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Abstract

Prior studies have shown that parent and adolescent cortisol are associated across days and 

that this covariation may be adolescent-driven. This study extends this literature by (a) testing 

whether parents’ cognitive interference (i.e., distracting and ruminative thoughts potentially due 

to worry) mediates the linkages between adolescent and next-day parent cortisol and (b) whether 

these linkages were moderated by parent gender or warmth. Daily diary data, including bedtime 

cortisol, were collected on two samples of employees and their adolescent-aged children (N= 

318 dyads, Myouth age = 13.18 years, 74% mothers). We tested mediation with autoregressive 

cross-lagged models. Moderated mediation by parent gender was found in our bedtime cortisol 

models. Higher adolescent bedtime cortisol levels were associated with higher next-day levels 

of mothers’ cognitive interference. In turn, higher levels of mothers’ cognitive interference were 

linked to higher mothers’ same-day bedtime cortisol levels. These linkages were not significant 

for fathers. Cognitive interference did not mediate the associations between child and parent area 

under the curve or cortisol awakening response. No moderation was evident for parental warmth. 

Results suggest that mothers’ cognitions play a key role in the transmission of elevated bedtime 

cortisol levels from adolescents to their mothers.
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1 | INTRODUCTION

Theory and research suggest that children have important effects on their parents and 

that these effects become stronger as children become older (Lansford et al., 2018): The 

emotions, interactions and behaviour of adolescents have implications for how parents 

behave towards them (Pardini, 2008). Recent work suggests that adolescents may also have 

effects on parents’ daily physiology, in particular, the functioning of their physiological 

stress-response system, the hypothalamic–pituitary–adrenal (HPA) axis (Davis et al., 2018; 

Pendry & Adam, 2009; Saxbe et al., 2014). Parent and their adolescent-aged children’s 

physiological stress-response systems are indeed linked in day-to-day life and several 

studies have now found evidence that when one member of the parent–child dyad’s cortisol 

increases, so does the other’s (Pendry & Adam, 2009; Saxbe et al., 2014). A recent study 

found evidence that adolescent cortisol predicted parent cortisol the following day but not 

vice versa (Lippold et al., 2020). Such adolescent-driven effects on parent cortisol are 

important, given that unhealthy patterns of cortisol are linked to a host of health problems, 

including lower immunity, increased risk for depression and cardiovascular disease, and 

increased mortality (Cacioppo, 1994; Juster et al., 2010). Identification of factors that 

may explain adolescent effects on parent cortisol can help inform interventions to reduce 

the transmission of physiological stress responses from adolescents to their parents. Here, 

we build explicitly on the prior findings to unpack mechanisms of adolescent effects on 

parent cortisol. In this study, we test whether parents’ cognitive interference (i.e., intrusive 

and ruminative thoughts potentially due to stress and worry) mediates the associations 

between adolescent and next-day parent cortisol. We also test whether these processes differ 

by parent gender and parental warmth. Thus, this paper builds off our prior work both 

conceptually (by expanding on the role of parent cognitions) and analytically (by testing 

for mediation and moderation). By considering a potential mechanism and moderators, this 

study aims to improve understanding of how adolescent cortisol affects parent physiology 

and under what circumstances.

Cortisol is an important hormone produced by the HPA axis to mobilize energy during 

times of stress (Adam & Kumari, 2009; Piazza et al., 2010). At the daily level, cortisol 

exhibits a diurnal pattern: Cortisol levels rise 30–45 min after waking and then decline over 

the course of the day, reaching the lowest levels at bedtime (Lovallo & Thomas, 2000; 

Sapolsky et al., 2000). Deviations to this diurnal rhythm, such as high bedtime levels of 

cortisol and a blunted rise of cortisol in the morning have been linked to negative health 

outcomes (for review, see Piazza et al., 2010). In order to provide a comprehensive picture 

on adolescent effect on parent cortisol, we include three cortisol measures that have been 

linked to health outcomes: (1) bedtime cortisol levels, which capture the ability to recover 

from daily stressors and be in a relaxed state at the end of the day; (2) the cortisol awakening 

response (CAR), which captures the ability to mobilize energy in the morning; and (3) total 

cortisol output throughout the day assessed as the area under the curve (AUC).

We hypothesize cognitive interference will mediate the effects of adolescent bedtime cortisol 

on parent bedtime cortisol specifically for two reasons. First, bedtime cortisol levels are 

more strongly linked to daily contextual factors (such as child stress) than other diurnal 

cortisol indicators such as the cortisol awakening response (CAR; Fries et al., 2009; Stadler 
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et al., 2015). Indeed prior studies have found daily stressful experiences with children were 

associated with flatter declines in parent cortisol across the day, which would result in high 

parent cortisol levels at bedtime (Barker et al., 2012; Seltzer et al., 2009, 2010). Second, 

rumination, one aspect of cognitive interference, has been associated with elevated bedtime 

cortisol levels specifically (Cropley et al., 2015), suggesting parents’ cognitions may play a 

key role in whether parents’ are able to calm down and recover from stress at the end of the 

day. Although included in our analyses, we do not hypothesize mediation effects for CAR or 

AUC.

