaves room
for exploring potential predictors of differences in rates of change
over time (Wagner et al. 2021). Following this initial increasing
period, resting RSA plateaus between 4 and 10 years of age and
shows greater levels of stability (Alkon et al. 2011; Bar-Haim et al.
2000; Bornstein and Suess 2000; Dollar et al. 2020).

Developmental trajectories of resting RSA show variability in
increases across the first few years of life, indicating the potential
for external influence on trajectories in this time of rapid change.
Context may play an important role in shaping the development
of resting RSA as a marker of the capacity to respond to
stress. Indeed, according to the ACM (Del Giudice et al. 2011),
environments marked by low levels of stress may relate to the
development of higher basal vagal tone, promoting high flexibility
in response to environmental demands. Across individuals, as
environmental stress increases, levels of basal vagal tone may
decrease, potentiating the stress response system to allow for
faster or greater sympathetic dominance in response to stress
(Del Giudice et al. 2011). Resting RSA, potentially calibrated by
environmental and genetic input early in life, then serves as a
marker of susceptibility to context in the future. Empirical work
in relatively high-risk samples has found that infants lower in
resting RSA may be more susceptible to differences in maternal
depression (Somers et al. 2019) and neighborhood characteristics
(Zhang et al. 2018) in relation to later child behavioral outcomes.
Given this work indicating the importance of resting RSA as a
potential marker of susceptibility to context, it is important to
consider how differences in context may calibrate vagal tone to
be best suited to the potential stressors an infant may encounter.

1.2 Theories of Neighborhood Influence on Child
Outcomes

According to Bronfenbrenner’s ecological systems theory, chil-
dren develop within a set of nested contexts that influence the
child directly, aswell as through transactional influences between
contexts (Bronfenbrenner and Ceci 1994). For example, the
nuclear family is conceptualized as situated in the microsystem,
the innermost context, and has direct daily interactions with
the child. In contrast, in infancy, neighbors are situated in
the exosystem as they primarily interact with caregivers and
influence the child through themesosystem, that is, transactional
influences between the neighbor, caregiver, and child.

Within research on RSA development, maternal and familial
influenceswithin themicrosystemhave thus far been the primary
context of interest. However, a wealth of literature has called
attention to the importance of studying neighborhood context
given its influence on child outcomes across domains of devel-
opment (Anderson et al. 2014; Leventhal and Brooks-Gunn 2000;
D. P. Witherspoon et al. 2023), including in early childhood (Ma
and Grogan-Kaylor 2017; Pei et al. 2022).

The prevailing theory utilized to explore influences of negative
neighborhood characteristics on youth outcomes is social
disorganization theory (Sampson et al. 2002; Shaw and
McKay 1942). This deficit-focused model examines negative
neighborhood structural characteristics, such as poverty,
residential instability, and increased percentage of single-parent
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households, often grouped under the construct of neighborhood
disadvantage (Sampson et al. 1997). The argument is that these
structural deficits negatively influence the ability of neighbors to
form collective trust and cohesion (Shaw and McKay 1942). Lack
of social cohesion, as well as lack of established neighborhood
social norms, is theorized to result in youth not having adequate
role models and supervision, which in turn results in negative
outcomes, such as increased rates of crime and mental illness, as
well as higher rates of maladaptive outcomes in youth (Kim 2010;
Kingston et al. 2009; Leech 2016; Lei and Beach 2020; Leventhal
and Brooks-Gunn 2000; Leventhal and Dupéré 2019; McBride
Murry et al. 2011)

Despite empirical findings motivated by social disorganization
theory, theorists have called attention to the negative outcome
bias and the focus on risk factors and deficits in disadvantaged
neighborhoods (Aber and Nieto 2000; Wandersman and Nation
1998). In comparison, pluralistic neighborhood theory argues
that neighborhoods labeled as structurally disadvantaged also
have protective factors that are associated with positive youth
outcomes (Aber and Nieto 2000). These strengths include social
resources such as informal social control and social cohesion,
which are often grouped together under the construct of collective
efficacy (Sampson et al. 1997). Informal social control refers to
the likelihood that adults in the neighborhood will intervene and
monitor youth behavior, and social cohesion refers to the strength
of social bonds and trust between neighbors (Sampson et al. 1997).

Pluralistic neighborhood theory suggests, and recent empirical
work following this approach find, that within a given neighbor-
hood, perceptions are heterogeneous and that these perceptions
have implications for outcomes (Browning et al. 2014; Butler
et al. 2012; D. Witherspoon and Ennett 2011). However, it is
important to note that these findings are not always consistent
across samples with varying racial/ethnic composition (seeWhite
et al. [2021] for review). Using pluralistic neighborhood theory
as a guiding framework, it is important to not only seek to
investigate how neighborhood structural characteristics relate
to outcomes but also explore how protective factors, such as
collective efficacy, may operate within these neighborhoods to
influence developmental outcomes.

1.3 Neighborhood Influence onMaternal
Psychopathology

According to Bronfenbrenner’s ecological systems theory, exosys-
tem contexts such as the neighborhood will influence youth
through the microsystem contexts, such as family (Bronfenbren-
ner and Ceci 1994), particularly for infants and children. This
may hold especially true for infants who cannot yet walk and
explore their neighborhood and the environment outside of the
home (Leventhal and Brooks-Gunn 2000). It is thus important to
consider that the family may play a mediating role in conferring
neighborhood risk and protective factors to infant outcomes.

Importantly, theoretical and empirical evidence supports that
neighborhood stressors influence maternal mental health out-
comes (May et al. 2018; McCloskey and Maguire-Jack 2021),
which have been shown to impact infant PNS development (de
Vente et al. 2020; Zhou et al. 2023). Wandersman and Nation

(1998) theorize that neighborhood contextual characteristics (e.g.,
neighborhood SES, racial/ethnic composition, residential pat-
terns) in combination with low social support may be associated
with adult mental health. In line with this model, increased
neighborhood structural disadvantage (Hill and Herman-Stahl
2002; Kim 2010; Kohen et al. 2008; Manuel et al. 2012; May et al.
2018; Ross 2000), as well as maternal perceived neighborhood
disorder (McCloskey and Maguire-Jack 2021), is associated with
maternal depression. In addition, in support of pluralistic neigh-
borhood theory, neighborhood support (Kim and Ross 2009), as
well as support networks and partner support (Manuel et al.
2012; McCloskey and Maguire-Jack 2021), moderates the relation
between neighborhood and maternal depression.

Not only are neighborhood social supports related to maternal
psychopathology, but they are also associated with positive
parenting quality. Specifically, Rhoad-Drogalis et al. (2020) found
that greater levels of social cohesion and control were associated
with higher levels of parental involvement in the first year of
infancy. These studies investigating the influence of neighbor-
hood on maternal symptomatology and parenting behaviors are
important due to the insight they may provide into the trans-
actional influences (i.e., Bronfenbrenner’s mesosystem) between
the neighborhood and the mother.

1.4 Maternal Psychopathology and RSA
Development

While we lack a deep literature on the effect of neighbor-
hood context on infant PNS development, there is prior work
indicating that proximal factors, such as maternal sensitivity
and maternal depression, influence the trajectory of infant RSA
(Propper andHolochwost 2013; Tacana et al. 2024). Specifically, in
both low-income and middle-to-high-income samples, maternal
depression has been associated with lower levels of infant resting
RSA (Jacob et al. 2009; K. C. Johnson et al. 2014), and maternal
sensitivity in infancy has been associated with higher levels of
resting RSA at 5 years of age (M. Johnson et al. 2017) and smaller
increases in resting RSA from 7 to 18 months of age (Tacana et al.
2024). These studies investigate static levels of maternal depres-
sive symptoms and sensitivity in infancy. However, mothers show
variation not only in their levels of depressive symptoms but also
in how these symptoms change over time (Wu et al. 2011). Chil-
dren whose mothers showed slower rates of decline in depressive
symptoms across infancy were found to have poorer social
skills (Wu et al. 2011) and more behavioral difficulties in early
childhood (van der Waerden et al. 2015). Together, the emerging
data reinforce the importance of studying how different rates of
change in maternal depressive symptoms across infancy relate to
infant regulatory development (van der Waerden et al. 2015).

Caregivers play a primary role in shaping infant experiences
and development. However, infants also play an active role in
eliciting behaviors from their caregivers (Bell and Harper 1977;
Cohn and Tronick 1987; Curci et al. 2023; Somers et al. 2021;
Vallotton 2009). Maternal behavior influences child outcomes
but, at the same time, infant behavior and/or physiology may
also affect change in maternal behavior. For example, Curci et al.
(2023) found that infant behavior problems at 12 months of age
significantly predicted increased maternal depressive symptoms
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measured at 18 months, controlling for maternal depressive
symptoms at 12 months. These recent findings point toward the
importance of considering bidirectional relations between infant
characteristics and changes in maternal symptomatology across
infancy.

Despite the theoretical understanding that neighborhood may
impact youth by way of neighborhood–parent and parent–child
interactions, no empirical studies investigate this pathway with
regard to infant RSA. Prior work has investigated the role of
maternal depression and parenting in shaping the relation of
neighborhood disadvantage and toddler behavioral outcomes and
found support for both the mediating and moderating roles
of maternal depression (Fuller et al. 2018; Kohen et al. 2008).
In particular, Kohen et al. (2008) found an indirect positive
relation between neighborhood structural disadvantage and a
broad index of toddler behavior problems through neighbor-
hood cohesion, maternal depression, and punitive parenting,
such that increased neighborhood disadvantage was related to
increased behavior problems. As resting RSA is conceptual-
ized as a physiological measure of regulation that is associ-
ated with behavioral outcomes, these findings provide support
for exploring the influence of neighborhood on infant RSA
outcomes.

