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Abstract

Objective—Respiratory sinus arrhythmia (RSA) is a parasympathetic-mediated biomarker of
self-regulation linked to lifespan mental and physical health outcomes. Intergenerational impacts
of mothers’ exposure to prenatal stress have been demonstrated, but evidence for biological
embedding of maternal preconception stress, including adverse childhood experiences (ACEs), on
infant RSA is lacking. We examine the independent effects of maternal ACEs and prenatal stress
on infant RSA, seeking to broaden the understanding of the earliest origins of mental and physical
health risk.

Method—Mothers reported on ACEs and prenatal stress. RSA was recorded in a sample of 167
4-month-old infants (49% female and 51% male) during a dyadic stressor, the Still Face Paradigm.

Results—Independent contributions of maternal ACEs and prenatal stress to infant RSA were
observed. High maternal ACEs were associated with lower RSA, whereas prenatal stress was
associated with failure to recover following the stressor. Sex but not race differences were
observed. Prenatal stress was associated with higher RSA among boys but lower RSA among girls.

Conclusion—Infants’ RSA is affected by mothers’ life course experiences of stress, with ACEs
predicting a lower set point and prenatal stress dampening recovery from stress. For prenatal stress
but not ACEs, patterns vary across sex. Findings underscore that stress-reducing interventions for
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pregnant women or those considering pregnancy may lead to decreased physical and mental health
risk across generations.

Keywords

respiratory sinus arrhythmia; adverse childhood experiences; prenatal stress; trauma; still face
paradigm

Adverse childhood experiences (ACEs) are associated with negative behavioral and physical
health outcomes across the lifespan, and alterations to stress response systems (SRSs) are
hypothesized underlying mechanistic pathways.! Beyond the effect of adversity on an
individual’s SRSs, there is evidence that mothers’ experiences of stress during pregnancy
can affect her developing child’s SRSs, including the autonomic nervous system (ANS).2—
ACEs also appear to have effects on the next generation, as preconception maternal early life
adversity is associated with preterm birth and low birth weight, and maternal sexual abuse
history independently predicts poorer birth outcomes.>6 Furthermore, maternal history of
childhood abuse predicts hypothalamic—pituitary—adrenal (HPA) axis functioning in her
offspring.” These findings are consistent with life course theory, which posits that health
trajectories are influenced by recent events and reflect cumulative exposure, suggesting that
consideration of both current stressors and experiences across a mother’s lifespan are needed
to understand intergenerational health disparities.8? An infant’s developing ANS, and
therefore future self-regulation and mental health risk, are likely influenced by a
combination of a mother’s experience of prenatal stress and her own earlier exposures to
adversity.219 No previous study has examined concurrently maternal ACE exposure and
prenatal stress on her child’s ANS regulation. To address this gap, mothers were recruited
prenatally and queried about both their ACE exposure and levels of pre-natal stress. We then
tested their independent and interactive influence on 4-month-old infants’ respiratory sinus
arrhythmia (RSA).

ANS Activity and Stress Regulation

Emotional and biobehavioral self-regulation is moderated by the interaction of the
sympathetic nervous system (SNS) and the parasympathetic nervous system (PNS),
components of the ANS that work in dynamic balance to promote homeostasis.11:12
Respiratory sinus arrhythmia (RSA) is an index of PNS activityl? and can be measured by
baseline activity, indicating the potential to engage with the environment, or by reactivity,
reflecting stimulus response.13 Both baseline and reactivity are associated with behavioral
and physical health outcomes across the lifespan. High baseline RSA is generally considered
adaptive and, in infants, associated with higher emotional reactivity and attention.10 In youth
and adult populations, lower baseline RSA and divergent RSA reactivity are physiologic
markers of emotion dysregulation that, consistent with the Research Domain Criteria,
exhibit associations across diagnostic categories.1914 Furthermore, RSA has been linked to
stress-related physical health outcomes, including cardiovascular disease, diabetes, and
obesity, making it a “unifying” risk factor across the life course and across physical and
mental health outcomes.1®
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Among infants, RSA reactivity has been assessed with the Still Face Paradigm (SFP),16 an
observational dyadic laboratory paradigm assessing infants’ self-regulatory ability and
dyadic function. During the SFP, mothers first play freely with the infant. Then, during the
second epoch, mothers maintain a neutral expression, the “still face,” thereby removing
typical maternal responsiveness expected by the infant. In the final epoch, mothers resume
interaction, providing an opportunity for infant recovery with behavioral support. Infants
typically demonstrate a decrease in RSA from free play to still-face, followed by a
subsequent increase in RSA from still-face to the reunion as PNS activity returns to baseline
following stressor removal.17:18

