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Abstract

Objective: Adverse childhood experiences (ACEs) are associated with mental and physical 

health risks that, through biological and psychosocial pathways, likely span generations. Within an 

individual, telomere length (TL), an established marker of cellular stress and aging, is associated 

with both ACE exposure and psychopathology, providing the basis for an emerging literature 

suggesting that TL is a biomarker of the health risks linked to early-life adversity both within and 

across generations. The authors tested the effect of maternal ACEs on both the trajectory of infant 

TL and infant social-emotional problems at 18 months of age.

Methods: Pregnant women were recruited, and maternal scores on the Adverse Childhood 

Experience questionnaire were obtained, along with demographic and prenatal stress measures. 

Postnatal visits with 155 mother-infant dyads occurred when infants were 4, 12, and 18 months of 

age. At each visit, infant buccal swabs were collected for TL measurement, and mothers 

completed measures of maternal depression. Mothers also completed the Child Behavior Checklist 

at the 18-month visit. Mixed-effects modeling was used to test how maternal ACEs influenced 

infant TL trajectory. Linear regression was used to test the association between maternal ACEs 

and infant internalizing and externalizing behaviors. Finally, the interaction between telomere 

attrition from 4 to 18 months and maternal ACEs was examined as a predictor of infant scores on 

the Child Behavior Checklist.

Results: Higher maternal ACEs were associated with shorter infant TL across infancy and higher 

infant externalizing behavioral problems at 18 months. No associations were found with 

internalizing behavioral problems. Telomere attrition from 4 to 18 months interacted with maternal 

ACEs to predict externalizing behaviors. In infants whose mothers reported higher scores on the 
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Adverse Childhood Experience questionnaire, greater telomere attrition predicted higher 

externalizing problems, even when accounting for maternal postnatal depression and prenatal 

stress.

Conclusions: These data demonstrate an interactive pathway between maternal early-life 

adversity and infant TL that predicts emerging behavioral problems in the next generations.

In 1998, the first study demonstrating an association between self-reported exposures to 

abuse, neglect, and family dysfunction before age 18, scores on the Adverse Childhood 

Experience questionnaire, and a broad range of health outcomes, including cardiovascular 

disease, diabetes, and depression, was published (1). Since this seminal study, conducted by 

the Felitti et al. research group (1–4), the Adverse Childhood Experiences questionnaire has 

been used as a consistent, albeit blunt, predictor of both physical and mental health risks (2). 

Within an individual, a higher score on the questionnaire has been associated with substance 

abuse, suicide, poor perinatal outcomes, and maternal perinatal depression (2–5). Given the 

high prevalence of exposures to adverse childhood experiences (ACEs), their high cross-

generational correlation, and their link to maternal mental health, consideration of 

intergenerational effects is warranted (6, 7).

Life-course theory suggests that the negative health risks linked to early adversity likely 

span generations through both direct and indirect pathways (8). Consistent with this theory, 

there is evidence of the intergenerational effects of ACE exposures (9–12). In previous 

studies, maternal exposure to childhood maltreatment and trauma was associated with 

elevated offspring psychopathology in adolescents as well as in children as young as 36 

months, often with evidence that maternal factors, including depression, further influenced 

childhood risk (13–18). Beyond maltreatment, studies using broader definitions of early-life 

adversity provide further support for elevated intergenerational risk. In a recent analysis of 

the Alberta Pregnancy Outcomes and Nutrition study, maternal scores on the Adverse 

Childhood Experience questionnaire predicted both maternal depression and externalizing 

behavioral problems in offspring at 24 months (19). However, maternal depression only 

partially mediated the association between maternal Adverse Childhood Experience scores 

and externalizing behavioral problems, suggesting the influence of other pathways (19). 

Whether maternal scores elevate externalizing behavior specifically or psychopathology risk 

more generally, as well as how early these risk trajectories arise, remains unknown.

Exposure to early-life adversity is hypothesized to result in psychological and biological 

changes that challenge the adaptive capacity of an individual, putatively resulting in elevated 

health risk through epigenetic imprints and other mechanisms (20, 21). One epigenetic 

factor associated with various characterizations of early-life adversity, including ACEs, is 

telomere length (TL). Telomeres are highly conserved ribonucleoprotein complexes that cap 

eukaryotic chromosomes, protecting them from damage and serving as global epigenetic 

regulators (22). In the absence of telomere restoration, telomeres shorten with each 

replication, putatively leading to cellular senescence, apoptosis, or terminal differentiation 