1.5 The Present Study

The present study examines the potential influence of neigh-
borhood on infant RSA trajectories. Additionally, this study
investigates how maternal depression may mediate associations
between neighborhood and infant PNS development. The present
study focuses on developmental trajectories across infancy due
to the rapid increases in RSA levels across this period (Dol-
lar et al. 2020; Wagner et al. 2021), building on prior work
showing that steady high or increasing maternal depressive
symptomsmay relate to increases inRSA reactivity (Ashman et al.
2008).

Based on prior literature that has investigated the indirect
pathways of neighborhood characteristics to maternal depression
and maternal depression to infant emotional regulation (Kohen
et al. 2008), we hypothesize that neighborhood structural dis-
advantage would have an indirect effect on infant RSA. This
effect would be mediated through initial levels of maternal
depressive symptoms, such that higher levels of neighborhood
disadvantage would be associated with increased initial levels
of maternal depressive symptoms. These increased initial levels
of maternal depressive symptoms would then be related to
decreased initial levels of resting RSA, as well as smaller increases
in resting RSA over time. Furthermore, we hypothesized that
higher levels of neighborhood disadvantage and lower levels of
neighborhood support would also result in smaller decreases in
maternal depressive symptoms across infancy, which would also
relate to smaller increases in resting RSA as infants adapt to
their context. In addition, in line with pluralistic neighborhood
theory (Aber and Nieto 2000), we hypothesized that parental
perceived collective efficacywouldmoderate the relation between
neighborhood perceived disadvantage and maternal depressive
symptoms, as neighborhood social support and informal control
may decrease initial levels of maternal depressive symptoms

as well as change in maternal depressive symptoms across
infancy.

2 Materials andMethods

2.1 Participants

Data for the present study were collected as part of the larger
Longitudinal Attention and Temperament Study (Pérez-Edgar
et al. 2021). In this study, data were collected from infants
(N = 357) longitudinally at 4, 8, 12, 18, and 24 months of age,
using a multimethod approach that included caregiver question-
naires assessing infant temperament, their own psychological
state and traits, and the sociodemographic features of their
environment, as well as experimental measures of infant atten-
tion, reactivity, and physiological response. Initial participant
recruitment took place from 2016 to 2019, with final in-person
data collection concluding in 2020, due to COVID mitigation.
The Institutional Review Boards at The Pennsylvania State
University and Rutgers University approved all procedures, and
parents provided written consent and were compensated for their
participation.

Participants were recruited from areas surrounding three sites:
State College, PA (N = 167); Harrisburg, PA (N = 81); and
Newark, NJ (N = 109). Caregivers identified 16% of the infants
as African American/Black, 3% as Asian, 22% as Latinx, 50%
as White, and 8% as biracial or mixed race. Across the sample,
14% of families reported a household income of $15,000 or
less, 6% reported $16,000–$20,000, 6% reported $21,000–$30,000,
5% reported $31,000–$40,000, 6% reported $41,000–$50,000, 8%
reported $51,000–$60,000, and 39% reported an income above
$60,000. The remaining 17% of caregivers declined to provide
income information.

The proposed study focuses on a subsample of infants (N = 320;
164 female) who completed at least one measure from the
current study and for whom the mother was the questionnaire
respondent.

2.2 Procedures

Demographic questionnaires as well as community survey ques-
tionnaires used in the present study were administered during
the 4-month timepoint, either online prior to the lab visit or
while infants were completing attention tasks. Similarly, mothers
completed the questionnaire to assess maternal depressive symp-
toms at each visit either prior to coming to lab or while infants
were completing attention tasks. Infant resting RSAwas collected
during the second lab visit of the 8-, 12-, 18-, and 24-month
timepoints.

2.3 Measures

2.3.1 Resting RSA (8, 12, 18, and 24 Months)

Electrocardiograph (ECG) signal from the infant was contin-
uously recorded during a resting state at each of the 8-, 12-,
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18-, and 24-month timepoints. Gelled sensors (stickers) were
placed by the experimenter on the child’s right collarbone
and lower left and right ribs prior to baseline. The resting
period was 4 min in duration, and the infant was positioned
on a parent’s lap and given nonstimulating toys to keep them
occupied. Parents were instructed to avoid social contact and
keep as neutral as possible. ECG was sampled at a rate of
500 Hz using Mindware MW1000A devices and the BioLab
system (Mindware Technologies, Ltd., Westerville, OH). A device
was attached to the back of the highchair or the parent’s chair.
At the 18- and 24-month visits, the infant wore the device inside
a small backpack to allow for locomotor activity for other study
procedures.

Data were analyzed offline using the Mindware editing program
Mindware HRV, Versions 3.1.4 and 3.1.5, which identified inter-
beat intervals and detected physiologically improbable intervals
using a validated algorithm (Berntson et al. 1990). Trained
personnel visually inspected ECG data for R-peak and artifact
identification. RSA was calculated in 30-s epochs using the
0.240–1.040 Hz power band. Twenty percent of participants were
selected to be inspected by a second reviewer. Selection for
secondary validation was biased toward files that were identified
as having manual edits. Segments that deviated by more than
0.10 were further inspected by both reviewers, and a final value
was agreed upon. In the case of messy data due to participant
movement, segments that had more than three consecutive beats
about which the editor was unsure were discarded. The mean
RSA value across all usable epochs for each timepoint was used
for analyses. Means are provided in the descriptive analysis
results section in Table 1.

2.3.2 Neighborhood Structural Disadvantage
(4 Months)

Geocoding based on the participant’s address collected at the first
timepoint was implemented to gather structural components of
neighborhood disadvantage. The two-step process consisted of
obtaining the address of the participant and deriving the census
block group for that address. Census block group was used in the
present analysis to approximate neighborhood characteristics in
line with prior literature and due to ease of access to national data
(D. Witherspoon and Ennett 2011). The census block group was
then entered into socialexplorer.com,which provided sociodemo-
graphic variables for the specific geographic location based on the
5-year estimates of the American community surveys. The 5-year
estimate was selected around the time of participant recruitment,
occurring from 2014 to 2018.

Five of the available variables were selected based on use in prior
studies (Kohen et al. 2008; Leventhal and Brooks-Gunn 2000;
D. Witherspoon and Ennett 2011) and were derived to measure
neighborhood disadvantage. These variables included percentage
of residents below the poverty level, percentage of residents
aged 16 and older who are unemployed, percentage of residents
aged 25 and older without a high school diploma, percentage of
female-headed households, and average neighborhood income.
Neighborhood structural disadvantage was then included in the
current analysis as a latent factor composed of these five variables.

Confirmatory factor analysis on the structural disadvantage latent
variable indicated that all variables significantly contributed to
the latent variable (see Supporting Information S1).

2.3.3 Neighborhood Perceived Collective Efficacy
(4 Months)

The 1994–1995 PHDCNCommunity Survey (ICPSR 2766) is a sur-
vey designed to assess adults’ perceptions of their neighborhood
(Sampson et al. 1997) and was collected at the 4-month timepoint.
The survey assesses key neighborhood dimensions, including
the dynamic structure of the local community, organizational
and political structure, cultural values, social disorder, perceived
violence, informal social control, formal social control, and social
cohesion. Two components, informal social control and social
cohesion, were used to form the combined factor of collective effi-
cacy (Sampson et al. 1997). Informal social control was measured
by asking mothers to respond to five statements, such as “If there
was a fight in front of your house and someone was being beaten
or threatened, how likely is it that your neighbors would break it
up?” with a 5-point scale of Very unlikely to Very likely. Higher
values indicate greater informal social control. Social cohesion
was measured by asking mothers to respond to five statements,
such as “People in this neighborhood can be trusted,” on a 5-
point scale of Strongly disagree to Strongly agree. Cronbach’s alpha
indicated good reliability for the social cohesion (α = 0.87) and
social control subscales (α = 0.83). Higher values indicate greater
social cohesion.

2.3.4 Neighborhood Perceived Disadvantage
(4 Months)

Maternal perceived neighborhood disadvantage was indexed by
the social disorder scale of the 1994–1995 PHDCN Community
Survey collected at 4 months of infant age (Sampson et al.
1997). This scale consisted of six items that asked mothers to
respond to statements such as “Howmuch of a problem is people
selling or using drugs?” with a 3-point scale of Not a problem
to A big problem. Cronbach’s alpha indicated excellent reliability
(α = 0.91). Higher values on this scale indicate greater maternal
perceptions of social disorder.

2.3.5 Maternal Depressive Symptoms (4, 8, 12, 18, and
24 Months)

Mothers self-reported their depressive symptoms using Beck’s
Depression Inventory (BDI; Beck et al. 1961) at each study
timepoint. The BDI is a 21-item self-report questionnaire for
evaluating the severity of depression in healthy and psychiatric
populations (Beck et al. 1961). Each item consists of a group of
related statements, and respondents report how they have been
feeling for the past week on a 4-point scale (0 = Symptoms
absent, 1 = Mildly, 2 = Moderately, 3 = Severe symptoms), and
all items were summed for a total score. Across all timepoints,
this measure had good to excellent scale reliability (4 months
α = 0.89; 8 months α = 0.86; 12 months α = 0.90; 18 months
α = 0.91; 24 months α = 0.92). Higher scores indicate greater
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FIGURE 1 Analytic model.

symptom severity. Within nonclinical samples, total scores
above 20 may indicate depression (Beck et al. 1961). In the
current sample, 7% of mothers reported depressive symptoms
above this cutoff across all timepoints and 3% at any one
timepoint.