1.1 | Adolescent effects on parents’ HPA functioning

Child characteristics have been found to affect the HPA axis of parents (Dykens & Lambert, 

2013) in studies on parents of children with disabilities or behaviour problems. Parents of 

children with disabilities experience more daily stress and have less healthy patterns of 

diurnal cortisol compared to parents with children without disabilities (Barker et al., 2012; 

Seltzer et al., 2009, 2010). Studies on younger children have also found some evidence that 

parent and child diurnal cortisol and cortisol during laboratory tasks are linked (Pratt et al., 

2017; Ruttle et al., 2011; Sethre-Hofstad et al., 2002).

Less is known about how children affect parents’ HPA functioning among non-clinical 

populations during adolescence. A small number of daily diary (Papp et al., 2009; Williams 

et al., 2013) and lab-based studies (Saxbe et al., 2014) have found synchrony between 

adolescent and parent cortisol, such that when one experiences rises in cortisol so does 

the other. Such studies on cortisol synchrony do not shed light on the direction of effect 

between adolescent and parent cortisol. A recent study analysed data across days to examine 

the direction of effect between parent and child cortisol. Lippold et al. (2020) found that 

even when controlling for daily stressors, adolescent cortisol was associated with parents’ 

cortisol on the following day, but parents’ cortisol did not predict adolescent cortisol on the 

following day. Although replication of these findings is needed, they provide preliminary 

evidence that adolescent cortisol may be an important predictor of their parents’ next-day 

cortisol.

Adolescent effects on parent cortisol may reflect an empathic stress response where parents 

experience stress and HPA activation from observing a stress, even if they do not experience 

it directly themselves (Buchanan et al., 2012). Empathic stress has been found to be stronger 

in closer relationships than with strangers, thus it may be especially salient in parent-child 

relationships (Engert et al., 2014). Physiological transmission of stress from adolescents 

to parents may occur in several ways. When adolescents experience high bedtime cortisol 

levels, parents may observe that their children are distressed and having difficulty calming 

down at night and recuperating from the day’s events. Second, children may disclose to 

their parents about their daily stressful experiences (Lippold et al., 2014). Either parents’ 

observations or children’s self-disclosure may affect a parent’s physiology, and a parents’ 

ability to calm down at the end of the day. Further, adolescents with high cortisol levels 

may have difficulty falling and staying asleep, thus keeping parents awake later—which 

may affect parent cortisol on the following day (Omisade et al., 2010). Thus, although 

adolescent stress may affect parent cortisol the same day—it can also affect parent cortisol 
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the following day. In our prior work, we found next-day associations: higher levels of 

adolescent bedtime cortisol were associated with higher levels of parent bedtime cortisol 

levels the following day (Lippold et al., 2020). Yet little is known about how adolescent 

cortisol may affect next-day parent cortisol and the underlying mediating mechanisms, 

which would inform interventions to stop the physiological transmission of stress from 

adolescents to their parents.

1.2 | Cognitive interference as a mediator between adolescent and parent cortisol

Parents’ cognitions may be an important intermediate mediating mechanism underlying 

the empathic stress response system and may explain the effects of adolescent cortisol on 

parent next-day cortisol (Figure 1). Cognitive interference captures the extent to which an 

individual experiences intrusive, ruminating thoughts as well as attempts to suppress, avoid, 

and control these thoughts (Brosschot et al., 2006; Sarason & Sarason, 1996). Cognitive 

interference includes elements of both ruminating thoughts, as well as thought control and 

suppression potentially due to lingering stress (Sarason et al., 1986; Wegner & Zanakos, 

1994; Wells & Davies, 1994). Parents may experience increased cognitive interference when 

their adolescents have high bedtime levels of cortisol (Figure 1, Path A). On days after 

observing their adolescents’ physiological stress responses (e.g., having difficulty calming 

down at night due to high bedtime cortisol levels), parents may ruminate or worry about the 

source of or solution to adolescent stress. Such thoughts may be overwhelming to parents, 

and they may have difficulty controlling these worries.

Parents who experience more cognitive interference may subsequently demonstrate high 

bedtime levels of cortisol themselves (Figure 1, Path B). According to the perseverative 

cognition hypothesis, the HPA axis is activated longer when individuals experience cognitive 

interference (Brosschot et al., 2006), which may have important implications for bedtime 

cortisol levels specifically (Cropley et al., 2015). Prior studies have found that individuals 

who experience more cognitive interference, such as rumination, are more likely to have 

high cortisol levels at the end of the day (Cropley et al., 2015; Gianferante et al., 

2014), which may reflect higher initial cortisol activation to a stressor and prolonged 

cortisol activation (Zoccola & Dickerson, 2015). Thus, parents who experience cognitive 

interference in response to their adolescent’s physiological stress may experience subsequent 

high levels of cortisol at bedtime.

