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Abstract

Background—Mothers have been shown to have higher morning cortisol on days they go to
work compared to non-workdays; however, it is unknown how maternal workday associates with
child morning cortisol or the attunement of mother-child morning cortisol.

Aims—This study examined the presence and stability of morning cortisol levels and slopes (i.e.,
cortisol awakening response or CAR) in a sample of 2 — 4 year old children in out-of-home child
care with working mothers. In addition, we examined the differential contributions of maternal
workday on mother-child attunement in morning cortisol.

Method—Mother and child morning cortisol was sampled twice a day (awakening and 30
minutes later) across four consecutive days (2 non-workdays; 2 workdays) among 47 working
mothers and their young children. Mothers also reported on compliance with sampling procedures
and provided demographic information.

Results—While children exhibited stability in cortisol levels, children’s CARs were variable,
with children’s non-work CARs not predictive of work CARs. Similarly, a significant morning rise
in cortisol was only found on workdays, not non-workdays. Overall, mothers had higher cortisol
levels and steeper CARs than their children. Further, maternal workday moderated the attunement
of mother-child CARs, such that mothers and children had concordant cortisol levels on non-
workdays, but discordant cortisol levels on workdays.

Conclusions—Morning cortisol may be more variable in pre-school aged children than adults
but may be similarly responsive to the social environment. Further, workday mornings may be a
time of reduced mother-child cortisol attunement.
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Introduction

An emerging literature has highlighted morning cortisol levels and change across the
morning (i.e., the cortisol awakening response or CAR) as indicators of chronic stress, and
long-term mental and physical health [1]. This literature has focused on adults, and great
strides have been made in understanding the factors that explain variability in morning
cortisol [2]. For example, work schedules must be assessed given the higher morning
cortisol levels [3], and steeper CARs [4] on workdays compared to non-workdays. The
production and release of cortisol in children is also sensitive to context [5-6], however few
studies have examined daily variation in morning cortisol during early childhood. The
majority of pre-school aged children have a clear difference in daily routine based on work
and weekend days. These systematic differences in morning routines have the potential to
add unexplained variance in child morning physiology, yet to the best of our knowledge, no
study has examined workday/non-workday differences in the morning cortisol of children of
working mothers. Further, mother and child cortisol levels have been found to be moderately
to strongly correlated [7], with maternal cortisol levels as strong of a predictor of child
cortisol as children’s behavioral profiles [8]. Given the documented effect of workday on
maternal cortisol, there is the potential that workday may also lead to an “un-coupling” of
mother-child shared physiology. Therefore, this study employs a “biosocial family systems”
approach [9] to examine the relationships between maternal workday, child morning
cortisol, and the coordination/attunement between mother and child morning cortisol across
days.

Psychosocial stress translates into physiological change through the hypothalamic-pituitary-
adrenal (HPA) axis and subsequent cortisol production. Cortisol functions to increase the
availability of glucose, thus preparing the body to face perceived challenges [10]. Cortisol is
released across the day following a distinct rhythm marked by a rise in the early morning
and a decline across the afternoon. Super-imposed on this rhythm is a normative increase in
cortisol across the first 30 to 45 minutes post-awakening [11]. Studies of adults have found
cortisol levels to increase roughly 50 — 75% across this timeframe [12]. An emerging
literature has linked dysregulations in morning cortisol in adulthood to worse health
outcomes [2]. Furthermore, studies of acute HPA reactivity suggest early experiences
program the set point and threshold of reactivity of HPA axis functioning, providing a
mechanism by which early experiences are translated into adult health outcomes [13]. Taken
together, this literature suggests the importance of examining early environments in relation
to children’s morning cortisol.