2.4 Analytic Plan

The proposed analytic model based on the theory-implied rela-
tion between our variables of interest is presented in Figure 1.
Structural equation modeling (SEM) was used to test maternal
depressive symptoms as a mediator between neighborhood char-
acteristics and infant RSA development. Longitudinal moderated
mediation in parallel process latent growth curve (LGC)modeling
was selected as the most appropriate modeling technique for the
current study, as it allows one to test not only the effect of a
mediator but also how change in the mediator affects change
in the outcome of interest (Cheong and MacKinnon 2012; Selig
and Preacher 2009; Zhu et al. 2021). However, this model relies
on key assumptions that must first be tested before testing the
final model. Therefore, we began by performing a missing data
analysis to ensure bias due to missingness could be minimized
with the introduction of covariate or auxiliary variables and full
information maximum likelihood (FIML; Collins et al. 2001). We
then determined whether there was significant within-person
variability in maternal depressive symptoms and infant resting
RSA by calculating intraclass correlation coefficients (ICCs).
If ICCs indicated significant variability, individual LGCs were
fit to maternal depressive symptoms and infant resting RSA
separately to determine if a trajectory model adequately captured

the variability in the change across infancy, indicating it could be
used as an outcome in the proposed parallel process model.

The proposed analytic model (Figure 1) was then fit to the data,
reducing either maternal depressive symptoms or infant RSA
to a static composite score if LGCs did not indicate significant
variability in change across time between persons. Variables that
are identified as potential auxiliary variables were included by
covarying the auxiliary variables with all other model variables.
Given the importance of isolating neighborhood effects from
family and individual level effects, maternal education and child
sex were also included as covariates in the model.

Individuals are nested within neighborhoods, which was not
accounted for in the analytic model. To handle this potential
nesting, ICCs were calculated for all variables as a function of
block group to determine the amount of variance within and
between neighborhoods. ICCs revealed that a nonzero proportion
of variance was attributable to between-block group differences
in maternal depressive symptoms but not infant resting RSA.
Maximum likelihood with robust errors was used and compared
to results obtained using FIML to account for potentially biased
standard errors resulting from the nonindependent structure of
the dataset.

All models were estimated using the lavaan package for R
(Rosseel 2012). Missing data were accounted for using FIML
estimation (Cham et al. 2017). However, missing data corrections
such as FIML and multiple imputation are not appropriate
in the presence of interactions, as they treat this variable the
same as all others and ignore the inherent dependence on the
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component variables, thus introducing potential bias into param-
eter estimations (Lüdtke et al. 2020). To handle this potential
bias, interaction terms will be removed if nonsignificant, and
if significant, models will be examined with and without the
term to investigate the potential influence of bias in estimating
the nonnormal interaction term under the assumption of mul-
tivariate normality. Model fit was assessed using χ2, root mean
square error of approximation (RMSEA), standardized root mean
square residual (SRMR), andComparative Fit Index (CFI; Hu and
Bentler 1999). Cutoff criteria for the fit indices are as follows: χ2
p-value > 0.05, RMSEA < 0.08, SRMR < 0.08, and CFI ≥ 0.9. All
data and R code for the current study are provided on Databrary
(http://doi.org/10.17910/b7.1288).

3 Results

3.1 Missing Data Analyses

Missingness of demographic and neighborhood variables as
well as the outcome measures (maternal depressive symptoms
and infant RSA) from the first timepoint is in line with lev-
els commonly seen in studies with children (Ballard et al.
2021). Attrition across timepoints is substantial with 40%–77%
missingness in outcome variables at the final two timepoints,
largely due to COVID-related mitigation, which suspended in-
laboratory assessments beginning in March 2020. This level of
attrition is more common in randomized control trials (Elobeid
et al. 2009) than developmental research (Nicholson et al. 2015).
We then tested whether demographic variables, including child
sex, maternal education, and site, were appropriate auxiliary
variables to help predict missing values in outcome measures
across timepoints. Investigation of missing data patterns in
outcomemeasures revealed thatmaternal education significantly
predicted missingness and variation in maternal depressive
symptoms and infant RSA across timepoints, a requirement for
inclusion of auxiliary variables to account for missing-at-random
assumptions (Collins et al. 2001).

3.2 Descriptive Analyses

Table 1 provides descriptive statistics for all study variables by
site. Intraclass correlations revealed that 55% of the variance in
maternal depressive symptoms was related to between-person
differences, indicating a significant proportion of individual
differences as well as variation across time. In addition, 38%
of variability in resting RSA is explained by between-person
differences, also indicating significant individual differences and
variation across time.

3.3 Model Results

3.3.1 Unconditional Growth Curve Analysis for
Maternal Depressive Symptoms

A linear LGC model fit trajectories in maternal depressive symp-
toms well (χ2(14) = 20.99, p = 0.10, CFI = 0.96, RMSEA = 0.04,
SRMR = 0.09). In addition, the linear model did not significantly
differ from a model including a quadratic term (χ2(1) = 2.53,

p= 0.11), indicating that the linear model was a more appropriate
and parsimonious fit to the data. Figure 2 illustrates the change
trajectory over time.

This linear growth model, constrained for measurement equiv-
alence (e.g., equal measurement error across timepoints), indi-
cated that, across the group, initial levels (estimate = 1.97,
p< 0.01) and linear change over time (estimate=−0.08, p< 0.01)
were significantly different from zero. Additionally, mothers
had significant variability in their initial levels of depressive
symptoms (estimate = 0.99, p < 0.01). However, there was no
significant variation between individuals in change in maternal
symptoms across infancy in the present sample (estimate= 0.008,
p = 0.54) and no significant covariance between initial levels and
linear change (estimate = 0.02, p = 0.52). Model results remained
consistent when including maternal education as an auxiliary
variable to help account formissingness. Based on the lack of indi-
vidual differences in change in maternal depressive symptoms
during infancy, the measure was reduced to a composite average
score for the final model for parsimony.

3.3.2 Unconditional Growth Curve Analysis for Infant
Resting RSA

A linear LGCmodel fit trajectories of infantRSAwell (χ2(8)= 7.98,
p = 0.44, CFI = 1.00, RMSEA = 0.00, SRMR = 0.06) and did
not significantly differ from a model including a quadratic term
(χ2(4) = 0.02, p = 0.99). Figure 3 illustrates the linear change
in RSA over infancy. This linear growth model, constrained for
measurement equivalence, indicated significant initial levels of
resting RSA at 8 months (estimate = 3.57, p < 0.01), significant
average increases in resting RSA across infancy (estimate = 0.21,
p < 0.01), significant variation in initial levels of RSA (esti-
mate = 0.38, p < 0.01), as well as significant variation in
linear change across infancy between subjects (estimate = 0.03,
p = 0.02).

3.3.3 SEM for Mediating Effect of Maternal Depression
on Neighborhood to Infant RSA

The full proposed model as indicated in Figure 1 accounting for
maternal education and collapsing to a composite for maternal
symptoms adequately fit the data (Robust χ2(81)= 140.59, p< 0.01,
CFI = 0.94, RMSEA = 0.05, SRMR = 0.09). However, the
interaction term was not significantly related to any of the
outcomemeasures and was therefore dropped as described in the
missing data analysis results. The model without the interaction
term provided an adequate fit to the data (Robust χ2(70) = 105.04,
p < 0.01, CFI = 0.96, RMSEA = 0.04, SRMR = 0.06), which
was significantly better than the model including the interaction
(χ2(11)= 33.88, p< 0.01). Results from this model are presented in
Figure 4 and Table 2.

This model indicated a significant positive association between
neighborhood structural disadvantage and perceived neighbor-
hood disadvantage (β = 0.65, p < 0.01, 95% CI [0.49, 0.80]). In
addition, the model indicated a significant positive association
between neighborhood structural disadvantage and initial levels
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FIGURE 2 Individual and average trajectories of maternal depressive symptoms across infancy. Scores of 20 or higher (dotted line) indicate
depression for nonclinical samples on the Beck’s Depression Inventory (BDI).

of infant resting RSA (β = 0.32, p < 0.01, 95% CI [0.09, 0.55]). To
test themediating role of maternal depressive symptoms, indirect
effects were estimated and presented in Table 2. Results indicated
no significant indirect effects of structural disadvantage on initial
levels or trajectories of infant resting RSA through maternal
depressive symptoms.

3.3.4 Exploratory Analyses

Given the lack of association between maternal symptoms and
neighborhood disadvantagemetrics, we sought to further explore
if the association between initial resting RSA at 8 months and
structural neighborhood disadvantage held beyond the complex
covariance structure of the full model. Information on the
specification of exploratory models is provided in Supporting
Information S2. When regressing intial levels of infant RSA
at 8 months on latent neighborhood structural disadvantage,
controlling for maternal education, the model provided good
fit to the data (Robust χ2(34) = 52.94, p = 0.02, CFI = 0.97,
RMSEA = 04, SRMR = 0.05), and the resulting association
between neighborhood structural disadvantage and intial infant
resting RSA at 8 months remained significantly different from
zero. Infants in neighborhoods facing greater structural disadvan-
tage had higher resting RSA at 8 months above and beyond our
proxy for socioeconomic status (β = 0.28, p = 0.02, 95% CI [0.05,
0.50]). Of note, we ran an additional exploratory test of nonlinear
relations between neighborhood structural disadvantage and
infant resting RSA. This model provided a poor fit to the data
(Robust χ2(41) = 375.95, p < 0.01, CFI = 0.67, RMSEA = 0.16,
SRMR = 0.17) and was therefore not pursued further (Kline
2016).

