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Abstract
This study examined whether children exposed to adversity would exhibit lower epigenetic age acceleration in the 
context of improved parenting. Children with developmental delays and externalizing behavior problems (N = 62;  
Mage = 36.26 months; 70.97% boys, 29.03% girls; 71% Latinx, 22.6% Black) were drawn from a larger randomized 
controlled trial (RCT), which randomized them to receive Internet-delivered parent–child interaction therapy (iPCIT; 
n = 30) or community referrals as usual (RAU; n = 32). Epigenetic age acceleration was estimated with the pediatric 
buccal epigenetic clock, using saliva. Adversity was assessed using parent, family, and neighborhood-level cumulative-
risk indicators. Adversity interacted with Time 2 (T2) observations of positive and negative-parenting practices to 
predict epigenetic age acceleration 1.5 years later, regardless of treatment assignment. Children exposed to more 
adversity displayed lower epigenetic age acceleration when parents evidenced increased positive (b = −0.15, p = .001) 
and decreased negative (b = −0.12, p = .01) parenting practices.
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Early-life adversity, such as poverty, child maltreatment, 
and community violence, imposes substantial risk for 
the development of psychopathology and a lifelong risk 
of physical (Grummitt et al., 2021) and psychological 
(LeMoult et  al., 2020) health problems. Importantly, 
Latinx and Black children disproportionately experi-
ence social, economic, and environmental adversity 
(Liu et al., 2018), which, in turn, places them at higher 
risk for developmental, behavioral, or social delays 
compared to non-Hispanic White children.

Accelerated biological aging may mediate the associa-
tion between early-life adversity exposure and prospec-
tive health problems (Sumner et al., 2023). Epigenetic 

aging is one such indicator of accelerated biological 
aging (Horvath, 2013). Epigenetic age is calculated from 
DNA methylation (DNAm) levels of age-associated CpG 
sites located on DNA. Then, epigenetic age estimates 
can be compared to chronological age to determine 
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epigenetic age acceleration. Greater estimates of epi-
genetic age relative to chronological age indicate accel-
eration of biological age and predict physical and 
psychological problems, including all-cause mortality 
(Horvath & Raj, 2018). Evidence suggests that early-life 
adversity, including cumulative assessments of risk 
exposure (Sumner et al., 2019), relates to increases in 
epigenetic age acceleration (Colich et al., 2020), with 
prospective evidence documenting risk-associated 
increases in accelerated aging into adulthood (Copeland 
et  al., 2022). Such findings translate to public health 
frameworks such as adverse childhood experiences 
(ACEs; Felitti et al., 1998), which inform policymakers 
and health-care workers about the importance of early 
screening and intervention among children exposed to 
elevated adversity in preventing outcomes such as accel-
erated biological aging.

Sensitive and responsive caregiving is among the most 
potent stress-buffering resources available to young chil-
dren (Masten & Palmer, 2019), and this health-promotive 
potential may be evident in children’s biological aging. 
Indeed, parental sensitivity and responsiveness attenu-
ated biological-aging acceleration (assessed using telo-
mere length) among middle-childhood-aged children 
exposed to elevated stress (Asok et  al., 2015; Beijers 
et al., 2020). The epigenome is particularly sensitive to 
stress during early childhood (Aristizabal et al., 2020), 
particularly among preschool-aged children (Lussier 
et al., 2022), relative to later developmental periods, and 
this sensitivity may extend to the protective influence of 
responsive caregiving. For example, recent research sug-
gests that disrupted caregiving (e.g., harsh or inconsis-
tent) is associated with higher young-adult epigenetic 
age acceleration (Brody et al., 2021), whereas sensitive 
and responsive caregiving relates to lower young-adult 
epigenetic age acceleration (Beach et al., 2021). How-
ever, extant research on caregiving influences on epi-
genetic age primarily focuses on adults or older children 
or uses cross-sectional designs (Wolf et  al., 2018). 
Accordingly, interventions targeting sensitive and respon-
sive caregiving during early childhood may be a power-
ful way to support caregivers in mitigating biological 
consequences of stress across development.

Dyadic interventions, such as behavioral parenting 
interventions, promote early relational health between 
the child and caregiver through sensitive and respon-
sive caregiving. These treatments are among the most 
effective methods for promoting child health in the 
context of adversity exposure (Bourne et  al., 2022;  
Garner & Yogman, 2021), and emerging evidence sug-
gests parenting interventions may attenuate the link 
between adversity exposure and epigenetic age accel-
eration. A 7-week parenting intervention implemented 
in a group of Black adolescents, most of whom lived 

in the rural southern United States, protected against 
higher young-adulthood epigenetic age acceleration 
(Brody et  al., 2016) and reduced young-adulthood  
epigenetic age acceleration through improved self-
regulation (Lei et al., 2022). However, only one study 
has examined parenting-intervention-instigated changes 
in DNAm in young children (6–21 months; Hoye et al., 
2020). One month after a 10-week attachment-based 
intervention, this pilot study found that DNAm patterns 
differed across treatment groups, suggesting that time-
limited dyadic interventions implemented in young 
children may alter epigenetic profiles. Accordingly, 
intervention during this developmental period may be 
particularly powerful in attenuating the impact of adver-
sity exposure on epigenetic aging, which has not yet 
been tested.