Intergenerational Influences

Prenatally and throughout the first years of life, the ANS is undergoing rapid development.
18-21 1n utero, maternal stress has an almost immediate impact on fetal ANS activity, and
maternal chronic stress and depression predict neonate ANS activity.22:23 High prenatal
stress has been shown to predict blunted RSA recovery following the SFP in 6-month-old
infants, with effects persisting into childhood.2-3:24 In addition to prenatal influences, genetic
factors and maternal experiences prior to pregnancy may also contribute to the development
of the ANS.25 Although environmental factors explain 36% to 50% of variance in RSA,
heritability estimates range from 24% to 54%, pointing to the ability of the ANS to adapt to
postnatal environments.26-28 Maternal history of childhood abuse has been linked to fetal
ANS activity?® and to ANS markers later in childhood.30 Taken together, these data provide
compelling evidence that both preconception and prenatal factors affect the ANS and other
SRSs both within and across generations.

Sex Differences in Emergent SRSs

A significant body of literature reports sex differences in relation to prenatal stress,
including differences in ANS outcomes, findings consistent with current National Institutes
of Health directives to specifically address sex as a biological variable in all studies.19:31:32
The Adaptive Calibration Model (ACM) presupposes sex differences in stress reactivity.?!
The relation between RSA and trauma exposure in older children also exhibits sex
differences, with females appearing to be more affected, leading to greater psychopathology
risk, although these connections are not universal and may differ based on the specific SRS
examined.33-36 |n addition, sex differences in mental health outcomes associated with ANS
activity also exist.37 Controlling for sex rather than explicitly testing sex differences, typical
in RSA research, may obscure true sex differences.36

Race Differences in Emergent SRSs

The recalcitrant nature of health disparities is driving increased efforts to define underlying
mechanisms and the earliest developmental time points when racial disparities appear.
Unfortunately, most existing RSA research comes from majority-white samples and fails to
investigate race-specific pathways, despite evidence of differences.13:36:38 |n previous
studies, African American children exhibited greater resting RSA compared to white
children.38 Similar to sex differences, racial differences are observed in lifespan stress-
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related health conditions linked to ANS function, including mental health and cardiovascular
disease.1%:39.40 |dentifying mechanistic markers underlying intergenerational racial
disparities might illuminate intervention targets or, at the very least, validate similarities
across racial groups.

The Current Study

METHOD

To address gaps in the literature, we tested the association between maternal self-report ACE
score and prenatal stress with infant RSA, specifically exploring race and sex differences.
We predicted that high maternal ACEs would be associated with lower infant RSA activity,
consistent with a lower physiological starting point that may represent lower openness to
environmental influence found in literature exploring other SRSs.”2141 We expected that
prenatal stress would be associated with dampened recovery following a stressor, consistent
with previous RSA literature.2

Study Participants

Procedure

The current report includes 167 infants (49% female) of mothers (61% African American,
39% white) enrolled in a longitudinal study. Recruitment of pregnant women (18-41 years)
took place in prenatal and Women, Infant, and Children (WIC) clinics and from other
studies. Mothers were >18 years of age (mean = 28.17, SD = 5.82), and only English-
speaking mothers were recruited. Gestational age ranged from 32 to 43 weeks (mean =
39.04, SD = 1.63). Twelve infants were born preterm (<37 weeks; 10 late preterm [34-36
weeks] and 2 preterm [<34 weeks]). Premature infants were not tested at corrected age. Of
the mothers, 17% had less than a high school degree, whereas 37% had a college degree or
higher.