4 Discussion

This study investigated the mediating role of maternal depressive
symptoms in the relation between neighborhood characteris-
tics and infant PNS development. Our findings indicate that
variability in infant resting RSA over the first 2 years of life
provides potential room for environmental influence on trajec-
tories. Unexpectedly, we did not find a significant change in
maternal depression symptoms over time, limiting our ability
to capture interactive influences across this early developmental
window. Therefore, we could no longer assess our hypotheses
on the bidirectional influence of infant physiology on changes in
maternal symptoms. However, our model was still able to assess
our core research questions of the impact of distal neighborhood
factors on infant parasympathetic development.Wewere also still
able to assess the potential mediating role of maternal depres-
sive symptoms with the caveat that average levels of maternal
depressive symptoms no longer established temporal precedence
in predicting infant RSA outcomes, and thus mediating effects
should be interpreted as relational rather than causal. Contrary
to our hypotheses, our results indicated a positive direct effect of
neighborhood structural disadvantage on initial levels of infant
RSA at 8monthswith nomediating effects ofmaternal depressive
symptoms.

4.1 Growth Trajectories of Maternal Depressive
Symptoms and Infant RSA

In line with prior literature and our hypotheses, maternal depres-
sive symptoms showed significant between-person variation in
initial levels at 4 months (Wu et al. 2011). Additionally, mean

11 of 18

 10982302, 2025, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dev.70074, W

iley O
nline L

ibrary on [03/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense



FIGURE 3 Individual and average infant RSA trajectories.

FIGURE 4 Mediation model results. **p < 0.01; *p < 0.05. Solid black lines indicate statistically significant regression paths, whereas gray dashed
lines indicate nonsignificant paths (p > 0.05).

levels of maternal depressive symptoms at 4 months were also
significantly different from zero. This significant variation in
intercept shows that mothers of 4-month-old infants are het-
erogeneous in their depressive symptoms, potentially leading to
variable trajectories that could emerge from the first months

of life. In addition, consistent with prior literature, mothers
on average showed a decrease in depressive symptoms across
the study duration (Wu et al. 2011). However, they did not
show significant between-person differences in this trajectory.
This was surprising given prior work indicating that there is
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often variability in change trajectories of maternal depression in
infancy, which in turn may be related to infant outcomes (Wu
et al. 2011).

Lack of variability in trajectories, despite variation in initial levels
at 4 months, could point toward rank-order stability in maternal
depressive symptoms across our sample. This could be due to
generally low levels of depressive symptoms across the sample,
meaning individuals did not have much room to show further
decreases in depressive symptoms as their scores were near floor
levels. While ICCs indicated substantial variability between time-
points, when a person’s average is low, relatively small deviations
may result in larger within-person variation proportions even
though these deviations may not be conceptually meaningful.
This lack of variability may also be due to the sampling method
for the present study. The current sample was not recruited
for variability in postpartum or maternal depressive symptoms
in infancy and, in general, indexed low nonclinical levels of
depression symptoms, with only 3% of the sample reporting
above the questionnaire-indicated threshold for depression at any
timepoint (see Figure 2).

Results indicated significant variability in resting RSA at
8 months, overall sample increases in RSA across infancy, as well
as significant variability in these increases from 8 to 24 months.
These results replicate prior research showing increases in vagal
tone across the first 3 years of life and variability in these increases
(Bar-Haim et al. 2000; Dollar et al. 2020; Porges and Furman
2011; Wagner et al. 2021). While resting RSA has been found to be
relatively stable from 6 months to 5 years in low-income Latino
children (Alkon et al. 2011), the present study found variation in
linear slopes across time. This difference in results may be due to
differences in sample characteristics, where the present sample
contained a broader range of income and racial/ethnic diversity.
Both the present study and Alkon et al. (2011) were constructed
to assess different primary research questions, as we investigated
differences across contexts, while they focused on patterns within
a specific sample. Together, the differences in findings broaden
our understanding of resting RSA developmental change within
infancy, rather than from infancy to childhood, and include more
data collection points during the infancy period. Infant resting
RSA is thought to increase rapidly across infancy due to increases
in myelination of the vagus nerve, as well as development and
strengthening of the stress response system; therefore, more
intensive sampling may have aided us in detecting variability
during this time of rapid change (Bar-Haim et al. 2000; Dollar
et al. 2020).

Variation in the magnitude of these increases may be due to
differential exposure to stressors that may calibrate the stress
response system (Del Giudice et al. 2011) or, potentially, due to
individual differences in genetic factors that contribute to the
development of the vagus nerve (Boyce and Ellis 2005). Further,
individuals’ initial levels of RSA at 8 months were not related
to their rate of change in RSA across infancy. This association
may support the hypothesis that changes over time may be due
to differential experiences in infancy, as it was not only those
infants with lower initial RSA who showed greater increases,
which would have indicated a catch-up or ceiling effect, had it
occurred.

4.2 Neighborhood Collective Efficacy and
Maternal Depression

One of the aims of the present study was to test how neighbor-
hood perceived collective efficacy influencedmaternal depressive
symptoms across infancy, controlling for structural factors as
well as infant factors. Prior work has found support for a
negative association between neighborhood social support and
maternal depressive symptoms (Kim andRoss 2009;Manuel et al.
2012; McCloskey and Pei 2019). In accordance with this work
and pluralistic neighborhood theory (Aber and Nieto 2000), we
hypothesized that collective efficacy would moderate the relation
between neighborhood perceived disadvantage and maternal
depressive symptoms. Results from the present study did not
support this hypothesis and indicated no direct effect of collective
efficacy, nor any interaction effects with neighborhood perceived
disadvantage on average levels of maternal depressive symptoms
across infancy.

Prior studies investigating associations between neighborhood
characteristics and maternal depressive symptoms included
larger samples from urban areas with larger ranges in demo-
graphic characteristics and maternal depressive symptoms than
are present in the current sample (Manuel et al. 2012; McCloskey
and Pei 2019). The current study, in contrast, sampled from three
cities and has a higher mean income and maternal income, as
well as lower racial/ethnic diversity. Additionally, as indicated in
the correlations inTable 1, only neighborhood social cohesionwas
significantly correlatedwithmaternal depressive symptoms at the
concurrently assessed 4-month timepoint. The other component
of collective efficacy, informal social control, indexes the likeli-
hood of neighbors to monitor youth behavior and neighborhood
problems, such as skipping school and vandalism. Informal social
control was not significantly correlated with maternal depres-
sive symptoms in this sample. Prior work has indicated that
informal social control and social cohesion may be contributing
differentially to outcomes such as parenting practices and thus
should be investigated separately (Zuberi 2016). Alternatively,
social neighborhood cohesion may be a predictor of informal
social control, and combining the constructs may not correctly
represent social processes occurring within the neighborhood
(Hipp and Wo 2015). In the present study, we proceeded with our
a priori proposed analysis by including the combined collective
efficacy construct in the final model, but future studies may
consider teasing apart these neighborhood social factors when
investigating their influence on maternal and child outcomes.
In follow-up post hoc analyses, moderated mediation structural
equationmodels including only social cohesion or informal social
control rather than the combined collective efficacy construct did
not provide a good fit to the data in the present sample.

Prior work has theorized that informal social control may be
related to lower levels of depression in adults by instilling a
sense of neighborhood safety (Ross 2000; Wandersman and
Nation 1998). In the present sample of mothers of infants, it
is possible that social control, while it contributes to collective
efficacy, may not impart the same sense of safety or decreased
neighborhood stress to parents of young infants. Younger infants
have no autonomy in navigating their neighborhood. This lack
of autonomy allows mothers more control in infants’ exposure to
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their environments, which may contribute to a decreased effect
of neighbors’ social control on maternal mental health. When
social cohesion and social control were combined in the collective
efficacy construct, we did not see an association with maternal
depressive symptoms in the present sample.

4.3 Mediating Effects of Maternal Depression on
Infant RSA

The main aim of the present study was to test the mediating role
of maternal depression in the effects of neighborhood on infant
PNS development. Results indicated a positive direct association
between neighborhood structural disadvantage and infant resting
RSA at 8 months, even after controlling for average maternal
depressive symptoms as well as maternal education. This was
contrary to our hypothesis that neighborhood structural charac-
teristics would only have an indirect association with infant RSA
through maternal depressive symptoms. Furthermore, the pos-
itive association between neighborhood structural disadvantage
and 8-month resting RSA was contrary to our expectations.

Individual differences in PNS development were theorized to be
related to adaptive calibration of the stress response system to
the environmental context (Del Giudice et al. 2011). Hypothe-
ses generated by this model assert that basal levels of PNS
engagement, commonly indexed by resting RSA, will decrease
as environmental stress increases. Contrary to this hypothesis,
results of the present study suggest that increased levels of
structural disadvantage are related to higher resting levels of
RSA, indicating a higher capacity to regulate in response to stress
at 8 months of age. This contrasts with prior work that has
found negative associations between resting RSA and neighbor-
hood disadvantage in older children with similar demographic
characteristics (Feurer et al. 2020).

Lastly, the study hypothesized that neighborhood disadvantage
would indirectly affect trajectories of infant RSA through mater-
nal depressive symptoms, with higher levels of neighborhood
disadvantage related to less increases in infant RSA over time.
Results from the current study indicated no indirect association
between neighborhood disadvantage and initial levels of infant
resting RSA through maternal depressive symptoms. Further-
more, results also indicated no indirect association between
neighborhood disadvantage and linear changes in resting RSA
across infancy through maternal depressive symptoms.

The positive association between neighborhood and infant RSA
was contrary to our hypothesis of a negative association, which
may be related to the age of the present sample. Other studies
investigating relations between neighborhood characteristics and
childhood regulation have focused on outcomes in toddlerhood
or early childhood rather than early infancy (Kohen et al.
2008; Zhang et al. 2018). In addition, the present sample’s age
and demographic characteristics may be generally marked by
low levels of environmental stress. While the ACM posits that
increased environmental stress may relate to the development of
lower basal parasympathetic engagement, prior work has found
that lower levels of resting RSA may confer biological sensitivity
to context in low-risk samples (Suurland et al. 2018). Therefore,
in contradiction to the hypothesis of the ACM, but in line with

the theoretical framing, the PNS system may calibrate to lower
resting RSA levels in contexts marked by the lowest levels of
environmental risk. This adaptation, in turn, may potentiate a
“sensitive profile” that is more responsive to changes in the
environment.