The current study recruited from a randomized con-
trolled trial (RCT) of a telehealth-based behavioral par-
enting intervention (Bagner et  al., 2023) to evaluate 
whether increases in positive parenting (e.g., praise, 
engagement, warmth) and decreases in negative parent-
ing (e.g., criticism, hostility) buffered the impact of 
adversity exposure on epigenetic age acceleration 
among majority Latinx preschoolers with developmen-
tal delays. The main outcomes of the primary RCT were 
that a telehealth-delivered parenting intervention with 
real-time therapist coaching led to significant and 

Statement of Relevance

Exposure to early-life adversity predicts health 
problems, and parenting interventions may be 
one way to promote resilience among children 
exposed to adversity. Biological aging, measured 
with epigenetic age acceleration, may offer insight 
into children at risk of poor health who may ben-
efit from intervention. This study used a sample 
of mostly Latinx families, many of whom endorsed 
financial hardship. Some of these families partici-
pated in a parenting intervention for children with 
developmental delay and elevated behavior prob-
lems, and some received community referrals. 
Our findings suggest that increases in positive 
parenting practices and decreases in negative-
parenting practices may protect young children 
with developmental delay from accelerated epi-
genetic aging associated with early-life adversity. 
Results underscore that caregivers dealing with 
hardship can protect their children from the nega-
tive effects of stress, particularly when caregivers 
are provided access to effective interventions 
designed to enhance parenting.
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maintained improvements in observed positive and 
negative-parenting behaviors for this population  
(Bagner et al., 2023). Thus, we hypothesized that increased 
levels of observed positive parenting and decreased 
levels of observed negative parenting (assessed using 
two time points of observational data) would buffer the 
association between early-life adversity exposure (i.e., a 
cumulative risk index inclusive of parent, family, and 
neighborhood-level factors) and epigenetic age accelera-
tion assessed 1.5 years later in a sample of young chil-
dren with developmental delays.

Method

Overview

Participants for the current study were a subsample of 
parent–child dyads who participated in a primary RCT 
assessing the efficacy of a telehealth-based behavioral 
parenting intervention (Bagner et al., 2023) in treating 
child behavior problems among young children with 
developmental delays living in a large city in the south-
eastern United States. Dyads constituting the analytic 
sample for this article consented to participation in a 
DNA substudy, completed either the ~20-week parent-
ing intervention or received referrals as usual, and  
provided a pediatric saliva sample at the most distal 
assessment, which occurred 12 months after their Time 
2 (T2) assessment. The Institutional Review Board at 
Florida International University approved both the pri-
mary RCT study and the DNA substudy, under separate 
protocols. All parents provided informed consent for 
participation in both studies, and materials were made 
available in both English and Spanish.

Participants

Table 1 provides an overview of caregiver-child char-
acteristics (n = 62 whose DNA data passed quality con-
trol; child Mage = 36.26 months old). Detailed information 
regarding the primary RCT sample from which these 
dyads were drawn is presented in Bagner et al. (2023).

In the current analytic sample, children were major-
ity Latinx (71%) and White (72.6%) with 22.6% identify-
ing as Black or African American. Children were mostly 
boys (70.97%), aligning with prevalence rates of behav-
ioral problems in young children (Gershon & Gershon, 
2002). Primary caregivers described themselves as 
White (72.58%), Latina (67.74%), biological mothers 
(88.71%), and married/partnered (64.51%). Most pri-
mary caregivers had completed some college or techni-
cal school (40.32%) or possessed a college degree 
(24.19%). On average, participants reported earning 
between $20,000 and $40,000 per year, and 69.35% of 
participants reported earning less than $40,000 per year. 

Slightly more than half of caregivers indicated that Eng-
lish was the child’s preferred language (54.84%), fol-
lowed by Spanish (43.55%).

Procedure

Primary RCT. Families were recruited between 2016 
and 2019 at three Part C Early Intervention sites in a large 
city in the southeastern United States. Recruitment 
occurred during the child’s Early Intervention exit evalu-
ation, which occurred within 3 months of the child’s third 
birthday. In addition to developmental delay, children 
considered for inclusion had to have (a) a Child Behavior 
Checklist externalizing problems T-Score greater than 60 
and (b) a primary caregiver who spoke English or Span-
ish. Children were excluded (a) if they were receiving 
medication for behavior problems; (b) if the children or 
their caregiver had deafness or blindness; (c) if the chil-
dren demonstrated severe social-communication deficits 
(i.e., caregiver report on Social Responsiveness Scale–
Second Edition T-Score > 75); and (d) if the primary care-
giver’s standard score was less than 4 on the vocabulary 
subtest of the Wechsler Abbreviated Scale of Intelligence–
Second Edition (for English speakers) or the Escala de 
Inteligencia Wechsler Para Adultos–Third Edition (for Span-
ish speakers). For further details, refer to Bagner et al. 
(2023) and see Figure S1 in the Supplemental Material 
available online for the primary RCT’s CONSORT diagram.

