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Abstract

Relations between maternal baseline cortisol and infant cortisol reactivity to an emotion induction 

procedure at child ages 7, 15, and 24 months were analyzed using data from the Family Life 

Project (N=1,292). The emotion induction consisted of a series of standardized and validated 

tasks, including an arm restraint, toy removal, and mask presentation, intended to elicit responses 

of fear and frustration. Results revealed that at 7 and 15 months, maternal baseline cortisol was 

negatively related to child cortisol reactivity, such that children of mothers with lower cortisol 

exhibited steeper cortisol increases in response to the emotion induction. At 24 months, the 

association between mother and infant cortisol was moderated by socioeconomic risk, such that 

maternal baseline cortisol was associated with child cortisol reactivity only in dyads characterized 

by low socioeconomic risk. Furthermore, children of mothers with low baseline cortisol and low 

socioeconomic risk exhibited decreasing cortisol responses, whereas children of mothers with low 

baseline cortisol but high risk exhibited flat cortisol responses. Children in dyads characterized by 

high baseline maternal cortisol also exhibited flat cortisol responses regardless of socioeconomic 

risk. The role of caregiver physiology in the regulation of the child’s stress response in the context 

of adversity is discussed.
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1 Introduction

Exposure to early life stress, such as that associated with socioeconomic adversity, can affect 

the child’s stress response system, shaping developmental trajectories and impacting later-

life health outcomes (Blair, 2010; Shonkoff, Boyce, & McEwen, 2009; Lupien, King, 

Meaney, & McEwen, 2001). A multitude of factors influences associations between 

environmental adversity and the child’s stress response. Extensive research shows that the 
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caregiver plays a regulating role both as a mediator and a moderator of this association—for 

better or for worse—transmitting stress to the child or buffering the child from stress (Blair 

et al, 2008; Tang, Reeb-Sutherland, Romeo, & McEwen, 2014). The caregiver’s ability to 

regulate the infant, however, is dependent to some extent on the caregiver’s own level of 

stress (Barrett & Fleming, 2011). Most studies related to the maternal regulation of infant 

stress response have focused on the effects of proximal behavioral and psychosocial factors, 

such as parental sensitivity, depression, anxiety, parenting stress, intimate partner violence 

(IPV), and marital conflict (e.g., Gunnar & Donzella, 2002; Davis, West, Bilms, Morelen, & 

Suveg, 2018; Levendosky et al., 2016; Lawler et al., 2018; Sturge-Apple, Davies, Cicchetti, 

& Manning, 2012). However, environments of elevated stress, such as those characterized by 

poverty and low socioeconomic status (SES), can influence the caregiver’s stress physiology, 

primarily indicated by cortisol. In turn, caregiver stress physiology can affect the child’s 

stress physiology and compromise the caregiver’s ability to regulate the infant’s stress 

response (Blair & Raver, 2012; Hoff, Laursen, & Tardif, 2002; Kotchick & Forehand, 2002). 

Thus, the purpose of the present study was to investigate relations between maternal and 

infant cortisol activity in the context of socioeconomic risk.

1.1 Stress and Parenting in the Context of Socioeconomic Risk

A substantial literature demonstrates that environments of adversity, such as socioeconomic 

risk, can negatively affect psychological and physical health of adults and children (Kim, 

Evans, Chen, Miller, & Seeman, 2018; Lupien, McEwen, Gunnar, & Heim, 2009). The 

cumulative risks associated with socioeconomic adversity, such as financial strain, material 

hardship, diminished social support, neighborhood disadvantage, household crowding, and 

occupational status are associated with increased levels of psychological stress in parents 

(Evans & English, 2002; Baum, Garofalo, & Yali, 1999; Conger & Donnellan, 2007; Mills-

Koonce & Towe-Goodman, 2012). Chronic exposure to stress can significantly influence a 

parent’s caregiving ability, reducing sensitive and responsive behaviors, and increasing harsh 

and intrusive ones (Masarik & Conger, 2017; Conger & Donnellan, 2007; Taylor et al., 

2013). Relatedly, parenting in poverty is associated with increased risks for depression, 

marital discord, and IPV (Finegood & Blair, 2017).

In addition to psychological and behavioral effects, stress also alters the underlying 

physiology that supports the caregiver’s emotional and behavioral functioning. In particular, 

the environment within which caregiving occurs can influence the caregiver’s stress 

physiology (Barrett & Fleming, 2011). Research has shown that socioeconomic risk impacts 

stress physiology, most notably the hypothalamic-pituitary-adrenal (HPA) axis, resulting in 

dysregulation of the stress hormone cortisol (Kim et al., 2018). Importantly, relations 

between socioeconomic risk and cortisol are complex and not always consistent, with 

studies reporting conflicting findings (see Dowd, Simanek, & Aiellol, 2009; Miller, Chen, & 

Zhou, 2007 for reviews). However, several previous studies with mothers have shown that 

higher socioeconomic risk is associated with higher levels of cortisol (Clearfield, Carter-

Rodriguez, Merali, & Shober, 2014; Thayer & Kuzawa, 2014; Ursache, Merz, Melvin, 

Meyer, & Noble 2017; Bosquet Enlow, et al., 2018; Tarullo, St. John, & Meyer, 2017).
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1.2 Maternal Regulation of Child Stress Response

Theory and cross-species research from a psychobiological perspective have long recognized 

the role the caregiver plays in modulating offspring behavior and physiology, and especially 

the stress response (Field, 1985; Fogel, 1993; Hofer, 1994; Sullivan & Perry, 2015). Because 

the infant’s top-down neural and physiological regulatory mechanisms are not yet fully 

developed, the infant relies on the caregiver for regulation to support healthy development 

(Kolb et al., 2012; Gunnar & Donzella, 2002; Lewis & Todd, 2007). During parent-child 

interactions, the caregiver communicates information explicitly and implicitly to the infant 

about the external world and how to respond adaptively to environmental stressors and 

challenges to promote survival (Papousek 2007; Frith, 2008). Importantly, the caregiver 

serves a dual function in this regard: that of buffering against stressors or exacerbating their 

damaging effects (Perry, Blair, & Sullivan, 2017).

The extent to which a caregiver is able to regulate an infant’s stress physiology is dependent 

on many factors including not only behavioral and psychological characteristics, but also 

environmental and physiological factors (Hackman, O’Brien, & Zalewski, 2018). However, 

most research on caregiver regulation has focused on behavioral and psychological factors, 

such as maternal depression and anxiety, not environmental or physiological ones. Yet 

socioeconomic risk and parenting behaviors are associated with both psychological and 

physiological stress (Barrett & Fleming, 2011; Evans & English, 2002; Mills-Koonce et al., 

2009). For instance, human and nonhuman studies have shown that sensitive caregiving 

behaviors can down-regulate a child’s cortisol response via social buffering (Gunnar and 

Donzella, 2002; Caldji, Diorio, & Meaney, 2000). But this ability to buffer can be impaired 

in contexts of adversity (Sanchez, McCormack, & Howell, 2015). Certainly, one potential 

factor disrupting caregiver regulation in adverse environments may be increased levels of 

psychological stress. Indeed, studies have shown that higher levels of caregiver’s self-

reported stress are related to increased infant cortisol activity (Essex, Klein, Cho, & Kalin, 

2002; Ursache et al., 2017; Leung et al., 2010).

Yet another potential factor disrupting the caregiver’s ability to regulate is the caregiver’s 

physiology (Leerkes, Su, Calkins, O’Brien, & Supple, 2017; Lorber & O’Leary, 2005). For 

instance, one study found that increases in mothers’ self-reported depressive symptomology 

was associated with increased infant cortisol responses to a stressor, but only if the mother 

also had high levels of cortisol (Khoury et al, 2016). This finding highlights the idea that 

maternal stress physiology may be a moderator of maternal regulation that is not necessarily 

detectable using only typical behavioral or psychosocial measures, such as global 

observations and subjective self-reports. This idea is consistent with Hofer’s “hidden 

regulators” hypothesis in which he identified mechanisms in the mother-child relationship 

that “were not evident when simply observing the ongoing mother-infant relationship,” but 

regulated child behavior and physiology (Hofer, 2010, p. 157). Indeed, other studies have 

found that maternal physiology may be unrelated to self-report and/or observed parenting 

measures, yet still related to the child’s physiology (Luecken, Crnic, Gonzales, Winstone, & 

Somer, 2018; Emery, McElwain, Groh, Haydon, & Roisman, 2014; Leerkes et al., 2017). 

Likewise, researchers have noted that much of the mother-infant relationship occurs outside 

of conscious awareness or intentional behavior (Bornstein, 2013; Papousek & Papousek, 
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2002). Thus, global observational and self-report measures may not be suitable methods to 

detect subtle cues or regulators in the parent-child relationship. Using this framework, we 

suggest that maternal cortisol can be understood as a hidden regulator of infant cortisol 

responses if the association between mother and child physiology occurs independently from 

global observational measures of behavior and self-report measures of psychosocial 

functioning. Thus, in the current analysis, to assess whether maternal cortisol may be a 

hidden regulator of infant cortisol responses, we controlled for measures of parenting 

behavior, maternal depression, IPV, and infant emotional reactivity, which may mediate 

mother-infant cortisol associations.