Infants develop a diurnal rhythm that consists of relatively high morning and low evening
cortisol levels by three months of age [14-15]. However, the CAR is a physiologically
distinct phenomenon from the diurnal rhythm [11] and findings have been mixed regarding
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when a consistently occurring CAR emerges. Three recent studies have found a significant
rise in cortisol levels across the first 30 minutes post-awakening, in infants in the first 6
months postpartum [16], in infants between 2 and 12 months [17], and in a highly controlled
study of seven 2 — 4 year olds [18]. However, other researchers failed to capture a morning
rise in cortisol among 7 — 17 month old infants on a single day of saliva collections by the
mother [8]. Further, even studies that have found an overall increase in cortisol across
awakening have noted significant variability in morning cortisol across days [17], with a
decrease in cortisol across almost 40% of the mornings [16]. The day-to-day variability in
child morning cortisol raises the possibility that daily changes in the child’s environment
may be related to cortisol levels and awakening responses.

Numerous studies utilizing laboratory stress tasks and reactivity paradigms have linked
multiple family interaction patterns and family contexts to child cortisol reactivity and
regulation [19-20]. Relatively less attention has been given to understanding naturally
occurring fluctuations in daily cortisol levels among young children in their home
environment [21]. Despite the paucity in research, two studies suggest children’s daily
cortisol in the home is related to the social context of the home. Specifically, higher maternal
parenting quality [22] and fewer parent-child conflicts [23] have been related to steeper
cortisol declines across the afternoon. Yet these findings are not necessarily generalizable to
morning cortisol, given the distinct physiological processes that occur in the morning (i.e.,
the cortisol awakening response),

Stress physiology is highly sensitive to social influence and in particular, early familial and
parent-child interactions [19-20]. Thus, day-to-day changes in family experiences are likely
to be linked to daily fluctuations in child cortisol [23]. While families are composed of
numerous, ever-changing interactions [24], many with the potential to be related to cortisol
[20], this study focuses on maternal work schedule to provide a systematic and recurring
family experience, and its relation to variation in morning cortisol. From a behavioral
perspective, the highly concentrated family interactions that occur in the morning might be
particularly important for dual-earner families who spend a large portion of their waking
hours apart [3]. Additionally, [25] and reduce maternal emotional engagement with her
children [26]. Further, biosocial studies have consistently linked workday to morning
cortisol in adults [4] and, among mothers of pre-school aged children, workday stressors
have been found to affect not only maternal cortisol levels but also the cortisol levels of
other family members [27]. Thus, we hypothesize that the differential routines and behaviors
that are expressed on maternal workdays will lead to child cortisol being higher on maternal
workdays than non-workdays.

Recent studies have revealed maternal cortisol to be an important predictor of child cortisol
in the morning [8], across the day [28], and in response to challenge [7,29, 30]. While the
previously cited studies span a large developmental age range, we acknowledge that mother-
child physiological attunement at each stage of development may have unique
developmental implications for the mother-child dyad. However, one unifying implication of
these studies suggests that in addition to members of the dyad influencing one another’s
behavior, emotions, and physiology [7, 31], shared environments or emotions can be
translated into shared physiological levels (i.e., mutual or parallel coordination/attunement)
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[7]. For example, Papp and colleagues [28] found that dyads who engaged in more shared
activities had a stronger relationship between mother and child cortisol across the day than
dyads who engaged in fewer shared activities. Inherent in this framework is the idea that
mother-child physiological coordination is not a characteristic of the dyad, but dependent on
the cognitions, behaviors, and social context of the dyad. However, past studies examining
mother-child physiological coordination have focused on between-dyad differences, as
opposed to examining how mother-child concordance might fluctuate withina dyad [29].
Given the known relationship between work and parental morning cortisol [3], and the
potential for work stress to spill over into other family members’ physiology [27], we will
examine how the attunement of mother-child morning cortisol changes across maternal non-
work and workdays.

Current estimates reveal 64.2% of mothers with pre-school aged children are participating in
the labor force [32]. Correspondingly, reports show 86% of children between birth and age 4
with working mothers are cared for by non-relatives while their mothers work [33]. Thus,
maternal work schedules have the potential to play a role in the majority of young children’s
day-to-day morning cortisol, as well as influence the morning cortisol attunement of many
mother-child dyads. We hypothesize that for both mothers and children, non-workday
morning cortisol will positively predict workday morning cortisol. However, we expect that
the interactions and routines required of mothers and children on days the dyad is leaving
the home for work and child care will increase cortisol levels and steepen awakening
responses compared to non-workday mornings. Further, mothers” morning cortisol will
predict children’s morning cortisol; however, we expect workday to moderate this
relationship, such that mother and child morning cortisol will not be attuned on workdays
when mothers are mentally and physically preparing for their workday.