In contexts marked by moderate levels of environmental stress,
the stress response system develops to account for an environ-
ment that may include both occasional stressors and supportive
parenting, resulting in a greater capacity to regulate. In low-stress
neighborhoods, the stress response system may not have these
same strengthening opportunities, resulting in a lower overall
capacity to regulate, as regulation is not needed in daily life.While
the ACM indicates linear associations between environment and
resting levels and reactivity of the PNS, it asserts a U-shaped
associationwith engagement and reactivity of the SNS. It remains
untested whether this U-shaped association may in fact also be
present in associations between the PNS and the environment.
In our current sample, an exploratory analysis of the potential
U-shaped association between neighborhood characteristics and
infant RSA provided a poor fit to the data. Future studies contain-
ing samples with broader ranges of neighborhood characteristics
may explore potential subgroups of neighborhood characteristics
to further elucidate these potential U-shaped associations with
RSA exhibited in other empirical studies examining the effect of
stress on developmental outcomes (Del Giudice et al. 2011; Oshri
et al. 2022). Furthermore, while maternal depressive symptoms
have been directly related to lower levels of infant RSA in
other research (Curci et al. 2023; Propper and Holochwost 2013),
no prior study has investigated the mediating role maternal
depression may play in conveying the influence of neighborhood
context on RSA outcomes. Given that infant RSA was still signifi-
cantly positively related to neighborhood structural disadvantage
both in the presence and absence of mediating effects in our
exploratory analyses, the present study cannot rule out additional
mediating factors that may be influencing the relation.

Parenting practices have been shown to be influenced by neigh-
borhood characteristics and to relate to variation in infant RSA
development in infancy and early childhood (M. Johnson et al.
2017; Kohen et al. 2008). Future work may seek to focus on
how caregiver behavior or interactions with the neighborhood
maymediate the relations between neighborhood and infant PNS
development in this younger age range.

4.4 Limitations and Future Directions

It is worth noting that a large portion of the sample—27% at
the 18-month timepoint and 44% at the 24-month timepoint—
was collected after the onset of the COVID-19 pandemic. Recent
work has illustrated the impact of the pandemic on maternal
depressive symptoms and, across samples, has found increased
levels of maternal and postpartum depression after the onset
of the pandemic (Hessami et al. 2020; Perzow et al. 2021;
Racine et al. 2021). However, the current sample showed no
significant variation in decreasing linear trajectories of maternal
depression from 4 to 24 months of infant age, nor did it show a
significant quadratic trend. This indicates that members of the
sample showed no differences in their trajectories, and thus, we
simplified to a composite score formaternal depressive symptoms
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across infancy. In a follow-up t-test, we found no significant
differences in average maternal depressive symptoms in those
who completed all timepoints before the onset of the pandemic
(M = 1.86) compared to those who completed one or more
timepoints after the onset of the pandemic (M= 1.78, t(282)= 0.49,
p = 0.63).

The present analysis did not account for the possibility of par-
ticipant residential mobility or general neighborhood residential
mobility. In the case of participant mobility, this could lead to
additional measurement error in neighborhood characteristics in
the present sample, as neighborhood data were only calculated
from addresses at the 4-month timepoint. Regarding general
neighborhood residential mobility, prior work has highlighted
the role that residential mobility plays in the stability in one’s
neighbors, which may, in turn, influence neighborhood social
support characteristics. While research has shown that resi-
dential mobility may affect adolescent outcomes (Witherspoon
et al. 2009), future work should examine potential effects
on support systems for mothers of infants and on infants
themselves.

5 Conclusions

In summary, given the rapid development in infancy and the
importance of resting RSA for behavioral outcomes later in
life, the current study explored potential contextual factors that
contribute to variability in the development of resting RSA
across the first 2 years of life. Results from this study align
with prior growth trajectories of maternal depression and infant
RSA and contribute to possible neighborhood influences on
infant regulatory development. Neighborhood context is often
ignored when investigating infant development, despite having
potential indirect effects through the family microsystem. The
present study illustrates the importance of going beyond the
proximal context to consider neighborhood effects in infant
research and has found positive associations between census-
derived structural neighborhood disadvantage and infant resting
RSA at 8 months. Given the associations between neighbor-
hood structure and initial infant resting RSA, the present
study also highlights the importance of continuing research
investigating alternative mediating mechanisms between neigh-
borhood contexts and early infant RSA development for potential
intervention.

Acknowledgments

Data collection for this study was supported by grants from the
National Institutes of Health awarded to Pérez-Edgar, Buss, and LoBue
(R01MH109692). Drs. Buss and Pérez-Edgar’s Psychology Professorships
are supported by the Social Science Research Institute of The Pennsylva-
nia State University, and endowments through the TracyWinfree and Ted
H.McCourtney Professorship in Children,Work, and Families (Buss) and
the McCourtney Professorship of Child Studies (Pérez-Edgar). Dr. Zhou
is supported by a postdoctoral training grant (T32 MH015442).

Conflicts of Interest

The authors declare no conflicts of interest.

Data Availability Statement

The data and code that support the findings of this study are openly
available on Databrary at http://doi.org/10.17910/b7.1288.

References

Aber,M. S., andM.Nieto. 2000. “Aber &Nieto 2000.” InThe Promotion of
Wellness in Children and Adolescents, edited by D. Cicchetti J. Rappaport
I. Sandler, and R. Weissbuerg, 185–220. CWLA Press.

Alkon, A.,W. T. Boyce, N. V. Davis, and B. Eskenazi. 2011. “Developmental
Changes in Autonomic Nervous System Resting and Reactivity Measures
in LatinoChildren From6 to 60Months of Age.” Journal of Developmental
and Behavioral Pediatrics : JDBP 32, no. 9: 668–677. https://doi.org/10.
1097/DBP.0b013e3182331fa6.

Anderson, S., T. Leventhal, and V. Dupéré. 2014. “Exposure to Neighbor-
hoodAffluence andPoverty inChildhood andAdolescence andAcademic
Achievement and Behavior.” Applied Developmental Science 18, no. 3:
123–138. https://doi.org/10.1080/10888691.2014.924355.

Ashman, S. B., G. Dawson, and H. Panagiotides. 2008. “Trajectories of
Maternal Depression Over 7 Years: Relations With Child Psychophysiol-
ogy and Behavior and Role of Contextual Risks.” Development and Psy-
chopathology 20, no. 1: 55–77. https://doi.org/10.1017/S0954579408000035.

Ballard, J., A. Richmond, S. van den Hoogenhof, L. Borden, and D.
F. Perkins. 2021. “Missing Data in Research on Youth and Family
Programs.” Psychological Reports 125, no. 5: 2664–2687. https://doi.org/10.
1177/00332941211026851.

Bar-Haim, Y., P. J. Marshall, and N. A. Fox. 2000. “Developmental
Changes in Heart Period and High-Frequency Heart Period Variability
From 4 Months to 4 Years of Age.” Developmental Psychobiology 37,
no. 1: 44–56. https://doi.org/10.1002/1098-2302(200007)37:1%3C44::aid-
dev6%3E3.0.co;2-7.

Beck, A. T., C. H. Ward, M. Mendelson, J. Mock, and J. Erbaugh. 1961.
“An Inventory for Measuring Depression.” Archives of General Psychiatry
4, no. 6: 561–571.

Bell, R. Q., and L. V. Harper. 1977. Child Effects on Adults. Erlbaum.

Berntson, G. G., J. Thomas Bigger, D. L. Eckberg, et al. 1997. “Heart Rate
Variability: Origins, Methods, and Interpretive Caveats.” Psychophysi-
ology 34, no. 6: 623–648. https://doi.org/10.1111/j.1469-8986.1997.tb02140.
x.

Berntson, G. G., K. S. Quigley, J. F. Jang, and S. T. Boysen. 1990. “An
approach to artifact identification: Application to heart period data.”
Psychophysiology 27, no. 5: 586–598. https://doi.org/10.1111/j.1469-8986.
1990.tb01982.x.

Bolger, N., A. Caspi, G.Downey, andM.Moorehouse. 1988. “Development
in Context: Research Perspectives.” In Persons in Context: Developmental
Processes, edited by N. Bolger, A. Caspi, G. Downey, and M. Moorehouse,
1–24. Cambridge University Press.

Bornstein, M. H., and P. E. Suess. 2000. “Child and Mother Cardiac Vagal
Tone: Continuity, Stability, and Concordance Across the First 5 Years.”
Developmental Psychology 36, no. 1: 54–65.

Boyce, W. T., and B. J. Ellis. 2005a. “Biological Sensitivity to Context: I.
An Evolutionary-Developmental Theory of the Origins and Functions of
Stress Reactivity.” Development and Psychopathology 17, no. 2: 271–301.
https://doi.org/10.1017/S0954579405050145.

Bronfenbrenner, U., and S. J. Ceci. 1994. “Nature-Nuture Reconceptual-
ized in Developmental Perspective: A BioecologicalModel.” Psychological
Review 101, no. 4: 568–586.

Browning, C. R., M. Gardner, D. Maimon, and J. Brooks-Gunn. 2014.
“Collective Efficacy and the Contingent Consequences of Exposure to
Life-Threatening Violence.” Developmental Psychology 50, no. 7: 1878–
1890. https://doi.org/10.1037/a0036767.