1.3 | The moderating role of parent gender and parental warmth

Parent gender may be an important moderator affecting whether cognitive interference 

mediates the linkages between adolescent and parent cortisol and may potentially affect 

both Paths A and B in Figure 1 (Kudielka & Kirschbaum, 2005). Studies on the role of 

parent gender have been mixed. In terms of Path A (adolescent cortisol affecting parents’ 

cognitive interference), there is some evidence that women are more likely to experience 

aspects of cognitive interference (e.g., rumination) in response to stressors, such as parental 

concerns over their children (Nolen-Hoeksema, 2001). Mothers may be more involved and 

more knowledgeable about child activities than fathers (McHale et al., 2003), which may 

increase potential worries about children. Mothers may also exhibit more empathy or a 
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stronger empathic response to stress in others than men (Rueckert & Naybar, 2008; Singer et 

al., 2006), although other studies have not found gender differences (Engert et al., 2014).

In terms of the path from parents’ cognitive interference to parent cortisol (Path B), findings 

regarding gender differences have also been inconsistent. Some studies have found stronger 

linkages between cognitive interference and HPA activation in men (Zoccola et al., 2010), 

whereas others have only found effects for women (Shull et al., 2016). One prior study 

on parent–child cortisol associations found some evidence that the linkages between child 

cortisol and parent cortisol may differ between mothers and fathers (Saxbe et al., 2014), but 

another study found no parent gender differences (Lippold et al., 2020). Most prior studies 

on parent–child cortisol associations have focused on mothers only (Papp et al., 2009; Pratt 

et al., 2017; Ruttle et al., 2011), making gender differences impossible to test.

Parental warmth may also moderate the mediational pathways that link adolescent 

cortisol to cognitive interference and parent cortisol. The literature on these linkages is 

somewhat mixed. Adolescent cortisol may have a stronger relationship to parents’ cognitive 

interference (Path A) and subsequently with parents’ cortisol (Path B) when parents are 

closer to their children. There is some evidence that close relationships engender a stronger 

empathic stress response (Engert et al., 2014); thus, parents who are closer to their 

adolescent may be more strongly affected by them. However, a few studies have found 

that parent–child cortisol synchrony is stronger in the context of a strained parent–child 

relationship (Han et al., 2019; Papp et al., 2009; Williams et al., 2013). Parents who have 

a close relationship with their children may also know more about the child’s stressors and 

thus may be more likely to worry about their children (Lippold et al., 2014; Yun et al., 

2016).

1.4 | This study

In this study, we tested whether parents’ cognitive interference mediated the linkages 

between daily adolescent and parent bedtime levels of cortisol. We hypothesized that high 

levels of bedtime cortisol in adolescents will be associated with higher next-day levels of 

parents’ cognitive interference (Path A). Subsequently, parents’ cognitive interference will 

be positively associated with higher levels of same-day parent bedtime cortisol (Path B). 

We also tested these models using the AUC and CAR1 but hypothesized there would be 

no evidence of mediation by cognitive interference. In a second step, we examined whether 

these mediational processes were moderated by parent gender and warmth. Given mixed 

findings in the literature, we did not posit specific moderation hypotheses.

2 | METHOD

2.1 | Participants and procedure

We used data from parent-child dyads who participated in the daily diary component of 

the Work, Family, Health Study (WFHS). The study included two samples: employees in 

an information technology (IT) division of a U.S. Fortune 500 company and workers in a 

1In our CAR models, parents’ cognitive interference is assessed on the same day as child cortisol (i.e., child CAR predicts same-day 
cognitive interference and cognitive interference predicts next-day parent CAR).
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nursing home (NH; Bray et al., 2013). Employees who were the parent of an adolescent aged 

9–17 who lived at home for at least 4 days a week were recruited for a home interview and, 

if both parent and adolescent completed the home interview, were eligible to participate in a 

daily diary study involving eight consecutive evening telephone calls. During the daily diary 

study, parents and their adolescent provided information on their daily activities, emotions 

and experiences.

On four diary study days (Days 2, 3, 4 and 5), parents and adolescents collected saliva 

samples at four time points: upon awakening, 30 min after waking, before dinner and before 

going to bed. During the home interviews, interviewers distributed saliva collection kits. 

Each kit contained 16 salivettes for collecting adolescent cortisol (4 salivettes/day for 4 

days) along with a DVD that demonstrated saliva collection procedures. Parents and youth 

were instructed to roll a cotton swab across their tongue for 2 min and then return the swab 

to the tube without touching it and were told not to eat, drink or brush their teeth within 

30 min prior to collection. Participants recorded the time of each saliva sample (using an 

electronic time stamper) and any medications they were taking on a separate data collection 

sheet. Participants refrigerated saliva samples after collection and, at the end of the saliva 

collection period, mailed the samples to the laboratory using prepaid overnight delivery. 

Upon receipt at the laboratory, saliva samples were weighed and frozen at −80°C until later 

assay of cortisol in the Biomarker Core Laboratory at the Pennsylvania State University lab 

using commercially available EIA kits (Salimetrics, LLC). Assays were run on a rolling 

basis throughout the entire study period. The assay had a lower limit of sensitivity of 0.003 

μg/dl, with average inter- and intra-assay covariances of less than 7% and 4%, respectively. 