Method

Participants

Fifty-six working mothers and their pre-school aged children were recruited through fliers
posted in local child care centers and public places. Of these dyads, 47 children were cared
for outside of the home. Because we hypothesize that linkages between maternal workday
and child cortisol attunement may be driven, in part, by the routines involved in the dyad
leaving the house for work and non-maternal care, we excluded families of working mothers
whose children were cared for by in-home caregivers. Eligibility criteria required that
mothers were employed outside the home, were the biological mother of a child between the
ages of 2 and 4 (M= 3.51 years, SD = .90) who attended out-of-home child care, and that
both mother and child were free of chronic illnesses. Pregnant mothers were excluded
regardless of trimester.

We focus on biological mother-child dyads with children between 2—4 years old for several
reasons. Children in this age range are old enough that they are typically no longer breastfed,
and therefore not directly exposed to maternal physiology. However, these children are
young enough that they are not in compulsory schooling, thus their schedules are more
likely dictated by family routines as opposed to the timing of public education. Further,
mothers tend to be primary caregivers [34] and are more likely to take primary responsibility
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for readying their children for the upcoming day. Additionally, we opted to limit our
examination to biological mothers to control for heritability. Thus, to be more confident in
reports of biological parenthood and reduce variability in parent-child cortisol attunement,
we limited our study to mothers [35].

Mothers ranged in age from 22 to 43 years (M= 31.15 years, SD = 4.85), and the majority
(74.5%) were married at the time of this study. The majority of mothers (80.4%) reported
their ethnicity as non-Hispanic white and 75% percent of the mothers reported their total
combined annual household income at or below $89,999. Fifty-seven percent (57.3%) of the
mothers worked 40 hours per week or more and 97.9% worked 20 hours or more. Only one
mother worked less than 20 hours a week (M= 36.62 hr, SD = 8.98, range: 11 — 60 hours/
week). Correspondingly, 76.5% of the children spent 40 hours per week or more in non-
parental care (M= 37.27 hr, SD = 11.51, range: 10 — 64 hours/week) with one child
spending under 20 hours in non-parental care.

The current study was approved by the Institutional Review Board at Purdue University that
oversees ethical concerns for research with human subjects. Prior to partaking in the study,
mothers gave informed consent for both their participation and that of their child. Mothers
met individually with research assistants to review the study protocol and learn saliva
collection techniques at the time of consent. Research assistants also gave participants
instructions on collecting saliva from their child at the time of consent. Mothers were
instructed to collect on their child using a soft nontoxic sponge; they were instructed to place
the sponge under the child’s tongue and swipe around his or her mouth and gums in order to
soak up saliva for a total of 90 seconds. If they encountered resistance from their child, they
were advised to try to break up the collection into intervals of 15 to 30 seconds. Participants
were also emailed a link to an instructional video on how to collect from their child. Mothers
collected saliva on themselves and on their child twice a day (immediately upon waking and
again 30 minutes later) for four consecutive days (two non-workdays followed by two
workdays). On each morning that saliva was collected, participants filled out questionnaires
designed to assess compliance with the saliva samplings. Research assistants called
participants the night before their first collections to remind them to begin the following
morning. Participants were instructed to collect their first sample immediately upon
awakening, right when they opened their eyes and before they got out of bed. At this time
they were reminded not to eat, drink, or smoke before collecting their second sample;
however, to increase hydration, they were asked to drink a glass of water 10 minutes before
their second collection. Mothers also responded to questionnaires assessing demographic
information. Families were compensated $100 after completion.