After providing consent, families completed the Time 
1 (T1) assessment. Eligible families (N = 150) were 
randomized 1:1 (stratified by child sex) to receive up 
to 20 weeks of either iPCIT (n = 75) or RAUs (n = 75). 
Major assessments relevant to this analysis, consisting 
of caregiver reports and observational tasks of family 
interactions, were conducted in the family’s home at 
T1 (i.e., before treatment or the RAU period), T2 (fol-
lowing the treatment or the RAU period), and Time 3 
(T3; 12 months after intervention or RAU period com-
pletion). At T1, groups were the same across demo-
graphic variables (e.g., race, ethnicity, caregiver 
education, primary language) and behavioral variables 
(e.g., behavioral problems). Families received $100 for 
each major assessment and a tablet at study completion. 
All participants completed the treatment phase before 
the COVID-19 pandemic.

DNA substudy. All participants from the primary RCT 
were eligible for the DNA substudy. Funding and IRB per-
mission for the DNA substudy became available after the 
data-collection period for the primary RCT was already 
under way. Thus, research staff on the primary RCT study 
team approached participants and interested families on 
a rolling basis as soon as study IRB permissions were 
obtained, regardless of the number of sessions they had 
completed during the intervention phase. Of the 150 
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Table 1. Demographics by Assigned Intervention Group at Time 1

Substudy sample
(N = 62)

iPCIT
(n = 30)

RAU
(n = 32)

 M (SD) or % (n) M (SD) or % (n) M (SD) or % (n)

Child  
 Age at Time 1 (months) 36.26 (.63) 36.23 (.68) 36.28 (.58)
 Child biological sex (%)  
  Female 29.03% (18) 26.67% (8) 31.25% (10)
  Male 70.97% (44) 73.33% (22) 68.75% (22)
 Race (%)  
  White 72.58% (45) 83.33% (25) 62.50% (20)
  Black/African American 22.58% (14) 13.33% (4) 31.25% (10)
  Asian 3.23% (2) 3.33% (1) 3.12% (1)
  Other 1.61% (1) — 3.12% (1)
 Ethnicity (%)  
  Hispanic or Latinx 70.97% (44) 83.33% (25) 59.38% (19)
  Non-Hispanic/ or Non-Latinx 27.42% (17) 16.67% (5) 37.50% (12)
  Not reported 1.61% (1) — 3.12% (1)
 Preferred language (%)  
  English 54.84% (34) 46.67% (14) 62.50% (20)
  Spanish 43.55% (27) 53.33% (16) 34.38% (11)
  Other language 1.61% (1) — 3.12% (1)
 Cumulative risk 2.39 (1.21) 2.4 (1.25) 2.38 (1.18)
Primary caregiver  
 Age (years) 33.88 (5.67) 34.21 (6.21) 33.58 (5.23)
 Gender (%)  
  Male 6.45% (4) 3.33% (1) 9.38% (3)
  Female 93.55% (58) 96.67% (29) 90.62% (29)
 Race (%)  
  White 72.58% (45) 83.33% (25) 62.50% (20)
  Black/African American 24.19% (15) 13.33% (4) 34.38% (11)
  Asian 3.23% (2) 3.33% (1) 3.12% (1)
 Ethnicity (%)  
  Hispanic/Latinx 67.74% (42) 80.00% (24) 56.25% (18)
  Non-Hispanic/Latinx 30.65% (19) 20.00% (6) 40.62% (13)
  Not reported 1.61% (1) — 3.12% (1)
 Relationship to child (%)  
  Biological mother 88.71% (55) 90.00% (27) 87.50% (28)
  Biological father 6.45% (4) 6.67% (2) 6.25% (2)
  Adoptive mother 3.23% (2) — 6.25% (2)
  Stepmother 1.61% (1) 3.33% (1) 0.00%
 Marital status %  
  Married/domestic partnership 64.51% (40) 60.00% (18) 68.74% (22)
  Separated/divorced 4.84% (3) 3.33% (1) 6.24% (2)
  Single, never married 30.65% (19) 36.67% (11) 25.00% (8)
 Highest level of education (%)  
  Less than high school 9.68% (6) 10.00% (3) 9.37% (3)
  High school/GED 11.29% (7) 20.00% (6) 3.12% (1)
  Some college/technical School 40.32% (25) 30.00% (9) 50.00% (16)
  College degree 24.19% (15) 16.67% (5) 31.25% (10)
  Some graduate school 4.84% (3) 6.67% (2) 3.12% (1)
  Graduate/professional degree 9.68% (6) 16.67% (5) 3.12% (1)

Note: iPCIT = Internet-delivered Parent-Child Interaction Therapy; RAU = referrals as usual.
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families enrolled in the primary RCT, 137 families were 
approached at T3, and 65 families consented to participa-
tion in the DNA substudy at that time and provided a 
saliva sample. Families did not receive additional com-
pensation for participating in the DNA substudy. Data 
detailing participants’ rationale for declining participation 
in the substudy are not available.

