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Abstract

Although maternal stress during pregnancy and even before conception shapes offspring risk for 

mental health problems, relatively little is known about the mechanisms through which these 

associations operate. In theory, preconception and prenatal stress may affect offspring mental 

health by influencing child responses to postnatal caregiving. To address this knowledge gap, this 

study had two aims. First, we examined associations between preconception and prenatal stress 

with child temperament profiles at age four using multilevel assessment of maternal perceived 

stress and stress physiology. Second, we tested child temperament profiles as moderators of 

associations between observed parenting behaviors during a parent–child free-play interaction 

when children were 4 years old and child behavior problems 1 year later. Latent profile analyses 

yielded four distinct child temperament profiles: inhibited, exuberant, regulated low reactive, 

and regulated high reactive. Consistent with hypotheses, preconception, and prenatal stress each 

independently predicted the likelihood of children having temperament profiles characterized by 

higher negative emotionality and lower regulation. Specifically, preconception perceived stress 

and prenatal cortisol predicted likelihood of children having an exuberant temperament, whereas 

prenatal perceived stress predicted likelihood of children having an inhibited temperament. 

Contrary to hypotheses, temperament profiles did not moderate predictions of child behavior 

problems from observed parenting behaviors; however, responsive parenting behaviors inversely 
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predicted child behavior problems independently of child temperament. These findings add to 

growing evidence regarding effects of preconception factors on child outcomes and underscore a 

central role for responsive parenting behaviors in predicting more favorable child mental health 

independent of child temperament.

Keywords

preconception stress; prenatal stress; parenting; temperament; mental health

Maternal stress during pregnancy shapes offspring risk for mental health problems across 

development (Barker, 2007; Bateson et al., 2014; Gluckman et al., 2005; Monk et al., 

2019; O’Donnell & Meaney, 2017; Sandman et al., 2012). More recently, emerging 

evidence suggests that maternal stress even before conception uniquely predicts offspring 

risk (Hipwell et al., 2019; Keenan et al., 2018; Olsson et al., 2021; Spry et al., 2020, 

2022). Critically, however, putative effects of maternal stress in both of these periods are 

probabilistic, not deterministic. According to developmental cascades (Masten & Cicchetti, 

2010), influences of preconception and prenatal stress on child outcomes are sensitive 

to other biological, psychological, and social factors, including aspects of the postnatal 

environment (Hentges et al., 2019; Huizink & De Rooij, 2018). That is, although maternal 

inputs prior to conception and during pregnancy may guide offspring developmental 

trajectories, postnatal environmental factors may alter these outcomes (Barker, 2007; 

Bateson et al., 2014; Gluckman et al., 2005; Sandman et al., 2012). For example, 

individual differences in child temperament are sensitive to preconception and prenatal 

maternal stress and may in turn interact with postnatal caregiving to shape adaptive or 

maladaptive outcomes (Hartman & Belsky, 2018; Hartman et al., 2023; Pluess & Belsky, 

2011). The current study examined how preconception, prenatal, and postnatal factors 

independently and interactively shape developmental cascades. Specifically, this study (a) 

evaluated associations of multilevel measures of preconception and prenatal stress with 

child temperament profiles and (b) examined whether child temperament profiles in turn 

moderated predictions of child behavior problems from maternal parenting behaviors.

Preconception and Prenatal Developmental Origins

Decades of prenatal programming evidence suggests persuasively that fetal adaptations 

to prenatal stress are associated with long-term offspring health (Entringer et al., 2012; 

Glover et al., 2010; Lautarescu et al., 2020; Rogers et al., 2020; Van den Bergh et al., 

2020). More recently, growing evidence indicates that maternal stress even before pregnancy 

shapes birth outcomes and offspring health (Atrash et al., 2006; Keenan et al., 2018; Lu 

& Halfon, 2003). From a life course perspective, maternal experiences prior to conception 

“set the stage” for pregnancy, potentially through processes such as uterine priming, zygote 

implantation, and early placental development (Chan et al., 2018; Kee et al., 2021; Keenan 

et al., 2018; Stephenson et al., 2018). Indeed, in recent work maternal preconception stress 

was associated with birth and developmental outcomes, including shorter length of gestation 

(Mahrer et al., 2021), lower birth weight (Guardino et al., 2016), increased behavioral 

reactivity in infancy (Spry et al., 2020), and attention problems in early childhood (Class 
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et al., 2013). Despite this growing evidence, it remains unclear if putative effects of 

preconception stress on child outcomes operate mainly through prenatal influences (i.e., 

indirect effects) or if they contribute uniquely to offspring outcomes above and beyond 

prenatal exposures (i.e., direct effects; Bowers & Yehuda, 2016; Keenan et al., 2018; Yehuda 

& Lehrner, 2018).

Preconception stress may indirectly predict outcomes through prenatal factors such as 

maternal stress or physiological functioning during pregnancy. For example, consistent 

with prenatal programming, elevated stress prior to conception may continue through 

the prenatal period and in turn shape fetal development (Davis & Narayan, 2020; Lu 

& Halfon, 2003; Keenan et al., 2018). Because of their sensitivity to stress and role 

in fetal development, dysregulated maternal cortisol levels and diurnal patterns during 

pregnancy may be a central prenatal biological pathway linking preconception stress to child 

outcomes (Harris & Seckl, 2011; McGowan & Matthews, 2018). Maternal preconception 

stress is associated with differences in maternal hypothalamic-pituitary-adrenal (HPA) axis 

regulation during pregnancy (Epstein et al., 2021; Rinne, Hartstein, et al., 2023) and various 

measures of maternal prenatal cortisol predict infant and child outcomes (Bolten et al., 

2011; Howland et al., 2017; Zijlmans et al., 2015). HPA axis activity is multidimensional, 

however, with different cortisol measurement strategies yielding separable indicators (e.g., 

total cortisol output, diurnal cortisol slope, and cortisol awakening response) with distinct 

neurobiological underpinnings (Adam & Kumari, 2009; Adam et al., 2017; Howland et 

al., 2017). Furthermore, different cortisol indices show meaningfully distinct patterns of 

associations with both maternal stress and child outcomes (Duthie & Reynolds, 2013; 

Entringer et al., 2010; for reviews, see Rinne, Hartstein, et al., 2023; Zijlmans et al., 2015). 

Thus, although use of multiple measures of maternal cortisol during pregnancy may usefully 

elucidate separable prenatal biological pathways linking maternal preconception stress to 

child outcomes, they are infrequently tested in the same study (Zijlmans et al., 2015).

Spanning human and nonhuman animal models, other empirical work has found that 

preconception influences are independent of prenatal factors, suggesting direct effects of 

preconception factors on offspring outcomes (Class et al., 2013; Guardino et al., 2022; 

Keenan et al., 2018; Rinne, Carroll, et al., 2023; Swales et al., 2023; Yehuda et al., 

2000). For example, experimental manipulation of parental preconception stress among 

rodents produced altered offspring behavioral and physiological differences characteristic 

of stress-related disorders (e.g., epigenetic changes; altered stress coping behaviors), 

independent of pre- and postnatal factors (for reviews, see Chan et al., 2018; Keenan et 

al., 2018). In humans, even with control of prenatal factors, parental preconception stress 

and parental emotional distress were associated with greater negative emotionality, HPA axis 

dysregulation, altered neurodevelopment, and shorter telomere length during infancy and 

childhood (e.g., Guardino et al., 2022; Keenan et al., 2018; Rinne, Carroll, et al., 2023; 

Swales et al., 2023; Yehuda et al., 2000). Collectively, this multimethod evidence converges 

around the centrality of preconception influences on offspring outcomes that are distinct 

from prenatal influences, potentially operating through germline epigenetic mechanisms 

(Chan et al., 2018; Yehuda & Lehrner, 2018). However, further research is necessary to 

determine whether preconception factors independently predict child outcomes or indirectly 

through prenatal factors. Repeated measures designs should be prioritized given that they 
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are particularly well-positioned to rigorously test direct effects and indirect, mediating 

processes.