(22, 23). TL also influences global transcriptomic regulation, suggesting a more complex 

role in both stress responsiveness and development (22, 24). TL is influenced by 

psychological stress, oxidative stress, genotoxic stress, and neuroendocrine hormones (25–
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29). Two meta-analytic studies have documented the association between early-life adversity 

and shorter TL within an individual (30, 31). Individuals with depression and anxiety are 

reported to have shorter TL, although some debate exists (32–36). In a cross-sectional study 

of adolescents, shorter TL was associated with higher internalizing and externalizing 

behavioral problems, and TL partially mediated the relationship between parent-child 

separation and later internalizing and externalizing behavior (37). Despite correlations 

between psychopathology and TL, the directionality of the relationship remains unknown. A 

recent study conducted by Wade et al. (38) found that, in mid- to late childhood, higher 

levels of internalizing problems predicted shorter TL during adolescence. Consistent with 

parental adversity influencing offspring risk of psychopathology, the effects of adversity on 

TL across generations have been reported. For example, Gotlib et al. (39) found that 

daughters of mothers with recurrent depression had shorter TL than daughters of mothers 

without depression, even in the absence of depression in the daughters themselves. Together, 

this body of research supports TL as an emerging biomarker capable of capturing both 

exposure to early-life adversity and heralding future psychopathology risk.

Given the evidence linking ACEs to mental health risk and TL within an individual and 

evidence of transgenerational transmission of the impact of maternal ACEs, we 

hypothesized that TL would influence the link between maternal ACEs and childhood 

socioemotional problems. We first tested the direct effect of maternal ACEs on infant TL 

across the first 18 months of life. We next examined the relationship between maternal ACEs 

and infant social-emotional problems at age 18 months. Lastly, we tested how telomere 

attrition interacted with maternal ACEs to predict externalizing problems while accounting 

for both maternal postnatal depression and prenatal maternal stress.

METHODS

Study Design

In a prospective longitudinal study, we assessed 155 mother-infant dyads. Pregnant mothers 

were recruited at any point during pregnancy. Three postnatal mother-infant visits were 

conducted when the infant was 4, 12, and 18 months of age. The numbers of mother-infant 

dyads who completed individual follow-up time points are listed in Figure 1. Inclusion 

criteria for the analyses required a maternal prenatal visit and at least two postnatal visits.

Participants

A total of 237 mother-infant dyads were recruited from prenatal clinics, from woman, infant, 

and child clinics, and from other ongoing university studies. Women were enrolled at any 

point during pregnancy and were excluded if they were <18 years old or non-English 

speakers. Mothers provided information about multiple levels of their social ecology as well 

as that of their infant, including demographic data such as race and educational attainment, 

through an interview-assisted computer survey (Questionnaire Development System, Nova 

Research, Bethesda, Md.) administered face-to-face by a trained research assistant. Oral 

responses were recorded onto a computer by the trained interviewers. This study was 

approved by the institutional review board at Tulane University.
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Measures Collected at the Prenatal Assessment

Maternal ACEs.—Prenatally, mothers reported their ACEs using the established self-

report survey from the original ACE study, indicating “present” or “absent” for 10 types of 

early-life stress (e.g., parental mental illness, divorce) (1). A cumulative maternal Adverse 

Childhood Experience questionnaire score was the primary predictor variable (possible score 

range, 0–10).

Prenatal maternal stress (PNMS) index.—A PNMS index was generated from five 

indicators consisting of a unitary construct derived from a factor analysis, as previously 

reported (11). Indicators included the Pregnancy-Related Anxiety Scale (40), the Chronic 

Strain Questionnaire (41), the Prenatal Life Events Scale–Revised (42), the four-item 

version of the Perceived Stress Scale (43), and prenatal depression, assessed with the 10-

item Edinburgh Depression Scale (44). For the indicator with a dichotomous clinical cutoff 

(Edinburgh Depression Scale), a score over the clinical threshold (>14) was coded as 1. For 

other indicators, participants with scores in the top quartile were coded as 1. A cumulative 

PNMS exposure score was generated from the sum of the five scales and ranged from 0 to 5.

Socioeconomic status index.—A sum score of socioeconomic status was indexed from 

education, employment, home ownership, income, savings, and government assistance status 

(possible score range, 0–6). Education level was scored as 0 for less than a high school 

diploma and as 1 for completion of high school or beyond. Employment status was scored as 

0 for less than full-time employment and as 1 for full-time employment. Home ownership 

was scored as 0 for renting and as 1 for ownership. Income was scored as 0 for an annual 

income ≥$24,999 and as 1 for an annual income ≥$25,000. Savings was scored as 0 for ≥

$500 and as 1 for ≥$500 or greater. Government assistance was scored as 0 for assistance 

and as 1 for no assistance.

Pregnancy-related data.—Medical covariates were abstracted from medical records. 

Gestational age at birth ranged from 34 to 42 weeks. A composite variable of pregnancy 

complications, which included gestational hypertension, gestational diabetes, fetal growth 

restriction, and eclampsia, was created. As a result of the small frequency of individual 

pregnancy complications, a dichotomous score was generated in which the pregnancy was 

scored as 1 if one or more complications were present and 0 if no complications were 

present (45).