Either study staff or a caregiver (under study staff 
supervision) obtained the children’s saliva samples 
using a collection kit with a small sponge. For the por-
tion of T3 assessments occurring in the context of 
COVID-19-instigated safety guidelines, caregivers were 
provided an at-home saliva-collection kit and detailed 
video instructions regarding saliva data collection. Of 
the 65 samples taken at T3, three failed quality-control 
analyses, resulting in 62 child saliva samples collected 
at T3 with enough DNA for analysis. Within this group 
of 62 families, a small pilot group also provided saliva 
samples at T1 (iPCIT: n = 14; RAU: n = 9).

At T1, the 62 dyads included in the DNA substudy, 
relative to the 88 dyads who participated only in the 
RCT, did not significantly differ on the child or caregiver 
demographics listed in Table 1 or on neighborhood 
opportunity, child symptoms, or observed parenting (all 
ps > .05). There was one exception—the substudy sam-
ple reported a lower income-to-needs ratio (p = .023), 
a demographic feature indicative of financial stress that 
was closely related to some of our adversity indicators 
(see Measures). This difference indicates that the sub-
study population may have experienced more financial 
stress relative to the participants in the primary RCT 
who did not participate in the substudy.

Parenting intervention

iPCIT uses encrypted videoconferencing technology in 
which therapists provide live coaching of caregiver-
child interactions via webcam and a caregiver-worn 
earpiece. Like clinic-based parent–child interaction 
therapy, iPCIT progresses through child-directed inter-
action (CDI) and parent-directed interaction (PDI) 
phases. During CDI, caregivers follow their child’s lead 
in play, learn to use PRIDE skills (Praising child behav-
ior, Reflecting child statements, Imitating child play, 
Describing child actions, and showing Enjoyment), and 
avoid questions, commands, and criticisms. They learn 
to use PRIDE skills in response to appropriate child 
behaviors and ignore undesirable behaviors. During 
PDI, caregivers learn to use effective commands and 
consistently follow through with time-outs to increase 
child compliance. Families received a tablet (and data 
plan, for families without Wi-Fi) and a wireless earpiece 
for treatment. Sessions were conducted weekly by a 
remote therapist and lasted 1 to 1.5 hours. In the pri-
mary RCT, about half of iPCIT-treated families (48%) 

received treatment in Spanish. A PCIT international 
global trainer trained postdoctoral or doctoral student 
therapists. Families randomized to RAU were referred 
to community-based treatment services.

Measures

Adversity: Cumulative risk. Nine indicators of cumula-
tive risk, including neighborhood-, family-, and parent-level 
indicators, were assessed at T1. Three neighborhood-level 
indicators were derived from the Childhood Opportunity 
Index (Acevedo-Garcia et al., 2014). This index uses family 
census tracks to operationalize neighborhood-level risk in 
three domains: educational opportunity (e.g., school pov-
erty, proximity to licensed early childhood educators), 
health and environmental opportunity (e.g., availability of 
healthy food, proximity to toxic waste), and social and 
economic opportunity (e.g., foreclosure rate, proximity 
to employment). Three family-level socioeconomic-status 
risks were derived from single-parent status, low income, 
and primary caregiver’s educational attainment of a high 
school degree equivalent or fewer years. Given the high 
cost of living in the geographic area in which this study 
was conducted, low income was defined as within 250% of 
the federal poverty line. Three other family-level risks 
were derived from other self-report measures administered 
at T1. Specifically, we derived parental depression and anx-
iety from the Depression, Anxiety, and Stress Scale–21 
(DASS-21), using cutoffs indicative of moderate or more 
severe problems with depression or anxiety (DASS-21 
Manual; Crawford et al., 2009), and parenting stress from 
T1 negative-impact scores from the Family Impact Ques-
tionnaire (FIQ; Donenberg & Baker, 1993). This question-
naire assesses the child’s negative impact on the parent’s 
feelings about parenting (e.g., “my child is more stressful 
[than other same-age children]”) and the parent’s social life 
(e.g., “it is more difficult to find a babysitter to stay with [my 
child]”). Because normative data on the FIQ are not avail-
able, parents with mean subscale scores ≥ 1 SD above the 
sample mean were considered high risk, in line with past 
cumulative risk research. Numerous studies have opera-
tionalized cumulative risk using indicators of parental psy-
chopathology, stress, and conflict (Evans et  al., 2013). 
Across all indicators, risks were coded as present or absent 
(with any missing risks coded as absent) and combined for 
a total score with a possible range of 0 to 9; higher scores 
represented higher cumulative risk.