Preconception and Prenatal Influences on Child Responses to the 

Postnatal Environment

Reflecting developmental cascades, preconception, and prenatal factors may affect offspring 

developmental outcomes by influencing offspring responses to the postnatal environment 

(Hartman & Belsky, 2018; Hartman et al., 2023; Pluess & Belsky, 2011). In particular, 

individual differences in temperament, defined as an early-emerging and biologically based 

set of dispositional characteristics, may constitute a pathway through which preconception 

and prenatal stress shape offspring responses to postnatal environmental factors (Hartman 

et al., 2023; Rothbart et al., 2000; Rothbart & Posner, 2006; Rothbart & Putnam, 2002). 

Theoretically and empirically, temperament dimensions such as emotionality, impulsivity, 

and regulation significantly affect child sensitivity to the caregiving environment (Belsky, 

1997, 2005; Chess & Thomas, 1977; Lerner & Lerner, 1994). According to diathesis-

stress models (e.g., Zuckerman, 1999), temperamental vulnerabilities such as high negative 

emotionality and low regulation confer risk to behavior problems, especially when 

accompanied by negative parenting (e.g., overprotective, intrusive; Gilliom & Shaw, 2004; 

Hastings et al., 2008; Leerkes et al., 2009; Maziade et al., 1985, 1990; Stoltz et al., 2017). 

Conversely, differential susceptibility proposes that particular child traits, including stress 

reactivity and negative emotionality, simultaneously confer enhanced sensitivity to both 

risk-promoting and development-enhancing environments (Boyce & Ellis, 2005; Ellis et al., 

2011). Consistent with differential susceptibility, evidence from recent reviews indicates that 

children with temperaments characterized by high negative emotionality and intensity as 

well as low regulation and low adaptability were simultaneously more strongly influenced 

by both positive and negative maternal affect (Belsky, 2013; Kiff et al., 2011; Slagt et al., 

2016; Stoltz et al., 2017). Taken together, there is persuasive evidence that dimensions of 

temperament critically affect how children respond to postnatal caregiving and subsequent 

developmental outcomes.

Individual differences in temperament are sensitive to preconception and prenatal factors 

(Blair et al., 2011; Davis et al., 2018; Spry et al., 2020; Swales et al., 2023). Although 

maternal preconception mental health was associated with higher infant and early childhood 

negative emotionality in several recent studies (Spry et al., 2020; Swales et al., 2023), 

studies have yet to test if maternal preconception stress relates to offspring temperament. 

Regarding prenatal factors, a large body of evidence demonstrates that prenatal stress is 

associated with lower infant and child regulatory abilities as well as higher infant and child 

negative emotionality (e.g., Bush et al., 2017; Huizink et al., 2002; Lin et al., 2014; Van 

den Bergh et al., 2020). Some studies also suggest that prenatal stress is associated with 

offspring extraversion and surgency; however, the direction of effects was contingent on 

how prenatal stress was measured (Bush et al., 2017; Lin et al., 2014). Moreover, elevated 

maternal plasma and salivary cortisol during pregnancy were positively associated with 

infant negative reactivity at 2 months among 247 full-term infants (Davis et al., 2007) 

and with greater observer-reported behavioral reactivity to novelty among 103 4-month-
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old infants (Werner et al., 2013), respectively. Cumulatively, these findings suggest that 

preconception and prenatal factors, including maternal stress and cortisol, prospectively 

predict individual differences in dimensions of offspring temperament, which may in turn 

influence responses to postnatal environmental influences.

Person-Centered Approaches to Temperament

Evidence on preconception and prenatal contributors to child temperament to date has 

largely focused on specific individual dimensions of temperament (e.g., effortful control, 

negative affect; Van den Bergh et al., 2020). Similarly, interaction models with parenting 

often focus on specific temperament dimensions, although theoretically derived behavioral 

profiles (e.g., “behaviorally inhibited”; “difficult temperament”) are also periodically 

employed and have been found to moderate predictions of behavior problems from parenting 

behaviors (see Slagt et al., 2016 for a review). However, these approaches have historically 

been agnostic about covariation among temperament dimensions and delimit understanding 

how temperament traits cluster together (see Scott et al., 2016; Shiner et al., 2012; and Lin 

et al., 2018 for further discussion). More recent person-centered approaches leverage the full 

spectrum of individual differences in multiple dimensions of temperament to identify latent 

profiles of phenotypically similar infants and children (e.g., Gartstein et al., 2017; Lin et 

al., 2018; Ostlund et al., 2021; Prokasky et al., 2017). Indeed, there is growing empirical 

evidence supporting the utility of person-centered approaches in characterizing temperament 

profiles across dimensions of emotionality, regulation, and impulsivity (e.g., Beekman et 

al., 2015; Brown et al., 2022; Gartstein et al., 2017; Lin et al., 2018; Ostlund et al., 2021; 

Prokasky et al., 2017; Scott et al., 2016).

Recent studies also found that temperament profiles derived from latent profile analysis 

(LPA) are sensitive to prenatal factors and moderate effects of parenting on child outcomes 

(Brown et al., 2022; Gartstein et al., 2017; Lin et al., 2018; Ostlund et al., 2021; Prokasky 

et al., 2017). For example, greater prenatal substance use was associated with infant 

temperament profiles characterized by high behavioral and emotional reactivity in a large 

sample of infants from two longitudinal multisite studies (Lin et al., 2018). Among 247 

toddlers, maternal anger and hostility during pregnancy predicted a greater likelihood of 

toddlers exhibiting behaviorally dysregulated temperament profiles resembling irritability or 

inhibition (Ostlund et al., 2021). With respect to person-centered approaches of temperament 

and their interactions with parenting behavior, among 150 mother–child pairs, profiles 

characterized by high impulsivity, high emotionality, and low effortful control modified 

predictions of externalizing problems from parenting behaviors. Specifically, self-reported 

negative parenting (composite of hostile, overreactive, and lax parenting) predicted more 

externalizing problems among children with exuberant temperament compared to regulated 

temperament profiles (Brown et al., 2022). Thus, testing preconception and prenatal stress 

as unique predictors of empirically derived child temperament profiles as well as the 

role of child temperament profiles in modifying links between parenting and subsequent 

child behavior problems may elucidate developmental cascades following preconception and 

prenatal stress.
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The Current Study

The present study aimed to disentangle the putative effects of preconception and 

prenatal stress on child temperament, and to test effects of child temperament, parenting 

behaviors, and their interaction in prospective prediction of child behavior problems. In 

a predominantly low socioeconomic status and racially and ethnically diverse sample of 

mother–child pairs (n = 127), we tested two key aims:

Aim 1 tested independent associations of preconception perceived stress, prenatal perceived 

stress, and prenatal cortisol with child temperament profiles at age four derived from LPA. 