Outliers were winsorized such that cortisol values below 0.003 μg/dl were designated as 

off-the-curve low and were set to the lowest level of sensitivity to the assay. In addition, 

based on previous studies (Almeida et al., 2016; Stawski et al., 2013), cortisol values greater 

than 82.77 μg/dl were rerun on a 1.8 dilution. Assayed samples that remained high were 

considered invalid and removed from the sample (Almeida et al., 2016).

In order to maximize statistical power and to test our models on a diverse sample, we 

combined our sample to include participants in both the IT and NH samples for a total of 

318 parent–adolescent participants. In the IT sample (n = 132), 45% of employees were 

women and 55% of the children were girls. Among parents, 78% were college graduates and 

the average annual income was $116,900 (SD = $26,396). The majority of children were 

Caucasian (74%), 16% Asian, 2% African American, 2% Pacific Islander, 4% more than 

one race and 3% marked other. Of these, 9% indicated they were of Hispanic heritage. For 

the NH subsample (n = 186), 96% of the employees were women and 51% of the children 

were girls. Among parents, 64% were college graduates and the average annual income 

was $56,660 (SD = $31,759). Among children in the NH sample, 60% were Caucasian, 

14% African American, 3% Asian, 1% American Indian, 7% more than one race and 15% 

marked other. Of these, 15% indicated they were of Hispanic heritage. In our combined 

sample, we have 318 dyads that includes 233 mothers and 80 fathers (5 were missing gender 

data). Children ranged from 9 to 17 years of age (M = 13.40 in IT sample, 13.03 in NH 

sample), 167 were daughters and 151 were sons. To assess potential differences in study 

findings between our samples, we tested for moderation by industry in all analyses. Because 

we found no differences, we present results for the combined sample. Further, because our 
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sample contained youth ages 9–17, we conducted sensitivity analyses on a subsample of 

youth ages 12 and above. Because results from this subsample based on child age were the 

same, we present findings from the full sample here.

2.2 | Measures

2.2.1 | Cortisol measures—Bedtime levels of cortisol were assessed as levels of 

cortisol at the end of the day. The CAR was calculated as the difference in cortisol levels 

at wake and 30 min post-wake. Cortisol values were converted to nmol/L and natural log 

transformed before analysis (Adam & Kumari, 2009). Given the diurnal rhythm of cortisol 

(i.e., cortisol levels peak after waking and decline over the day), unhealthy patterns of 

cortisol include high bedtime levels of cortisol and blunted CAR (Piazza et al., 2010). We 

also assessed the AUC with respect to the ground over the day (AUC-G; Pruessner et al., 

2003) which accounts for time intervals between samples (McHale et al., 2012).

2.2.2 | Cognitive interference—Parents’ cognitive interference was measured with a 

nine-item Likert-type scale that assessed parental rumination, intrusive thoughts, thought 

control and suppression (Lee et al., 2019; Stawski et al., 2011). Items included how often 

that day parents thought about personal worries, thought about something they did not mean 

to think about, had difficulty concentrating, had thoughts that kept jumping in their head, 

had thoughts they could not stop, tried to avoid certain thoughts, did things to distract 

themselves from their thoughts, and stayed busy just to keep thoughts form entering their 

mind (1 = never and 5 = very often). Cronbach’s alpha across days averaged 0.89 (range 

0.82–0.92).

2.2.3 | Moderators and control variables—Moderators include parent gender (0 = 

father, 1 = mother) and parental warmth (assessed by the child report of an eight-item 

parental behaviour inventory CRPBI; Schaefer, 1965; α = 0.85, dichotomized to be 0 = 

low warmth; 1 = high warmth based on median split). Following previous studies (Almeida 

et al., 2017), we controlled for demographics such as adolescent age, gender (0 = boys, 1 

= girls), and race/ethnicity (0 = White, 1 = non-White), as well as parent education (0 = 

no college education, 1 = college education). Additional cortisol-related control variables 

included whether adolescents and parents were taking steroid medications that interfere with 

cortisol (0 = no medication use; 1 = medication use), time of cortisol sample collection and a 

variable for cortisol protocol compliance (0 = compliant sample; 1 = non-compliant sample). 

Participants received a 1 for non-compliance if the time difference between samples at wake 

and 30 min after waking was less than 15 min and more than 60 min, the participant woke 

up later than noon, or if the participant was awake for less than 12 h or more than 20 h. 

Other control variables included type of day (0 = weekday, 1 = weekend) and average daily 

stressors (calculated as the average number of reported daily stressors across the week using 

the Daily Inventory of Stressful Experiences; Almeida et al., 2002).

2.3 | Data analysis plan

Autoregressive longitudinal mediation models were run across 4 days of cortisol 

measurement using Mplus. Models included two mediating paths: from adolescent bedtime 

cortisol to parents’ cognitive interference the following day (Path A; Figure 1) and from 
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parents’ cognitive interference to parents’ same-day bedtime cortisol levels (Path B). Models 

also included direct paths from adolescent to parent cortisol across days (solid grey lines) 

as well as stability paths (dotted lines). Stability paths control for previous levels of cortisol 

variables and cognitive interference. Additional non-predicted variables collected in the 

same day were correlated (e.g., all control variables at Day 1, same-day correlations between 

parent and adolescent cortisol). Control variables included demographics (age, gender, race/

ethnicity, parent education), cortisol specifications (medication use, time of sample, protocol 

compliance), type of day (weekend or weekday) and average stressors.