1.3 Associations between Caregiver and Child Physiology

Studying caregiver and infant cortisol activity together, while also controlling for potential 

proximal mediators, can provide insight into the co-regulatory dynamics of the mother-child 

relationship. Most studies, however, have investigated child and parent stress physiology 

separately, although a growing body of research indicates that caregiver and child stress 

physiology is co-regulated. Researchers have posited various terms to describe dyadic 

relations between caregiver-child bio-behavioral activity, such as “linkage”, “attunement”, 

“synchrony”, or “co-regulation” (Bornstein, 2013; Calkins, 2011; Harrist & Waugh, 2002; 

Feldman, 2007). Briefly, shared relations between caregiver-child behavior and physiology 

are thought to facilitate social and emotional communication to promote survival and 

healthy development (Butler, 2011; Feldman, 2012). According to bio-behavioral synchrony 

theory, the coordination or coupling of behavioral and physiological activity between a 

caregiver and child serves as the foundation for an affiliative bond and operates as a 

mechanism of maternal regulation (Feldman, 2012). Some also theorize that being 

physiologically attuned likely serves an evolutionary function promoting survival (Atkinson, 

Jamieson, Khoury, Ludmer, & Gonzalez, 2016; Feldman, 2017). For this reason, infants may 

be biologically predisposed to react readily to maternal cues, especially stress- and threat-

related cues as infants are highly dependent on caregivers for protection (Bornstein, 2013; 

Papousek & Papousek, 2002; Feldman, 2017).

Similarly, parents are likely also biologically prepared to respond to infant cues (Fleming & 

Li, 2002; Bornstein, 2016). Studies have shown that a parent’s responsiveness to child cues 

is related to parent physiology (Lorber & O’Leary, 2005; Stallings et al., 2001). But the 

caregiver’s responsiveness is further dependent on child characteristics, specifically the 

infant’s ability to communicate signals such as crying that elicit responses from the 

caregiver. The infant’s emotional reactivity is a critical signal to the caregiver 

communicating the demand for protection and safety. In this regard, the infant regulates the 

caregiver by signaling distress and the need for comfort. In turn, the caregiver regulates the 

infant by responding sensitively and soothing the infant. Accordingly, the parent-child 

relationship is not a one-way exchange, but a dynamic, bidirectional, and reciprocal 

interaction during which the mother and the child co-regulate each other behaviorally and 

physiologically (Bornstein, 2013; Feldman, 2007). Thus, when studying relations between 

caregiver and child stress physiology it is important to consider both maternal as well as 

child contributions to physiological activity (Blair et al., 2008; Finegood et al., 2016; 

Bornstein, 2016).
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Regarding stress physiology in particular, several studies have shown relations between 

caregiver and child cortisol levels at rest or baseline (Fuchs, Mohler, Resch, & Kaess, 2016; 

Thompson & Travathan, 2007; Clearfield et al., 2014; Granger et al., 1998; Hibel, Granger, 

Blair, Finegood, & Family Life Project Key Investigators, 2015), in response to stressors 

(Khoury et al., 2016; Hibel et al., 2015; Hibel, Granger, Blair, Cox, & Family Life Project 

Key Investigators, 2009), and across the day (Clearfield et al., 2014; LeMoult, Chen, Foland-

Ross, Burley, & Gotlib, 2015). However, these relations are often moderated by behavioral 

and psychosocial factors, such as caregiving behavior and child emotional reactivity. For 

instance, some studies have shown that mother-child cortisol linkage is stronger for dyads 

characterized by higher maternal sensitivity (Sethre-Hofstad, Stansbury & Rice, 2002; van 

Bakel & Riksen-Walraven 2008; Atkinson et al., 2013). Similarly, Hibel and colleagues 

(2015), using the dataset analyzed here, found that cortisol attunement was greater for dyads 

characterized by higher maternal sensitivity and lower child emotional reactivity.

However, relations between caregiver and infant cortisol may occur for better or for worse. 

For example, if a mother is chronically stressed and has persistently high levels of cortisol, it 

may be damaging in the long-term for an infant to also have high levels of cortisol. In 

support of this idea, some research indicates that maternal risk factors are associated with 

relations between caregiver and child cortisol activity. For instance, among mothers with 

higher levels of depressive symptomatology, mother-child cortisol is more highly correlated 

than for mothers with lower levels (Laurent, Ablow, Measelle, 2011; Khoury et al., 2016). 

Additionally, Hibel et al. (2009), using a subsample from the dataset analyzed here, found 

that mothers who reported instances of IPV displayed cortisol responses that were more 

similar to their 7-month-old infants’ cortisol responses to a stressor.

1.4 Caregiver and Child Stress Physiology: The Role of Socioeconomic Risk

The studies described above indicate that positive as well as negative factors moderate 

associations between mother and child cortisol activity, but have focused mainly on the 

influence of proximal, behavioral and psychosocial factors. Few analyses have focused on 

distal, environmental factors, such as poverty and socioeconomic risk. Because the context 

within which caregiving occurs can affect both caregiving behavior and physiology, the 

environment likely moderates the association between caregiver and child stress physiology. 

Importantly, the context of socioeconomic risk can disrupt multiple aspects of the parent-

child relationship. As such, here we test the hypothesis that this disruption occurs at the level 

of maternal stress physiology and ask whether the context of socioeconomic risk, net of a 

host of proximal covariates, disrupts the association between maternal and child cortisol.

Despite a substantial literature documenting associations between cortisol and SES, only 

two studies to our knowledge have explicitly investigated how SES affects the relation 

between mother and child cortisol (Clearfield et al., 2014; Thayer & Kuzawa, 2014). Of 

these, only Thayer and Kuzawa (2014) investigated the relation between infant cortisol 

reactivity and mother’s resting or baseline cortisol—the focus of the current analysis. More 

specifically, the authors found that higher levels of socioeconomic risk were associated with 

higher levels of maternal evening cortisol, and elevated infant cortisol reactivity to a stressor 

at 6 weeks of age. However, this study is limited by a relatively small and low-risk sample, 
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and by evaluating the relation between mother and child cortisol at a single age in infancy. 

No prior study of which we are aware has investigated the extent to which mother-child 

cortisol associations vary as a function of SES. Understanding caregiver-child cortisol 

activity in contexts of socioeconomic risk is important because dysregulation of cortisol is 

likely a key factor by which environmental stress can “get under the skin” to impact 

development (Lupien et al. 2009; Kim et al. 2018).

1.5 Development of Caregiver and Child Stress Physiology

Another limitation of prior research is that most studies investigating caregiver-child cortisol 

have evaluated these relations at single ages. It is likely, however, that the association 

between caregiver and child physiology varies with development, especially early in 

childhood when the HPA axis and related top-down regulatory mechanisms, namely the 

prefrontal cortex, are going through rapid development, altering cortisol activity (Hostinar & 

Gunnar, 2013; Schore, 2015). For instance, it is well documented that over the first two 

years, infant cortisol reactivity decreases with age (Jansen, Beijers, Riksen-Walraven, & de 

Weerth, 2010; Gunnar, Talge, & Herrera, 2009; Davis & Granger, 2009). This shift may 

represent a normative stress hypo-responsive period analogous to that in nonhumans that is 

related to social buffering (Hostinar, Sullivan, & Gunnar, 2014). Similarly, the function and 

capacity of the caregiver as regulator changes as the child gets older and becomes relatively 

more autonomous and reliant on self- and mutual regulation rather than caregiver regulation 

alone (Sroufe, 1997; Bernier, Carlson, & Whipple, 2010). This gradual transition from 

external regulation to self-regulation coincides with the infant’s differentiating between self 

and other, and integrating of referential and symbolic social cues. These capacities, which 

emerge around 12 to 24 months of age, may be especially important in interpreting cues that 

facilitate social buffering (Tomasello, Carpenter, Call, Behne, & Moll, 2005; Feldman, 2007; 

Hostinar et al., 2014; Frith, 2008). In light of these early-life developments, one purpose of 

the present study was to investigate caregiver-child cortisol activity at three time points 

across infancy.

1.6 The Present Study

In the present study we used longitudinal data from a high-risk sample of mothers and 

infants to investigate how the association between maternal baseline cortisol and infant 

cortisol reactivity relates to socioeconomic risk across infancy, both from the perspective of 

the hidden regulators hypothesis and from a developmental psychobiological standpoint. Our 

analysis extends two previous studies with this dataset, which found that mother’s and 

infant’s baseline cortisol were related to each other (Hibel et al., 2015), and that mother’s 

cortisol was positively associated with socioeconomic risk during infancy (Finegood et al., 

2016). Our first two aims are similar to these findings, but differ in two important ways. 

First, in contrast to Hibel et al. (2015), we included additional covariates (maternal 

depression, IPV, and socioeconomic risk), which yields a more conservative analysis and 

allows us to make claims regarding maternal cortisol as a hidden regulator. Second, in 

contrast to Finegood et al. (2016), we focused only on maternal baseline cortisol, prior to an 

emotion induction task, as the best indicator of non-intentionally stimulated, resting or basal 

cortisol. Conversely, Finegood et al. (2016) used an average of three maternal cortisol 

samples across the emotion induction, which includes baseline and reactivity cortisol.
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Our first aim was to examine whether a baseline level of maternal cortisol was associated 

with socioeconomic risk. Our second and third aims, respectively, were to examine how 

maternal baseline cortisol related to the infant’s baseline cortisol level and cortisol response 

following an emotion induction at three ages (7, 15, and 24 months). Our fourth aim was to 

assess whether socioeconomic risk moderated the association between mother-infant cortisol 

activity.