Specifically, using serial mediation, we tested whether preconception perceived stress was 

directly associated with child temperament profiles independently of prenatal perceived 

stress and cortisol (i.e., direct effect) or whether preconception stress operates indirectly 

through prenatal perceived stress and cortisol to influence child temperament profiles (i.e., 

indirect effect). We assessed perceived stress in women before conception and during 

pregnancy as a measure of maternal stress appraisals and maternal cortisol in pregnancy as a 

physiological measure of maternal stress to test distinct influences of different types of stress 

on child outcomes (Bush et al., 2017). Motivated by previous evidence that greater maternal 

prenatal cortisol output was associated with offspring temperament (Davis et al., 2007; 

Werner et al., 2013), our primary analysis focused on total cortisol output as a measure of 

maternal stress physiology in pregnancy. Secondary analyses evaluated the cortisol slope 

and cortisol awakening response as measures of maternal prenatal stress physiology to test 

whether links with temperament profiles differed as a function of the cortisol measure. 

Next, Aim 2 tested LPA-derived profiles as moderators of observed parenting behaviors 

as prospective predictors of child behavior problems 1 year later. Figure 1 presents a 

conceptual overview of study aims.

We hypothesized that preconception perceived stress would predict temperament profiles 

characterized by high emotionality, high impulsivity, and low regulation indirectly through 

prenatal perceived stress and cortisol. Specifically, we predicted that higher preconception 

perceived stress would be associated with higher perceived stress and dysregulated cortisol 

indices during pregnancy (i.e., greater cortisol output in primary analyses and flatter cortisol 

slope and a greater cortisol awakening response in secondary analyses) that would then 

predict temperament profiles. In turn, consistent with differential susceptibility, we predicted 

that temperament profiles characterized by high emotionality, high impulsivity, and low 

regulation would be more sensitive to both positive and negative parenting behaviors. 

That is, children with this temperament profile would show fewer behavior problems in 

the context of responsive maternal parenting behaviors compared to children with other 

temperament profiles but more behavior problems in the context of dysregulated maternal 

affect (i.e., high negative and flat affect, low positive affect).

Method

Transparency and Openness

We report how we determined our sample size, all data exclusions (if any), all 

manipulations, and all measures in the study, and we follow JARS (Kazak, 2018). All data, 
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analysis code, and research materials are available from the first author upon request. Data 

were analyzed using R Version 4.0.0 (R Core Team, 2020) and Mplus Version 8 (Muthén & 

Muthén, 2017). This study’s design and its analyses were not preregistered.

Participants and Procedure

The current study includes women enrolled in the multisite Community Child Health 

Network (CCHN; Guardino et al., 2016; Ramey et al., 2015). Participants were recruited 

following a birth (index birth) in five study sites and completed visits at regular intervals for 

2 years after that birth (n = 2,510). Women who became pregnant again within the 2-year 

study period completed visits through a subsequent pregnancy and postpartum period (n = 

362). Of the participants in CCHN who reported a subsequent pregnancy, those enrolled at 

three eligible CCHN study sites (Washington, District of Columbia; Lake County, Illinois; 

and North Carolina) were invited to enroll in a follow-up study of the subsequent child’s 

(study child) development (n = 287) and to complete additional visits when the study 

child was between 3 and 5 years of age. Of those invited, 127 participants enrolled in 

the follow-up study. The present study includes all participants enrolled in the follow-up 

study (n = 127) who completed early childhood follow-up visits when the study child 

was approximately 4 years old (M = 3.85 years, SD = 0.52, range = 3.35–5.48) and 1 

year later (M = 5.07, SD = 0.46, range = 4.31–6.11). Trained research staff conducted 

structured interviews during in-home visits. The study was approved by the Institutional 

Review Boards at each site. Mothers provided written and informed consent for themselves 

and their children and were compensated for study visits.

The current study includes data from visits following the index birth and prior to conception 

of the subsequent pregnancy, during the subsequent pregnancy, and the early childhood 

visits. Here, preconception is defined as prior to conception of the study child, which for 

all participants in the sample was also an interconception period between consecutive births 

(i.e., between the birth of the index child and study child). An overview of study visits in the 

current study is presented in Figure 2. Regarding sample characteristics, mean maternal age 

was 34 years (M = 33.98, SD = 5.48) at the first early childhood visit. Mothers identified 

as Hispanic/Latina (48.8%), non-Hispanic White (31.5%), and Black/African American 

(21.3%). Mean per capita income adjusted for cost of living at each study site was $12,604 

(SD = $12,725, range = $22.08–$70,000) and the modal level of educational attainment was 

high school diploma or GED (40.2%; M years of education = 12.72, SD = 3.57, range = 

6–21). Most of the mothers were married to the study child’s father (46.4%) or cohabiting 

with but not married to the study child’s father (30.7%) at the early childhood study visits. 

Just over half of the study children were girls (53.5%). About half of the study children were 

the second-born child (51.2%). All study children were singleton births.

Measures

Maternal Preconception and Prenatal Perceived Stress—The 10-item version of 

the Perceived Stress Scale was used to measure maternal perceived stress prior to conception 

and during pregnancy (Cohen et al., 1983). Participants reported on the degree to which they 

found their lives to be unpredictable, uncontrollable, and overwhelming in the past month 

on a 5-point Likert scale from 0 (never) to 4 (almost always). The Perceived Stress Scale 
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is an established index of general stress appraisal that is commonly used and validated for 

use during pregnancy (Karam et al., 2012). Mothers reported on perceived stress at each 

study visit after the index birth and prior to conception of the study child and during the 

second- and third-trimester of the study child pregnancy. Cronbach’s alpha indicated good 

reliability at each study visit (range = .77–.87). Scores from the study visit most proximal 

to conception of the study child were used in primary analyses to measure preconception 

stress (M = 27.13 weeks before conception, SD = 28.72 weeks). During pregnancy, mothers’ 

perceived stress scores at each pregnancy visit were positively correlated and were averaged 

for primary analyses (r = .56).

Maternal Prenatal Salivary Cortisol—Saliva samples were collected by mothers after 

each prenatal study visit which were assayed for cortisol. During study visits, research 

staff provided saliva sampling kits and instructions on procedures for collecting saliva, 

completed a practice sample with the participant, and answered questions. The kits included 

sterile cryogenic vials, labels, straws for passive drool collection of saliva, and morning 

and bedtime diaries for sample collection. Participants collected saliva at three times 

over the course of each sampling day (upon waking, 30 min after waking, and bedtime). 

Participants reported on time of sampling using morning and bedtime diaries. Participants 

mailed back samples in preaddressed, prepaid envelopes to each study office. Saliva samples 

were stored at −80 °C. Saliva samples were shipped to ZRT Laboratories (Beaverton, 

Oregon) on dry ice and assayed for cortisol using competitive luminescence immunoassay 

(IBL-America, Minneapolis, Minnesota) with a lower limit of detection of 0.015 μg/dL. 

Intra- and interassay coefficients of variance were 5.5% and 7.6%, respectively.

Repeated assessments of cortisol over the course of a day can provide information about 

different aspects of HPA axis activity. In the current study, we calculated measures of 

the cortisol awakening response, cortisol slope, and total cortisol output, calculated as per 

standard practice (Adam & Kumari, 2009; Guardino et al., 2016). The cortisol awakening 

response is defined as the increase in cortisol within the first 30 min after waking from 

waking cortisol values and was calculated as the difference between cortisol levels 30 min 

after waking and waking cortisol levels. The diurnal cortisol slope reflects circadian changes 

in cortisol, specifically declines in cortisol from morning to evening, and was calculated 

by subtracting morning cortisol levels from bedtime cortisol levels divided by the number 

of hours between the morning and bedtime cortisol measurements. Whereas the cortisol 

awakening response and diurnal cortisol slope capture dynamic changes in HPA axis activity 

over the course of the day, total cortisol output measures cumulative cortisol levels over 

the course of the day. Total cortisol output was calculated using area under the curve with 

respect to ground (Pruessner et al., 2003).