During pregnancy, mothers reported on ACEs, indicators of prenatal stress, and
demographics. Mothers were recruited at any stage of pregnancy (mean = 28.3 * 8.4 weeks);
the majority of mothers were in their third trimester (54%; n = 90; n = 68 second trimester; n
= 9 first trimester). Gestational age and pregnancy complications were abstracted from
medical records.

When the infant was 4 months old, the mother and child completed the Still Face Paradigm
(SFP), a well-established dyadic stressor validated across sociodemographically diverse
samples designed to assess behavioral and physiological regulatory capacities of infants, at
the laboratory.16 The procedure contained three 2.5-minute epochs: Play Period 1 (PP1):
mothers instructed to play freely with infants; Still Face (SF): mothers maintained a neutral
face and avoided interacting with their infant; Play Period 2 (PP2): mothers resumed play.
Mothers were instructed not to touch infants, who were seated in a car seat facing mothers at
eye level approximately 3 feet away. A research assistant was present but hidden throughout
the procedure. If infants expressed distress, operationalized as 20 seconds of continuous
crying, epochs were discontinued.
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A total of 235 infants completed the SFP. Fifteen mothers completed the prenatal interview
after parturition and were not included, given the focus on prenatal stress. Twenty-four
identified as a race other than African American or white and were excluded to facilitate
race analyses. Twenty-nine infants did not have valid RSA data due to movement artifact,
hardware malfunction, human error, or insufficient duration of SFP epochs. The resultant
analytical sample (N = 167) did not differ from infants who did not complete the SFP on any
study variables.

Mothers were compensated for study visits. The study was approved by the university
institutional review board.

Prenatal Stress Index—Consistent with a cumulative risk perspective, whereby multiple
risk factors in concert typically explain more variance than individual factors,*2 we created a
prenatal stress index consisting of 5 indicators: pregnancy-related anxiety, measured by the
10-item Pregnancy Related Anxiety Scale,3 assessing mothers” worry about health, labor,
delivery, and infant care; chronic strain, measured with the Chronic Strain Questionnaire,**
on which mothers rated frequency of 10 types of chronic stressors (e.g., having trouble
paying bills); stressful prenatal life events, assessed with the Prenatal Life Events Scale—
Revised,*® assessing the presence or absence of 18 stressful life events during the prenatal
period (e.g., experiencing a loss); perceived stress, measured by the 4-item version of the
Perceived Stress Scale,® probing mothers’ appraisal of their lives as stressful; and prenatal
depression, assessed by the 10-item Edinburgh Depression Scale,*’ shown to effectively
detect prenatal depression.*8

For the indicator with a dichotomous clinical cut-off (depression), a score over the clinical
threshold was coded “1.” For other indicators, participants with scores in the top quartile
were coded “1.” The following cut-off thresholds were derived: pregnancy-related anxiety:
>20; chronic strain: >27; prenatal life events: >4; and perceived stress: =7. A factor analysis
of these 5 indicators was consistent with a unitary construct by scree plot examination and
eigenvalue assessment (one factor with eigenvalue =1); all items loaded above 0.45, the
threshold for “fair” (range, 0.49-0.73).4% The 5 indicators were summed, yielding a prenatal
stress variable with a range of 0 to 5 (mean = 1.31, SD = 1.40). “High” was designated as =3
indicators (21% of sample).