Butler, A. M., M. Kowalkowski, H. A. Jones, and J. L. Raphael. 2012. “The
Relationship of Reported Neighborhood Conditions With Child Mental

15 of 18

 10982302, 2025, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dev.70074, W

iley O
nline L

ibrary on [03/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

http://doi.org/10.17910/b7.1288
https://doi.org/10.1097/DBP.0b013e3182331fa6
https://doi.org/10.1080/10888691.2014.924355
https://doi.org/10.1017/S0954579408000035
https://doi.org/10.1177/00332941211026851
https://doi.org/10.1002/1098-2302(200007)37:1%3C44::aid-dev6%3E3.0.co;2-7
https://doi.org/10.1111/j.1469-8986.1997.tb02140.x
https://doi.org/10.1111/j.1469-8986.1990.tb01982.x
https://doi.org/10.1017/S0954579405050145
https://doi.org/10.1037/a0036767


Health.” Academic Pediatrics 12, no. 6: 523–531. https://doi.org/10.1016/j.
acap.2012.06.005.

Calkins, S. D. 1997. “Cardiac Vagal Tone Indices of Temperamental
Reactivity and Behavioral Regulation in Young Children.” Developmen-
tal Psychobiology 31, no. 2: 125–135. https://doi.org/10.1002/(sici)1098-
2302(199709)31:2⟨125::aid-dev5⟩3.0.co;2-m.

Cham,H., E. Reshetnyak, B. Rosenfeld, andW. Breitbart. 2017. “Full Infor-
mationMaximum Likelihood Estimation for Latent Variable Interactions
with Incomplete Indicators.” Multivariate Behavioral Research 52, no. 1:
12–30. https://doi.org/10.1080/00273171.2016.1245600.

Cheong, J., and D. P. MacKinnon. 2012. “Mediation/Indirect Effects
in Structural Equation Modeling.” In Handbook of Structural Equation
Modeling, edited by R. H. Hoyle, 417–435. The Guilford Press.

Cohn, J. F., and E. Z. Tronick. 1987. “Mother–Infant Face-to-Face Interac-
tion: The Sequence of Dyadic States at 3, 6, and 9Months.”Developmental
Psychology 23, no. 1: 68–77. https://doi.org/10.1037/0012-1649.23.1.68.

Collins, L. M., J. L. Schafer, and C. M. Kam. 2001. “A Comparison of
Inclusive and Restrictive Strategies in ModernMissing Data Procedures.”
PsychologicalMethods 6, no. 3: 330–351. https://doi.org/10.1037/1082-989x.
6.4.330.

Curci, S. G., J. A. Somers, L. K.Winstone, andL. J. Luecken. 2023. “Within-
Dyad Bidirectional Relations Among Maternal Depressive Symptoms
and Child Behavior Problems From Infancy Through Preschool.” Devel-
opment and Psychopathology 35, no. 2: 547–557. https://doi.org/10.1017/
S0954579421001656.

Del Giudice, M., B. J. Ellis, and E. A. Shirtcliff. 2011. “The Adaptive
CalibrationModel of Stress Responsivity.”Neuroscience andBiobehavioral
Reviews 35, no. 7: 1562–1592. https://doi.org/10.1016/j.neubiorev.2010.11.
007.

Dollar, J. M., S. D. Calkins, N. T. Berry, et al. 2020. “Developmental
Patterns of Respiratory Sinus Arrhythmia From Toddlerhood to Adoles-
cence.” Developmental Psychology 56, no. 4: 783–794. https://doi.org/10.
1037/dev0000894.

Elobeid, M. A., M. A. Padilla, T. McVie, et al. 2009. “Missing Data in
Randomized Clinical Trials for Weight Loss: Scope of the Problem, State
of the Field, and Performance of Statistical Methods.” PLoS ONE 4, no. 8:
e6624.

Feurer, C., M. L. Woody, K. M. James, A. Y. Kudinova, and B. E.
Gibb. 2020. “Neighborhood Crime Risk and Resting Respiratory Sinus
Arrhythmia in Middle Childhood: Evidence of Gender Differences.”
Developmental Psychobiology 62, no. 2: 232–239. https://doi.org/10.1002/
dev.21893.

Fuller, A., M. J. Messito, A. L. Mendelsohn, S. O. Oyeku, and R. S.
Gross. 2018. “PrenatalMaterial Hardships and Infant Regulatory Capacity
at 10 Months Old in Low-Income Hispanic Mother-Infant Pairs.” Aca-
demic Pediatrics 18, no. 8: 897–904. https://doi.org/10.1016/j.acap.2018.04.
134.

Hessami, K., C. Romanelli, M. Chiurazzi, and M. Cozzolino. 2020.
“COVID-19 pandemic and maternal mental health: A systematic review
and meta-analysis.” The Journal of Maternal-Fetal & Neonatal Medicine.
1–8. https://doi.org/10.1080/14767058.2020.1843155.

Hill, N. E., and M. A. Herman-Stahl. 2002. “Neighborhood Safety and
Social Involvement: Associations With Parenting Behaviors and Depres-
sive Symptoms Among African American and Euro-American Mothers.”
Journal of Family Psychology 16, no. 2: 209–219. https://doi.org/10.1037/
0893-3200.16.2.209.

Hipp, J. R., and J. C. Wo. 2015. “Collective Efficacy and Crime.” In
International Encyclopedia of the Social & Behavioral Sciences. 2nd ed.,
edited by J. D. Wright, 169–173. Elsevier. https://doi.org/10.1016/B978-0-
08-097086-8.45045-2.

Hu, L., and P. M. Bentler. 1999. “Cutoff Criteria for Fit Indexes in Covari-
ance Structure Analysis: Conventional Criteria VersusNewAlternatives.”
Structural Equation Modeling: A Multidisciplinary Journal 6, no. 1: 1–55.
https://doi.org/10.1080/10705519909540118.

Jacob, S., M. Byrne, and K. Keenan. 2009. “Neonatal Physiological
Regulation Is Associated With Perinatal Factors: A Study of Neonates
Born to Healthy African American Women Living in Poverty.” Infant
Mental Health Journal 20, no. 1: 82–94. https://doi.org/10.1002/imhj.
20204.Neonatal.

Johnson, K. C., P. A. Brennan, Z. N. Stowe, E. Leibenluft, and D. J.
Newport. 2014. “Physiological Regulation in Infants of Women With a
Mood Disorder: Examining Associations With Maternal Symptoms and
Stress.” Journal of Child Psychology and Psychiatry and Allied Disciplines
55, no. 2: 191–198. https://doi.org/10.1111/jcpp.12130.

Johnson, M., J. Deardorff, E. Davis, W. Martinez, B. Eskenazi, and A.
Alkon. 2017. “The Relationship Between Maternal Responsivity, Socioe-
conomic Status, and Resting Autonomic Nervous System Functioning in
Mexican American Children.” International Journal of Psychophysiology
116: 45–52. https://doi.org/10.1016/j.ijpsycho.2017.02.010.

Kim, J. 2010. “Neighborhood Disadvantage and Mental Health: The
Role of Neighborhood Disorder and Social Relationships.” Social Science
Research 39, no. 2: 260–271. https://doi.org/10.1016/j.ssresearch.2009.08.
007.

Kim, J., and C. E. Ross. 2009. “Neighborhood-Specific and General
Social Support: Which Buffers the Effect of Neighborhood Disorder on
Depression?” Journal of Community Psychology 37, no. 6: 725–736. https://
doi.org/10.1002/jcop.20327.

Kingston, B., D. Huizinga, and D. S. Elliott. 2009. “A Test of Social
Disorganization Theory in High-Risk Urban Neighborhoods.” Youth &
Society 41, no. 1: 53–79. https://doi.org/10.1177/0044118x09338343.

Kline, R. B. 2016. Principles and Practice of Structural Equation Modeling.
4th ed. The Guilford Press.

Kohen, D. E., T. Leventhal, V. S. Dahinten, and C. N. McIntosh. 2008.
“Neighborhood Disadvantage: Pathways of Effects for Young Children.”
Child Development 79, no. 1: 156–169. https://doi.org/10.1111/j.1467-8624.
2007.01117.x.

Lüdtke, O., A. Robitzsch, and S. G. West. 2020. “Analysis of Interactions
and Nonlinear Effects With Missing Data: A Factored Regression Mod-
eling Approach Using Maximum Likelihood Estimation.” Multivariate
Behavioral Research 55, no. 3: 361–381. https://doi.org/10.1080/00273171.
2019.1640104.

Leech, T. G. J. 2016. “Beyond Collective Supervision: Informal Social
Control, Prosocial Investment, and Juvenile Offending in Urban Neigh-
borhoods.” Journal of Research on Adolescence 26, no. 3: 418–431. https://
doi.org/10.1111/jora.12202.

Lei, M.-K., and S. R. H. Beach. 2020. “Can We Uncouple Neighborhood
Disadvantage andDelinquent Behaviors? AnExperimental Test of Family
Resilience Guided by the Social Disorganization Theory of Delinquent
Behaviors.” Family Process 59, no. 4: 1801–1817. https://doi.org/10.1111/
famp.12527.

Leventhal, T., and J. Brooks-Gunn. 2000. “The Neighborhoods They Live
in: The Effects of Neighborhood Residence on Child and Adolescent
Outcomes.” Psychological Bulletin 126, no. 2: 309–337. https://doi.org/10.
1037/0033-2909.126.2.309.

Leventhal, T., and V. Dupéré. 2019. “Neighborhood Effects on Children.s
Development in Experimental and Nonexperimental Research.” Annual
Review of Developmental Psychology 1, no. 1: 149–176. https://doi.org/10.
1146/annurev-devpsych-121318-085221.