The psychobiology of stress—Mothers expressed saliva through a short straw into a
small vial, and collected saliva from their child using an absorbent sponge (Salimetrics
Children’s Swab). Mothers were instructed to swab under the child’s tongue and along the
gum line for approximately 90 seconds. After collecting, mothers were told to immediately
store the samples in the freezer. Samples were transported on ice to Purdue University and
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then stored frozen at =80 °C until assayed. To release the saliva from the child swabs and
access the clear top-phase of the mothers’ samples, samples were brought to room
temperature and centrifuged at 3,000 RPM for 15 minutes. All samples were assayed for
salivary cortisol using a highly sensitive enzyme immunoassay (Salimetrics, State College,
PA). The test has a range of sensitivity from 0.007 to 1.8 g/dL, and average intra- and inter-
assay coefficients of variation of less than 10% and 15%, respectively. All samples were
assayed in duplicate and the average of the duplicates was used in all analyses. Cortisol
levels were natural log transformed to correct for skewed distributions.

Saliva collection questionnaire—Mothers filled out a questionnaire designed to assess
compliance with collection procedures on each saliva collection morning. Mothers were
asked questions about the night before and the morning of each collection (e.g., “how many
hours did you sleep,” “what time did you wake up”) and what time they collected each
sample. Mothers answered these questions twice, once regarding themselves and once
regarding their child. Mothers were also asked to provide a reason if they did not collect
their child’s sample immediately upon awakening; additionally, they were asked to provide
their child’s true wake-up time in order to deduct how much time had passed between the
collection and actual wake time. Following Broderick and colleagues [36], a 15 minute
“compliance window” was employed. First morning samples that were collected within 15
minutes of awakening, and second samples collected between 15 and 45 minutes post-
awakening, were considered compliant. Non-compliant mother and child samples (n7=10)
were not included in the analyses. Time between first and second collections ranged from 20
to 45 minutes.

Missing data: Out of the 752 samples collected, 11% of the mother samples and 18% of the
child samples were missing. This resulted in 28 mothers and 13 children of the 47 dyads
having cortisol values for all eight collection points. Three children and one mother were
missing cortisol for every day. The high rate of missingness for the child was mainly due to
insufficient sample volume to assay. Maternal and child cortisol outliers three standard
deviations above and below the mean were removed (cortisol levels: 7=4 and CARs: 1= 3).

Data analysis

Average cortisol levels are operationalized as the average of the awakening and 30 minutes
post samples, while the cortisol awakening response is operationalized as the change from
awakening cortisol levels to the cortisol levels at 30 minutes post-awakening. Awakening
and 30 minutes post values were required to calculate cortisol levels and CARs. First,
descriptive statistics of morning cortisol levels and CARs will be provided along with
demographic characteristics and potential control variables associated with maternal and
child cortisol levels and awakening responses. Using a series of mixed models [37],
workday/non-workday differences in mother, child, and mother-child cortisol were
examined. Models 1 — 3 were analyzed twice; once examining maternal cortisol, and once
examining child cortisol.

Cortisol stability from non-work to workday—We first examined the predictive
power of non-workday cortisol on workday cortisol, with the Level 1 outcome InWorkCort;;
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referring to the natural log of the average morning workday cortisol levels for person j on
day i. Itis a function of Bgj, the person’s own intercept, and 83, the person’s own slope,
which is characterized by the association with non-workday cortisol levels (nonWorkCort;;),
and ejj, the within-person residual. As a significant within subject covariate, WakeTime (B2;j)
was included in Level 1 equations, whereas between subject control variables (e.g.,
household income) were entered at Level 2 for all models with cortisol as the dependent
variable. To model CAR, the Level 1 equation was similar to the levels model, apart from
using the non-work and work CAR variables and covariates. The workday cortisol levels
model is as follows:

Q) Level 1: InWorkCort;j; = Boj + Bj(nonWorkCortjj) + Boj(WakeTimejj) + €jj

Changes in cortisol across the morning—Next, we modeled the within-person
change in cortisol from awakening to 30 minutes post-awakening. At Level 1, the outcome,
InCort;j refers to the natural log of the average morning cortisol levels for person j on day i.
It is a function of Bgj, the person’s own intercept, and By, the person’s own slope, which is
characterized by the association between whether the sample was collected at awakening or
not (Awakeningij), wake time (B2j), and ejj, the within-person residual. The Awakening;
variable is a dichotomous variable referencing the cortisol value either as Awakening (0) or
30 minute post (1). Between subject control variables were entered at Level 2. The cortisol
levels model is as follows:

2 Level 1: InCortjj = Boj + B1j(Awakeningjj) + Boj(WakeTime;j) + €j;

Differences in workday and non-workday cortisol—Third, we modeled the within-
person differences in workday/non-workday cortisol. At Level 1, the outcome, InAvgCort;;
refers to the natural log of the average AM cortisol levels for person j on day i. It is a
function of Bo;, the person’s own intercept, and By, the person’s own slope, which is
characterized by the association between whether the day was a workday or not (Workdayj),
WakeTime (Byj), and ejj, the within-person residual. For CAR, the modeling of the Level 1
equation was identical to the levels model, apart from the dependent variable and covariates.
The Workday;j variable is a dichotomous variable referencing the cortisol value (levels or
CAR) either as Non-work (0) or Workday (1). Between subject control variables were
entered at Level 2. The cortisol levels model is as follows:

3) Level 1: InAvgCort;j = Boj + Byj(Workdayjj) + Boj(WakeTime;j) + &jj

Concordance of mother and child cortisol—Finally, we modeled the within-dyad
differences in workday/non-workday cortisol concordance. At Level 1, the outcome,
InAvgChildCort;; refers to the natural log of the average morning cortisol levels for child j
on day i. It is a function of B;, the child’s own intercept, and {,j, the child’s own slope,
which is characterized by the association with maternal cortisol (AvgMomCort;j), whether
the day was a workday or not (Workdayj;), the child’s WakeTtime (B2;j), and ejj, the within-
person residual. In addition, a maternal cortisol by workday interaction (AvgMomCort;;
*Workday;j) was added to the model to determine the difference in mother-child cortisol
attunement on non-work compared to workdays. For CAR, the modeling of the Level 1
equation was identical to the levels model, apart from the dependent variable and covariates
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as well as using maternal CAR as the independent variable. The concordance model for
levels is as follows:

4 Level 1: InAvgChildCortjj = Boj + B1j(AvgMomCortjj) + Bj(Workdayjj) +
B3j(ChildWakeTime;;) + Baj(AvgMomCort;; * Workdayjj) + i

All modeling was carried out using Proc MIXED in SAS 9.2. Full information maximum
likelihood estimation (MLE) was used for all models, which has been shown to produce
unbiased parameter estimates and standard errors in models with missing data. MLE
provides the correct likelihood for the missing parameters based on the distribution of the
observed data and provides valid standard errors when calculated based on the observed
information matrix [38-39].

Preliminary and descriptive analyses

Mother and child person-specific (e.g., age, report of health status, household income,
maternal marital status, maternal smoking status, medication use) and day-specific (e.g.,
number of hours slept, bed time, wake time, amount of time elapsed between awakening and
the first sample, amount of time elapsed between the first and second samples) variables
were examined as potential control variables for mother and child cortisol levels and
awakening responses. Maternal wake time, B = -.19, p=.002, and household income, p =.
18, p=.006, were related to maternal cortisol levels; earlier wake times and higher income
were related to higher average cortisol levels. Similarly, child wake time was related to child
cortisol levels, B = -.26, p= .01, with earlier wake times related to higher levels. Mother
and child wake times were highly correlated, r=.79, p < 001; however, children woke on
average 25 min (SD = 48 min) after their mothers on workdays and 12 min (SO = 58 min)
after their mothers on non-workdays. No other potential control variables were related to
maternal or child cortisol levels or CARs. Lastly, higher maternal morning cortisol levels
were related to steeper maternal awakening responses, p = .17, p=.004. However, child
cortisol levels were not related to their awakening responses, p = .01, 7ns.