Measures Collected at All Postnatal Time Points

Maternal postnatal depression.—Mothers completed the 10-item Edinburg Depression 

Scale contemporaneously with infant buccal DNA collection at 4 and 12 months of age (44). 

Maternal depression when the infants were 18 months old was assessed with the Beck 

Depression Inventory–II (BDI-II) (46). A dichotomous variable categorizing postnatal 

depression was generated using a threshold of 14 for the Edinburgh Depression Scale or 21 

for the BDI-II. Mothers who scored above the threshold at any time point were categorized 

as positive for postnatal depression.
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Infant buccal cell TL.—Infant buccal swabs for DNA were collected at 4, 12, and 18 

months of age using Iso-helix SK1 buccal swabs (Cell Projects, Kent, U.K.). Genomic DNA 

was isolated from buccal swabs using the QIAamp DNA Mini Kit protocol (Qiagen, 

Valencia, Calif., and Invitrogen, Carlsbad, Calif.). All DNA samples were evaluated for 

double-stranded integrity and concentration with the Qubit dsDNA BR assay kit (Invitrogen) 

and for purity with the NanoDrop-2000 (Thermo Fisher Scientific, Waltham, Mass.). DNA 

was stored at −20°C and underwent no more than three freeze-thaw cycles. The average 

relative TL was determined from the ratio of telomere repeat copy number to single gene 

(albumin) copy number by using an adapted monochrome multiplex quantitative real-time 

polymerase chain reaction (PCR) and a BioRad CFX96 (47). Longitudinal TL 

measurements were conducted as previously reported (48). Briefly, all infant buccal DNA 

samples from the same infant were run on the same plates in triplicate with a 7-point 

standard curve (0.0313–2 ng) using a single-pooled control buccal DNA sample for all 

plates. Each plate was run in duplicate with all samples in a different well position. Thus, six 

replicates, of both the single copy gene and the telomere repeat, were available for each 

individual at each time point. PCR efficiency criteria for telomere and albumin reactions 

were in the range of 90%–110%. Coefficients of variation were calculated within each 

triplicate (coefficients of variations criteria <10%) and between plates (coefficients of 

variations criteria <6%). Samples with unacceptably high coefficients of variations (>10% 

intra-assay or >6% interassay) were repeated. All samples were determined by the average 

of the triplicates from both plates. Additionally, all samples from each time point were 

required to pass quality control metrics for any sample measurement to be included.

Measures Collected Only at Age 18 Months

Infant psychopathology.—The Child Behavior Checklist was 

completedbymotherswhentheirinfantsreached18monthsof age, concurrent with DNA 

collection (49). The internalizing and externalizing T scores on the Child Behavior Checklist 

were used in the analyses.

Statistical Analysis

Descriptive, bivariable, and multivariate analyses were conducted with SAS, version 9.4 

(SAS Institute, Cary, N.C.). Descriptive statistics characterized participants overall. 

Excluded mother-infant dyads who completed the prenatal visit but only one of the two 

postnatal visits did not differ significantly on any demographic outcome from mother-infant 

dyads included in the study. Infant TL at any time point did not differ from a normal 

distribution as judged by the Q-Q plots. Externalizing and internalizing behavioral problems 

were normally distributed as judged by the Q-Q plots. Spearman’s correlation coefficients 

were used to examine the relationship between covariates and outcomes. Single imputation 

was performed for missing TL measures using the mean TL by infant sex and age at the 

missing TL time point; this was conducted only for infants who were missing either a 4-

month or 18-month TL measurement (N=15, 3.6%) and for whom there was a completed 

Child Behavior Checklist form. All models were run with and without imputed TL data and 

did not differ substantively (50).
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Clustering of infant TL over time.—Multilevel mixed-effects linear regression models 

produced intraclass correlation coefficients to estimate the degree of within-individual 

correlation of TL across time points. Mixed-effects linear regression models were performed 

using PROC MIXED in SAS to account for clustering of TL measurements within an 

individual, and the CL option was used to produce 95% confidence intervals.

Maternal ACEs and infant TL trajectory.—Mixed-effects linear regression models 

with an unstructured covariance matrix were used to examine the effect of maternal ACEs 

on infant TL over time. Model fit was assessed with the Akaike and Bayesian information 

criteria. Mixed-effects linear regression models using randomly distributed individual-

specific intercepts first tested the unadjusted associations of infant age, age-squared to 

account for nonlinear trajectories, and maternal ACEs with infant TL. The model below was 

used:

Level1 (fixedeffects):Yij = β0j + β1j[Age]2ij + β2j Age2
3ij….. + βqjXqij + rij

where Yij is the TL for infant i, across age j, is a function of β0j, the intercept, allowed to 

randomly vary across each infant, the effect of age or time and the quadratic effect of age, as 

well as vectors, X, of additional individual-level risk factors plus rij, the unique effect 

associated infant i at age j.