First, we expected that maternal baseline cortisol levels would be positively related to 

socioeconomic risk. We also expected that maternal and infant baseline cortisol would be 

positively associated, suggesting maternal regulation of infant cortisol levels. We further 

hypothesized that mother’s baseline cortisol would be negatively related to infant cortisol 

reactivity, suggesting maternal regulation of infant cortisol responses. This negative relation 

indicates that higher levels of maternal baseline cortisol would be associated with slower 

rates of infant linear cortisol change. We further expected that the strength of the association 

between mother’s baseline cortisol and her infant’s cortisol response would be moderated by 

socioeconomic risk, such that at higher levels of risk, mother’s baseline cortisol would not 

be associated with her infant’s cortisol response, suggesting disruption of maternal 

regulation at high risk.

2 Methods

2.1 Participants

The Family Life Project (FLP) was designed to study families (N = 1,292) living in two 

areas of high poverty (Dill and Myers, 2004): three counties in North Carolina (NC) and 

three in Pennsylvania (PA). Data for this analysis come from the project’s home assessments 

when the infant was approximately 7, 15, and 24 months old. See Table 1 for descriptive 

statistics of the sample used in the present analysis. A comprehensive description of the 

sample is provided by Vernon-Feagans, Cox, & Family Life Project Key Investigators 

(2013).

2.2 Procedures

At each age families were visited in their homes for 2–3 hours. Mothers completed 

questionnaires and interviews and participated in a number of procedures, including a 10-

min semi-structured interaction with her infant. At 7 and 15 months, the mother and infant 

engaged in a free-play task where mothers were given a standard set of toys and asked to 

play as they typically would. At 24 months, the mother and infant participated in a puzzle 

task, which involved providing the infant with a jigsaw puzzle and asking the mother to 

assist in any way she chose. Interactions were video-recorded and later coded for parenting 

behaviors. At each age infants also participated in a series of emotion induction tasks taken 

from the Laboratory Temperament Assessment Battery (LabTAB; Goldsmith & Rothbart, 

1999). Saliva samples were collected at three time points before and after the emotion 

induction and later assayed for cortisol.

This study was reviewed and approved by the Institutional Review Board at Pennsylvania 

State University and the Office of Human Research Ethics at the University of North 
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Carolina. Written informed consent was obtained from all adult participants and from the 

parents/legal guardians of all non-adult participants, in accordance with the Declaration of 

Helsinki. All participation was voluntary, with participants being informed prior to the study 

that they could remove their consent at any time.

2.3 Measures

2.3.1 Socioeconomic Risk—Based on previous work using these data (Vernon-

Feagans et al., 2013), we created a composite index of socioeconomic risk comprised of 7 

variables: maternal education, consistent partnership, household income-to-needs ratio, 

average weekly hours of employment, occupational prestige, household density, and 

neighborhood safety. Each variable was measured at each age. A continuous socioeconomic 

risk index was calculated by reverse scoring positively framed indicators, standardizing each 

measure, and averaging the standardized values. Socioeconomic risk scores were generated 

for each assessment age, with higher scores indicating higher levels of risk. For additional 

details regarding cumulative risk variables, we refer the reader to Vernon-Feagans, et al. 

(2013).

2.3.2 Positive and Negative Parenting—Global ratings of parenting behavior were 

made based on a scale adapted by Cox and Crnic (1999) from the NICHD Early Child Care 

Research Network (1999; Vernon-Feagans, et al., 2013; Hibel et al., 2009, 2015; Finegood et 

al., 2016; Blair et al., 2008). Videos of mother-infant interactions were coded for seven 

aspects of parenting: sensitivity, detachment, intrusiveness, stimulation, positive regard, 

negative regard, and animation in interacting with the child. At 7 and 15 months, ratings 

were made on a scale from 1 (“not at all characteristic”) to 5 (“highly characteristic”) and at 

24 months on a scale from 1 (“not at all characteristic”) to 7 (“highly characteristic”). For 

consistency, scores at the 24-month visit were re-scaled to range from 1 to 5 (Mills-Koonce 

et al., 2011). Factor analyses conducted with an oblique rotation (i.e., Promax) at each age 

indicated distinct positive and negative dimensions of parenting. Positive parenting included 

five characteristics: sensitivity, detachment (reverse scored), positive regard, stimulation of 

development, and animation. Negative parenting included two characteristics: intrusiveness 

and negative regard. For each dimension, scores for respective characteristics were averaged 

to create indices of positive and negative parenting. Reliability was determined by 

calculating intra-class correlation coefficients (ICC) for ratings made by two trained coders 

for each dimension. ICCs for all dimensions of parenting ranged from .75 – .89 across the 

three time points. Approximately 30% of the mother-child interactions were double-coded 

independently.

2.3.3 Emotional Reactivity—At 7 months, three tasks were presented: the mask, 

barrier, and arm restraint tasks. At 15 and 24 months two tasks were presented: the mask and 

toy removal tasks. These tasks are designed to elicit emotional responses of fear (mask) and 

frustration (barrier, arm restraint, and toy removal). In the barrier task, the infant was given a 

toy to play with for 30 sec, after which it was removed and placed behind a clear Plexiglass 

barrier just outside the child’s reach for 30 sec. The experimenter then returned the toy to the 

child and the procedure was repeated two more times for a total of 3 trials. For the mask 

task, four different masks were worn one at a time for 10 sec each by the experimenter, who 
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moved from side-to-side in front of the infant while calling the infant’s name. In the arm 

restraint task, the experimenter crouched behind the infant and gently restrained the infant’s 

arms for 2 min or until 20 sec of intense crying ensued. In the toy removal task, infants and 

their mothers were presented with an attractive toy and asked to play together for 2 min. The 

toy was then taken away from the child and placed out of reach (at 15 months of age) or in a 

clear plastic jar and handed back to them (at 24 months of age) for 2 min. The toy was 

returned to the child for 1 min. During all tasks, mothers watched while remaining out of 

their infant’s sight and were asked not to intervene, but could stop the task at any time. Tasks 

were video recorded and later coded for infant emotional reactivity at each age.

For each task, three levels of negative emotional reactivity were recorded: low, medium, and 

high. A score for each level of reactivity was created by summing the seconds of low, 

medium, and high reactivity. A proportion was then calculated by dividing the sum of each 

level of reactivity by the total task duration. A composite score for negative emotional 

reactivity for each task was created by summing the proportion of each reactivity level. For 

each time point, a total score for emotional reactivity was calculated by averaging the 

composite scores for each task. Coders were trained to achieve a Cohen’s k (reliability) of at 

least .75. Interrater reliability was calculated on at least 15% of the videos, resulting in 

kappas ranging from .85 – .94 for each task across the three visits.

2.3.4 Maternal Depression—At each visit, maternal depressive symptomatology was 

assessed using the depression subscale of the Brief Symptom Inventory-18 (BSI-18; 

Derogatis, 2001). The BSI-18 is a brief, highly sensitive self-report index of psychological 

distress. The depression subscale was comprised of 6 items, scored using a 5-point Likert-

type scale from 0 (“not at all”) to 4 (“extremely”), targeting present feelings and symptoms 

(e.g., “Feeling no interest in things”, “Feeling lonely”). Raw item scores were summed to 

create a depression subscale total score. Reliability using Cronbach’s alpha was acceptable 

(6 months: α = .81; 15 months: α = .83; 24 months: α = .86).

2.3.5 Intimate Partner Violence (IPV)—To assess IPV, the Conflict Tactics Scale 

(CTS; Straus, Hamby, Boney-McCoy, & Sugarman, 1996) was administered at all ages to 

mothers regarding their partners, regardless of whether or not the partner lived in the 

household with the infant. The Couple Form of the CTS–Revised (Straus et al., 1996) 

consists of 19 items. Following Hibel et al. (2009), only items pertaining to physical or 

threatened physical aggression (e.g., “Kicked, bit, or hit you with a fist”, “Threatened to hit 

or throw something at you”) were used to determine membership in the IPV versus non-IPV 

group. Mothers who indicated that their partner used or threatened at least one violent act in 

the last 12 months were classified as the IPV group. Reliability using Cronbach’s alpha was 

acceptable (6 months: α = .77; 15 months: α = .79; 24 months: α = .81).

2.3.6 Salivary Cortisol—To assess baseline cortisol levels and cortisol responses to the 

emotion induction tasks, three saliva samples were collected from children and mothers. 

Saliva collection occurred near the end of the home visit at which time the data collectors 

had been in the home for at least one hour. This allowed for children’s and mothers’ cortisol 

levels ample time to return to baseline following the arrival of the data collectors. The first 

sample (baseline) was collected immediately prior to the administration of the emotion 
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induction tasks. The second sample was collected approximately 20 min after completion of 

the tasks or peak emotional arousal, which occurred if the infant produced 20 sec of intense 

crying. The third sample was collected approximately 40 min after task completion or peak 

arousal. For the present analysis all three infant cortisol samples were used to estimate a 

cortisol response to the emotion induction task. For mothers, only the baseline sample was 

used to provide a reasonably accurate index of non-intentionally stimulated, basal or resting 

level of cortisol.