Ma, J., and A. Grogan-Kaylor. 2017. “Longitudinal Associations of Neigh-
borhood Collective Efficacy and Maternal Corporal Punishment With
Behavior Problems in Early Childhood.”Developmental Psychology 53, no.
6: 1027–1041. https://doi.org/10.1037/dev0000308.

Manuel, J. I., M. L. Martinson, S. E. Bledsoe-Mansori, and J. L. Bellamy.
2012. “The Influence of Stress and Social Support on Depressive Symp-
toms in Mothers With Young Children.” Social Science and Medicine 75,
no. 11: 2013–2020. https://doi.org/10.1016/j.socscimed.2012.07.034.

May, E. M., S. T. Azar, and S. A. Matthews. 2018. “How Does the
Neighborhood “Come Through the Door?” Concentrated Disadvantage,

16 of 18 Developmental Psychobiology, 2025

 10982302, 2025, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dev.70074, W

iley O
nline L

ibrary on [03/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1016/j.acap.2012.06.005
https://doi.org/10.1002/(sici)1098-2302(199709)31:2%3C125::aid-dev5%3E3.0.co;2-m
https://doi.org/10.1080/00273171.2016.1245600
https://doi.org/10.1037/0012-1649.23.1.68
https://doi.org/10.1037/1082-989x.6.4.330
https://doi.org/10.1017/S0954579421001656
https://doi.org/10.1016/j.neubiorev.2010.11.007
https://doi.org/10.1037/dev0000894
https://doi.org/10.1002/dev.21893
https://doi.org/10.1016/j.acap.2018.04.134
https://doi.org/10.1080/14767058.2020.1843155
https://doi.org/10.1037/0893-3200.16.2.209
https://doi.org/10.1016/B978-0-08-097086-8.45045-2
https://doi.org/10.1080/10705519909540118
https://doi.org/10.1002/imhj.20204.Neonatal
https://doi.org/10.1111/jcpp.12130
https://doi.org/10.1016/j.ijpsycho.2017.02.010
https://doi.org/10.1016/j.ssresearch.2009.08.007
https://doi.org/10.1002/jcop.20327
https://doi.org/10.1177/0044118x09338343
https://doi.org/10.1111/j.1467-8624.2007.01117.x
https://doi.org/10.1080/00273171.2019.1640104
https://doi.org/10.1111/jora.12202
https://doi.org/10.1111/famp.12527
https://doi.org/10.1037/0033-2909.126.2.309
https://doi.org/10.1146/annurev-devpsych-121318-085221
https://doi.org/10.1037/dev0000308
https://doi.org/10.1016/j.socscimed.2012.07.034


Residential Instability, and the Home Environment for Preschoolers.”
American Journal of Community Psychology 61, no. 1–2: 218–228. https://
doi.org/10.1002/ajcp.12223.

McBride Murry, V., C. Berkel, N. K. Gaylord-Harden, N. Copeland-
Linder, and M. Nation. 2011. “Neighborhood Poverty and Adolescent
Development.” Journal of Research on Adolescence 21, no. 1: 114–128.
https://doi.org/10.1111/j.1532-7795.2010.00718.x.

McCloskey, R. J., and K. Maguire-Jack. 2021. “Community Participa-
tion and Neighborhood Factors Associated With Physical and Mental
Health Among Low-Income Mothers in the United States.” Community
Development 52, no. 3: 411–423. https://doi.org/10.1080/15575330.2021.
1876746.

McCloskey, R. J., and F. Pei. 2019. “The Role of Parenting Stress in
Mediating the Relationship Between Neighborhood Social Cohesion and
Depression and Anxiety Among Mothers of Young Children in Fragile
Families.” Journal of Community Psychology 47, no. 4: 869–881. https://
doi.org/10.1002/jcop.22160.

McCorry, L. K. 2007. “Physiology of the Autonomic Nervous System.”
American Journal of Pharmaceutical Education 71, no. 4: 78. https://doi.
org/10.5688/aj710478.

Nicholson, J. S., P. R. Deboeck, and W. Howard. 2015. “Attrition in
Developmental Psychology: A Review of ModernMissing Data Reporting
and Practices.” International Journal of Behavioral Development 41, no. 1:
143–153. https://doi.org/10.1177/0165025415618275.

Oshri, A., Z. Cui, C. Carvalho, and S. Liu. 2022. “Is Perceived Stress Linked
to Enhanced Cognitive Functioning and Reduced Risk for Psychopathol-
ogy? Testing the Hormesis Hypothesis.” Psychiatry Research 314: 114644.
https://doi.org/10.1016/j.psychres.2022.114644.

Pérez-Edgar, K., V. LoBue, K. A. Buss, and A. P. Field. The LAnTs
Team. 2021. “Study Protocol: Longitudinal Attention and Temperament
Study.” Frontiers in Psychiatry 12: 656958. https://doi.org/10.3389/fpsyt.
2021.656958.

Pei, F., S. Yoon, K. Maguire-Jack, and M. Y. Lee. 2022. “Neighborhood
Influences on Early Childhood Behavioral Problems: ChildMaltreatment
as a Mediator.” Child Abuse & Neglect 123: 105391. https://doi.org/10.1016/
j.chiabu.2021.105391.

Perzow, S. E. D., E.-M. P. Hennessey, M. C. Hoffman, N. K. Grote,
E. P. Davis, and B. L. Hankin. 2021. “Mental health of pregnant and
postpartum women in response to the COVID-19 pandemic.” Journal of
Affective Disorders Reports 4: 100123. https://doi.org/10.1016/j.jadr.2021.
100123.

Porges, S. W. 2007. “The Polyvagal Perspective.” Biological Psychology 74,
no. 2: 116–143. https://doi.org/10.1016/j.biopsycho.2006.06.009.

Porges, S. W., and S. A. Furman. 2011. “The Early Development of
the Autonomic Nervous System Provides a Neural Platform for Social
Behavior: A Polyvagal Perspective.” Infant and Child Development 20, no.
1: 106–118. https://doi.org/10.1002/icd.688.

Porter, C. L., Y. E. Bryan, and H.-C. Hsu. 1995. “Physiological Markers
in Early Infancy: Stability of 1-to 6-Month Vagal Tone.” Infant Behavior
and Development 18, no. 3: 363–367. https://doi.org/10.1016/0163-6383(95)
90025-X.

Propper, C. B., and S. J. Holochwost. 2013. “The Influence of Proximal
Risk on the Early Development of the Autonomic Nervous System.”
Developmental Review 33, no. 3: 151–167. https://doi.org/10.1016/j.dr.2013.
05.001.

Racine, N., E. Hetherington, B. A. McArthur, et al. 2021. “Maternal
depressive and anxiety symptoms before and during the COVID-19
pandemic in Canada: A longitudinal analysis.” The Lancet Psychiatry 8,
no. 5: 405–415. https://doi.org/10.1016/S2215-0366(21)00074-2.

Rhoad-Drogalis, A., J.M.Dynia, L.M. Justice, K.M. Purtell, J. A. R. Logan,
and P. J. Salsberry. 2020. “Neighborhood Influences on Perceived Social
Support and Parenting Behaviors.”Maternal and ChildHealth Journal 24,
no. 2: 250–258. https://doi.org/10.1007/s10995-019-02861-x.

Ross, C. E. 2000. “Neighborhood Disadvantage and Adult Depression.”
Journal of Health and Social Behavior 41, no. 2: 177–187. https://doi.org/
10.2307/2676304.

Rosseel, Y. 2012. “lavaan: An R Package for Structural Equation Model-
ing.” Journal of Statistical Software 48: 1–36.

Sampson, R. J., J. D. Morenoff, and T. Gannon-Rowley. 2002. “Assess-
ing “Neighborhood Effects”: Social Processes and New Directions in
Research.” Annual Review of Sociology 28: 443–478. https://doi.org/10.
1146/annurev.soc.28.110601.141114.

Sampson, R. J., S.W. Raudenbush, and F. Earls. 1997. “Neighborhoods and
Violent Crime: AMultilevel Study of Collective Efficacy.” Science 277, no.
5328: 918–924. https://doi.org/10.1126/science.277.5328.918.

Selig, J. P., and K. J. Preacher. 2009. “Mediation Models for Longitudinal
Data in Developmental Research.”Research inHumanDevelopment 6, no.
2–3: 144–164. https://doi.org/10.1080/15427600902911247.

Shaw, C. R., and H. D. McKay. 1942. Juvenile Delinquency and Urban
Areas. University of Chicago Press. https://psycnet.apa.org/record/1943-
00271-000.

Somers, J. A., S. G. Curci, and L. J. Luecken. 2021. “Infant Vagal Tone
and Maternal Depressive Symptoms: A Bottom-Up Perspective.” Journal
of Clinical Child&Adolescent Psychology 50, no. 1: 105–117. https://doi.org/
10.1080/15374416.2019.1622122.

Somers, J. A., L. J. Luecken, T. L. Spinrad, and K. A. Crnic. 2019.
“Biological Sensitivity to the Effects of Maternal Postpartum Depressive
Symptoms on Children’s Behavior Problems.” Child Development 90, no.
6: e888–e900. https://doi.org/10.1111/cdev.13114.

Suurland, J., K. B. vanderHeijden, S. C. J.Huijbregts, S.H.M. vanGoozen,
and H. Swaab. 2018. “Infant Parasympathetic and Sympathetic Activity
during Baseline, Stress and Recovery: Interactions with Prenatal Adver-
sity Predict Physical Aggression in Toddlerhood.” Journal of Abnormal
Child Psychology 46, no. 4: 755–768. https://doi.org/10.1007/s10802-017-
0337-y.