Adverse Childhood Experiences—Mothers reported on adverse experiences during
their first 18 years using the Adverse Childhood Experiences survey,®° indicating “present”
or “absent” for 10 types of early life stress (e.g., parental mental illness or divorce).
Consistent with prior research, items were summed and “high” classified as >4 (18% of
sample).50

Respiratory Sinus Arrhythmia—Data on heart period, the time in milliseconds from
one QRS wave to the next, were collected from continuous electrocardiography (ECG)
recording during the SFP with James Long Company equipment (Caroga Lake, NY). ECG
signal processing and analysis were conducted using the Inter-beat Interval (IBI) Analysis
System. Rising edges of R waves were automatically identified with a multiple-pass, self-
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scaling algorithm, represented graphically for artifact identification, and manually corrected.
S1IBIs were prorated to equal time intervals (125 milliseconds) and detrended using a
moving polynomial filter to remove slow trends from data prior to spectral analysis. RSA
estimated from power spectral analysis was conducted using a discrete Fourier transform
with a 32-second Hanning window and 50% overlap between consecutive windows. Spectral
power was quantified in the validated high-frequency band range for 4-month-old infants
(0.30-0.75 Hz).52 Mean RSA values were computed for each SFP epoch. RSA values were
winsorized to 3 standard deviations from the mean and natural log transformed.

Data Analysis

RESULTS

For all analyses, a stepwise approach was taken; gestational age and maternal education
were covaried. Trimester of prenatal data collection, infant age (in weeks) at visit, and
pregnancy complications (preeclampsia, fetal growth restriction, gestational diabetes,
gestational hypertension) were considered as covariates and found not to contribute
significantly. We present parsimonious models with gestational age, infant sex, and maternal
education and race.

To investigate whether prenatal stress was associated with RSA during dyadic play, a
generalized linear model was run with infant RSA during PP1 as the outcome and sex, race,
prenatal stress, and ACEs as predictors. First, main effects of ACEs and prenatal stress were
examined; then, 2-way interactions examining sex and race differences were entered. For
RSA reactivity analyses, mixed models nested within subject were tested using the PROC
MIXED statement in SAS 9.4. RSA was modeled as within subject over time (PP1, SF,
PP2), and prenatal stress, ACEs, and sex and race as between-subjects factors. Time was
modeled with a linear and a quadratic term, with interactions placed on the quadratic term.
For reactivity analyses, we modeled main effects of ACEs and prenatal stress, then 2-way
interaction terms examining differences in RSA reactivity over time (time2) by ACEs and
prenatal stress, as well as 2-way interaction terms examining sex and race differences (sex/
racexprenatal stress/ACES, sex/racextime?).

Correlations and descriptive statistics are presented in Table 1; a total of 113 infants (67%)
were low on both ACEs and prenatal stress, 44 (26%) high on one indicator, and 10 (6%)
high on both. Boys and girls were equally likely to be classified as high prenatal stress, X2(2,
N = 167) = 0.34, p=.56 (boys n = 18, girls n = 16), and high ACE:s, XZ(Z, N =167) = 0.03,
p=.86 (boys n = 15, girls n = 15). Prenatal stress and ACEs did not differ between African
American and white mothers (prenatal: X2[2, N =167] = 0.78, p=.38; ACEs: XZ[Z, N =
167] = 1.23, p=.27). High ACEs were associated with high prenatal stress, X2(2, N = 167)
= 3.80, p=.05. ACEs but not prenatal stress were associated with infant RSA in bivariate
tests, with higher ACEs associated with lower RSA during PP1 and SF epochs.

All race interactions were nonsignificant (o> .41), suggesting that RSA did not vary by race.
Additionally, ACExsex and ACExtime? interactions were nonsignificant; thus, we present
parsimonious models with prenatal stressxsex 2-way interactions and main effects of ACEs
only.
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Dyadic Play RSA

Prenatal Stress—No main effect of prenatal stress on RSA was observed during PP1, but
a significant prenatal stressxsex interaction was present, 8= —0.35, p=.04. Post hoc
analyses indicated that boys but not girls with high prenatal stress had significantly higher
RSA during PP1 compared to infants with low prenatal stress, &4 = —2.10, p=.04 (Figure 1,
PP1 epoch). No race differences were observed.

Maternal ACEs—There was a main effect of mothers” ACEs. Higher ACEs predicted
lower infant RSA during dyadic play, 8= —0.21, p=.02. No sex or race differences were
observed.