Unstimulated whole saliva was collected using either cotton or hydrocellulose absorbent 

material and expressed into 2 ml cryogenic storage vials using a needleless syringe (cotton) 

or by centrifugation (hydrocellulose). After collection, samples were immediately placed on 

ice and stored frozen (−20 °C). Because families were seen at times that were convenient for 

them, time of day of saliva collection varied between families, although most families were 

seen in the afternoon (see Table 1). Importantly, research shows that afternoon cortisol is 

more related to environmental factors, as opposed to genetic factors and thus may be a more 

reliable biomarker of the effects of environmental stress (Schreiber et al., 2006; Van Hulle, 

Shirtcliff, Lemery-Chalfant, & Goldsmith, 2012). Additionally, because the time to complete 

the stress tasks varied among children, the time between saliva sample collections also 

differed for each child. Both time of day of saliva collection and time between saliva 

samples were controlled for in all analyses.

All samples were assayed for salivary cortisol using a highly sensitive enzyme immunoassay 

(Salimetrics, State College, PA). The test used 25 μl of saliva, had a range of sensitivity from 

0.007 to 3.0 μg/dl, and average intra- and inter-assay coefficients of variation less than 10% 

and 15%, respectively. Samples were assayed in duplicate and the average of duplicates was 

used in all analyses. Natural log transformations were applied to the cortisol values to 

correct for positive skew. Cortisol values greater than +/− 3 SD after transformation were 

excluded from analyses (n = 36, 34, and 38 saliva samples at 7, 15, and 24 months, 

respectively).

2.3.7 Control Covariates—We included demographic covariates in all our analyses, 

including infant’s race, gender, age, and mother’s age. We also assessed associations 

between mother and infant cortisol and several variables known to influence cortisol: 

pregnancy status, use of contraception, breastfeeding status and duration, tobacco use, parity 

status, if the mother or infant were taking medications, infant’s and mother’s body mass 

index, and mother’s and infant’s body temperatures. To ensure a parsimonious model, we 

only included covariates that were significantly related to at least one of the three infant 

cortisol samples and/or mother’s baseline cortisol. To test these associations, we evaluated 

correlations for continuous variables and independent samples t-tests for categorical 

variables. At 7 months, infant cortisol was associated with body temperature, pregnancy 

status, and medication use; maternal baseline cortisol was associated with tobacco use, 

breastfeeding duration and status, body mass index, and pregnancy status. At 15 months, 

infant cortisol was associated with breastfeeding status and duration; maternal baseline 

cortisol was associated with breastfeeding duration, mother’s body temperature, pregnancy 

status, contraception use, and tobacco use. At 24 months, infant cortisol was associated with 

body mass index and medication use; maternal baseline cortisol was associated with body 
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mass index, pregnancy status, tobacco use, and parity status. These variables were initially 

included in models at the respective child age and removed from final models if they were 

not statistically significant. We also included time-varying covariates at each time point 

controlling for the time of day of saliva collection and time between each saliva collection.

2.4 Missing Data

Of the 1,292 families recruited, 1,204 were seen at 7 months, 1,169 at 15 months, and 1,144 

at 24 months. Participants were included in the analyses if the child had at least one cortisol 

value at each age, resulting in an analytic sample of N = 1,133 at 7 months, N = 1,070 at 15 

months, and N = 1,014 at 24 months. At 7 months 5.5% of children were missing one 

cortisol sample, 7.6% were missing two samples, and 6.1% of mothers were missing 

baseline cortisol. At 15 months 7.7% of children were missing one cortisol sample, 7.7% 

were missing two samples, and 18.3% of mothers were missing baseline cortisol. At 15 

months 9.5% of children were missing one cortisol sample, 4.6% were missing two samples, 

and 21.0% of mothers were missing baseline cortisol. To test for systematic differences on 

analysis variables between cases with missing cortisol data versus not missing, we 

conducted independent samples t-tests for continuous variables and chi-square tests for 

categorical variables. At 7 months, mothers missing cortisol were more likely to be 

classified in the IPV group, χ2 (1, N = 978) = 5.60, p = .02, and had higher socioeconomic 

risk scores t(1,200) = 2.28, p = .02. At 7 months, infants missing at least one cortisol sample 

were more likely to be classified in the IPV group, χ2 (1, N = 978) = 5.69, p = .02, had 

higher socioeconomic risk scores t(1,200) = 2.13, p = .03, and were older t(1,202) = 3.71, p 
< .001. At 15 and 24 months, infants missing at least one cortisol sample were older, 15: 

t(1,167) = 2.25 p = .02; 24: t(1,142) = 3.10 p = .01. At 15 and 24 months, there were no 

differences for mothers missing versus not missing cortisol data. To control for potential bias 

due to missing data, we fitted all models using full information maximum likelihood 

estimation (Enders, 2010).

2.5 Analytic Strategy

To address our first hypothesis, we ran three linear regression models (one for each child 

age) to examine associations between maternal baseline cortisol levels and socioeconomic 

risk. To test our remaining hypotheses, for each age we used a 2-level mixed model with 

random intercepts, random linear slopes, and a fixed quadratic slope to estimate infant 

baseline cortisol and cortisol responses. At level 1, we modeled the three child cortisol 

samples (baseline, 20 minutes, and 40 minutes post emotion induction) and used the amount 

of time between samples as the within-person independent (time) variable. At level 2 we 

entered all between-person variables. Level 1 describes the within-person differences in 

cortisol responses (linear and fixed quadratic slopes) and level 2 describes the between-

person differences in cortisol levels at baseline (intercepts) and between-person differences 

in cortisol responses (cross-level interactions). The time of the first saliva sample was coded 

as zero and thus, intercepts reflect cortisol at the baseline saliva collection. In this analysis, 

we use the term ‘slope’ to indicate the infant’s cortisol response to the emotion induction 

and the term ‘level’ to refer to baseline cortisol levels. All level 2 continuous independent 

variables were grand-mean centered for each time point.
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Specifically, for the mixed models predicting infant cortisol, we first ran three unconditional 

growth models (one at each age) with only time as the independent variable to examine 

infant’s average cortisol levels, average linear and quadratic cortisol responses, and variation 

in the random intercepts and random linear slopes. Next, we added to each unconditional 

growth models the remaining independent variables and covariates at level 2, and re-ran the 

three mixed models. To address our second and third hypotheses regarding relations between 

mother’s baseline cortisol level and infant’s baseline cortisol and cortisol response, we 

regressed the intercept and linear slope of the three infant cortisol samples on mother’s 

baseline cortisol at level 2. We operationally defined maternal regulation as the statistically 

significant association between mother’s baseline cortisol levels and either infant baseline 

cortisol levels or infant cortisol responses. To address our fourth hypothesis regarding 

moderation, we also included in the same mixed models an interaction term between 

mother’s baseline cortisol and socioeconomic risk, and included this term in each of the 

three models. To interpret interactions we used simple slopes analysis to evaluate effects at 

high and low levels of the independent variable(s), which were defined, respectively, as one 

SD above and one SD below the mean (Aiken & West, 1991). Final models were determined 

by systematically including significant predictors and removing non-significant quadratic 

trends followed by linear ones. Best fitting models were evaluated successively based on 

AIC/BIC values, such that the model with the smaller values was chosen. Preliminary and 

descriptive analyses were computed using SPSS Statistics Version 22 (IBM). All models 

were estimated using Mplus v.7 (Muthén & Muthén, 1998–2012).

3 Results

3.1 Descriptive Statistics

Descriptive statistics for all key variables used in the analyses at each time point are 

displayed in Table 1 and zero-order correlations are shown in Tables 2–4. At each age all 

three infant cortisol samples were significantly associated with mother cortisol. There were 

small, significant positive relations between infant cortisol and socioeconomic risk: at 7 

months baseline cortisol was positively correlated with socioeconomic risk; at 15 and 24 

months, all three infant cortisol samples were positively correlated with socioeconomic risk. 

Higher levels of mother cortisol were associated with higher socioeconomic risk at each 

time point. Additionally, mother cortisol was related to positive parenting at each time point, 

such that higher levels of maternal cortisol were associated with lower levels of positive 

parenting. Infant emotional reactivity revealed small, significant positive correlations with 

the infant’s second cortisol sample at 7, 15, and 24 months, and the third cortisol sample at 

24 months. Furthermore, positive parenting was negatively correlated with socioeconomic 

risk, whereas negative parenting was positively correlated with socioeconomic risk at each 

time point. Lastly, there were small but significant correlations between parenting and infant 

cortisol. At 7 and 15 months, infant baseline cortisol was negatively related to positive 

parenting. At 24 months, all three infant cortisol samples were negatively correlated with 

positive parenting and positively correlated with negative parenting.
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3.2 Baseline Maternal Cortisol Levels and Socioeconomic Risk

The linear regressions predicting mother’s baseline cortisol from socioeconomic risk while 

controlling for all our covariates revealed that at all three ages, maternal cortisol was 

positively related to risk, such that higher levels of cortisol were associated with higher risk 

(7: b = 0.08, SE = 0.38, p = .03; 15: b = 0.11, SE = 0.39, p = .01; 24: b = 0.10, SE = 0.41, p 
= .02).

3.3 Unconditional Growth Models of Infant Cortisol

The unconditional growth models predicting infant’s cortisol response revealed a positive 

linear change in cortisol responses at 7 (b = 0.32, SE = 0.75, p < .001) and 15 months (b = 

0.47, SE = 0.07, p < .001), indicating that infants displayed an average linear cortisol 

increase in response to the emotion induction tasks. There was also a significant negative 

effect for the fixed quadratic slope at 7 (b = −0.29, SE = 0.05, p < .001) and 15 months (b = 

−0.32, SE = 0.07, p < .001), indicating that infants displayed an average cortisol increase 

followed by a subsequent decrease. At 24 months there was no significant linear (b = 

−0.004, SE = 0.06, p = .95) or quadratic (b = −0.02, SE = 0.05, p = .73) change in cortisol. 