Cortisol measures were calculated for each prenatal study visit in the second and third 

trimester. For parsimony and to estimate HPA axis regulation over the second half of 

pregnancy, cortisol indices for each prenatal visit were averaged in primary analyses. Mean 

values of each cortisol measure were largely similar in the second (Mgestational age = 20.24 

weeks, SD = 5.00) and third-trimester (Mgestational age = 32.70 weeks, SD = 3.79; see 

Table S1 in the online supplemental materials) and positively intercorrelated. In the current 
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sample, the strength of the association between each cortisol measure varied from a small to 

medium correlation (|r| = .18–.72).

Child Temperament—Maternal ratings of child temperament were obtained via the 

Children’s Behavior Questionnaire Very Brief (CBQ-VB) version at the first early childhood 

visit when children were approximately 4 years old. The CBQ-VB is widely used and 

has demonstrated validity and reliability for children in this study’s age range (Putnam 

& Rothbart, 2006). Consistent with prior research identifying temperament profiles (e.g., 

Brown et al., 2022), subscales of temperament dimensions from the CBQ-VB were included 

in the LPA rather than higher-order scales of effortful control, negative affect, and surgency. 

Simulation studies suggest that including at least five indicators in LPA, as done here, 

improves acquisition of stable profiles and statistical power, including in sample sizes 

similar to the current study (Tein et al., 2013; Wurpts & Geiser, 2014). Subscales in the 

current analysis were previously identified in the original creation of the CBQ-VB and 

have demonstrated reliability and validity (Putnam & Rothbart, 2006). In total, there are 

13 subscales from the CBQ-VB and each subscale includes two or three items. Subscales 

consisted of anger, discomfort, sadness, soothability, fear, impulsivity, shyness, activity 

level, high-intensity pleasure, inhibitory control, attention focusing, low-intensity pleasure, 

and perceptual sensitivity. Descriptive statistics and intercorrelations of temperament 

subscales appear in Table S2 in the online supplemental materials; temperament subscales 

were correlated in expected ways.

Parenting Behaviors—Observed maternal parenting behaviors were scored during a 

semistructured play task at the first early childhood visit. During the task, mothers and 

children were offered toy boxes and instructed to play with the toys for 15 min in 

mothers’ language of preference (69% English, 31% Spanish).1 Three trained coders scored 

parenting behaviors from 1 (not at all characteristic) to 4 (highly characteristic) along seven 

dimensions using the validated 36-month mother–child interaction coding system from the 

National Institute of Child Development Study of Early Childcare and Youth Development 

(1993). The seven dimensions of parenting behaviors were sensitivity to nondistress 

(attuned to and centered on child; letting the child guide play), positive regard (warmth, 

praise, and affection), stimulation of cognitive development (efforts to facilitate learning; 

promote more mature play), intrusiveness (being adult-centered; controlling the interaction), 

negative regard (anger, frustration, impatience, and/or other indicators of negative regard), 

detachment (disengaged from child or emotionally uninvolved with the child), and flatness 

of affect (not being animated in play session; displaying flat affect in facial expressions and 

vocal tone). All coders were blind to other data gathered on study participants. The coders 

achieved reliability with an expert coder before coding independently. To assess interrater 

reliability on independently coded videos, 24% of the videos were randomly selected and 

1Two coders were monolingual English-speaking, and one coder was bilingual English and Spanish speaking. Videos in Spanish were 
coded by the Spanish-speaking bilingual coder or translated for coding when that was not possible for a small proportion of the sample 
(n = 4). Mean levels of the dimensions of parenting behaviors did not significantly differ for mothers coded in English vs. Spanish 
(ps > .06). Additionally, the pattern of primary results remained the same in a post hoc sensitivity analysis excluding videos that were 
translated prior to coding.
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coded independently by an expert coder (mean percent agreement across subscales = 94%; 

range = 81%–100%).

Prior to analysis, we conducted exploratory and confirmatory factor analyses to discern 

the underlying factor structure of the seven dimensions of maternal parenting behaviors.2 

We employed exploratory factor analysis with oblique goemin rotation and allowed 

for correlated factors. The two-factor solution fit the data better than the one-factor 

solution, χ2(14) = 54.71, p < .001. The two-factor solution was subsequently confirmed 

in confirmatory factor analysis with good fit to the data, χ2(10) = 12.87, p = .23; 

comparative fit index (CFI) = .99; Tucker–Lewis index (TLI) = .98; root-mean-square 

error of approximation (RMSEA) = .05, 90% CI [0.00, 0.12]; standardized root-mean-

square residual (SRMR) = 0.05. Maternal sensitivity (λ = .97), stimulation of cognitive 

development (λ = .72), detachment (λ = −.54), and intrusiveness (λ = −.33) significantly 

loaded onto a maternal responsive parenting factor (all ps < .001) and maternal flat affect 

(λ = .75), negative regard (λ = .51), and positive regard (λ = −.83) significantly loaded 

onto a maternal affect dysregulation factor (all ps < .001). Saved factor scores for maternal 

responsive parenting and maternal affect dysregulation were used in primary analyses. 

Factor loadings appear in Figure S2 in the online supplemental materials.

Child Behavior Problems—Child behavior problems were measured with the Child 

Behavior Checklist (CBCL; age 1.5–5-year version) at the second early childhood visit. 

The CBCL is a well-validated 100-item parent-report checklist that assesses emotional and 

behavioral problems in children. Parents were asked to rate how true each item is for their 

child in the past 2 months on a scale of 0 (not true) to 2 (very true), which yielded estimates 

of total behavior problems and separate internalizing and externalizing problems broadband 

subscales. Given their high intercorrelation in the current sample (r = .62) and to maximize 

parsimony, we examined total behavioral problems (T-scores) as an outcome in primary 

analyses. Scores between 65 and 69 indicate clinical elevations whereas score above 70 

indicate clinical significance (Achenbach & Rescorla, 2000).

Sociodemographic and Medical Variables—Women reported their racial/ethnic 

identity, age, and education level at the time of CCHN enrollment and reported updates 

to household income and relationship with their partner at each study visit. Maternal 

prepregnancy body mass index (BMI) was calculated based on maternal height and weight 

measured at the study visit most proximal to the conception of the subsequent pregnancy. 

Data on maternal medical conditions (preeclampsia, gestational diabetes, pregnancy 

infection, and anemia) during the subsequent pregnancy, study child birth weight, and study 

child length of gestation were extracted from medical records. Women in the follow-up 

study reported on study child age and child biological sex at the first early childhood visit.

Data Analytic Plan

Prior to analysis, primary study variables were examined for normality (skewness > 2 

and kurtosis > 7) and outliers (>3 standard deviations from sample mean). All primary 

2Maternal negative affect and detachment were log-transformed prior to factor analysis to account for nonnormality (skewness >2; 
kurtosis >7).
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study variables were normally distributed. One observation was an outlier on cortisol 

slope (>3 SD above mean) during pregnancy and was winsorized. Missing data were 

handled using full information maximum likelihood (FIML), which is recommended when 

missing data exceeds 10%. FIML reduces bias of estimates, increases power, and improves 

generalizability of results relative to other missing data procedures (e.g., complete case 

analysis; listwise deletion; Dong & Peng, 2013; Enders, 2001, 2010). FIML is also 

appropriate in the context of quantitative moderators. Missing data on primary study 

variables ranged from 9% (perceived stress duringpregnancy) to 52% (cortisol output during 
pregnancy).