Main analyses

Mother cortisol levels and awakening responses—As expected, higher maternal
non-workday cortisol levels predicted higher maternal workday cortisol levels, p = .75, p=.
01, and steeper maternal non-workday CARs were marginally related to steeper workday
CARs, B =.20, p=.08. As reported elsewhere [blinded for review], maternal cortisol levels
increased from waking (M= .36 ug/dL, SD = .19) to 30 min post (M= .42 ug/dL, SD=.23),
controlling for wake time, p = .29, p<.001. Further, while mothers exhibited a significant
increase in cortisol on both work, B = .53, p=.006, and non-workdays, p = .18, p= .05,
mothers had steeper cortisol increases on workdays (M= .13 ug/dL, SD = .25) compared to
non-workdays (M= .04 ug/dL, SD=.19), B = .53, p=.006. There was no workday/non-
workday difference in cortisol levels, controlling for wake time, B = .12, ns.

Child cortisol levels and awakening responses—As expected, children’s non-
workday cortisol levels predicted workday cortisol levels, B = 1.33, p=.003; however, non-
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workday CARs did not predict workday CARs, p = .01, ns. Overall, children did not show a
change in cortisol levels from wake-up (M= .37 ug/dL, SD = .27) to 30 min post (M= .44
ug/dL, SD = .33), controlling for wake time, p = .11, ns. However, workday was related to
children’s cortisol levels, p = .34, p=.01, and CARs, B = .24, p= .03, with higher levels
and steeper CARs on workdays compared to non-workdays (Fig. 1). Follow-up analyses
revealed cortisol increased significantly from waking to 30 min post on days children’s
mothers went to work, B = .29, p=.001, but not on non-workdays.

Mother-child cortisol levels and awakening responses—Mixed modeling was used
to examine the relationships between mother and child cortosol levels and awakening
responses across the four collection days. Overall, mothers had higher cortisol levels, B =.
10, p= .05, and steeper CARs, p = .14, p= .02, than children (Fig. 1). p = .26, p=.03, and
maternal CARSs predicted child CARs, p = .18, p=.03. Workday did not moderate the
relationship between mother and child CARs, B = -.15, ns, however, there was a significant
difference in the relationship between mother and child cortisol levels on workdays
compared to non-workdays, f = —.36, p=.05. Follow-up analyses revealed maternal cortisol
levels only predicted child levels on non-workdays, p = .67, p=.004.

Discussion

The purpose of this study was to examine the relationship between maternal workday, and
child morning cortisol and mother-child cortisol attunement in a sample of working mothers
with children who attend out-of-home child care. Supporting past literature [40-41], we
found intra-individual stability in working mothers” morning physiology. Interestingly, less
stability was seen in children’s morning physiological profiles. While children exhibited
relative stability in average cortisol levels across days, children’s CARs were highly
variable, with non-workday CARs not predictive of workday CARs. Further, children did
not exhibit an increasing CAR on non-workdays, but did show an increase in cortisol from
awakening to 30 minutes post on workdays. In addition, maternal cortisol levels predicted
child levels, and maternal CARs predicted child CARs. Finally, workday moderated the
mother-child cortisol level relationship revealing mother-child cortisol concordance only on
non-workdays. This study highlights the importance of understanding families’ social
contexts in studies of children’s morning cortisol.

Previous research highlights the importance of workday as a significant contextual factor
influencing adult physiology. Specifically, a workday/non-workday difference in morning
cortisol is normative among working adults [4], who report greater workload on workdays
[42]. However, this study illustrates workday may also be important for the physiological
functioning of young children of working parents. In fact, it appears that when taking
maternal workday into consideration, children also exhibit higher cortisol levels and steeper
CARs on workdays compared to non-workdays. While the current study was not able to test
specific mechanisms, children’s physiological profiles could be a reflection of changes in
maternal and/or child behavior on work compared to non-workdays.