Additionally, there was significant variance at all three ages for random intercepts (7: σ2 = 

0.36, SE = 0.02, p < .001; 15: σ2 = 0.46, SE = 0.03, p < .001; 24: σ2 = 0.41, SE = 0.03, p < .

001) and random linear slopes (7: σ2 = 0.34, SE = 0.03, p < .001; 15: σ2 = 0.33, SE = 0.03, p 
< .001; 24: σ2 = 0.28, SE = 0.027, p < .001), indicating significant variation in child baseline 

cortisol levels and linear cortisol responses at all three ages. Thus, we included random 

intercepts and random linear slopes in all subsequent models.

3.4 Baseline Infant Cortisol Levels

Table 5 shows the results from our three mixed models predicting infant cortisol at 7, 15, and 

24 months. To evaluate associations with baseline infant cortisol levels, we interpreted the 

coefficients for infant cortisol intercepts. Maternal baseline cortisol was positively associated 

with baseline infant cortisol at all three ages (7: b = 0.21, SE = 0.04, p < .001; 15: b = 0.21, 

SE = 0.06, p < .001; 24: b = 0.19, SE = 0.05, p < .001), indicating that higher levels of 

mother cortisol were related to higher levels of infant cortisol at baseline. Race predicted 

baseline infant cortisol levels at 7 (b = 0.14, SE = 0.05, p = .01), 15 (b = 0.22, SE = 0.06, p 
= .001), and 24 (b = 0.17 SE = 0.06, p = .01) months, such that African American infants 

exhibited higher baseline cortisol relative to White infants. At 24 months, emotional 

reactivity was related to infant baseline cortisol, such that children exhibiting higher levels 

of emotional reactivity had lower levels of baseline cortisol (b = −0.26, SE = 0.09, p = .01). 

There were no associations between baseline infant cortisol and parenting, depression, IPV, 

or socioeconomic risk at any time point.

3.5 Infant Cortisol Responses

Next, to evaluate associations with infant cortisol responses to the emotion induction, we 

interpreted the coefficients for infant linear and fixed quadratic cortisol slopes. As shown in 

Table 5, mother cortisol negatively predicted infant linear slopes at 7 and 15 months (7: b = 

−0.12, SE = 0.04, p = .01; 15: b = −0.14, SE = 0.05, p = .01), but not at 24 months (b = 0.03, 

SE = 0.04, p = .49). To interpret the direction and magnitude of infants’ slopes as a function 
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of maternal cortisol, we conducted a simple slopes analysis at high and low maternal 

cortisol. As can be seen in Figures 1 and 2, at 7 and 15 months, respectively, infants whose 

mothers had low levels of baseline cortisol displayed steeper increases in linear cortisol 

responses (7 months: b = 0.42, SE = 0.13, p = .001; 15 months: b = 0.63, SE = 0.14, p < .

001) compared to infants whose mothers had high levels of baseline cortisol (7 months: b = 

0.27, SE = 0.13, p = .04; 15 months: b = 0.53, SE = 0.16, p = .001). At all three ages, there 

were no associations between maternal cortisol and infant fixed quadratic cortisol slopes.

Positive parenting was marginally associated with linear infant cortisol slopes at 7 months (b 
= 0.07, SE = 0.04, p = .06), such that infants experiencing higher levels of positive parenting 

exhibited a cortisol increase in response to the emotion induction. Simple slopes analysis 

revealed that higher levels of positive parenting were associated with steeper linear increases 

in cortisol responses (b = 0.49, SE = 0.09, p < .001) compared to infants with lower levels (b 
= 0.38, SE = 0.09, p < .001). There were no concurrent associations between positive 

parenting at 15 and 24 months and linear infant cortisol slopes at 15 and 24 months, 

respectively. Child emotional reactivity was positively associated with linear cortisol slopes 

at all three ages (7: b = 1.47, SE = 0.36, p < .001; 15: b = 0.83, SE = 0.30, p = .01; 24: b = 

1.22, SE = 0.28, p < .001). Additionally, emotional reactivity was associated with fixed 

quadratic cortisol slopes at all ages, such that increased emotional reactivity predicted a 

cortisol increase followed by a subsequent decrease (7: b = −1.24, SE = 0.29, p < .001; 15: b 
= −0.76, SE = 0.30, p = .01; 24: b = −0.69, SE = 0.21, p = .001). No other variables were 

associated with linear or fixed quadratic infant cortisol slopes.

3.6 Socioeconomic Risk as a Moderator of Mother-Infant Cortisol Associations

To address our fourth hypothesis regarding moderators of mother-infant cortisol 

associations, we evaluated interactions between mother cortisol and socioeconomic risk 

predicting infant cortisol linear slopes and intercepts at each age. Socioeconomic risk did not 

moderate the relation between mother cortisol and child cortisol at baseline at any age. 

Regarding infant cortisol slopes, the interaction of maternal baseline cortisol with 

socioeconomic risk was non-significant at 7 and 15 months, but was significant at 24 months 

(b = −0.15, SE = 0.06, p = .01). This interaction indicates that the association between 

mother baseline cortisol and infant cortisol responses depended on the level of risk.

To interpret this three-way interaction of mother cortisol by socioeconomic risk by time at 

24 months, we ran a simple slopes analysis at four points of interest: high risk/low mother 

cortisol, high risk/high mother cortisol, low risk/high mother cortisol, and low risk/low 

mother cortisol. As shown in Figure 3, at low risk/low mother cortisol, infants displayed 

decreasing cortisol slopes (b = −0.30, SE = 0.11, p = 0.01). Conversely, at low risk/high 

mother cortisol (b = −0.17, SE = 0.12, p = .16), high risk/low mother cortisol (b = −0.11, SE 
= 0.12 p = .37), and high risk/high mother cortisol (b = −0.17, SE = 0.12, p = .15) infants 

displayed no significant cortisol changes.

To further interpret the three-way interaction we assessed whether mother’s cortisol was 

associated with infant cortisol responses as a function of socioeconomic risk. Using the 

same three mixed models, we ran a simple slopes analysis at low and high socioeconomic 

risk, and evaluated the coefficient for the main effect of maternal baseline cortisol predicting 
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infant cortisol slopes. We found that mother cortisol was associated with infant cortisol 

slopes at low risk (b = 0.14, SE = 0.06, p = .03), but not at high risk (b = −0.06, SE = 0.06, p 
= .33).

As a follow-up analysis, we evaluated differences in emotional reactivity to the task as a 

function of risk and maternal cortisol given that there were differences in cortisol reactivity 

as a function of socioeconomic risk and mother cortisol at 24 months. To do so, we included 

a three-way interaction (and the lower-order two-way interactions) between mother cortisol, 

socioeconomic risk, and emotional reactivity predicting infant cortisol slopes (technically 

creating a 4-way interaction by including time). Here, a significant interaction would 

indicate that the association between mother cortisol and socioeconomic risk predicting 

infant cortisol slopes depended on the level of emotional reactivity. This interaction was not 

significant (b = 0.02, SE = 0.26, p = .93).

4 Discussion

In this study, we investigated associations between maternal baseline cortisol levels and 

infant cortisol responses to emotion induction tasks in relation to socioeconomic risk at child 

ages 7, 15, and 24 months. The main contribution of this analysis was to test the hypotheses 

that maternal baseline cortisol would be associated with infant cortisol responses, and that 

this association would be moderated by socioeconomic risk. We found that the association 

between maternal-infant cortisol was not related to socioeconomic risk at 7 and 15 months. 

At both of these ages, regardless of risk, infants whose mothers had low levels of cortisol 

displayed steeper increases in cortisol responses compared to infants whose mothers had 

high cortisol levels. This is an important finding given the indication in prior analyses with 

these data that positive parenting and child emotional reactivity were the primary 

determinants of child cortisol reactivity (Blair et al., 2008, 2015). Our finding demonstrates 

that maternal cortisol is a substantive predictor of child cortisol over and above parenting 

and emotional reactivity. At 24 months, however, the association between maternal baseline 

cortisol and infant cortisol reactivity was moderated by socioeconomic risk, such that 

maternal cortisol predicted infant cortisol reactivity only for dyads characterized by low 

socioeconomic risk. Importantly, these effects were observed while controlling for potential 

mediators of the mother-infant cortisol association, including an observational measure of 

parenting, maternal depression, IPV, and infant emotional reactivity. By controlling for these 

variables, our results indicate that maternal cortisol is a robust predictor of infant cortisol 

reactivity and is distinct from these other proximal factors.