LPA of Child Temperament—First, we used LPA in MPlus to identify profiles of child 

temperament. LPA is a person-centered approach that aims to identify subgroups within a 

population based on certain sets of continuous variables (S. L. Ferguson et al., 2020). We 

compared models fitting one to five classes successively given that prior research has most 

often identified between three and five temperament profiles in similar age ranges. The 

best-fitting model was selected based on model fit statistics including Bayesian information 

criteria (BIC; lower values preferred), bootstrapped log-ratio test (BLTR; compares whether 

the model with k classes is a significant improvement from the model with k−1 classes), and 

entropy (higher values preferred; Jung & Wickrama, 2008; S. L. Ferguson et al., 2020). The 

best-fitting model was also selected based on theoretical parsimony and consistency with 

infant and child temperament profiles identified in prior research which commonly include 

profiles characterized by: (a) high negative affect, high activity level and impulsivity, and 

low regulatory abilities (i.e., exuberant or impulsive); (b) high negative affect, low positive 

affect and activity, and low regulatory abilities (i.e., inhibited); (c) high positive affect 

and regulatory abilities (i.e., regulated); and (d) below average levels on all temperament 

dimensions (i.e., average; Beekman et al., 2015; Brown et al., 2022; Gartstein et al., 2017; 

Lin et al., 2018; Ostlund et al., 2021; Prokasky et al., 2017; Scott et al., 2016). For the best-

fitting model, we also evaluated differences between classes on each indicator included in 

the LPA to assess statistical power to detect the correct number of classes. Prior simulation 

work has found that while the effect of sample size on power to detect the correct number of 

classes is minimal, the mean difference between classes affects statistical power (Tein et al., 

2013).

Aim 1: Preconception Stress, Prenatal Stress, and Child Temperament 
Profiles—In Aim 1 primary analyses, we conducted a serial mediation model using 

structural equation modeling to test (a) the direct effect of maternal preconception perceived 

stress on child temperament profiles and (b) the indirect effect of maternal preconception 

perceived stress on child temperament profiles through perceived stress and total cortisol 

output during pregnancy. Each serial mediation model estimated the following: (a) the effect 

of preconception perceived stress on child temperament (direct effect); (b) the effect of 

preconception perceived stress on prenatal perceived stress and prenatal cortisol (a1 path 

and a2 path, respectively); (c) the effect of prenatal perceived stress on prenatal cortisol 

(d21); (d) the effect of prenatal perceived stress and prenatal cortisol on child temperament 

profiles (b1 path and b2 path, respectively); and (e) the effect of preconception perceived 

stress on child temperament profiles through prenatal perceived stress and cortisol. In each 
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serial mediation model, we used multinominal logistic regression to evaluate the effect 

of each predictor on LPA-derived temperament profiles. One temperament profile was set 

to the reference category and the others were dummy coded and entered simultaneously 

into the serial mediation model. As indicated in Figure 1, direct effects of preconception 

perceived stress on child temperament were interpreted as the effect of preconception stress 

on temperament profiles independently of each prenatal stress mediator whereas indirect 

effects were interpreted as the effects of maternal preconception perceived stress through 

each prenatal stress mediator.

For secondary analyses in Aim 1, additional serial mediation models evaluated the same 

effects with cortisol slope and the cortisol awakening response as cortisol measures. Each 

cortisol measure was tested in a separate model (two total models).

Aim 2: Temperament Profiles as Moderators of Parenting and Child Behavior 
Problems—In Aim 2, we used multiple linear regression with a Parenting Behavior 

× Temperament Profile interaction term predicting child behavior problems. For these 

analyses, temperament was included as a multicategorical moderator, which compares 

the effect of parenting behaviors on subsequent child behavior problems as a function 

of temperament profile; as noted above, one profile was the reference group whereas 

other profiles were dummy coded. Primary analyses for Aim 2 initially tested two linear 

regression models, with each Parenting Behavior × Temperament interaction term tested in 

separate models. If the interaction term was not significant, it was dropped from the model 

and only main effects were interpreted.

Covariates—Primary analyses for Aims 1 and 2 adjusted for maternal education, birth 

order, and length of gestation. These covariates were included in primary models based 

on associations with primary study variables in prior work and the current sample (p < 

.10). More specifically, maternal education was associated with child temperament and 

child behavior problems, and birth order was associated with child behavior problems. 

Additionally, maternal cortisol output and slope during pregnancy were associated with 

length of gestation. Maternal age, maternal medical conditions during the subsequent 

pregnancy, maternal prepregnancy BMI, relationship status, birth order, child age, and child 

biological sex were evaluated as potential covariates based on prior work but were not 

meaningfully associated with primary variables in this sample thus were not retained as 

covariates.

Sensitivity Analyses—We conducted three sensitivity analyses to evaluate robustness 

of results. First, we examined whether the Parenting Behaviors × Temperament interaction 

predicted child behavior problems differentially for internalizing or externalizing problems. 

Second, we tested whether the results persisted when adjusting for maternal perceived stress 

at each early childhood study visit. Third, we tested second- and third-trimester cortisol 

measures as mediators to evaluate whether there were timing differences in associations 

of maternal stress with prenatal cortisol or associations of prenatal cortisol with child 

temperament profiles.
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Results

Descriptive Statistics

Descriptive statistics and bivariate correlations of primary study variables are presented in 

Table 1. Mean child behavior problems were low to moderate but there was a range across 

the sample. About 10% of the sample had scores indicative of risk for clinically significant 

behavior problems and less than 1% of the sample had scores indicative of clinically 

significant behavior problems (Achenbach & Rescorla, 2000). Maternal preconception and 

prenatal perceived stress were modestly correlated. Maternal preconception and prenatal 

stress were associated with higher child behavior problems. Maternal responsive parenting 

behaviors were associated with lower child behavior problems whereas maternal affect 

dysregulation was associated with higher child behavior problems.

LPA of Temperament

We compared models fitting one to five classes successively using LPA. The four-class 

model best fit the data based on the sample-size adjusted BIC, the BLRT, and good entropy; 

this was strong evidence delineating the number of classes (see Table S3 in the online 

supplemental materials for fit indices). The number and nature of these four temperament 

profiles were consistent with theoretical models of temperament and with prior research on 

temperament profiles in this age range (e.g., Brown et al., 2022). Mean scores for each of the 

latent profiles on temperament subscales are visually displayed in Figure 3.

Class 1 included children with moderate levels of anger discomfort, sadness, soothability, 

and fear; low to moderate levels of regulation; and low levels of impulsivity, extraversion, 

and activity (16.5%; “inhibited”). Class 2 included children with high levels of impulsivity, 

extraversion, and activity; moderate levels of discomfort, sadness, soothability, and fear; and 

low to moderate levels of regulation (7.9%; “exuberant”). Class 3 was the largest profile 

and included children with moderate to high levels of regulation; moderate impulsivity, 

extraversion, and activity; and low levels of discomfort, sadness, soothability, and fear 

(44.1%; “regulated low reactive”). Class 4 included children with high levels of regulation; 

high levels of discomfort, sadness, soothability, and fear; and moderate levels of impulsivity, 

extraversion, and activity (31.5%; “regulated high reactive”). As the temperament profile 

with the largest proportion of children, the regulated low reactive temperament profile was 

included as the reference group in primary analyses. The four classes significantly differed 

on all temperament dimensions except soothability and the mean difference between classes 

on each indicator included in the LPA ranged from moderate to large on average (Cohen’s d; 

range = 0.50–1.00).