Observed positive- and negative-parenting behaviors.  
We assessed parenting using a behavioral coding system 
with documented reliability and validity: the Dyadic  
Parent–Child Interaction Coding System–Fourth Edition 
(DPICS; Eyberg et al., 2014). Parenting assessments were 
conducted at T1 and T2. Coders masked to treatment 
condition were trained to 80% agreement with a criterion 
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tape, and 25% of T1 observations were double-coded 
(mean κ = .83 across codes for the total sample). Positive-
parenting behaviors were assessed using “do” skills dur-
ing child-directed play, which refers to praises, behavior 
descriptions, and reflections; negative parenting was 
assessed using “don’t” skills, which refers to questions, 
commands, and criticisms. Per PCIT theory, all questions 
are considered “don’t” skills during child-directed play, as 
questions take control of the conversation, indicate the 
parent may not be listening to the child, and (particularly 
when posed one after another) prevent the child from 
talking. The proportion of caregiver “do” and “don’t” 
skills was coded to reflect two parenting variables— 
positive-parenting behaviors versus negative-parenting 
behaviors—exhibited during a 5-min child-led play task 
completed at each major assessment.

Child epigenetic age acceleration. At T3, saliva sam-
ples were collected from children using Oragene kits 
(OGR-575) for Assisted Collections (DNA Genotek, Kanata, 
Ontario, Canada). DNA was extracted and isolated using 
the DNEasy extraction system (Qiagen, Inc., USA) and 
assessed for quantity and quality using a Nanodrop spectro-
photometer (Smith et al., 2015). Sodium-bisulfite-modified 
DNA was randomized across 96-well plates on the basis of 
treatment condition and balancing for sex. DNAm was 
measured using the Illumina 850K Infinium Methylation 
EPIC BeadChip (Illumina, San Diego, CA; Pidsley et  al., 
2016), which interrogates more than 850,000 CpG sites. 
DNAm was measured in three runs at the University of 
Minnesota Genomics Center and DNA Genotek. For details 
on DNAm data processing and quality control, please see 
the Supplemental Material.

Children’s epigenetic age was calculated using  
McEwen et al.’s (2019) Pediatric-Buccal-Epigenetic 
(PedBE) clock, which performs well in samples of chil-
dren relative to other epigenetic clocks (Wang & Zhou, 
2021). Children’s epigenetic age acceleration was cal-
culated as the residuals derived from regressing PedBE 
age onto chronological age (with precision to the day) 
at the time their saliva was collected. Epigenetic age 
acceleration was also adjusted for the proportion of 
leukocytes and epithelial cells present in the saliva, 
consistent with previous studies (McEwen et al., 2019; 
Middleton et al., 2021). Details and descriptive statistics 
regarding epigenetic age-acceleration estimation can 
be found in the Supplemental Material.

Data-analytic plan

We used the lavaan package (Rosseel, 2012) in R (R Core 
Team, 2017) to conduct analyses. In our primary analy-
ses, we used a path analytic framework leveraging intent-
to-treat and full information maximum likelihood 
estimation to regress T3 epigenetic age acceleration on 

T1 cumulative risk, T2 observed parenting, and the inter-
action between T1 cumulative risk and T2 observed par-
enting. To account for stability in parenting, we adjusted 
for T1 observed parenting. Models were also adjusted 
for child biological sex. Primary analyses collapsed 
across treatment groups to optimize variance in parent-
ing in the context of the small sample size (Bell et al., 
2018). Collapsing across treatment groups optimizes vari-
ance in parenting in the context of small samples (Bell 
et al., 2018). To facilitate interpretation, we calculated 
the interaction using mean-centered parenting but not 
mean-centered cumulative risk. Separate models were 
run for positive and negative parenting. Simple-slope 
analyses were used to interpret significant interactions 
by plotting effects at ±1 SD of observed parenting. We 
summarize the results from several post hoc sensitivity 
analyses to assess whether the relation between cumula-
tive risk and epigenetic age acceleration varied on the 
basis of treatment group assignment.

Results

Table 2 presents means, standard deviations, sample 
sizes, and correlations among primary study variables, 
collapsed across treatment conditions. Neither cumula-
tive risk nor epigenetic age acceleration correlated with 
other constructs at statistically meaningful levels; how-
ever, descriptively, as expected, higher cumulative risk 
was associated with lower positive parenting and higher 
negative parenting observed at T1. Missingness was 
low, with one family missing T1 parenting data and two 
families missing T2 data.

Preliminary analyses

To justify collapsing across treatment groups in the 
context of our primary analyses, we first used a path 
analytic framework to assess whether there was a main 
effect of intervention on epigenetic age acceleration. 
First, using a pilot sample of children who provided 
saliva at T1 (n = 23), we determined epigenetic age 
acceleration at T1 did not differ across treatment groups, 
t(9.44) = −0.42, p = .69. Then we regressed epigenetic 
age acceleration at T3, corrected for cell-type propor-
tions, on treatment condition and child sex. Girls’ epi-
genetic age acceleration at T3 was higher than boys’ (b = 
0.30, p = .03). Consistent with study hypotheses empha-
sizing the importance of cumulative risk, there was not 
a main effect of treatment condition on epigenetic age 
acceleration at T3 (b = 0.14, p = .25, with iPCIT coded 
as 0 and RAU coded as 1).