Level2(randomeffects):β0j = γ00 + γ01Age1j + γ0Age22j + …….. + u0j

where β0 j, the adjusted mean TL in infant j is a function of γ00, the grand mean for TL 

across all infants plus the unique effects of age and the quadratic effect of age, plus u0j, a 

random effect associated with each infant j.

To examine the trajectory over time by maternal ACEs and race, interaction terms between 

maternal ACEs or race (i.e., X) and age were included.

To select covariates included in the adjusted model, covariates with either significant 

bivariable associations or established empirical associations with the dependent outcome 

(i.e., externalizing problems) or the predictor variables (i.e., maternal ACEs and TL) were 

included. The following variables were tested but did not account for a significant portion of 

variance (i.e., did not contribute to statistical models by explaining a significant portion of 

the dependent outcome): pregnancy complications, prenatal smoking, trimester at 

recruitment, gestational age at birth, maternal prepregnancy body mass index (BMI), and 

maternal age. PNMS score and maternal depression demonstrated significant associations 

and were therefore included as covariates. Sex, as well as race and socioeconomic status, 

were included a priori given meta-analytic findings related to TL and evidence that ACEs 

may be elevated disproportionately in individuals of low socioeconomic status and in 

minority populations (6, 51). To maintain parsimony between analyses, the same covariate 

structure was used across all models. Models were run with all covariates as well as with the 

final covariate structure to ensure consistency of effects.
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Maternal ACE exposure and infant psychopathology.—Generalized linear models 

using maximum likelihood estimates were used to examine the effect of maternal ACEs on 

infant externalizing and internalizing behavior, independently. The models were run with the 

same covariate structure as the maternal ACEs and infant TL trajectory model: PNMS score, 

infant sex, socioeconomic status, race, and maternal depression. The strength and direction 

of the independent predictor (i.e., maternal ACEs) for both infant TL and externalizing 

problems did not change with differing covariate structure, and therefore we report on the 

final model only.

Moderation of maternal ACE exposure and infant psychopathology by 
telomere attrition.—To explore whether the association between maternal ACEs and 

infant externalizing behavioral problems was moderated by telomere attrition, we generated 

a change score that was the difference between the 4-month and 18-month TL assessment 

(ΔTL=4-month TL – 18-month TL). Generalized linear regression models failed to detect a 

relationship between telomere attrition and externalizing problems, and therefore 

moderation, and not mediation, analyses were conducted. Moderation analyses were used to 

test how the interaction of maternal ACEs and telomere attrition predicted externalizing 

problems. Models were adjusted for the same covariates as previous models and included 

PNMS score, infant sex, socioeconomic status, race, and maternal depression. To 

deconstruct the magnitude of telomere attrition as a moderator, a dummy variable 

partitioning telomere attrition into quartiles was created, with the first quartile representing 

the least amount of telomere attrition and the fourth quartile representing the greatest 

amount of telomere attrition. An interaction of the four-level quartile telomere attrition 

dummy variable and maternal ACEs tested the directionality of the interaction in relation to 

externalizing behavior.

RESULTS

A total of 413 infant TL measurements were obtained from the 155 infants included in the 

analyses. Overall, 103 infants had TL measurements from all three time points, and 52 

infants had measurements from two time points. Of the 52 infants missing one TL 

measurement, 11 TL measurements were missing at 4 months of age, 22 were missing at 12 

months, and 19 were missing at 18 months. Missing TL measurements were either the result 

of missing one visit (N=31) or infant noncompliance with the buccal swab, resulting in a 

DNA concentration that was too low for analysis (N=21). Of the 15 imputed TL 

measurements, 11 were from the 4-month time point and four were from the 18-month time 

point. Including imputed TL measurements yielded a total of 428 TL measurements for 

analysis. Infants missing a TL measurement did not differ significantly on any demographic 

or other outcomes from infants with all TL measurements.

The demographic and clinical characteristics of the study sample are summarized in Table 1. 

Correlations between study variables are presented in Table S1 in the online supplement. 

The majority of mothers were recruited during the third trimester of pregnancy (N=96, 

61.9%), with 34.2% recruited in the second trimester (N=53) and 3.9% in the first trimester 

(N=6). The mothers’ mean Adverse Childhood Experience questionnaire score was 2.29 

(SD=2.08). Higher scores were associated with higher PNMS scores (ρ=0.39, p<0.0001) and 
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lower socioeconomic status (ρ=−0.34, p<0.0001). Maternal Adverse Childhood Experience 

questionnaire scores were not associated with maternal race (ρ=−0.09, p=0.25). Higher 

Adverse Childhood Experience questionnaire scores (odds ratio=1.26, 95% CI=1.04, 1.52, 

p=0.019) and higher PNMS scores (odds ratio=2.10, 95% CI=1.54, 2.86,p<0.0001)were 

both associated with increased risk for maternal postnatal depression. Twenty-seven mothers 