Primary Results

Aim 1: Associations of Preconception and Prenatal Stress With Child 
Temperament Profiles—We tested the direct effects of preconception perceived stress 

on child temperament and indirect effects of preconception stress on child temperament 

via perceived stress and cortisol during pregnancy using serial mediation models, which 

adjusted for maternal education, birth order, and length of gestation.
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Primary Analyses: Total Cortisol Output.: Primary analyses included cortisol output as 

the measure of prenatal cortisol. Preconception perceived stress predicted greater likelihood 

of children being in the exuberant temperament profile compared to the regulated low 

reactive temperament profile (OR = 1.24, 95% CI [1.02, 1.52], p = .04). Consistent with 

hypotheses, preconception perceived stress was also positively associated with prenatal 

perceived stress (β= .36, SE = 0.09, p < .001) but prenatal perceived stress was unrelated 

to child temperament profiles. Contrary to hypotheses, neither preconception nor prenatal 

perceived stress was associated with prenatal cortisol output. However, children of mothers 

with greater prenatal cortisol output were significantly more likely to be in the exuberant 

temperament profile compared to the regulated low reactive temperament profile (OR = 

1.55, 95% CI [1.04, 2.31], p = .03). Prenatal perceived stress and cortisol output did not 

mediate the effect of preconception perceived stress on child temperament profiles (all ps > 

.10). Complete regression coefficients are presented in Table 2.

Secondary Analyses: Diurnal Cortisol Slope.: The first secondary analysis included 

diurnal cortisol slope as the measure of prenatal cortisol. Preconception perceived stress 

was again positively associated with prenatal perceived stress. In turn, prenatal perceived 

stress predicted a greater likelihood of children being in the inhibited profile versus the 

regulated high reactive profile (OR = 1.11, 95% CI [1.001, 1.23], p = .047), consistent 

with hypotheses. There was a marginal indirect effect of preconception perceived stress 

on the likelihood of being in the inhibited temperament profile via prenatal perceived 

stress (B = 0.05, SE = 0.03, p = .09). Greater perceived stress during pregnancy was 

also associated with a flatter cortisol slope during pregnancy (β= .25, SE = 0.13, p = 

.047). Moreover, prenatal diurnal cortisol slope predicted likelihood of children being in the 

exuberant temperament profile. Contrary to hypotheses, however, children of mothers with 

a flatter cortisol slope during pregnancy were significantly less likely to be in the exuberant 

temperament profile compared to the regulated low reactive temperament profile (OR = 

0.61, 95% CI [0.39, 0.98], p = .03). Complete regression coefficients are presented in Table 

3.

Secondary Analyses: Cortisol Awakening Response.: The next secondary analysis 

included the cortisol awakening response as a measure of prenatal cortisol. Again, 

preconception perceived stress positively predicted children being in the exuberant versus 

regulated low reactive temperament profile in this model. Prenatal perceived stress positively 

predicted cortisol awakening response during pregnancy (β= .28, SE = 0.11, p = .03); 

however, cortisol awakening response during pregnancy was unrelated to temperament 

profiles. Complete regression coefficients are presented in Table S4 in the online 

supplemental materials.

Aim 2: Temperament Profiles as Moderators of Parenting and Child Behavior 
Problems—Next, we tested whether age 4 temperament profiles moderated predictions 

of age five child behavior problems from age four maternal responsive behaviors and 

affect dysregulation during the parent–child interaction using multiple linear regression. 

Complete regression coefficients for Aim 2 appear in Table 4. In the first model, the 

Maternal Responsive Behaviors × Child Temperament Profile interaction was unrelated to 
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child behavior problems; therefore, we interpreted main effects with the interaction term 

dropped from the model. Responsive parenting behaviors inversely predicted child behavior 

problems 1 year later (β=−.33, SE = 0.10, p = .001). In the next model, once again, the 

Maternal Affect Dysregulation × Child Temperament Profiles interaction was unrelated to 

child behavior problems. With those interactions dropped, maternal affect dysregulation was 

not significantly associated with child behavior problems (β= .15, SE = 0.10, p = .15).

Sensitivity Analyses—The pattern of results remained the same in each sensitivity 

analysis. First, the results were robust to separate internalizing and externalizing problem 

outcomes, suggesting their shared sensitivity to the Parenting × Temperament interactions. 

Second, results did not change with statistical control of maternal perceived stress at each 

early childhood study visit; this indicates that preconception and prenatal influences were 

independent of concurrent maternal stress. Third, there were no differences in patterns of (a) 

associations of maternal stress with prenatal cortisol measures or (b) associations of prenatal 

cortisol with child temperament profiles. Thus, there was no evidence of timing effects.

Discussion

According to developmental cascades, predictions of offspring development from 

preconception and prenatal factors depends on the postnatal caregiving environment. To 

date, however, methodological challenges in prospective assessment of preconception, 

prenatal, and postnatal factors have limited understanding of developmental cascades 

following preconception and prenatal stress. The current study aimed to address this 

research gap by testing the effects of preconception and prenatal stress on child temperament 

profiles at age four and examining whether child temperament profiles, in turn, modified 

associations of parenting behaviors with child behavior problems. We tested these questions 

in a racially and ethnically diverse and predominantly low socioeconomic status sample 

of mother–child pairs. Notably, this study is the first to our knowledge to prospectively 

assess preconception, prenatal, and postnatal factors that shape child outcomes based on 

multimodal assessment of maternal stress, stress physiology, and observed parenting.

We identified four distinct child temperament profiles using LPA: regulated low reactive, 

regulated high reactive, inhibited, and exuberant. These temperament profiles align 

with prior empirical work using LPA in similarly aged children as well as theoretical 

conceptualizations of temperament (Brown et al., 2022; Dollar et al., 2017; Putnam 

& Rothbart, 2006). Consistent with study hypotheses, multilevel measures of maternal 

preconception and prenatal stress based on perceived stress and stress physiology each 

predicted child temperament profiles. Specifically, greater preconception perceived stress 

and higher prenatal cortisol output were each independently associated with children 

being more likely to have an exuberant temperament in primary analyses whereas a 

flatter cortisol slope was associated with children being less likely to have an exuberant 

temperament in secondary analyses. Furthermore, prenatal perceived stress was associated 

with a greater likelihood of children having an inhibited temperament. However, contrary 

to hypotheses, neither prenatal stress nor cortisol were indirect pathways through which 

preconception perceived stress predicted child temperament. Also contrary to hypotheses, 

child temperament profiles did not modify associations of parenting behaviors with child 
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behavior problems, although responsive parenting behaviors were associated with lower 

child behavior problems independently of child temperament. The conceptual overview 

summarizing results is presented in Figures S1–S3 in the online supplemental materials.

Preconception and Prenatal Influences on Child Temperament Profiles

Preconception and prenatal stress prospectively predicted child temperament profiles in the 

current study. Specifically, preconception maternal perceived stress positively predicted a 

greater likelihood of children being in the exuberant temperament profile characterized 

by high negative emotionality, impulsivity, and low regulation, independently of maternal 

perceived stress and cortisol during pregnancy. This finding aligns with prior work that 

preconception maternal posttraumatic stress and depressive symptoms were associated with 

greater child negative emotionality, above and beyond the effects of prenatal factors (Spry et 

al., 2020; Swales et al., 2023). Of note, the present study innovatively employed prospective 

assessment of preconception and prenatal factors, thereby allowing for temporally ordered, 

rigorous tests of mechanistic pathways linking preconception factors to child outcomes. 