Model fit proceeded through a series of steps to assess the best fitting, most parsimonious 

model. In Step 1, we fit our baseline model, in which all paths were freely estimated. In 

Step 2, nested models were used to test whether model paths could be constrained to be 

equal across days. We tested if model paths of the same type (e.g., Path A across days) can 

be constrained to be equal by using invariance tests comparing the fit of a model in which 

specific paths are constrained to be equal to the fit of a model in which paths are freely 

estimated. Invariance tests were conducted separately for each type of path.

Model goodness-of-fit was assessed according to strict likelihood ratio principles and 

included chi-square tests and practical indices of model fit (root-mean-square error of 

approximation [RMSEA], Rho and the comparative fit index [CFI]). The following criteria 

indicated acceptable model fit: CFI and Tucker–Lewis Index (TLI) values of 0.90 or higher, 

and an RMSEA value of 0.08 or lower (Chen et al., 2008; West et al., 2012). Missing 

data were handled using full information maximum-likelihood procedures (Enders, 2010). 

Bootstrapping was used to assess model estimates (Cheung & Lau, 2008). When significant 

mediation was found, we estimated the percentage of variance in parent cortisol explained 

by the mediator (cognitive interference). To do this, we calculated the change in variance 

explained by the model (r-squared) when the mediator was and was not included in the 

model.

In Step 3, we tested whether our models differed based on parent gender and parental 

warmth. In terms of parent gender, first, we ran a series of nested models that compared 

the fit of a model with the substantive model paths constrained to be equal between genders 

to a model where the paths are freely estimated. If there was not a significant difference in 

chi-square between models when these paths were and were not constrained, we concluded 

that there was no evidence of moderation by gender. If there was a significant difference in 

chi-square between these models, we split our sample to run models separately for mothers 

and fathers. When running models separately by gender, we followed the same process 

as Step 2, again testing if any substantive model paths could be constrained to be equal 

across time for each subgroup (e.g., fathers only) in order to obtain the best model for each 

gender. We assessed moderation by parental warmth using the same steps. Our measure 

of parental warmth was dichotomized based on a median split (0 = low; 1 = high). Each 

cortisol indicator was run separately.
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3 | RESULTS

3.1 | Descriptive statistics

Descriptive statistics are shown in Table 1. Moderate correlations were found between 

adolescent and parent bedtime cortisol levels (r = 0.37), AUC (r = 0.24) and CAR (r = 0.23). 

Parents’ cognitive interference was not significantly correlated with any cortisol indicators. 

Parent gender was correlated with adolescent bedtime cortisol (r = 0.14), and parent CAR (r 
= 0.12).

3.2 | Mechanism of parent cognitive interference linking child cortisol and parent cortisol

Results on model invariance across days for bedtime cortisol, AUC and CAR are presented 

in Table 2. Below, we present results from final models.

3.3 | Bedtime cortisol

In our final model, adolescent bedtime cortisol stability paths were allowed to vary from 

each other across the time points. Final model fit was good, χ2 = 260.84, df = 228, p = 0.06; 

RMSEA = 0.02, NNFI = 0.96, and CFI = 0.95. Same-day correlations between parent and 

adolescent bedtime cortisol ranged from 0.02 to 0.03 across days and all were not significant 

(p > 0.05). In our final models, Paths A and B were significant: Adolescent bedtime cortisol 

predicted parents’ cognitive interference on the following day (B = 0.07, SE = 0.04, p 
= 0.04) and parents’ cognitive interference predicted parents’ same-day bedtime levels of 

cortisol (B = 0.07, SE = 0.03, p = 0.03). Direct paths from adolescent to parent bedtime 

cortisol (Path C′) were also significant (B = 0.13, SE = 0.03, p = 0.00). Thus, parents’ 

cognitive interference was a statistically significant partial mediator of the associations 

between adolescent and parent bedtime cortisol. The change in r-squared for the outcome 

when the mediator was in the model compared to a model without the mediator was 0.006 

for parent cortisol on Day 2, 0.003 for Day 3, and 0.005 for Day 4. Thus, parent cognitive 

interference had a small mediation effect.

3.4 | AUC and CAR

For AUC, model fit was good, χ2 = 266.75, df = 228, p = 0.04; RMSEA = 0.03, NNFI 

= 0.95, and CFI = 0.92. Same day correlations between parent and adolescent AUC were 

significant for Day 1 (r = 0.18, SE = .01, p = .02) but not for Day 2 (r = 0.13, SE = 0.08, p 
= 0.08), Day 3 (r =−0.03, SE = 0.23, p = 0.91), or Day 4 (r =−0.02, SE = 0.22, p = 0.91). 