We also found that baseline maternal cortisol levels, prior to the emotion induction, were 

positively associated with socioeconomic risk. This finding is similar to that reported by 

Finegood et al. (2016) with this dataset, however, they used an average of three cortisol 

samples, which reflects cortisol activity across the emotion induction. In contrast, we were 

primarily interested in resting maternal cortisol and, as such, only used the baseline cortisol 

sample. Second, we found that baseline maternal cortisol was positively associated with 

baseline infant cortisol levels at 7, 15, and 24 months. Hibel et al. (2015) previously reported 

a similar finding with this dataset, however, we have included additional proximal 

covariates, namely, maternal depression, IPV, and socioeconomic risk.
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To our knowledge, this is the first study to evaluate relations between maternal baseline 

cortisol and infant cortisol reactivity in the context of socioeconomic risk. Our findings have 

implications for understanding the role of caregiver stress physiology as a regulator of the 

child’s stress response, especially in contexts of risk. These results contribute to a growing 

body of research indicating that caregiver and child stress physiology are bi-directionally 

associated. Such coupling is thought to result from the dyad’s shared experiences and 

environments, and some have argued that being physiologically linked supports the 

caregiver’s ability to regulate the infant’s stress response (Atkinson et al., 2016; Hibel et al., 

2015; Waters, West, Mendes, 2014). However, dyadic physiological relations may occur for 

better or for worse and, as our results show, are conditional upon characteristics of the 

environment, the caregiver’s stress physiology, and the child’s age.

4.1 Associations between Mother-Infant Cortisol at 7 and 15 Months

Our findings at child ages 7 and 15 months suggest that mothers and infants were 

physiologically “linked” and that this association was not affected by potentially adverse 

conditions, namely high levels of maternal cortisol and/or high socioeconomic risk. In other 

words, early in infancy maternal regulation via physiological linkage may be an experience-

expectant process intended to support attachment to a caregiver—for better or for worse—to 

promote survival even at the cost of longer-term detriment. This is consistent with several 

studies in rodents showing that infant pups will form an attachment bond to their primary 

caregiver regardless of the quality of caregiving, even if the caregiver exhibits abuse and 

maltreatment (Perry et al., 2017; Perry & Sullivan, 2014; Rainecki, Moriceau, & Sullivan, 

2010).

However, despite all dyads being physiologically linked at 7 and 15 months, the shape of 

infant cortisol responses depended on the level of maternal cortisol. At both ages, infants 

whose mothers had low levels of baseline cortisol displayed steeper cortisol increases 

compared to infants whose mothers had higher cortisol. In this case, low levels of maternal 

cortisol might facilitate the organization and regulation of a flexible infant cortisol response. 

Such flexible cortisol increases train the infant’s emotional and physiological stress response 

capacities, while scaffolding an infant’s learning to adaptively self-regulate stress 

physiology (Blair et al., 2008). In further support of this idea, we also replicated a previous 

finding from this dataset that positive parenting was positively associated with increases in 

cortisol at 7 months (Blair et al., 2008). Interestingly, also in the previous analysis, the 

authors found that at 15 months, infants who had larger increases in cortisol responses also 

had higher levels of attention (Blair et al., 2008).

On the other hand, infants of mothers with high baseline cortisol had attenuated cortisol 

responses, suggesting a lack of flexible physiological reactivity. Such a response may be 

related to the infant’s baseline cortisol levels. Specifically, the positive association between 

mother and infant baseline cortisol indicates that infants whose mothers had high baseline 

cortisol also had high baseline cortisol. Consequently, infants with high baseline cortisol 

may be showing a ceiling effect because they have less “room” to increase. Several other 

studies have found that higher basal levels of cortisol were associated with attenuated 

cortisol reactivity (e.g., Conradt et al., 2014; Sturge-Apple et al., 2012). However, the 
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functional relation between baseline cortisol levels and cortisol reactivity has not been 

thoroughly investigated and thus, more research is needed to understand how these two 

aspects of stress physiology interact.

4.2 Associations between Mother-Infant Cortisol at 24 Months

At 24 months, we found that the association between maternal cortisol levels and infant 

cortisol responses was dependent on socioeconomic risk. Four important results are worth 

noting here. First, maternal cortisol levels were significantly associated with their infant’s 

cortisol responses only at low socioeconomic risk, potentially indicating these mothers were 

still regulating their infant’s response. This finding suggests that in environments of lower 

socioeconomic risk caregivers may be better able to regulate or buffer their child’s stress 

response. Conversely, mother and child cortisol was unrelated at higher levels of 

socioeconomic risk, suggesting these mothers were not regulating their infant’s cortisol 

responses. This finding is important given that we found that maternal baseline cortisol was 

positively related to socioeconomic risk, potentially suggesting a functional dependence 

between risk and maternal cortisol, which may disrupt the mother’s ability to regulate her 

infant when either risk or cortisol, or both, are high. On the other hand, the dissociation of 

mother-infant cortisol may be an adaptive response of the infant to de-couple herself from 

the mother’s high level of physiological stress or socioeconomic risk. In either case, it is 

plausible that there is a pathway connecting socioeconomic risk to caregiver stress, and 

caregiver stress to infant stress. Future research should test these relations using mediation 

analysis.

Second, infants in low-risk dyads whose mothers also had low cortisol levels displayed 

decreasing cortisol responses, whereas all other infants displayed flat cortisol responses. 

This decrease in reactivity may indicate an effect of social buffering (Hostinar et al., 2014). 

This result is consistent with cross-species research in both rodents and nonhuman primates 

showing that the caregiver buffers offspring stress response by regulating HPA axis activity 

(Moriceau & Sullivan, 2006; Sanchez et al., 2015). Moreover, social buffering may be 

especially important early in life for protecting the developing brain from the potentially 

damaging effects of elevated glucocorticoids and for scaffolding healthy attachment (Gunnar 

& Quevedo, 2007; Perry et al., 2017; Sullivan & Perry, 2015). The fact that we found a 

potential maternal buffering effect at 24 months, but not at 7 or 15, possibly indicates a 

developmental effect. That is, around 24 months, the infant may have sufficiently developed 

social cognitive skills and be better able to interpret subtle and indirect cues from the 

caregiver, thus facilitating social buffering (Frith, 2008; Tomasello et al, 2005; Feldman, 

2007; Hostinar et al., 2014). On the other hand, at earlier ages, these skills may not yet be 

sufficiently developed to facilitate social buffering. However, as our results suggest, 

buffering may only occur if provided the right conditions—i.e., if the caregiver has a low 

level of physiological stress and is in a low-risk environment. Lastly, it is important to note 

that although at low risk/low maternal cortisol, infants had decreasing cortisol responses, the 

association between socioeconomic risk and maternal cortisol did not depend on emotional 

reactivity. That is, the decreasing cortisol responses were not due simply to these infants 

being less emotionally reactive to the tasks. Rather, the decreasing responses were distinctly 

related to the interaction of low socioeconomic risk and low maternal cortisol.
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Third, at 24 months, the flat cortisol responses displayed by infants at low risk/high maternal 

cortisol, high risk/high maternal cortisol, and high risk/low maternal cortisol, potentially 

reflect “blunted” or dysregulated stress responses. Psychobiological research suggests that 

attenuated cortisol responses may result from chronic exposure to stress in which the HPA-

axis attempts to compensate for elevated levels of glucocorticoids by down-regulating 

cortisol activity to protect the brain from dangerously high levels of cortisol (Fries, Hesse, 

Hellhammer, & Hellhammer, 2005). In our sample, flat responses may signify a sensitization 

of the infant’s HPA axis resulting from persistent exposure to high levels of maternal stress 

and/or environmental risk. In particular, given that we found a positive association between 

maternal and infant baseline cortisol, it is plausible that flat infant cortisol responses were a 

compensatory consequence of higher levels of maternal cortisol driving higher infant 

cortisol levels. In turn, because socioeconomic risk was associated with higher maternal 

cortisol levels, it may be the case that socioeconomic risk was indirectly affecting infant 

cortisol activity through the caregiver’s stress physiology. Several studies have found flat or 

blunted cortisol responses in infants and toddlers who experienced early-life stress (e.g., 

Sturge-Apple et al., 2012; Koss, Mliner, Donzella & Gunnar, 2016; Cordero et al., 2017), 

and in particular among low-income children (Raffington et al., 2018). Importantly, flat or 

blunted cortisol responses to stressors may be an adaptive response in the short term, 

however, they may negatively impact later cognitive, behavioral, and physical health 

outcomes (Blair, Granger, & Razza, 2005; Taylor, 2010; Ginty, Phillips, Roseboom, Carroll, 

& Derooij, 2012).

Fourth, our findings at 24 months may indicate that the caregiver’s ability to regulate child 

cortisol is influenced by environmental adversity in later infancy but not at 7 and 15 months. 

Cross-species research has shown that caregiver regulation is specific to early childhood and 

infancy (Gee, 2016; Moriceau & Sullivan, 2006; Perry et al., 2017). Moreover, the sensitive 

period for environmental influence via caregiving on the child’s stress response may close 

early or be delayed in contexts of adversity (Gee, 2016; Sullivan & Holman, 2010; Santiago, 

Lim, Opendak, Sullivan, & Aoki, 2018; Furukawa et al., 2017). That is, in environments of 

high risk and elevated stress, the caregiver’s ability to regulate the child’s stress response 

may be limited to a smaller window of time. Our results further support this idea. We found 

that at 24 months, but not 7 or 15 months, for dyads at higher levels of socioeconomic risk 

there was no association between mother cortisol and infant cortisol responses, suggesting 

that maternal regulation was disrupted at this later age, perhaps (partially) due to 

socioeconomic risk and/or maternal stress. Conversely, at low risk, maternal cortisol was 

associated with infant cortisol responses, perhaps indicating that these mothers were still 

regulating their infant’s stress response at 24 months. However, at 7 and 15 months, 

mother’s cortisol levels were associated with infant cortisol responses regardless of 

socioeconomic risk, possibly indicating that the window for maternal regulation had not yet 

closed. By 24 months, this sensitive period may have closed for high-risk dyads, but not 

low-risk dyads.