Primary analyses

After preliminary analyses, we collapsed the treatment 
groups to assess the moderating influence of changes 
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in parenting on the association between cumulative risk 
and child epigenetic age acceleration. Table 3 presents 
results across models. Model fit was excellent for both 
positive parenting, χ²(2) = 0.359, p = .81, CFI = 1.00, 
RMSEA = 0.00, and negative parenting, χ²(2) = 0.359, p = 
.604, CFI = 1.00, RMSEA = 0.00. Main effects of cumula-
tive risk, positive parenting, and negative parenting on 
epigenetic age acceleration were not observed in the 
data; rather, observed parenting modified this associa-
tion. The interaction between observed positive parent-
ing at T2 and cumulative risk predicted epigenetic age 
acceleration at T3 (see Table 3 and Fig. 1). Among 
children whose caregivers displayed more positive T2 
parenting behavior (e.g., praising, attending, and 
rewarding children more, adjusted for T1 levels), chil-
dren with the highest levels of adversity exposure dis-
played the lowest levels of T3 epigenetic age 
acceleration, indicative of slower biological aging for 
these children. At mean and low levels of positive T2 
parenting (i.e., when, descriptively, positive parenting 

improved slightly, stayed the same, or worsened 
slightly), cumulative risk was unrelated to epigenetic 
age acceleration.

Conceptually paralleling positive-parenting findings, 
the interaction between observed negative parenting at 
T2 and cumulative risk predicted T3 epigenetic age 
acceleration (see Table 3 and Fig. 2). Among children 
whose caregivers showed less negative-parenting 
behavior (e.g., criticisms, corrections, and negative 
statements, adjusted for T1 levels), children with the 
highest levels of adversity exposure displayed the low-
est levels of T3 epigenetic age acceleration, indicative 
of slower biological aging for these children. At mean 
and high levels of observed negative T2 parenting (i.e., 
when, descriptively, negative parenting improved 
slightly, stayed the same, or worsened slightly), cumula-
tive risk was unrelated to epigenetic age acceleration. 
Notably, across figures, children whose families 
endorsed zero risk indicators displayed slightly elevated 
epigenetic age acceleration.

Table 2. Correlations, Means, and Standard Deviations (SDs) Among Primary Variables

Variable M (SD) n 1 2 3 4 5 6

1. Cumulative risk at Time 1 2.39 (1.21) 62  
2. Positive parenting at Time 1 0.13 (.10) 61 −0.15  
3. Positive parenting at Time 2 0.18 (.15) 60 0.02 0.28*  
4. Negative parenting at Time 1 0.51 (.16) 61 0.16 −0.35** −0.06  
5. Negative parenting at Time 2 0.39 (.19) 60 −0.01 −0.17 −0.58*** 0.21  
6. Epigenetic age acceleration at Time 3 0.01 (.50) 62 −0.13 0.15 0.01 −0.02 −0.04  
7. Child biological sex 0.29 (.46) 62 0.03 0.01 −0.16 −0.06 −0.02 0.28*

Note: Epigenetic age acceleration corrected for cell-type proportions (0 = boys, 1 = girls). Higher levels of cumulative risk reflect increased 
exposure to adversity.
*p < .05. **p < .01. ***p < .001.

Table 3. Cumulative Risk × Parenting Predicting Epigenetic Age Acceleration

Predictor B (SE) 95% CI p

Observations: Positive-parenting  
 Cumulative risk −0.05 (0.04) [−0.13, 0.03] .25
 Parenting at Time 2 (mean centered) 0.26 (0.41) [−0.55, 1.08] .53
 Parenting at Time 1 0.52 (0.64) [−0.73, 1.77] .41
 Child biological sex 0.33 (0.14) [0.05, 0.60] .02
 Risk × Parenting at Time 2 −0.68 (0.21) [−1.09, −0.26] .02
Observations: Negative-parenting  
 Cumulative risk −0.03 (0.04) [−0.11, 0.04] .40
 Parenting at Time 2 (mean centered) −0.14 (0.27) [−0.67, 0.38] .59
 Parenting at Time 1 −0.08 (0.43) [−0.92, 0.76] .86
 Child biological sex 0.27 (0.15) [−0.02, 0.56] .06
 Risk × Parenting at Time 2 0.47 (0.19) [0.11, 0.84] .01

Note: Betas are standardized (0 = boys, 1 = girls). Epigenetic age acceleration is corrected for 
cell-type proportions. Higher levels of cumulative risk reflect increased exposure to adversity. 
CI = confidence interval.
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Sensitivity analyses