RSA Reactivity

A majority of variance was accounted for within subject (intraclass correlation = 56%). In
the final model including ACEs, prenatal stress, and interactions, both linear and quadratic
time terms were significant, indicating significant RSA response (Table 2). Girls showed
greater reactivity than boys (time2xsex; Figure 1).

Prenatal Stress—~Prenatal stress was associated with lower RSA across the SFP.
However, 2 significant 2-way interactions, prenatal stressxtime? and prenatal stressxsex,
were identified (Table 2). Post hoc analyses indicated that whereas low prenatal stress
infants demonstrated expected RSA return to baseline following the SF, high prenatal stress
infants did not. High prenatal stress was associated with higher RSA among boys, whereas
high prenatal stress was associated with lower overall RSA in girls. Although the 3-way
interaction term (prenatalxtime?xsex) was not significant, visual inspection indicated that
differences were driven by high-stress boys.

Maternal ACEs—ACEs demonstrated an independent, significant main effect on infant
RSA across the SFP, with high ACEs associated with lower RSA. No sex or race differences
were observed.

DISCUSSION

This study describes how a mother’s exposures across her lifespan influence her offspring’s
SRS, likely altering future risk for psychopathology and health. Although both maternal
ACEs and prenatal stress predicted infant RSA at 4 months of age, their effects differed.
Prenatal stress influenced RSA reactivity over time with infants whose mothers reported
high prenatal stress, demonstrating persistent RSA suppression following removal of the
stressor, consistent with previous literature.2# Clear sex effects were demonstrated in
relation to prenatal stress, consistent with the frequently observed relation between prenatal
anxiety and infant outcomes, including RSA.2 We extend this work and demonstrate a
unique effect of maternal ACEs on infant RSA. Consistent with emerging data and
theoretical models such as ACM and life course theory that suggest that alterations to the
SRSs may contribute mechanistically to effects across generations, infants of mothers with
high ACEs demonstrated lower overall RSA, indicating a lower physiologic start point.21:41
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These data replicate previous findings of prolonged RSA suppression, suggestive of
“spillover” PNS deactivation, among infants with high maternal prenatal stress.? Infants’
failure to return to baseline RSA during the reunion episode is associated with lower infant
regulatory behavior.2:17:53 Although PNS deactivation during the SF epoch (a stressor)
permits infant vigilance to environmental cues, persistent PNS deactivation when the mother
re-engages with the infant (PP2) may impede the infant’s ability to use the mother for
biobehavioral regulation.>* The development of self-regulatory abilities during infancy,
intricately tied to early caregiving and attachment, has direct implications for future
psychopathology.>®

Consistent with the prenatal programming literaturel® and our prediction, sex differences
were observed for RSA and prenatal stress.3* These results are also consistent with the
larger body of literature reporting sex-specific effects in the link between prenatal stress and
SRSs, including the ANS and HPA axis.3#6 For boys, high prenatal stress was associated
with higher RSA during PP1 and over the course of the SFP. In girls, higher prenatal stress
was associated with lower RSA. As higher RSA is associated with heightened
responsiveness to environmental stimuli among infants,19 it may be that an evolutionary sex-
differentiated advantage is conferred to boys to be more responsive in stressful
environments. Surprisingly, sex differences were not observed in the relation between
maternal ACEs and infant RSA, providing additional evidence that pathways by which
prenatal and preconception events influence offspring development differ. As longitudinal
studies of RSA are limited, the implications of these patterns for sex differences in
developmental psychopathology remain unknown. Given theoretical justifications?! and
downstream sex differences in outcomes linked to RSA such as depression and
cardiovascular disease,1>37 continued exploration of sex-differentiated patterns is needed.