Adult morning physiology tends to be predicted by both momentary and anticipatory
emotions [43]. However, given the egocentric nature of preschoolers [44], children’s
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morning physiology may be a stronger reflection of the immediate context as opposed to
anticipation of the upcoming daycare day. As such, children’s heightened workday CARs
suggest the interactions and routines surrounding workday mornings may be more
physiologically arousing than those on non-workday mornings. In qualitative interviews,
working mothers report rushed workday mornings with slight deviations from everyday
routines being viewed as a source of stress [45]. Children’s greater physiological arousal
could be related to changes in maternal behavior [46] as mothers must focus on competing
tasks [47] (i.e., preparing themselves for work and their child for child care). Likewise,
children’s differential physiology could be associated with changes in child behavior.
Workday mornings may be a time of greater child physical activity as children ready
themselves for the day. Physiological activation may be heightened to support this level of
arousal [48] as well as to meet the expectations of compliance [49] surrounding morning
routines. In contrast, children may have fewer physical and emotional demands in the first
30 minutes of a non-workday morning when they are less likely to leave the house first thing
in the morning on a set schedule.

Thus, workday mornings in families with children attending out of home care may present a
combination of experiences (e.g., changes in maternal and child behavior) with the potential
to increase child physiological activation. However, workdays are not the only days/
mornings where these changes coincide, and child cortisol may also increase in other, but
similar family contexts (e.g., leaving the house by a specific time for a non-work/daycare
event). Importantly, because workday cortisol was only assessed on days both members of
the dyad were leaving the house, it is not clear if both of these experiences (maternal work
and out of home care) are necessary to raise child cortisol above non-work day cortisol. It
could be that the child’s cortisol would still be heightened on days they stay home but their
mothers left for work, or days they go to child care but their mothers stay home. That said, it
is probably not the event itself that is related to cortisol in these young children, but the
behaviors and interactions surrounding these events. Therefore, building off of the ‘risky
family model,” we hypothesize that any situations where mothers use harsh parenting, have
greater expectations for compliance, or when children are meeting these emotional or
physical demands, child morning cortisol will be heightened [50]. Additional studies are
necessary to parse out the exact mechanisms and contexts responsible for the physiological
changes found in the present analyses.

As expected, this study confirms a positive association between maternal and child cortisol
levels and CARs. This association can partially be explained by shared genetic factors,
considering heritability estimates of CAR are between 32 — 48% [41, 51]. Undoubtedly,
however, contextual factors are also important in the degree of concordance between mother
and child physiology [7]. The current analyses found a difference in the coordination of
mother and child cortisol levels on work vs. non-workdays, with greater similarity between
mother and child cortisol levels on non-work compared to workdays. Importantly, there was
no relationship between maternal and child cortisol levels on workday mornings. This
finding highlights the variability in mother-child physiological attunement, showing that
attuned cortisol levels are not a sole function of the relationship, but a function of the
relationship in context.
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Previous studies have suggested that maternal sensitivity facilitates mother-child
adrenocortical coordination [30]; however, other studies have found harsh and punitive
parenting [7] and situations marked by challenge [29] or negative affect [28] to increase
cortisol attunement within a mother-child dyad. These findings suggest that both positive
and negative relationship dynamics have the potential to engender concordance, and thus
concordance may not be solely indicative of the quality of the relationship. However, it
could be that attuned cortisol is indicative of, for better or worse, engaged interactions and
shared emaotions [52]. Although daily variation in mother-child interactions on work and
non-workdays were not assessed, it has been suggested that adults may socially withdraw
from family interactions in an attempt to cope with the demands of work stress [53]. In
particular, independent observers rate mothers as less physically, emotionally, and
cognitively engaged with their children on high stress workdays than on low stress workdays
[26]. While the study by Repetti and Wood [53] focused on evening reunions, the
psychological anticipatory stress [54] of workday mornings may encourage similar
psychological withdrawal from mothers, thereby uncoupling mother-child cortisol levels.
Thus, workday mornings may present a time when mothers and children physically share the
same space and activities, but the dyad experiences some emotional and physiological
disengagement. Interestingly, different processes seem to be involved with the coordination
of mother and child CAR, which was not moderated by workday. This finding perhaps
suggests that the attunement of CARs is less susceptible to environmental influences.