We conducted sensitivity analyses, which are described 
in detail in the Supplemental Material. Multigroup mod-
els, grouped on treatment condition, indicated in the 
iPCIT condition a significant interaction between T2 
positive parenting and T1 cumulative risk, predicting 
T3 epigenetic age acceleration (b = −0.58, p = .01) in 
the iPCIT condition, whereas the interaction was non-
significant in the RAU condition; results from a Wald 
test indicated differences in the effect of the cumulative 
Risk × Parenting interaction term on T3 epigenetic age 
acceleration did not differ across treatment groups 
(Wald test: p = .95). Thus, differences in parameters 
across groups should be considered with caution. Using 

multigroup models, the interaction between cumulative 
risk and negative parenting was nonsignificant regard-
less of treatment condition (Wald test: p = .95). Finally, 
rerunning models using observed parenting change 
scores instead of T2 levels, adjusted for T1 levels, did 
not change findings.

Discussion

The present study offers the first controlled evaluation of 
the relation between adversity exposure, changes in par-
enting, and epigenetic age acceleration in a sample of 
predominantly Latinx preschoolers at risk for poor devel-
opmental trajectories (i.e., children with developmental 
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delays, children evidencing high levels of behavior prob-
lems, or children from low-income families). When posi-
tive parenting increased (e.g., via observed praise and 
behavioral descriptions) and negative parenting decreased 
(e.g., via observed criticism and commands), children 
exposed to the highest levels of adversity displayed the 
lowest epigenetic age acceleration, potentially indicating 
slower biological aging. Of critical importance, positive 
and negative-parenting skills constitute the foundational 
elements of behavioral parenting interventions for young 
children (Forehand et al., 2014). Caregivers engaging in 
positive-parenting skills are closely attuned to their child’s 
behaviors, and they frequently notice and reward behav-
ior that aligns with adaptive social functioning (e.g., shar-
ing, staying focused). Caregivers engaged in fewer 
negative-parenting behaviors spend less time using criti-
cisms, corrections, and negative statements that have 
been shown to negatively impact children, caregivers, 
and their relationship (Forehand et al., 2014).

Notably, cumulative risk was unrelated to epigenetic 
age acceleration assessed 1.5 years later among families 
whose parenting practices improved only slightly, 
stayed the same, or became slightly worse. Indeed, dif-
ferences in epigenetic age acceleration were small 
among children reporting low levels of risk exposure, 
regardless of variability in parenting practices (see  
Figs. 1 and 2). The strongest biological evidence of 
buffering was observed in children situated in families 
in which a parent exhibited positive-parenting practices 
while coping with high levels of adversity.

Findings align with research indicating that children 
exposed to relatively high levels of adversity may be 
most sensitive to improved parenting (Beijers et  al., 
2020) and that early childhood is a sensitive period for 
the biological impact of adversity in the epigenome 
(Aristizabal et al., 2020; Lussier et al., 2022). Further, 
the direction of the effects of epigenetic age accelera-
tion suggested that increased levels of positive parent-
ing are related to improved health. Research on the 
relation between epigenetic age acceleration and pro-
spective child health is limited in pediatric samples; 
however, emerging science suggests that higher levels 
of epigenetic age acceleration associates with poor 
health outcomes (e.g., internalizing disorders, Dammering 
et  al., 2021; reduced neonatal brain growth, Gomaa 
et  al., 2022). Our findings suggest that interventions 
targeting parenting practices may promote resilience in 
children exposed to adversity. They also show that care-
givers dealing with hardship can protect their children 
from the negative effects of stress, particularly when 
caregivers are provided access to effective interventions 
designed to enhance parenting skills.

Importantly, we did not identify a main or moderated 
effect of intervention assignment on T3 differences in 

epigenetic age acceleration. However, as reported in 
Bagner et al. (2023), in the overall sample (n = 150), 
parents who were randomized to iPCIT evidenced 
enhanced parenting practices relative to parents in the 
control condition. In the current analysis, our findings 
indicated that stress buffering was most evident among 
children whose caregiver displayed high levels of  
positive-parenting practices while coping with multiple 
forms of adversity. Our null findings for intervention 
on biological aging may be due to diminished sample 
size (n = 62), rather than a true absence of effect. Test-
ing this model in a larger intervention sample is neces-
sary to better understand the impact of dyadic 
intervention on epigenetic age acceleration.

It is important to highlight that epigenetic age accel-
eration was elevated in children endorsing exposure to 
zero risks (see Figs. 1 and 2). All children effectively 
endorsed at least two risks because of the primary RCT’s 
aim, which was to evaluate iPCIT in the context of 
clinically elevated behavior problems and developmen-
tal delays. Accordingly, these risks are not a feature of 
our operationalization of cumulative risk, as they would 
not lend statistically interpretable variability to our mea-
surement. Importantly, generalizing findings outside of 
samples of children with behavior problems and devel-
opmental delays should be done with caution, both as 
a function of this study’s small sample size and because 
of its unique, understudied participant population.