(17.4%) were positive for depression at any postnatal visit (Table 1), 12 mothers (8.3%) 

were positive for depression when their infant was 4 months old, four (2.7%) were positive 

when their infant was 12 months old, and 16 (11.4%) were positive when their infant was 18 

months old. Mothers who were positive for postnatal depression reported lower 

socioeconomic status (ρ=−0.30, p=0.0001). Infant TL was significantly correlated across 

time points. Infants who were racially classified as white or other exhibited shorter TL 

measurements at 12 months of age compared with black infants (ρ=−0.24, p=0.006), and 

white infants exhibited a greater rate of telomere attrition compared with black infants (β=

−0.249, 95% CI=−0.450, −0.049, p=0.015). No sex differences in TL or telomere attrition 

were observed.

The mean t score for externalizing problems was 48.57 (SD=11.14, range=28–86) and, for 

internalizing problems, 44.77 (SD=10.07, range=29–73). With a clinical threshold score of 

60, 15.4% (N=21) of infants exhibited clinically relevant externalizing problem scores, and 

8.8% (N=12) exhibited clinically relevant internalizing problem scores. Higher Adverse 

Childhood Experience questionnaire scores were associated with higher externalizing 

problems (ρ=0.23, p=0.006) but not internalizing problems (ρ=0.16, p=0.070). PNMS score 

was not associated with externalizing (ρ=0.10, p=0.24) or internalizing (ρ=0.14, p=0.095) 

problems. Maternal postnatal depression was significantly associated with higher 

externalizing (ρ=0.19, p=0.031) and internalizing (ρ=0.26, p=0.002) problems. Externalizing 

and internalizing problems were not associated with or telomere attrition or TL at any single 

time point.

Clustering of TL within each infant (empty model).

The intraclass correlation coefficient of infant TL, using only non-imputed TL 

measurements, from the empty mixed-effects model was 12.0% (imputed TL intraclass 

correlation coefficient=9.3%). When accounting for infant age and a nonlinear time factor in 

the empty model, the intraclass correlation coefficient increased to 18.4% (imputed TL 

intraclass correlation coefficient=17.3%).

Effect of ACE exposure on infant TL (model 1).

Linear and nonlinear trajectories of TL models were run independently. Including only 

linear age in the model, TL shortened over time (β=−0.371, 95% CI=−0.468, −0.274, 

p<0.0001). Including only nonlinear age (i.e., age-squared) in the model, TL also exhibited a 

significant nonlinear trajectory (β=−0.171, 95% CI=−0.223, −0.119, p<0.0001). The model 

fit indices for the unadjusted model including linear age, nonlinear age, and maternal 

Adverse Childhood Experience questionnaire scores were 704.7 and 710.8 (Akaike and 

Bayesian information criteria, respectively). In the unadjusted model, maternal Adverse 

Childhood Experience questionnaire scores predicted shorter infant TL across time points 

(Table 2) (model 1: β=−0.031, 95% CI=−0.059, −0.003, p=0.033) but did not influence the 
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trajectory of TL over time, as assessed by testing the interaction of maternal Adverse 

Childhood Experience questionnaire scores and infant age (β=0.014, 95% CI=−0.030, 0.059, 

p=0.53).

Adjusted effect of maternal ACE exposure on infant TL (adjusted model).

The adjusted model fit indices were 722.6 and 728.7 (Akaike and Bayesian information 

criteria, respectively). Neither PNMS score (Table 2) (model 2: β=0.027, 95% CI=−0.029, 

0.077, p=0.30) nor maternal postnatal depression (β=0.004, 95% CI=−0.051, 0.183, p=0.96) 

was associated with infant TL. After adjusting for covariates, higher maternal Adverse 

Childhood Experience questionnaire scores remained predictive of shorter infant TL (β=

−0.039, 95% CI=−0.072, −0.006, p=0.021).

Effect of maternal ACE exposure on infant psychopathology.

Higher maternal Adverse Childhood Experience questionnaire scores predicted higher infant 

externalizing behavioral problems (Table 3) (β=1.528, 95% CI=0.562, 2.495, p=0.002) but 

not internalizing problems (β=0.650, 95% CI=−0.211, 1.511, p=0.14). The model fit indices 

for externalizing problems were 1,040.51 and 1,063.81 (Akaike and Bayesian information 

criteria, respectively), and the indices for internalizing problems were 1,009.0 and 1,032.3. 

PNMS score was not associated with externalizing behavior (β=−0.824, 95% CI=−2.400, 

0.753, p=0.31), but maternal postnatal depression exhibited a significant association with 

externalizing problems (β=6.211, 95% CI=0.978, 11.445, p=0.020). Because the maternal 

Adverse Childhood Experience questionnaire score was only associated with externalizing 

problems, internalizing behaviors were not tested in the moderation analyses.