Tacana, T., B. Speck, J. Isenhour, E. Conradt, S. E. Crowell, andK. L. Raby.
2024. “Maternal Sensitivity as a Predictor of Change in respiratory Sinus
Arrhythmia Activity From Infancy to Toddlerhood.” Infant and Child
Development 33, no. 6: e2545. https://doi.org/10.1002/icd.2545.

Vallotton, C. D. 2009. “Do Infants Influence Their Quality of Care?
Infants’ Communicative Gestures Predict Caregivers’ Responsiveness.”
Infant Behavior and Development 32, no. 4: 351–365. https://doi.org/10.
1016/j.infbeh.2009.06.001.

van derWaerden, J., C. Galéra, B. Larroque, M.-J. Saurel-Cubizolles, A.-L.
Sutter-Dallay, and M. Melchior. 2015. “Maternal Depression Trajectories
and Children’s Behavior at Age 5 Years.” The Journal of Pediatrics 166, no.
6: 1440.e1–1448.e1. https://doi.org/10.1016/j.jpeds.2015.03.002.

de Vente, W., M. Majdandžić, and S. M. Bögels. 2020. “Intergenerational
Transmission of Anxiety: Linking Parental Anxiety to Infant Autonomic
Hyperarousal andFearful Temperament.” Journal of Child Psychology and
Psychiatry and Allied Disciplines 61, no. 11: 1203–1212. https://doi.org/10.
1111/jcpp.13208.

Wagner, N. J., S. J. Holochwost, S. F. Lynch, R. Mills-Koonce, and C.
Propper. 2021. “Characterizing Change in Vagal Tone During the First
Three Years of Life: A Systematic Review and Empirical Examination
Across Two Longitudinal Samples.”Neuroscience&Biobehavioral Reviews
129: 282–295. https://doi.org/10.1016/j.neubiorev.2021.07.025.

Wandersman, A., and M. Nation. 1998. “Urban Neighborhoods and
Mental Health: Psychological Contributions to Understanding Toxicity,
Resilience, and Interventions.” American Psychologist 53, no. 6: 647–656.
https://doi.org/10.1037/0003-066X.53.6.647.

White, R. M. B., D. P. Witherspoon, W. Wei, C. Zhao, M. C. Pasco, and T.
M.Maereg. 2021. “Adolescent Development in Context: A Decade Review
of Neighborhood and Activity Space Research.” Journal of Research on
Adolescence: The Official Journal of the Society for Research on Adolescence
31, no. 4: 944–965. https://doi.org/10.1111/jora.12623.

17 of 18

 10982302, 2025, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dev.70074, W

iley O
nline L

ibrary on [03/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1002/ajcp.12223
https://doi.org/10.1111/j.1532-7795.2010.00718.x
https://doi.org/10.1080/15575330.2021.1876746
https://doi.org/10.1002/jcop.22160
https://doi.org/10.5688/aj710478
https://doi.org/10.1177/0165025415618275
https://doi.org/10.1016/j.psychres.2022.114644
https://doi.org/10.3389/fpsyt.2021.656958
https://doi.org/10.1016/j.chiabu.2021.105391
https://doi.org/10.1016/j.jadr.2021.100123
https://doi.org/10.1016/j.biopsycho.2006.06.009
https://doi.org/10.1002/icd.688
https://doi.org/10.1016/0163-6383(95)90025-X
https://doi.org/10.1016/j.dr.2013.05.001
https://doi.org/10.1016/S2215-0366(21)00074-2
https://doi.org/10.1007/s10995-019-02861-x
https://doi.org/10.2307/2676304
https://doi.org/10.1146/annurev.soc.28.110601.141114
https://doi.org/10.1126/science.277.5328.918
https://doi.org/10.1080/15427600902911247
https://psycnet.apa.org/record/1943-00271-000
https://doi.org/10.1080/15374416.2019.1622122
https://doi.org/10.1111/cdev.13114
https://doi.org/10.1007/s10802-017-0337-y
https://doi.org/10.1002/icd.2545
https://doi.org/10.1016/j.infbeh.2009.06.001
https://doi.org/10.1016/j.jpeds.2015.03.002
https://doi.org/10.1111/jcpp.13208
https://doi.org/10.1016/j.neubiorev.2021.07.025
https://doi.org/10.1037/0003-066X.53.6.647
https://doi.org/10.1111/jora.12623


Witherspoon, D., and S. Ennett. 2011. “An Examination of Social Disorga-
nization and Pluralistic Neighborhood Theories With Rural Mothers and
Their Adolescents.” Journal of Youth andAdolescence 40, no. 9: 1243–1253.
https://doi.org/10.1007/s10964-009-9499-4.

Witherspoon,D. P., R.M. B.White,M. Y. Bámaca, et al. 2023. “Place-Based
Developmental Research: Conceptual and Methodological Advances in
Studying Youth Development in Context.” Monographs of the Society for
Research in Child Development 88, no. 3: 7–130. https://doi.org/10.1111/
mono.12472.

Witherspoon, D., M. Schotland, N. Way, and D. Hughes. 2009. “Con-
necting the dots: How connectedness to multiple contexts influ-
ences the psychological and academic adjustment of urban youth.”
Applied Developmental Science 13, no. 4: 199–216. https://doi.org/10.1080/
10888690903288755.

Wu, Y. P., J. P. Selig, M. C. Roberts, and R. G. Steele. 2011. “Trajectories of
PostpartumMaternal Depressive Symptoms and Children’s Social Skills.”
Journal of Child and Family Studies 20, no. 4: 414–423. https://doi.org/10.
1007/s10826-010-9407-2.

Zhang, H., T. L. Spinrad, N. Eisenberg, and L. Zhang. 2018. “The Rela-
tion of Respiratory Sinus Arrhythmia to Later Shyness: Moderation by
Neighborhood Quality.” Developmental Psychobiology 60, no. 6: 730–738.
https://doi.org/10.1002/dev.21637.

Zhou, A. M., M. N. Lytle, E. A. Youatt, K. Pérez-Edgar, V. LoBue,
and K. A. Buss. 2023. “Examining Transactional Associations Between
Maternal Internalizing Symptoms, Infant Negative Emotionality, and
Infant Respiratory Sinus Arrhythmia.” Biological Psychology 182: 108625.
https://doi.org/10.1016/j.biopsycho.2023.108625.

Zhu, S., K. Sagherian, Y. Wang, E.-S. Nahm, and E. Friedmann. 2021.
“Longitudinal Moderated Mediation Analysis in Parallel Process Latent
Growth Curve Modeling in Intervention Studies.” Nursing Research 70,
no. 3: 184–192.

Zuberi, A. 2016. “Neighborhoods and Parenting: Assessing the Influence
of Neighborhood Quality on the Parental Monitoring of Youth.” Youth &
Society 48, no. 5: 599–627. https://doi.org/10.1177/0044118x13502365.

Supporting Information

Additional supporting information can be found online in the Supporting
Information section.
S.1. ConfirmatoryFactorAnalysis forNeighborhoodStructural
DisadvantageS.2. ExploratoryDirectEffects ofNeighborhoodStructural
Disadvantage onRestingRSA.

18 of 18 Developmental Psychobiology, 2025

 10982302, 2025, 5, D
ow

nloaded from
 https://onlinelibrary.w

iley.com
/doi/10.1002/dev.70074, W

iley O
nline L

ibrary on [03/09/2025]. See the T
erm

s and C
onditions (https://onlinelibrary.w

iley.com
/term

s-and-conditions) on W
iley O

nline L
ibrary for rules of use; O

A
 articles are governed by the applicable C

reative C
om

m
ons L

icense

https://doi.org/10.1007/s10964-009-9499-4
https://doi.org/10.1111/mono.12472
https://doi.org/10.1080/10888690903288755
https://doi.org/10.1007/s10826-010-9407-2
https://doi.org/10.1002/dev.21637
https://doi.org/10.1016/j.biopsycho.2023.108625
https://doi.org/10.1177/0044118x13502365

	The Influence of Neighborhood on Infant Parasympathetic Nervous System Development
	1 | Introduction
	1.1 | PNS Developmental Trajectory
	1.2 | Theories of Neighborhood Influence on Child Outcomes
	1.3 | Neighborhood Influence on Maternal Psychopathology
	1.4 | Maternal Psychopathology and RSA Development
	1.5 | The Present Study

	2 | Materials and Methods
	2.1 | Participants
	2.2 | Procedures
	2.3 | Measures
	2.3.1 | Resting RSA (8, 12, 18, and 24 Months)
	2.3.2 | Neighborhood Structural Disadvantage (4 Months)
	2.3.3 | Neighborhood Perceived Collective Efficacy (4 Months)
	2.3.4 | Neighborhood Perceived Disadvantage (4 Months)
	2.3.5 | Maternal Depressive Symptoms (4, 8, 12, 18, and 24 Months)

	2.4 | Analytic Plan

	3 | Results
	3.1 | Missing Data Analyses
	3.2 | Descriptive Analyses
	3.3 | Model Results
	3.3.1 | Unconditional Growth Curve Analysis for Maternal Depressive Symptoms
	3.3.2 | Unconditional Growth Curve Analysis for Infant Resting RSA
	3.3.3 | SEM for Mediating Effect of Maternal Depression on Neighborhood to Infant RSA
	3.3.4 | Exploratory Analyses


	4 | Discussion
	4.1 | Growth Trajectories of Maternal Depressive Symptoms and Infant RSA
	4.2 | Neighborhood Collective Efficacy and Maternal Depression
	4.3 | Mediating Effects of Maternal Depression on Infant RSA
	4.4 | Limitations and Future Directions

	5 | Conclusions
	Acknowledgments
	Conflicts of Interest
	Data Availability Statement

	References
	Supporting Information