Adolescent AUC did not predict parents’ cognitive interference on the following day (Path 

A: B = −0.004, SE = 0.003, p = 0.25). Parents’ cognitive interference predicted parents’ 

same-day AUC (Path B: B = 0.65, SE = 0.31, p = 0.03). Direct paths from adolescent to 

next-day parent AUC (Path C′) were also not significant (B = 0.01, SE = 0.04, p = 0.79). In 

CAR models, fit was also good, χ2 = 290.85 df = 228, p < 0.05. RMSEA = 0.02, NNFI = 

0.92, and CFI = 0.94. Same day correlations between mother and adolescent cortisol were 

not significant (range 0.02–0.10, all p > 0.05). In our final models for CAR, Path A was not 

significant: Child CAR did not predict parents’ same-day cognitive interference (B =−0.01, 

SE = 0.04, p = 0.72). Path B was inconsistent: Parents’ cognitive interference on Day 2 (B 
=−0.01, SE = 0.05, p = 0.87) and Day 3 (B = 0.01, SE = 0.05, p = 0.88) did not predict 
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parent CAR on the following day. However, cognitive interference on Day 4 did predict 

parent CAR on the following day (B = −0.21, SE = 0.06, p = 0.001). Direct effects (Path 

C′) were also significant (B = 0.10, SE = 0.04, p = 0.003). Therefore, parents’ cognitive 

interference was not a mediator of adolescent and parent AUC or CAR.

3.5 | Moderation by parent gender

3.5.1 | Bedtime cortisol—First, overall significance tests were run to assess if any of 

the bedtime cortisol model paths differed by parent gender. The difference between a model 

where all substantive model paths were constrained to be equal with a model where paths 

were free to vary between genders was statistically significant (Δχ2 = 31.9, df = 18, p = 

0.02), suggesting at least one path differed by gender. Then models were fit separately for 

mothers and fathers. For fathers (See Table 2), nested models revealed that four paths were 

invariant across days (adolescent cortisol stability paths, mediator stability paths, Paths A 

and C′) and could be constrained to be equal. For mothers, all paths except adolescent 

stability paths were invariant across days.

As seen in Figure 2, mother but not father cognitive interference was a significant mediator 

of the associations between adolescent and parent bedtime cortisol. For mothers, higher 

levels of adolescent bedtime cortisol were significantly associated with higher mothers’ 

cognitive interference on the following day (Path A for mothers; B = 0.09, SE = 0.04, p 
= 0.03) but these linkages were not significant for fathers (Path A for fathers; B = 0.01, 

SE = 0.06, p = 0.90). Similarly, for mothers, higher mother cognitive interference was 

associated with higher same-day bedtime levels of mother’s cortisol (Path B for mothers; 

B = 0.08, SE = 0.04, p = 0.03) but these associations were not significant for fathers for 

Day 2 (Path B for fathers; B =−0.04, SE = 0.12, p = 0.73), Day 3 (Path B; B = 0.28, SE = 

0.21, p = 0.20) or Day 4 (B =−0.03, SE = 0.14, p = 0.78). Direct effects from adolescent to 

parents’ bedtime cortisol (Path C′) were significant for both mothers (B = 0.12, SE = 0.04, 

p = 0.002) and fathers (B = 0.20, SE = 0.07, p = 0.003). Same-day correlations between 

parent and adolescent bedtime cortisol levels (not shown) were also significant for mothers 

(ranging from 0.03 to 0.04 across days, all p < 0.05) but were not significant for fathers 

(ranging from −0.01 to 0.03 for fathers, all p > 0.05). Because Paths A, B and C′ were 

significant for mothers, cognitive interference was a statistically significant partial mediator 

of the associations between adolescent and mother bedtime levels of cortisol. The change in 

r-squared for the outcome when the mediator was in the model compared to a model without 

the mediator was 0.007 for mother cortisol on Day 2, 0.002 for Day 3 and 0.006 for Day 4.

3.5.2 | AUC and CAR—The difference between a model where all substantive AUC 

model paths were constrained to be equal with a model where paths were free to vary 

between genders was statistically significant (Δχ2 = 38.01, df = 18, p = 0.004), suggesting 

differences by parent gender. Same day correlations between father and adolescent AUC 

were significant for Day 1 (r = 0.39, SE = 0.08, p = 0.00) and Day 4 (r = 0.25, SE = 0.0–9, 

p = 0.01) but were not significant for Day 2 (r = 0.21, SE = 0.13, p = 0.11) or Day 3 (r 
= 0.03, SE = 0.13, p = 0.81). Same-day correlations between mother and adolescent AUC 

were significant for Day 1 (r = 0.20, SE = 0.08, p = 0.01) but not significant for Day 2 (r = 

0.08, SE = 0.09, p = 0.35), Day 3 (r = 0.09, SE = 0.33, p = 0.78) or Day 4 (r =−0.07, SE 
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= 0.33, p = 0.78). Cognitive interference did not mediate the associations between child and 

parent AUC for either mothers or fathers. Path A was not significant: Child AUC was not 

associated with next-day cognitive interference for fathers (B =−0.006, SE = 0.04, p = 0.18) 

or mothers (B =−0.001, SE = 0.005, p = .79). For Path B, fathers’ cognitive interference was 

not associated with fathers’ same-day AUC (B = 0.87, SE = 0.54, p = 0.11). For mothers, 

Path B was inconsistent with mothers’ cognitive interference predicting mothers’ same-day 

AUC on Day 4 (B = 2.22, SE = 0.72, p = 0.002) but not for Day 2 (B =−0.28, SE = 0.65 p = 

0.66) or Day 3, (B = 0.62, SE = 0.59 p = 0.47); Direct effects (Path C′) from adolescent to 

parent AUC were significant for fathers (B = 0.87, SE = 0.54, p = 0.11) but not mothers (B 
=−0.02, SE = 0.04, p = 0.55). Thus, there is no evidence that cognitive interference mediated 

the linkages between adolescent and parent AUC for mothers or fathers. In our CAR models, 

there was no evidence of moderation by parent gender: The difference between a CAR 

model where all substantive model paths were constrained to be equal with a model where 

paths were free to vary between genders (Δχ2= 16.47, df = 18, p = 0.55) was not statistically 

significant.