Although prenatal stress and cortisol did not mediate predictions of child temperament 

profiles from preconception stress, it is plausible that preconception stress operates through 

other unmeasured prenatal pathways (e.g., inflammatory processes; Hantsoo et al., 2019; 

Nazzari & Frigerio, 2020) or pathways that are independent of prenatal factors (e.g., 

germline epigenetic mechanisms; Bowers & Yehuda, 2016; Chan et al., 2018; Yehuda et al., 

2000, 2014; Yehuda & Lehrner, 2018). Ultimately, these findings underscore the importance 

of applying life course perspectives to better understand how preconception factors shape 

offspring development (Keenan et al., 2018).

Although these results did not provide support for an indirect pathway whereby 

preconception stress predicted child temperament profiles indirectly through prenatal 

factors, we did find that prenatal stress, based on maternal stress appraisals and stress 

physiology, were associated with differences in child temperament. These findings align 

with a considerable body of evidence within the prenatal programming model where 

prenatal stress–conceptualized and measured in multiple ways–shapes fetal development and 

offspring outcomes (Barker, 2007; Bateson et al., 2014; Gluckman et al., 2005; Olsson et al., 

2021; Sandman et al., 2012). For example, measures of maternal stress and stress physiology 

during pregnancy have been associated with offspring mental and physical health extending 

through adulthood (Glover et al., 2010; Rogers et al., 2020; Van den Bergh et al., 2020). 

Overall, in the present study, prenatal stress and stress physiology were associated with the 

likelihood of children being in the exuberant and inhibited temperament profiles. Children 

with exuberant and inhibited temperaments were similarly high on dimensions related to 

negative emotionality (discomfort, sadness, soothability, and fear) and low on dimensions 

related to regulation. This finding is consistent with prior work reporting that prenatal stress 

is associated with higher negative emotionality and lower regulatory abilities in infants 

and children (Davis et al., 2007, 2011; Irwin et al., 2021; Lin et al., 2018; Ostlund et al., 

2021; Van den Bergh et al., 2020). Notably, this study extends prior work by examining 

associations of preconception and prenatal stress with child temperament profiles across 

dimensions rather than focusing on specific temperament dimensions (Shiner et al., 2012).
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Several key findings emerged from the multilevel assessment of maternal prenatal stress 

in the current study that may advance understanding of how different forms of prenatal 

stress influence child temperament, particularly the clustering of temperament traits across 

dimensions. First, two of three indices of prenatal cortisol tested in this study predicted 

the likelihood of children being in the exuberant temperament profile. In primary analyses, 

greater prenatal cortisol output was associated with a greater likelihood of children having 

exuberant temperaments. The maternal HPA axis regulation undergoes substantial changes 

during pregnancy that leads to changes in both maternal cortisol levels and diurnal cortisol 

rhythms, including an increase in circulating cortisol levels (Duthie & Reynolds, 2013; 

Entringer et al., 2010). These changes support fetal development as well as labor and 

delivery processes, but variations in fetal exposure to cortisol levels and dysregulated 

cortisol patterns can adversely affect subsequent offspring functioning (Howland et al., 

2017; Zijlmans et al., 2015). For example, approximately 15% of maternal cortisol crosses 

the placenta to the fetal compartment such that greater cortisol output during pregnancy may 

excessively expose the fetus to glucocorticoids and alter fetal development (Davis et al., 

2007; Howland et al., 2017). Consistent with the present findings, prior studies have also 

reported that excessive fetal exposure to glucocorticoids is associated with infant and child 

temperament (Davis et al., 2007; Werner et al., 2013; Zijlmans et al., 2015).

Importantly, HPA axis regulation is multidimensional and different cortisol measures, 

such as cortisol output, awakening response, and slope, yield distinct information about 

neuroendocrine functioning (Adam & Kumari, 2009). Although primary analyses focused 

on maternal cortisol output as a measure of prenatal stress physiology, maternal prenatal 

diurnal cortisol patterns may also influence fetal development and offspring outcomes 

(Rinne, Hartstein, et al., 2023; Zijlmans et al., 2015). Thus, secondary analyses in the 

present study included maternal diurnal cortisol slope and cortisol awakening response 

as additional cortisol measures to elucidate separable prenatal biological pathways that 

may influence child temperament. In these analyses, a flatter cortisol slope was associated 

with a lower likelihood of children having exuberant temperaments whereas the cortisol 

awakening response was not associated with child temperament profiles. The finding that a 

flatter cortisol slope was associated with a lower likelihood of children having exuberant 

temperament is contrary to study hypotheses but could be due in part to changes in 

diurnal cortisol regulation from a nonpregnant to a pregnant state. Specifically, regulation 

of diurnal cortisol patterns changes over the course of pregnancy such that the cortisol 

slope gradually flattens from early to late pregnancy (Duthie & Reynolds, 2013; Entringer 

et al., 2010). Therefore, whereas flatter cortisol slopes are associated with less favorable 

health in nonpregnant samples (Adam et al., 2017), a flatter cortisol slope in the current 

sample may reflect normative flattening of the diurnal slope that occurs during pregnancy 

and may protect the fetus from excessive exposure to glucocorticoids (Duthie & Reynolds, 

2013; Entringer et al., 2010). Indeed, previously, flattened diurnal slopes during pregnancy 

were associated with optimal fetal growth (Kivlighan et al., 2008). These findings warrant 

replication in future studies that also employ multiple indices of prenatal cortisol but suggest 

that further investigation of how different measures of maternal prenatal HPA axis activity 

relate to child outcomes may advance understanding of prenatal biological mechanisms that 

shape child developmental trajectories.
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Second, whereas measures of prenatal cortisol were associated with offspring being more 

likely to have an exuberant temperament profile, prenatal perceived stress predicted a 

greater likelihood of children having an inhibited temperament. These findings provide 

evidence of distinct associations of prenatal stress physiology and stress appraisals with 

child temperament profiles. The inhibited and exuberant temperament profiles diverged 

on dimensions related to surgency such that children with exuberant temperaments were 

higher in impulsivity, extraversion, and activity than children with inhibited temperaments. 

Therefore, prenatal stress appraisals and stress physiology may differentially relate to 

temperament dimensions pertaining to child surgency specifically (Bush et al., 2017; Lin 

et al., 2014; Van den Bergh et al., 2020). Studies testing associations of multiple types of 

prenatal stress with child temperament are rare, but consistent with the current study, there 

is preliminary evidence that different forms of prenatal stress show specific associations 

with child surgency (Bush et al., 2017; Lin et al., 2014). Future studies could further test 

associations of multiple forms of prenatal stress with child outcomes (e.g., acute stress, 

chronic stress, stress physiology) to advance understanding of the mechanistic pathways 

through which different forms of prenatal stress influence developmental cascades (Bush et 

al., 2017).