Examination of the interrelationships between maternal ACEs and telomere attrition to 
predict externalizing behavioral problems.

While maternal Adverse Childhood Experience questionnaire scores predicted externalizing 

behavioral problems and overall TL, telomere attrition did not predict externalizing behavior 

(β=−0.912, 95% CI=−3.625, 1.802, p=0.51). We therefore tested the effect of the interaction 

of maternal Adverse Childhood Experience questionnaire scores and telomere attrition on 

externalizing problems (model fit indices: 1,039.6 and 1,068.8 for Akaike and Bayesian 

information criteria, respectively). This interaction was statistically significant (Table 3 and 

Figure 2A) (β=1.410, 95% CI=0.110, 2.710, p=0.034). In infants with greater telomere 

erosion, the relationship between maternal Adverse Childhood Experience questionnaire 

scores and externalizing problems was strengthened. Maternal postnatal depression persisted 

as a significant predictor of externalizing problems in this model (β=5.840, 95% CI=0.667, 

11.013, p=0.027).

To examine how the magnitude of telomere attrition influenced the relationship between 

maternal Adverse Childhood Experience questionnaire scores and infant externalizing 

problems, a quartile split classified telomere attrition in which the first quartile represented 

the least amount of telomere attrition and the fourth quartile represented the greatest 

telomere attrition. The model fit indices were 1,044.1 and 1,084.8 (Akaike and Bayesian 

information criteria, respectively). When compared with the least amount of telomere 

attrition (i.e., first quartile), the greatest telomere attrition (i.e., fourth quartile) interacted 
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with maternal Adverse Childhood Experience questionnaire scores to predict externalizing 

behavioral problems, such that higher maternal scores predicted higher externalizing 

problems (Figure 2B) (see also Table S2 in the online supplement) (β=2.902, 95% CI=0.500, 

5.305, p=0.018). The fourth quartile of telomere attrition was the only quartile significantly 

different from the first quartile (see also Table S2 in the online supplement).

DISCUSSION

This is the first study, to our knowledge, to examine the association between maternal 

Adverse Childhood Experience questionnaire scores and infant socioemotional problems in 

the context of a biomarker of cellular stress and aging. Despite being a blunt and 

retrospective indicator of early-life adversity, maternal Adverse Childhood Experience 

questionnaire scores predicted both infant TL and externalizing behavioral problems. These 

results are surprisingly consistent with the existing literature describing the effects of 

maternal life-course adversity on subsequent generations (11, 52, 53). Higher maternal 

Adverse Childhood Experience questionnaire scores were associated with shorter infant TL, 

a relationship that was not explained by demographic factors, PNMS score, or postnatal 

maternal depression. These results converge with our previous findings that maternal 

preconception adversity and PNMS score, despite their correlation, exhibit distinct effects on 

the next generation (11, 12) and that alterations in early telomere dynamics contribute to 

later child socioemotional outcomes (37, 38). Beyond these findings, the significant 

relationship between maternal Adverse Childhood Experience questionnaire scores and both 

PNMS score and postnatal depression warrants additional investigation given their 

independent implications for maternal and child health.

Early TL and TL trajectories appear to both predict later TL and future health risks (54, 55). 

However, to date, only three previous studies (55–57), to our knowledge, have examined the 

trajectory of TL in children, and all three of these studies included only two time points, 

limiting the ability to detect nonlinear patterns. In the present study of infants ranging 

between 4 and 18 months of age, TL exhibited an overall linear decrease and a quadratic 

trajectory. This nonlinear pattern is consistent with the early-life trajectory of leukocyte TL 

reported for nonhuman primates (58–60). These cross-species results suggest that TL 

exhibits complex trajectories across development, similar to other indicators of growth and 

aging. Inclusion of multiple TL measurements in longitudinal studies is therefore 

recommended. The effect of maternal preconception adversity (i.e., ACEs) on children’s 

early TL trajectories, coupled with the relevance of early TL for future health risks, 

highlights the need to extend these studies into later childhood and examine both risk and 

protective factors (36).

Consistent with the recent study by Letourneau et al. (19), we found a direct positive 

association between maternal Adverse Childhood Experience questionnaire scores and 

externalizing behavioral problems among offspring but no relationship with internalizing 

behavioral problems. Despite our expectations, PNMS score did not predict externalizing or 

internalizing behavior or TL. Postnatal depression, however, uniquely predicted both internal 

and externalizing behavior, even when accounting for maternal Adverse Childhood 

Experience questionnaire scores. However, maternal postnatal depression did not interact 
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with telomere attrition to predict externalizing problems, suggesting that although maternal 

postnatal depression is related to infant externalizing behavior and maternal ACEs, the 

lasting influence on child behavioral problems is not solely transmitted through maternal 

depression. Despite the strong correlation between maternal Adverse Childhood Experience 

questionnaire score, PNMS score, and postnatal depression, each appears to demonstrate 

unique relationships to TL and externalizing and internalizing behavioral problems among 

offspring. These results complement the few existing studies that implicate complex 

pathways between maternal lifecourse adversity and offspring outcomes, providing 

innovative directions for future research (61).