Lastly, it is worth noting that unlike at 7 and 15 months, at 24 months there was no average 

increase in infants’ cortisol responses, which may indicate a normative developmental effect. 

Studies have shown that infants display less cortisol reactivity to stressors with age in the 

first two years (Jansen et al., 2010; Gunnar et al., 2009; Davis & Granger, 2009). Some have 
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suggested that this decreased reactivity reflects the infant’s growing behavioral repertoire 

that facilitates the down-regulation of physiological activity even when behavioral reactivity 

is still displayed (Jansen et al., 2010). Importantly, as previously reported by Ursache et al. 

(2013) using this dataset, on average, emotional reactivity to the fear task at 24 months was 

no different from 15 months. However, emotional reactivity to the frustration task at 24 

months was lower than at 15 months, but higher than at 7 months. Thus, it seems that at 24 

months infants did display significant emotional reactivity to the tasks. Furthermore, it is 

important to note that only at 24 months, when there was no significant average increase in 

cortisol responses, did we find that socioeconomic risk moderated the mother-infant cortisol 

association. Thus, it is possible that this moderation was present precisely because there was 

no average cortisol increase. Conversely, at 7 and 15 months it is possible that we did not 

find moderation because there were significant increases in infant cortisol. Unfortunately, we 

are not able to evaluate whether this moderation would be present if the infants had 

displayed increasing physiological reactivity at 24 months.

4.3 Maternal Stress Physiology as a “Hidden” Regulator

An important feature of our analysis is that we also controlled for psychosocial and 

behavioral effects on mother-infant cortisol associations. Specifically, the associations 

between maternal cortisol levels and infant cortisol responses were present over and above 

parenting behavior, maternal depression, IPV, or infant emotional reactivity. This suggests 

that maternal cortisol was a more robust predictor than the other proximal, observational and 

self-report variables. We interpret these findings within the framework of Hofer’s (1994, 

2010) “hidden regulators” hypothesis, which claims that there are regulatory components of 

the mother-infant relationship that are not immediately apparent when simply observing 

behavior. We suggest that caregiver stress physiology can operate as an indirect non-

conscious, covert regulating mechanism of child stress response physiology. Our results 

support the idea that dyadic physiological activity operates outside of conscious awareness 

and apart from overt behavior, and that the effects of elevated cortisol may be transmitted via 

non-conscious cues from the mother to her child (Harrist and Waugh, 2002; Papousek & 

Papousek, 2002). Thus, in contexts of increased stress, the association between caregiver-

child physiology may serve as a hidden pathway of stress transmission between a parent and 

child. Although behaviors certainly play a role in co-regulatory physiological processes, 

these may often be subtle or “hidden” behaviors, such as touch, gaze, smell, tone of voice, 

posture, gesture, or facial expression, which are not detectable using global observational or 

self-report measures, but may be more easily detected using physiological methods. Three 

recent studies provide support for this idea, having shown that the effects of stress exposure 

on a child’s physiology were mediated by the mother’s physiological stress (Waters et al., 

2014; Halevi et al., 2017; Hibel & Mercado, 2017). Importantly, in all three studies stress 

transmission was at least partially independent of observed measures of caregiving behavior, 

highlighting the significance of physiology as a more robust indicator of transmission. Thus, 

the factors that operate as co-regulators in the mother-child relationship may not always be 

overt, conscious, or readily observable behaviors. Consequently, future research should 

combine both physiological and behavioral measures in studies of caregiver-child 

relationships in order to advance our understanding of their dynamics.
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4.4 Limitations

One limitation to the current study is that we used only one sample of maternal cortisol 

adjusted for time of day as an index of maternal stress physiology. Although this method of 

sampling is not optimal, it is necessary with large sample field-based studies such as ours. 

Nonetheless, cortisol levels are known to vary from day-to-day and multiple measures across 

days are ideal for obtaining a reliable measure of resting or basal cortisol. We suggest that 

this limitation is somewhat minimized by the fact that we included numerous covariates 

known to affect cortisol, the fact that we collected saliva after data collectors had been in the 

home for more than one hour, and the fact that we replicated similar results at multiple time 

points. That is, we found that maternal baseline cortisol was related to infant baseline 

cortisol at all three ages. Furthermore, the fact that maternal cortisol was related to 

socioeconomic risk at three different ages provides support for this metric as a reliable 

indicator of maternal stress physiology.

An additional limitation of our study is that based on prior literature, we have interpreted our 

findings as maternal cortisol regulating infant cortisol. This interpretation suggests a 

directionality in the effect, however, we cannot definitively claim that maternal physiology is 

driving child physiology. We acknowledge that such dyadic activity is bidirectional and that 

the child’s cortisol response may also influence maternal cortisol levels. However, given that 

the emotion induction was targeted at the infant, we had no hypotheses regarding how the 

infant’s cortisol response might influence the mother’s pre-task cortisol level. Nonetheless, 

future research should take into account the reciprocal processes operating within the 

mother-child relationship. Relatedly, our results are merely correlational and thus, we cannot 

make any causal inferences with respect to our findings.

Finally, cortisol activity is determined in part by genetic and epigenetic factors (Gerritsen et 

al., 2017; Lee & Sawa, 2014), which we cannot rule out as possible explanations for our 

results. Further research is needed to disentangle the relative contributions of environmental 

versus genetic factors in studies of mother-infant physiological relations.

4.5 Conclusions

Overall, our study provides support for the idea that a caregiver’s physiological stress can 

“get under the skin” and influence her child’s physiological stress response in contexts of 

environmental adversity. Importantly, the associations between caregiver-infant cortisol were 

independent of behavioral and psychosocial factors, suggesting that caregiver physiology is 

a significant regulator of the infant stress response. Considerable work is needed to better 

delineate how dyadic physiological activity mediates and moderates psychosocial and 

environmental factors, and shapes the child’s regulatory capacities. As such, future research 

should investigate the mechanisms that facilitate or constrain caregiver-child physiological 

associations. Such research has implications for understanding the dynamic and subtle 

processes by which the consequences of risk compromise caregiver-infant interactions and 

impact child development. Additionally, our findings draw attention to the need for early 

interventions targeted at reducing the burden of socioeconomic risk and its concomitant 

stress on the caregiver as a means of supporting healthy child development. By enhancing 

our comprehension of the dynamics of caregiver-child physiological activity, we will be 
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better positioned to understand its contribution to parent-child relationships and 

developmental processes and, ultimately, to inform programs and practices for improving 

parent and child outcomes, especially for families at risk.
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Figure 1. 
Predicted infant cortisol responses at 7 months. In response to the stress task at 7 months, 

infant cortisol responses differed as a function of high or low (+/− 1 SD) maternal cortisol. 

Infants whose mothers had low baseline cortisol displayed steeper increases in cortisol 

responses compared to infants whose mothers had high baseline cortisol. Error bars 

represent Standard Error. (*** p < .001, * p < .05).
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Figure 2. 
Predicted infant cortisol responses at 15 months. In response to the stress task at 15 months, 

infant cortisol responses differed as a function of high or low (+/− 1 SD) maternal cortisol. 

Infants whose mothers had low baseline cortisol displayed steeper increases in cortisol 

responses compared to infants whose mothers had high baseline cortisol. Error bars 

represent Standard Error. (*** p < .001).
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Figure 3. 
Predicted infant cortisol responses at 24 months. In response to the stress task at 24 months, 

infant cortisol responses differed as a function of the interaction between levels (high or low: 

+/− 1 SD) of maternal baseline cortisol and socioeconomic risk. Infants in low risk/low 

mother cortisol dyads displayed significantly decreasing cortisol responses (** p < .01). 

Conversely, low risk/high mother cortisol, high risk/low mother cortisol, and high risk/high 

mother cortisol infants showed no significant changes in cortisol responses. Error bars 

represent Standard Error.

Braren et al. Page 30

Dev Psychobiol. Author manuscript; available in PMC 2020 May 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Braren et al. Page 31

Ta
b

le
 1

D
es

cr
ip

tiv
e 

St
at

is
tic

s

7 
M

on
th

s
15

 M
on

th
s

24
 M

on
th

s

N
M

 o
r 

%
SD

m
in

m
ax

N
M

 o
r 

%
SD

m
in

m
ax

N
M

 o
r 

%
SD

m
in

m
ax

C
hi

ld
 A

ge
 (

m
on

th
s)

11
33

7.
72

1.
48

5.
04

15
.3

6
10

70
15

.6
0

1.
32

13
.4

4
22

.3
2

10
14

24
.8

4
1.

94
22

.2
35

.4

C
hi

ld
 R

ac
e 

(%
 B

la
ck

)
11

33
41

.6
%

—
—

—
10

70
43

.2
%

—
—

—
10

14
42

.1
%

—
—

—

C
hi

ld
 S

ex
 (

%
 F

em
al

e)
11

33
49

.2
%

—
—

—
10

70
49

.0
%

—
—

—
10

14
49

.3
%

—
—

—

Po
si

tiv
e 

Pa
re

nt
in

g
10

88
2.

90
0.

79
1.

00
4.

80
10

20
2.

79
0.

80
1.

00
5.

00
96

3
2.

90
0.

81
1.

00
4.