Parenting, Child Temperament, and Child Behavior Problems

Informed by the theoretical framework of developmental cascades, our second study aim 

tested whether child temperament profiles moderated the associations of parenting behaviors 

with child behavior problems one year later. Contrary to study hypotheses, however, child 

temperament profiles did not moderate the effects of parenting on subsequent child behavior 

problems. This finding differs from theory and empirical evidence that child characteristics 

like temperament interact with parenting behavior to differentially predict child outcomes 

(e.g., Belsky, 2013; Brown et al., 2022; Pitzer et al., 2011; Rubin et al., 2003; Slagt et al., 

2016). There may be several reasons for null interaction effects. It is plausible that the small 

size of some temperament profile groups may have limited our ability to detect interaction 

effects; however, recent work testing Parenting × Temperament Profile interactions with 

similar sample and class sizes have detected significant interaction effects (e.g., Brown et 

al., 2022; McClelland & Judd, 1993). These null effects may also be partly attributable to 

the nature of the mother–child interaction task. Whereas free-play tasks typically capture 

maternal behaviors in response to child nondistress, other tasks may yield more variability 

in parenting behaviors and could strengthen inferences about interactions between parenting 

behaviors and child temperament (e.g., frustration, dyadic problem-solving, or attachment-

relevant tasks; Cassidy et al., 1992; Goldsmith, 1996; Lunkenheimer et al., 2020). Finally, 

developmental influences are also likely salient, as estimated from the age of children: in 

one meta-analysis, parenting by temperament interactions occurred more consistently in 

studies during infancy than early childhood (Slagt et al., 2016).

Although temperament profiles in the current study did not significantly moderate 

predictions of child behavior problems from parenting behaviors, maternal responsiveness 

predicted fewer child behavior problems independently of child temperament. This finding 

is notable given that inhibited and exuberant temperament profiles have been previously 

associated with more child behavior problems (Putnam & Rothbart, 2006). In the current 
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study, the inhibited and exuberant temperament profiles were also positively associated 

with child behavior problems one year later, with small effect sizes, but effects were not 

statistically significant when controlling for maternal parenting behaviors. Collectively, 

these results suggest that parent-based interventions that serve to increase parental 

responsiveness could facilitate improved child outcomes even beyond the effects of 

individual differences in temperament secondary to preconception and prenatal stress.

Strengths and Limitations

Given its prospective design spanning preconception, prenatal, and postnatal periods, the 

current study was well-positioned to isolate independent and interactive preconception, 

prenatal, and postnatal influences on child outcomes. Additionally, the current sample was 

diverse with regard to race/ethnicity, predominantly low income, and included representation 

from rural, urban, and suburban study sites. Another notable strength of the current study 

was its use of person-centered LPA to innovatively characterize and discern empirically 

distinct profiles of child temperament. Person-centered approaches elucidate covariation 

across temperament dimensions to identify phenotypically similar profiles of children and 

can help facilitate more targeted assessment of child risk factors for psychopathology 

to support the optimization of prevention and intervention efforts (Brown et al., 2022; 

Gartstein et al., 2017; Lin et al., 2018; Ostlund et al., 2021; Prokasky et al., 2017). This 

method also highlighted distinct associations of multilevel measures of prenatal stress with 

configurations of temperament dimensions. Such differences may not have been detected 

in variable-centered approaches (Shiner et al., 2012). Moreover, the multimethod approach 

to understanding maternal influences represents a critical strength of the study. Integrating 

multimodal assessments of maternal perceived stress and stress physiology innovatively 

assays preconception and prenatal stress, thus elucidating their putative independent effects 

on offspring outcomes. Moreover, the use of objective behavioral observation of maternal 

parenting behaviors during a parent–child free-play interaction rigorously assessed parenting 

behaviors and reduced the potential bias associated with self-report measures. Finally, the 

use of modern missing data handling techniques (i.e., FIML), as employed in the current 

study, is an effective strategy to decrease Type-II error rates, and increase precision of 

estimates (Enders, 2001, 2010).

Despite the noted strengths, the current study also has limitations. First, mothers reported 

on both child temperament and behavior problems, resulting in the possibility of shared 

method variance. Next, there was also variability across participants in the amount of 

time between the preconception and prenatal assessment which may contribute to variation 

in the strength of associations between preconception and prenatal factors. Nonetheless, 

the prospective assessment of preconception and prenatal factors is a particularly notable 

strength of this study that extends prior work on preconception influences that largely rely 

on retrospective report. It is also plausible that observer characteristics may influence ratings 

of parent–child interactions and a few of the video-recorded interactions were translated 

prior to coding. This should be kept in mind when interpreting results, particularly given 

the diverse demographic composition of the current sample. Although parenting codes did 

not differ as a function of participant language or translation in this sample, prior work 

has indicated that these factors are critical to consider in the context of observer ratings 
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of parent–child interactions (e.g., Gonzales et al., 1996; Harvey et al., 2009; Yasui & 

Dishion, 2008). Lastly, the modest sample size may have limited statistical power to detect 

interactions between parenting and temperament in predicting child behavior problems 

as there were small class sizes for certain temperament profiles. However, the present 

sample size and class sizes align with prior work as well as recommendations for LPA and 

structural equation modeling (e.g., Brown et al., 2022; S. L. Ferguson et al., 2020; Wolf et 

al., 2013). Specifically, all profiles included more than 5% of the sample and there were 

moderate to large effect size differences between classes, suggesting clear delineation of the 

temperament profiles (C. J. Ferguson, 2016; Tein et al., 2013). Post hoc power analyses for 

primary analyses also indicated they achieved sufficient power (.0.80) and effect sizes from 

primary analyses were small to medium (Faul et al., 2009; C. J. Ferguson, 2016). Despite 

the present limitations, the overall design features of this study could be prioritized in future 

work in larger samples, including the longitudinal design spanning several developmental 

periods, multimodal assessments, diverse sample composition, and use of latent variables 

approaches, to advance understanding of preconception, prenatal, and postnatal influences 

on developmental trajectories.

Conclusions

Guided by the theoretical framework of developmental cascades and a life course 

perspective, the current longitudinal study used data from the preconception, prenatal, 

and postnatal period to elucidate developmental cascades following preconception and 

prenatal stress. Maternal preconception and prenatal stress, using multilevel assessment 

of maternal perceived stress and cortisol, each independently predicted the likelihood of 

children exhibiting inhibited and exuberant temperament profiles. Although temperament 

profiles did not modify associations of maternal parenting behaviors with child behavior 

problems, observed maternal responsiveness inversely predicted subsequent child behavior 

problems when controlling for child temperament, highlighting a critical protective role 

of postnatal caregiving inputs in shaping developmental trajectories over and above child 

effects. Further research that attends to multilevel, independent and interactive influences 

on child outcomes across the preconception, prenatal, and postnatal period is warranted to 

elucidate developmental cascades following preconception and prenatal stress.
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Public Significance Statement

While prior work has demonstrated prenatal and even preconception developmental 

origins of psychopathology risk, elucidating the independent and joint effects of 

preconception, prenatal, and postnatal factors on child mental health is critical to innovate 

and maximize intervention and prevention efforts. In the present study, preconception 

and prenatal stress each independently predicted child temperament; however, postnatal 

responsive parenting behaviors were associated with lower child behavior problems 

regardless of child temperament. These findings inform understanding of distinct 

preconception, prenatal, and postnatal influences on child outcomes.
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Figure 1. Conceptual Overview of the Current Study
Note. Guided by the theoretical framework developmental cascades, this study tests the 

direct effects of preconception perceived stress on child temperament profiles at age four 

and indirect effects through perceived stress and cortisol during pregnancy (Aim 1). Aim 

2 then tests whether child temperament profiles modify associations of parenting behaviors 

measured during a parent–child free-play interaction at age four and child behavior problems 

at age 5. See the online article for the color version of this figure.
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Figure 2. 
Study Overview and Measures
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Figure 3. Predicted Means on CBQ-VB Subscales by Latent Profile
Note. CBQ-VB = Children’s Behavior Questionnaire Very Brief; Reg. Low React. = 

regulated low reactive; Reg. High React. = regulated high reactive. See the online article 

for the color version of this figure.
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