3.6 | Moderation by parental warmth

3.6.1 | Bedtime cortisol—The difference between a bedtime cortisol model where all 

substantive model paths were constrained to be equal with a model where paths were free to 

vary between based on parent–child warmth was not significant (Δχ2 = 22.61, df = 18, p = 

0.21). Thus, there is no evidence that parental warmth moderated these linkages.

3.6.2 | AUC and CAR—For both AUC and CAR, there was no evidence of moderation 

by parental warmth. The difference in models where all substantive model paths were 

constrained to be equal with a model where paths were free to vary between based on 

parent–child warmth was not significant (AUC: Δχ2 = 22.57, df = 18, p = 0.20; CAR Δχ2 = 

25.82, df = 18, p = 0.11).

4 | DISCUSSION

Prior studies have found that behaviours and experiences of children have implications for 

parenting behavior and parental well-being (Pardini, 2008). Recently, evidence has found 

that child effects may apply not only to behavioral indicators, but also to physiological 

ones as well: Adolescent-aged children’s cortisol patterns are associated with parent’s 

cortisol the following day (Lippold et al., 2020). The purpose of this study was to examine 

parent’s cognitive interference—intrusive thoughts and efforts to control those thoughts—as 

a mediating factor that may link adolescent cortisol to parent cortisol.

We found evidence that cognitive interference partially mediated the associations between 

adolescent and mother bedtime levels of cortisol. Adolescent bedtime cortisol predicted 

increases in mothers’ cognitive interference the next day, which subsequently led to 

increases in mothers’ own cortisol levels at bedtime. When adolescents experience stressors 

and have trouble calming down at night before bedtime, mothers may worry about them 

the following day, experiencing intrusive and potentially ruminating thoughts, which in 

turn, may affect mothers’ own ability to calm down at bedtime. Our findings may reflect 

an empathic stress response, whereas mothers react to adolescent stress even if they do 

Lippold et al. Page 11

Stress Health. Author manuscript; available in PMC 2023 August 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



not experience it themselves (Buchanan et al., 2012; Engert et al., 2014). However, it also 

suggests that mothers’ own cognitive responses the following day may play an important 

role in whether adolescent physiological stress responses affect mothers’ physiological stress 

responses at bedtime. This finding supports the perseverative cognition hypothesis, in that 

repetitive thoughts and mentally reliving stressors lead to extended activation of the HPA 

axis (Brosschot et al., 2006). Yet, it extends this work to suggest that their adolescent-age 

children’s own bedtime cortisol levels may be an important trigger for such maternal 

cognitive interference.

Our bedtime cortisol results were moderated by parent gender, such that the partial 

mediation by parents’ cognitive interference was significant for mothers but not 

fathers. However, findings were not moderated by parental warmth, suggesting similar 

effects regardless of parent–child relationship quality. Mothers may experience cognitive 

interference in response to their adolescent’s HPA functioning and subsequently have high 

levels of bedtime cortisol. This finding supports prior studies that have found children’s 

behaviour to have stronger effects on mothers’ behaviour when compared to fathers (Moes 

et al., 1992) and suggests gender differences may extend beyond behavioral child-effects 

to physiological ones as well. These findings may reflect socialization differences: Mothers 

may be more involved with their adolescents (McHale et al., 2003) and more aware of 

their adolescent’s activities and well-being. Therefore, mothers may be more likely to notice 

and be affected by their adolescent’s physiological responses to stress. Some studies have 

found that mothers are more strongly affected by children’s behaviour than fathers (Elam 

et al., 2017; Moes et al., 1992), and also that women may experience a stronger empathic 

stress response (Rueckert & Naybar, 2008; Singer et al., 2006). Other work has also found 

evidence that women experience more rumination—one aspect of cognitive interference—in 

response to stressors than men (Nolen-Hoeksema, 2001). Given mixed findings regarding 

gender differences in prior literature, more studies with fathers and replication in other 

samples are clearly needed.