80

N
eg

at
iv

e 
Pa

re
nt

in
g

10
88

2.
41

0.
77

1.
00

5.
00

10
20

2.
27

0.
70

1.
00

5.
00

96
3

2.
43

0.
86

1.
00

5.
00

M
at

er
na

l D
ep

re
ss

io
n

11
29

0.
37

0.
54

0.
00

3.
33

10
66

0.
46

0.
65

0.
00

4.
00

10
01

0.
41

0.
64

0.
00

4.
00

IP
V

 (
%

 in
 I

PV
 G

ro
up

)
92

3
28

.6
%

—
—

—
85

1
20

.1
%

—
—

—
80

9
18

.6
%

—
—

—

So
ci

oe
co

no
m

ic
 R

is
k

11
31

0.
00

0.
66

−
2.

08
1.

98
10

67
0.

01
0.

67
−

2.
01

2.
00

10
14

0.
01

0.
63

−
2.

21
2.

17

E
m

ot
io

na
l R

ea
ct

iv
ity

10
18

0.
10

0.
21

0.
00

0.
96

84
3

0.
37

0.
31

0.
00

1.
00

76
9

0.
37

0.
34

0.
00

0.
98

C
hi

ld
 C

or
tis

ol
 T

1 
(l

n 
μg

/d
l)

11
06

−
1.

88
0.

69
−

3.
91

0.
22

99
1

−
1.

99
0.

76
−

4.
27

0.
49

93
9

−
2.

08
0.

73
−

4.
42

0.
25

C
hi

ld
 C

or
tis

ol
 T

2 
(l

n 
μg

/d
l)

10
02

−
1.

77
0.

73
−

4.
27

0.
38

94
3

−
1.

83
0.

81
−

4.
34

0.
72

94
2

−
2.

07
0.

77
−

4.
20

0.
40

C
hi

ld
 C

or
tis

ol
 T

3 
(l

n 
μg

/d
l)

93
4

−
1.

87
0.

67
−

3.
86

0.
21

87
8

−
1.

83
0.

82
−

4.
40

0.
80

91
7

−
2.

13
0.

75
−

4.
27

0.
48

M
ot

he
r 

C
or

tis
ol

 (
ln

 μ
g/

dl
)

11
12

−
2.

00
0.

62
−

4.
07

0.
25

88
6

−
2.

41
0.

64
−

4.
47

−
0.

21
85

1
−

2.
30

0.
65

−
4.

18
−

0.
42

T
im

e 
of

 d
ay

 (
hh

:m
m

)
11

33
13

:3
1

2:
52

8:
11

20
:0

8
10

70
13

:5
7

2:
54

8:
45

20
:2

4
10

14
13

:4
8

3:
12

8:
20

20
:4

6

IP
V

: I
nt

im
at

e 
Pa

rt
ne

r 
V

io
le

nc
e;

 T
1:

 b
as

el
in

e;
 T

2:
 2

0-
m

in
 p

os
t-

pe
ak

; T
3:

 4
0-

m
in

 p
os

t-
pe

ak

Dev Psychobiol. Author manuscript; available in PMC 2020 May 01.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

Braren et al. Page 32

Table 2

Correlations for Analysis Variables at 7 Months

1 2 3 4 5 6 7 8 9 10 11

1. Positive Parenting 1

2. Negative Parenting −.19** 1

3. Maternal Depression −.03 .10** 1

4. IPV −.10** .06 .30** 1

5. Socioeconomic Risk −.46** .34** .19** .14** 1

6. Emotional Reactivity .01 −.03 −.03 .01 −.04 1

7. Child Cortisol T1 −.13** .07* .01 .01 .11** .01 1

8. Child Cortisol T2 −.01 .04 .04 .04 .05 .11** .47** 1

9. Child Cortisol T3 −.02 .04 .01 .04 .06 .04 .42** .79** 1

10. Mother Cortisol −.09** .04 .06 .02 .12** −.03 .29** .22** .23** 1

11. Time of Day .06* −.01 .02 −.02 −.13** .05 −.26** −.27** −.34** −.49** 1

IPV: Intimate Partner Violence; T1: Baseline; T2: 20-min post-peak; T3: 40-min post-peak

*
p< 0.05,

**
p< 0.01
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Table 3

Correlations for Analysis Variables at 15 Months

1 2 3 4 5 6 7 8 9 10 11

1. Positive Parenting 1

2. Negative Parenting −.30** 1

3. Maternal Depression −.11** .13** 1

4. IPV −.10** .06 .33** 1

5. Socioeconomic Risk −.51** .32** .21** .18** 1

6. Emotional Reactivity .04 .07* −.01 −.03 .04 1

7. Child Cortisol T1 −.11** .023 .03 .02 .13** .01 1

8. Child Cortisol T2 −.06 −.01 .02 −.01 .09** .13** .64** 1

9. Child Cortisol T3 −.06 −.01 .02 .02 .11** .05 .55** .81** 1

10. Mother Cortisol −.13** .01 .04 −.01 .18** −.06 .26** .20** .18** 1

11. Time of Day .07* −.01 −.04 −.05 −.21** .01 −.19** −.18** −.26** −.48** 1

IPV: Intimate Partner Violence; T1: Baseline; T2: 20-min post-peak; T3: 40-min post-peak

*
p< 0.05,

**
p< 0.01
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Table 4

Correlations for Analysis Variables at 24 Months

1 2 3 4 5 6 7 8 9 10 11

1. Positive Parenting 1

2. Negative Parenting −.54** 1

3. Maternal Depression −.10** .15** 1

4. IPV −.16** .10** .27** 1

5. Socioeconomic Risk −.51** .40** .20** .16** 1

6. Emotional Reactivity −.09* .07 .04 .05 .06 1

7. Child Cortisol T1 −.13** .13** .04 .02 .14** −.01 1

8. Child Cortisol T2 −.14** .15** .04 .05 .17** .19** .51** 1

9. Child Cortisol T3 −.10** .13** .09** .07 .17** .11** .45** .77** 1

10. Mother Cortisol −.09* .03 .10** .00 .20** −.01 .30** .27** .31** 1

11. Time of Day .14** −.12** −.05 .02 −.28** −.07 −.32** −.28** −.31** −.50** 1

IPV: Intimate Partner Violence; T1: Baseline; T2: 20-min post-peak; T3: 40-min post-peak

*
p< 0.05,

**
p< 0.01
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Table 5

Models Predicting Child Cortisol

7 Months 15 Months 24 Months

Parameter Estimate S.E. p Estimate S.E. p Estimate S.E. p

Intercept −1.92 0.04 <.001 −1.90 0.05 <.001 −2.04 0.04 <.001

Time 0.35 0.13 .004 0.53 0.13 <.001 −0.19 0.11 .09

Time X Time −0.27 0.10 .03 −0.38 0.12 .002 −0.09 0.09 .30

Time of day −0.03 0.01 <.001 −0.02 0.01 .06 −0.06 0.01 <.001

Time of day X Time −0.03 0.01 <.001 −0.03 0.01 .002 0.04 0.02 .07

African American 0.14 0.05 <.01 0.22 0.06 .001 0.17 0.06 <.01

African American X Time −0.12 0.16 .47 −0.35 0.19 .06 −0.07 0.17 .68

Gender 0.04 0.04 .25 0.07 0.05 .14 0.03 0.04 .50

Gender X Time −0.07 0.13 .58 −0.22 0.15 .13 0.04 0.13 .77

Positive Parenting −0.04 0.03 .17 −0.05 0.04 .15 −0.03 0.04 .43

Positive Parenting X Time 0.07 0.04 .06 0.02 0.04 .52 0.04 0.03 .21

Negative Parenting 0.01 0.03 .62 −0.03 0.03 .33 0.05 0.03 .10

Negative Parenting X Time −0.001 0.03 .97 −0.03 0.04 .39 0.02 0.04 .64

Socioeconomic Risk −0.02 0.04 .66 0.07 0.05 .12 −0.05 0.04 .21

Socioeconomic Risk X Time −0.02 0.04 .69 −0.01 0.05 .83 0.05 0.04 .23

Emo. Reactivity 0.04 0.10 .71 −0.01 0.10 .96 −0.26 0.09 <.01

Emo. Reactivity X Time 1.47 0.36 <.001 0.83 0.30 <.01 1.22 0.28 <.001

Emo. Reactivity X Time X Time −1.24 0.29 <.001 −0.76 0.30 <.01 −0.69 0.21 .001

Maternal Depression 0.01 0.04 .86 −0.004 0.04 .90 −0.003 0.04 .93

Maternal Depression X Time 0.03 0.05 .47 −0.001 0.04 .99 0.01 0.04 .78

Intimate Partner Violence −0.02 0.05 .68 −0.01 0.06 .81 0.05 0.06 .43

Intimate Partner Violence X Time 0.07 0.06 .22 0.07 0.07 .31 0.04 0.06 .51

Mother Cortisol 0.21 0.04 <.001 0.21 0.06 <.001 0.19 0.05 <.001

Mother Cortisol X Time −0.12 0.04 <.01 −0.14 0.05 <.01 0.03 0.04 .49

Mother Cortisol X Socioeconomic Risk 0.06 0.05 .21 0.10 0.06 .11 0.01 0.05 .89

Mother Cortisol X Socioeconomic Risk X Time −0.03 0.06 .63 −0.12 0.07 .08 −0.15 0.06 .01

Emo. Reactivity: Emotional Reactivity
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