This is the first study to report on the concurrent impact of maternal ACEs and prenatal
stress on infant RSA. Maternal ACEs exerted unique effects on infant RSA, suggesting that
the intergenerational tuning of ANS activity begins prior to conception. Indeed, bivariate
correlations between infant RSA and maternal ACEs were stronger than between infant RSA
and prenatal stress. Consistent with life course theory and ACM, 2157 our results suggest that
inter-generational stress influences the physiologic start point,*! dampening PNS activity
and setting a lower potential responsiveness, perhaps in anticipation that reactivity to
expected repeated or chronic stressors would be too biologically costly. This pattern, while
isolating the infant from negative environmental influences, is putatively adaptive at a cost:
initially protective from the negative environment, but later leading to elevated
psychopathology risk. Prenatal exposures, in contrast, appear to affect the reactivity of the
emerging PNS, maintaining periods of alertness even when the stressor is removed.

Surprisingly, we did not detect race effects despite evidence of race differences in RSA and
racial disparities in life course stress-related health conditions, including mental health and
cardiovascular disease.8:14:36.38 Differing from previous studies, our sample did not exhibit
race differences in either ACEs or prenatal stress, although our rates of ACE exposure were
significantly higher than previous work with more representative samples.>° Our findings
indicate that if race differences in the impact of ACEs and prenatal stress on RSA exist, then
they may appear later in development or be influenced by differences not captured by our
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measures. Notwithstanding our findings, continuing to search for stress-related mechanistic
markers that underlie intergenerational health disparities is crucial.

The current study has limitations. First, ACEs and prenatal stress are based only on maternal
report. As with other retrospective report measures, ACE report is subject to bias and may
reflect a wider range of negative exposures. However, a substantial literature supports its
utility; for instance, in a large prospective cohort, the impact of perceived rather than
validated ACEs was most predictive of mental illness.>8:59 A second limitation is the focus
on a single SRS, which may oversimplify patterns, as SRSs are likely interactive.2:60.61
Third, the sample size is only moderate. Fourth, mothers were enrolled at any time point
during pregnancy; prenatal stress measurement does not capture exposure across the entire
pregnancy. However, controlling for trimester of enrollment did not influence findings. Fifth,
we did not assess mothers’ lifetime psychopathology or RSA, which have both demonstrated
heritability.26-28 Accounting for maternal psychopathology or RSA may help to
disambiguate heritability from impact of stress exposure. Finally, although infant RSA was
predictive of child behavior in other studies,? the current study does not include behavioral
measures.

Despite these limitations, there are several strengths. Most notable is the large number of
African American participants comparable to white participants in levels of ACEs and
prenatal stress. Other strengths include direct examination of sex and race differences and
the use of RSA reactivity across a stressor, as individual differences are more often detected
during reactivity.26

Early experiences are known to contribute to mental illness risk across the life span. The life
course perspective extends this in 2 important ways. First, life course theory suggests that
when exposures happen is relevant, with exposures occurring during time periods of rapid
development resulting in greater impacts on the individual or physiologic system. Second,
life course theory posits that how an individual reacts, both behaviorally and physiologically,
to stressors in the current generation is associated with both the exposures and subsequent
calibration of SRSs in previous generations.>2 Our data are consistent with both aspects of
this theory. As the ANS is one of the earliest developing SRSs, it is not surprising that the
impact of maternal stress is detected in RSA. However, this impact may change over the
course of development; longitudinal studies that integrate maternal physiologic patterns and
are sufficiently powered to examine race and sex differences are needed. Early changes to
the ANS likely also influence other biological systems, potentially shifting subsequent
development of later-developing SRSs, leading to a cascade effect. These impacts may
increase over time, compounded by both continued exposure to environmental stressors and
potential impairments in sensitive caregiving as a consequence of maternal stress or stress-
related psychopathology.2-60.61