Current study strengths included the longitudinal RCT 
design in early childhood and in an understudied sam-
ple exposed to elevated stress. Further, data were col-
lected using multiple levels of analysis (e.g., self-reported, 
demographic, geocoded, observational, and biological) 
from multiple reporters. In the current age of acceler-
ated telehealth adoption (Sullivan et al., 2021), the use 
of an Internet-based parenting intervention improved 
the prospective utility and validity of these findings. 
Telehealth interventions are easier to disseminate to the 
millions of households for whom it is not feasible to 
come in person to the clinic, and parenting skills applied 
via telehealth in each family’s specific home environ-
ment, using their own toys in their own space and 
interacting naturally with other family members, are 
particularly generalizable (Sullivan et al., 2021). Further, 
the families who participated in this study represented 
large and growing portions of the U.S. population—
Latinx families (Batalova et al., 2021) and children with 
developmental delays (Zablotsky et al., 2019); looking 
forward, it is important to increase efforts to better 
understand families with these identities, particularly in 
the context of their current and historical exposure to 
elevated harm, discrimination, and the resulting risk of 
poor health (Iruka et al., 2022). Finally, this study used 
saliva samples to obtain DNA, providing support for the 
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pediatric buccal epigenetic clock as a noninvasive bio-
marker sensitive to changes in parenting in the context 
of risk exposure. The current study adds to a growing 
literature examining how enhancing the family environ-
ment may promote resilience and may positively alter 
stress-related physiological systems among youth, 
potentially mitigating the risk of prospective develop-
ment of chronic mental and physical health outcomes.

Findings from this study must be considered in the 
context of several limitations. First, analyses in this 
study were from a substudy trial and were underpow-
ered, precluding a primary focus on the role of inter-
vention in driving the parenting and cumulative risk 
interaction. Only 65 of the 150 families participating in 
the primary RCT were eligible for the current analyses, 
and data detailing why families elected not to partici-
pate in the substudy are not available. Further, income-
to-needs data suggest that participants in the analytic 
sample of the DNA substudy may experience higher 
financial stress relative to those families that did not 
participate. Replication in a larger trial is necessary to 
conclude that treatment assignment drives the moderat-
ing effect of improved parenting on the relation 
between adversity exposure and accelerated aging. 
Although we were able to confirm that epigenetic age 
acceleration was the same across treatment conditions 
in a pilot sample of participants who provided T1 data, 
we were unable to control for it across models, and 
several other key covariates were not assessed, such as 
preexisting child health conditions that are linked to 
early mortality. Third, girls were underrepresented in 
this sample. Because boys are more likely to be seen 
for behavioral disorders, particularly in this young age 
group (Gershon & Gershon, 2002), this underrepresen-
tation of girls is expected. Girls evidenced higher levels 
of epigenetic age acceleration in one model. With so 
few girls in this study (n = 18), it was difficult to inspect 
this effect for potential correlates and moderators. 
Fourth, parenting data largely reflected maternal behav-
iors. This challenge plagues much of developmental 
and clinical psychology research, and increased atten-
tion to other caregivers (e.g., fathers; Parent et al., 2017) 
is necessary for future studies.

Future directions

Results from this study suggest that improvements in 
parenting may attenuate the impact of adversity expo-
sure on child development, specifically on biomarkers 
of aging such as epigenetic age acceleration. In addition 
to testing these hypotheses in a larger sample, future 
research testing both the role of the intervention and 
the relationship between changes in parenting, adver-
sity exposure, and epigenetic aging is necessary. Future 

work may also benefit from testing this model with 
more distal follow-ups to assess the durability of effects. 
Additionally, aligned with Dammering et al.’s (2021) 
findings linking epigenetic age and internalizing prob-
lems, studies may benefit from testing whether parent-
ing changes influenced the degree to which epigenetic 
age acceleration is associated with prospective psycho-
logical indicators.

Clinical and policy implications

Results may support policy and clinical guidelines. First, 
they make the compelling case that improvements in 
parenting, over time, translate to physiological changes 
in young children. During early childhood, consider-
ation of the caregiver-child relationship is key to pro-
moting a better understanding of development (Garner 
& Yogman, 2021). Accordingly, promoting positive care-
giving practices may also be conceptualized as a pri-
mary target of intervention. Presently, at least in the 
United States, most insurance requires evidence of clini-
cal levels of behavioral health problems before access 
is granted to parenting interventions. Because acceler-
ated epigenetic age is linked not only to psychological 
conditions but also to many costly physical health con-
ditions, broadening access to these services may improve 
child outcomes. Further, many social determinants of 
health, as well as parental characteristics, precede risk 
factors for child maladjustment, and such factors fall 
outside the realm of a childhood behavioral health diag-
nosis. Therefore, policy changes that reduce adversity 
(e.g., poverty reduction) may thus also be effective in 
reducing epigenetic aging acceleration (Troller-Renfree 
et  al., 2022). Reductions in some stressors may also 
promote better engagement in parenting interventions 
(Hostinar & Miller, 2019), potentially enhancing the buff-
ering effect of effective parenting practices.
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