Family interactions and parental behavior are dynamic and dependent on the emotional and
physical contexts in which they are embedded [55-56]. Given the past emphasis on maternal
behavior as a main driver of mother-child cortisol attunement [30, 35], it is likely that
attunement fluctuates with changes in mother-child interactions. Indeed, the current analyses
corroborate past findings that mother-child cortisol attunement is not stable [28], and
fluctuations may be related to changes in family routines that go along with maternal work
schedules. However, our findings are most likely not unique to the workday context. While
this study does not elucidate the mechanisms at play, based off of the work by Feldman and
colleagues [57], we hypothesize that emotional engagement may be important for
physiological coordination. Thus, future researchers should examine emational withdrawal
in this context, as well as other family contexts in which it is likely to occur, to determine the
effect it has on cortisol attunement.

Future directions/Limitations

Assessing morning cortisol levels in young children poses unique challenges for researchers
because of children’s inability to collect their own saliva. This potentially doubles the
chances of noncompliance due to the necessity for both caregiver and child to adhere to the
protocol (in our study, 18% of children’s cortisol was missing compared to mothers’ 11%).
Noncompliance/missingness could have biased results by reducing the power necessary to
detect a smaller magnitude CAR on non-workdays. However, maximum likelihood
estimation is a robust method for accounting for missing data and is known to produce
unbiased estimates of standard errors even with moderate amounts of missingness [58]; thus,
it is unlikely that the missingness in the current sample affected the estimates produced.
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Not adhering to the collection protocol jeopardizes the ability to accurately capture the
awakening response, and has been related to higher awakening cortisol levels [59] and flatter
CARs [60]. Therefore it could be that differences in morning structure and routine on work
compared to non-workdays affected compliance, biasing the results. On workday mornings,
mothers may be more likely to wake up before their child (or wake up their child) to get to
work on time, thus ensuring child samples are collected upon awakening. In contrast, on
non-workday mornings, children may wake before their mothers, despite maternal report of
waking before her child. It should be noted, however, that mothers do not self-report lower
compliance on non-workdays, and follow-up analyses do not reveal a difference in
awakening cortisol on work compared to non-workdays in the children. Rather, the
difference in workday/non-workday cortisol levels and CARs in the children seems to be
driven by their 30 minute post samples. Regardless, researchers should consider
incorporating multiple methods to assess sleep and collection time when collecting morning
cortisol on children [18].

Lastly, it is important to note that weekday and weekend mornings could differ for families
regardless of whether the mother is employed. The activity of weekday mornings may be
driven by an older sibling’s school schedule, preschool attendance, a father’s work schedule,
or different combinations of these factors on different days. Families must coordinate
multiple individuals’ schedules and some families may be more routine-oriented in this
endeavor than others [61]. While the current study only examined mothers employed outside
of the home and their children cared for in out of home care, and thus did not compare
different family configurations (e.g., families without a working mother), future studies
should examine the relationship between day-to-day physiology and family routines in
multiple family types. Further, the data presented are preliminary in that while daily
physiology was collected, researchers should strive to collect more detailed information on
daily variation in morning routines, behavior, and affect, in addition to physiological
markers.

Conclusions

Family systems scholars have long recognized the inter-related nature of family members
and the propensity for family members to impact each other’s thoughts, feelings, and actions
[62]. Similarly, biosocial researchers recognize the potential for social context and
interpersonal interactions to exert a profound influence over physiological arousal [9].
Importantly, these dynamic biobehavioral relationships among parents and children have the
potential to determine the set-point for life-long physiological reactivity [63] and initiate
differential life course trajectories [64]. As such, attuned physiological processes may
provide another mechanism by which early rearing environments affect later mental and
physical health [65, 31].
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Figure 1.
Mothers have higher levels and steeper CARs than children. Both mothers and children have

significantly steeper CARs on workdays compared with non-workdays.
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