The life course perspective also provides a theoretical backdrop for the unique impact of a
mother’s own preconception exposure to adversity driving baseline stress responsiveness in
the next generation, a potentially adaptive but costly tactic. RSA can also reflect an infant’s
environmental receptiveness*2; lower RSA in high-ACE infants may suggest decreased
openness to the environment, potentially buffering these infants from expected continued
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adversity but limiting their ability to engage and to be regulated by their caregiver. Beyond
the impact of maternal exposures on the infant’s emerging SRSs, dyadic interactions and
early caregiving environments can either accentuate or mitigate these impacts.>3:62 Dyadic
coordination between mother—child physiology, affect, and behavior has meaningful links to
infants’ physiological organization, behavior, and development.®* Thus, infant RSA,
although affected by prenatal and preconception influences, is calibrated postnatally by
potentially modifiable environmental influences such as sensitive parenting. Existing
evidence-based interventions targeting dyadic functioning therefore represent under-used
opportunities for mitigating the intergenerational effects of early life adversity on mental and
physical well-being.83 Clinically, these data call for considering children’s emergent
regulatory abilities in dyadic and intergenerational contexts and suggest that early
interventions, including prior to and during pregnancy, may mitigate risk for divergent SRS
patterns linked to developmental psychopathology across generations.
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Infants with high prenatal stress do not show parasympathetic recovery during still-face
reunion; high-stress girls show lower respiratory sinus arrhythmia than low-stress girls,
whereas high-stress boys show higher respiratory sinus arrhythmia than low-stress boys.
Note: InRSA = respiratory sinus arrhythmia; PP1 = play period 1; PP2 = play period 2; SEM

= standard error of the mean; SF = still face.

JAm Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2018 November 01.



Page 15

Gray et al.

100 >d
*

¥¥

‘10 >d

*¥
‘50" >d
x

"90B) [1S = 4S ‘elWYIAYLIR snuls Alojedidsal = Sy 'z pouad Aejd = zdd ‘T pouiad Aejd = Tdd ‘UedLIBWY UBOLIYY = WV /9T = N "S}9am
u1 papioda abe [euoineisalb ‘auym = T ‘UedLIBWY UBJLIJY = O SB PAPOD 90BJ ‘3jewWa) = g ‘8jewl = T Se papod Xas ‘ybiy = T ‘Mo] = 0 Se papod (sJOV) seousiiadxa pooyp|1yd 8SIaAPE pue Ssalis [ejeusld 810N

vV %19 (291) €0°6E (190)95C (5500 €5  (Lr0)0LZ  UBIH %8T UBIH %T2Z 3B\ %TS % 40 (Qs) ues i\
xxx 170 £610 01’0 20'0- 10°0- 50'0- £810- 90'0-  uONEINPa [eUISIRN
1T°0 AR 000- 800 60°0— 100~ 90°0- 30®l [eUlBIRIN
v0'0- 500 000- £0°0 1000~ v0'0 abe [euonelsen
w50 960 Zro- 600~ 010 VSY zdd
990 oTO- £00- 500~ vsy 48
#8170~ 90'0 00°0- vSH Tdd
£ST0 500 s3I0V
900 SSaUIS [e1euald
oey [eutsreN 9BV [eUONEISID  VSMZdd  VSMHS  VSHTdd  SIOV  SsaNS[eleuald  X8S PlIyd

sa|qeLieA Apms 1oy sonsneIS aAndiiossq pue suonejaliod

T31avl

Author Manuscript Author Manuscript Author Manuscript Author Manuscript

JAm Acad Child Adolesc Psychiatry. Author manuscript; available in PMC 2018 November 01.



1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuen Joyiny

Gray et al.

Mixed Model Showing Main Effects of Maternal Adverse Childhood Experiences (ACESs) on Infant
Respiratory Sinus Arrhythmia (RSA), Effects of Prenatal Stress on RSA Reactivity, and Sex Differences

Infant RSA B (SE) p Value
Intercept 3.22(0.89) <.001
Time -0.48(0.13) <.001
Time? 0.07(0.03) .05
Sex 0.03(0.09) .75
Race 0.09(0.02) .26
Prenatal stress 0.75 (0.04) .05
ACEs -0.20 (0.09) .04
Gestational age -0.00(0.02) .84
Maternal education -0.02 (0.03) .55
Prenatal stressxtime?2  —0.02 (0.01) .05
Prenatal stressxsex -0.43(0.18) .02
Time2xsex 0.02(0.01) .02

Note: Data in boldface indicate significant effects.
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