We found no evidence that parents’ cognitive interference mediated the relationship between 

adolescent and parent AUC or CAR. This was not surprising given that prior studies have 

found that bedtime cortisol levels may be affected more strongly by contextual factors 

than the cortisol awakening response, which would also be reflected in the AUC (Fries et 

al., 2009; Stadler et al., 2015). It is possible that CAR indicators capture chronic stress 

responses that are less affected by child characteristics, such as their stress physiology (Fries 

et al., 2009). Indeed adolescent AUC and CAR did not predict parent cognitive interference 

in our models. Further, there was inconsistent evidence that parent cognitive interference 

predicted their own AUC or CAR. This supports other studies that have found cognitive 

interference to be linked to bedtime cortisol levels specifically (Cropley et al., 2015). There 

was some evidence that adolescent AUC and CAR may have direct effects on parent cortisol

—which are not explained by cognitive interference. It raises questions as to whether other 

processes—perhaps on other timescales—may be at work.
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4.1 | Strengths and limitations

This study has several strengths and limitations. First, our study used daily diary data 

with biomarkers, which allowed us to assess individuals in their natural context increasing 

ecological validity (Lippold & McNamee, 2014). Daily assessments can capture day-to-day 

variability in cognitive interference and minimize recall bias. However, our measure of 

cognitive interference combines multiple cognitive processes into one. Studies with more 

fine-grained measures are needed to understand the specific role of rumination versus 

thought control, or suppression or other cognitions, such as parental efficacy or parental 

attributions about their children. Second, our study provides information about the day-to-

day associations between adolescent and parent cortisol and cognitive interference, but it 

cannot inform us about shorter (e.g., moment-to-moment) or longer term associations (e.g., 

over months, years). Importantly in our study, we tested whether child bedtime cortisol 

levels predicted next-day parent cognitive interference and bedtime cortisol. We were not 

able to assess same-day mediation given that parents’ cognitive interference was assessed 

before many adolescents go to bed. Note that, in our study, the same-day correlations 

between child and parent bedtime cortisol were often not significant. Third, our study 

did not employ a community-based sample that represent general families in the United 

States, which may limit generalizability. Our findings may be specific to parents who 

work in department similar to those included in this study (i.e., IT departments, nursing 

home workers). However, we tested our model on two different samples with different 

demographics, and the lack of differences between them lends support for the potential 

application of our findings among different populations. Fourth, our study does not shed 

light on the implications of this process for other aspects of parental well-being. Several 

studies have shown important linkages between stress, cognitive interference, and memory 

and learning (Sarason et al., 1996; Stawski et al., 2006). Cognitive interference can reduce 

the attention and resources available for other cognitive tasks, thereby reducing performance 

in other aspects of learning and work, and potentially affecting other parenting behaviour. 

Cognitive interference has also been associated with other aspects of well-being, namely 

sleep (Thomsen et al., 2003; Lee et al., 2019). Future studies are needed to explore the 

role of sleep especially. Fifth, our study controlled for stressors individually experienced 

by parents and children. However, we were unable to assess collective family stress or 

shared stressors, which may underlie these findings. Future studies with more fine-grained 

assessments of shared family stressors would shed light on the various types of stressors 

families may experience and how they affect adolescent effects on parent cortisol. Further, 

our mediation effects although significant, were small, suggesting other mediators are 

likely at work. Further, we included three indicators of cortisol in our analyses to be 

comprehensive, however increasing the number of statistical tests can increase the risk of 

Type I error. Future studies should examine additional processes—including sleep—that 

may explain parent–child cortisol linkages.

5 | CONCLUSIONS

Our study suggests that cognitive interference may play a key role in the transmission 

of physiological stress (indicated by bedtime cortisol levels) from adolescents to their 

mothers. Interventions to help reduce mothers’ rumination and intrusive thoughts about their 
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children may have important implications for mothers’ own stress physiology at bedtime. 

Approaches such as mindfulness or cognitive-based therapies may give mothers tools to 

observe and detach from intrusive thoughts and reduce the need for effort to suppress 

and manage such thoughts (Lippold & Duncan, 2018; Lippold et al., 2021) and may help 

them calm down at bedtime specifically. Mindfulness-based programs for both mothers and 

adolescents may also reduce the physiological transmission of stress from adolescents to 

their mothers.
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FIGURE 1. 
Conceptual model. Parents’ cognitive interference mediates the day-to-day linkages between 

child and parent cortisol. We hypothesize that child bedtime levels of cortisol will predict 

higher levels of parents’ cognitive interference on the following day (Path A). Higher levels 

of parents’ cognitive interference will predict higher same-day levels of parents’ bedtime 

cortisol levels (Path B). Models control for the direct effects of child cortisol on next-day 

parent cortisol (Path C′) as well as child cortisol, parent cortisol, and mediator stability 

paths (dotted lines). Models control for demographics, daily stressors, type of day, and 

cortisol specifications. Variables collected at the same time are also correlated (not shown)
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FIGURE 2. 
Moderation by parent gender. Cognitive interference mediates the linkages between 

adolescent and parent cortisol for mothers but not fathers. For mothers, higher levels of 

adolescent cortisol at bedtime were associated with higher levels of mothers’ cognitive 

interference (B = 0.09*) the following day. Subsequently, higher levels of cognitive 

interference were associated with higher levels of cortisol at bedtime for mothers (B 
= 0.08*). Unstandardized coefficients for fathers are above the line. Unstandardized 

coefficients for mothers are below the line. Models include additional control variables and 

correlations, including same day correlations between parent and adolescent cortisol (not 

shown in figure)
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