Among infants with greater telomere attrition from 4 to 18 months of age, higher maternal 

Adverse Childhood Experience questionnaire scores were associated with higher 

externalizing behavioral problems at 18 months. Beyond the influence of maternal postnatal 

depression, our data indicate that the risk of social-emotional problems as a function of 

maternal ACEs is compounded by biological processes likely related to TL dynamics, such 

as inflammation and oxidative stress (62). Given that a substantial proportion of the variance 

in externalizing problems remains unexplained, additional biological and psychosocial 

factors, particularly within the postnatal environment, are expected to further influence 

transgenerational risks.

There are unique strengths to this study. First, while the Adverse Childhood Experience 

questionnaire has short-comings, its established predictive value for health outcomes and its 

brevity make it an attractive screening instrument for both clinical practice and research 

(63). Second, our results extend previous links between maternal early-life adversity and 

offspring social-emotional problems to an earlier developmental period, highlighting the 

need for infant mental health screening and intervention programs, especially in high-risk 

families (15, 19). Third, this is the largest infant longitudinal TL cohort to date, and it 

provides evidence, consistent with nonhuman primate studies, of nonlinear patterns of TL 

trajectory in early development. Finally, this is the first study, to our knowledge, to link 

maternal preconception adversity to both infant externalizing problems and TL.

Despite the study’s strengths, it has several limitations. While reports associating maternal 

BMI and TL measured in gestational tissues exist, we did not find an association of maternal 

prepregnancy BMI with infant TL, and maternal BMI was not associated with internalizing 

or externalizing problems. Models including maternal BMI did not alter the significance of 

these findings (64). We were also only able to partially account for fetal and maternal 

pregnancy complications. Fetal growth restriction is related to cellular turnover in the 

placenta and potentially influences cellular turnover and TL in the infant; however, rates of 

fetal growth restriction were too low for meaningful analyses. Prenatal surveys were 

conducted at different time points during pregnancy, and we did not collect data on 

psychotropic medication use or life-time psychiatric diagnoses; however, adjusting for the 

trimester of the pregnancy interview did not alter the results. Although we controlled for 

maternal depression, other factors related to the early caregiving environment, including 

hostile parenting and the attachment relationship, could influence the relationship between 

maternal early-life adversity and offspring outcomes. Future studies exploring the effects of 

early adversity across generations should mirror current efforts to understand the ability of 
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the postnatal environment to moderate the impact of childhood adversity within an 

individual.

We acknowledge that maternal Adverse Childhood Experience questionnaire scores, PNMS 

score, depression, and infant externalizing problems were all maternal-reported measures. 

The differential association between these scores and the collection of data at different time 

points partially diminishes the concern about bias due to there being a single informant; 

however, there remains a need for studies that utilize more objective assessments. While 

reliance on retrospective reports of early-childhood adversity is often cited as a challenge to 

the body of research using the Adverse Childhood Experience questionnaire, Reuben et al. 

(65) found moderate agreement between prospective and retrospective scores and noted that 

both predicted adult outcomes, albeit with somewhat different relationships. Beyond the 

issue of reporting bias, the Adverse Childhood Experience questionnaire does not capture 

the severity, chronicity, or age at which the exposures occurred, since such screening 

measures, including this questionnaire, must balance the ease of collection with these 

limitations. Despite these limitations, the predictive capacity of the Adverse Childhood 

Experience questionnaire score across health outcomes remains remarkably strong.

In addition, the absence of a direct relationship between maternal Adverse Childhood 

Experience questionnaire scores and infant internalizing behavioral problems was 

unexpected. Previous studies have suggested that in the toddler age range, the sensitivity of 

parental reports of child internalizing problems is limited, and, for the most part, 

internalizing behavioral problems are reported at lower rates than externalizing problems. 

The use of semistructured interviews (e.g., the Preschool Age Psychiatric Assessment) or 

other instruments that more specifically target internalizing problems in this age range may 

clarify whether this relationship is specific to externalizing problems or whether 

measurement methodology affects the ability to detect relationships with internalizing 

problems (66, 67). As a result of the initial study design, accurate measurements of postnatal 

physical growth (e.g., height, weight, and head circumference) were not obtained at all 

visits. Although we are not aware of any existing data indicating that infant growth rate from 

4 to 18 months is associated with the trajectory of TL, or other markers of cellular aging, 

this should be considered for future studies, particularly for studies that include low birth 

weight or preterm infants, because “catch up” growth is associated with elevated cellular 

turnover and has been linked with shorter islet cell telomeres in rodents (68–70). We did not 

detect sex differences in infant TL, despite evidence in other studies. However, to our 

knowledge, no studies have reported sex differences in this age range. One potential 

explanation for this is that sex differences, at least in buccal cell TL measurement, appear 

later in development. Another consideration, given our findings of racial differences in TL, 

is that our study was underpowered to examine both sex and race differences, and race may 

obfuscate sex differences. Disentangling the interactive and independent effects of sex and 

race in relation to transmission of adversity across generations is an important future 

research direction.

When considering our measurement of TL, several specific limitations are notable. Changes 

in TL in buccal epithelial cells may not reflect changes in other cell types, and therefore 

caution is warranted when interpreting these findings. This remains a challenge to most 
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human studies in which the specific tissue of interest, in this case the brain, is not accessible 

for study. The use of a change score in the moderation analyses is also a limitation, 

particularly in light of the nonlinear trajectory of TL. In addition, we did not use a true 

“baseline” TL measurement because our first TL measure occurred at 4 months of age. 

Recognizing the increasing importance of baseline TL in understanding the trajectory of TL 

across the life-course, studies capturing a true baseline TL at birth are needed. Because 

buccal DNA was not available at birth in this cohort, we tested whether TL measured from 

DNA obtained from newborn blood spots influenced our findings. Despite the correlation 

between infant buccal TL with bloodspot TL, including bloodspot TL in the models did not 

influence the results, and we ultimately decided against inclusion in the final analyses 

because of concerns related to tissue specificity.

In summary, our data, when combined with findings from other studies, confirm maternal 

life-course experiences as a potent predictor of offspring mental and physical well-being. 

Too often, studies examine maternal exposures at only one time point (e.g., prenatal or 

postnatal), and, equally problematic, rely on either biological or behavioral outcomes. 

Mitigating the lasting effects of maternal adversity on child mental health clearly requires 

more comprehensive models that are appropriately reflective of the ever-changing 

interactions between biology, development, and the environment. Our results suggest that 

screening for maternal ACEs in obstetric, pediatric, and child mental health settings may 

provide an important indicator of risk for both the mother and the child, especially during 

infancy. Data from both human and preclinical research provide strong support for the need 

to integrate a multigenerational life-course perspective into our understanding of the 

biopsychosocial etiology of mental illness. Encouraging the widespread utilization of 

practical screening tools that have clinical utility and capture stressors across the life-course 

and the broader environment in which children develop may enhance our ability to 

understand the origins of early mental illness and the effectiveness, rather than the efficacy, 

of current intervention and prevention efforts. This same model also offers an unprecedented 

opportunity for research to capture resiliency factors, such as the early caregiving 

environment, that may buffer the negative effects of maternal early adversity at the 

molecular, physiologic, behavioral, and neurocognitive levels.
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FIGURE 1. Mother-infant dyad visits at ages 4, 12, and 18 months in a study of maternal adverse 
childhood experiences and offspring telomere lengtha

a From a total of 237 mother-infant dyads who completed at least one postnatal visit, 155 

dyads met study inclusion criteria, which required a prenatal time point and a minimum of 

two postnatal time points. Of the 155 mother-infant dyads who participated in the study, 103 

dyads completed all three postnatal time points, and 52 completed two out of three postnatal 

visits.
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FIGURE 2. Moderation of maternal Adverse Childhood Experience questionnaire score and 
infant externalizing problems by telomere attritiona

a Panel A shows a surface plot of the moderation of maternal Adverse Childhood Experience 

questionnaire (ACE) score and externalizing behavior by telomere attrition. A spline 

interpolation was used to smooth the surface plot. Telomere attrition was defined as the 

difference in the 4-month telomere length (TL) from the 18-month TL (i.e., telomere 

attrition=4-month TL – 18-month TL). Panel B shows where telomere attrition was 

partitioned into quartiles in which the least amount of telomere attrition is represented by the 

first quartile (black), and the fourth quartile (red) represents the greatest amount of telomere 

attrition. For each quartile of telomere attrition, maternal ACE scores are plotted with 

externalizing behavior, and linear trend lines for each quartile are fitted to facilitate data 

visualization.
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TABLE 1.

Demographic and clinical characteristics and relevant covariates of mother-infant dyads in a study of maternal 

adverse childhood experiences and offspring telomere length (N=155)

Characteristic

Mean SD Range

Maternal conception age (years) 28.49 5.47 17–42

Gestational age at birth (weeks) 39.17 1.54 34–43

Socioeconomic status index 3.16 1.90 0–6

Cumulative adverse childhood experiences 2.29 2.08 0–9

Cumulative prenatal maternal stress index 1.27 1.42 0–5

N %

Race

 Black 52.3 81

 White 37.7 57

 Other 11.0 17

Infant sex

 Male 53.5 83

 Female 46.5 72

Maternal postnatal depression 18.7 29

Pregnancy complications 18.7 29
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