
Daily Stressor Reactivity During Adolescence: The Buffering Role of
Parental Warmth

Melissa A. Lippold
University of North Carolina at Chapel Hill

Kelly D. Davis
Oregon State University

Susan M. McHale
Pennsylvania State University

Orfeu M. Buxton
Pennsylvania State University and Harvard Medical School

David M. Almeida
Pennsylvania State University

Objective: This study examined youth stressor reactivity in the form of links between daily stressors and
adolescents’ negative affect, physical health symptoms, and cortisol patterns. We also tested whether youth
gender and parental warmth moderated these linkages. Method: Participants were the children of employees
in the information technology division of a large company (N � 132, mean age � 13.39 years, 55% female).
Youth completed daily diary telephone interviews on 8 consecutive evenings and provided saliva samples at
4 time points over 4 days to assess daily stressors and youth physiological and affective functioning. Parental
warmth was assessed during in-home interviews. Multilevel modeling was used to account for interdepen-
dencies in the data. Results: Youth who experienced more daily stressors, on average, reported more negative
affect and physical health symptoms, on average. Furthermore, on days youth reported more stressors than
usual (compared to their own across-day average), they also exhibited more physical health symptoms,
reduced evening cortisol decline (e.g., flatter slopes), higher bedtime cortisol, and more negative affect. Girls
had stronger within-person linkages between daily stressors and daily negative affect than boys. Parental
warmth moderated these within-person linkages: Youth who experienced more parental warmth had lower
negative affect and steeper cortisol decline than usual on less stressful days. However, youth who experienced
less parental warmth had higher negative affect and their cortisol levels declined less, even on days with
lower-than-usual stress. Conclusions: Daily stressors are associated with youth’s affective and physiological
functioning, but parental warmth can support youth’s stress recovery.
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Childhood acute and chronic stressors are linked to increased
risks for disease in adulthood, including cardiovascular disease and
depression (Anda et al., 2006). Studies on adults suggest that,
beyond major life stressors, daily stressors, such as interpersonal

conflicts and work demands, also are linked to physical and mental
health (Almeida, Piazza, Stawski, & Klein, 2011). However, we
know little about daily stressors in adolescence and their proximal ties
to youth well-being. Daily stressors may impact youth functioning,
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including negative affect, physical health symptoms, and stress-
related physiology, specifically the function of the hypothalamic-
pituitary-adrenocortical (HPA) axis, such as is indexed via daily
cortisol patterns (Bai & Repetti, 2015; Repetti, Robles, & Reynolds,
2011). Adults differ in their stressor reactivity (i.e., their physio-
logical and affective responses to daily stressors; Piazza, Charles,
Sliwinski, Mogle, & Almeida, 2013). Responses in highly reactive
individuals vary across days, such that they display greater nega-
tive affect, more physical health symptoms, and less healthy cor-
tisol patterns on days when they experience more stressors. By
contrast, associations between daily stressors and affective and
physiological function are less pronounced in low-reactive indi-
viduals (Piazza et al., 2013). Importantly, individual factors, such
as gender (Hankin, Mermelstein, & Roesch, 2007), and contextual
factors, such as social support (Uchino, Cacioppo, & Kiecolt-
Glaser, 1996), buffer adults from daily stressor effects. However,
knowledge of stressor reactivity during adolescence is limited.
Thus, this study used a daily diary approach to investigate stressor
reactivity in the form of links between daily stressors and adoles-
cents’ self-reported negative affect, physical health symptoms, and
biomarkers of their cortisol patterns. We also tested whether youth
gender and parental warmth moderated these linkages.

We examined affective and psychological responses to daily
stressors, which may be interrelated. Healthy patterns of cortisol
are marked by a diurnal rhythm in which cortisol levels peak
shortly after waking and then decline over the course of the day
(McEwen, 1998). Daily stressors may trigger activity in the HPA
system such that elevated levels of cortisol do not decline across
the course of the day or the cortisol awakening response (CAR) is
weakened. Thus, in this study, high levels of youth salivary cor-
tisol before dinner and at bedtime, a flatter decline in cortisol from
dinner to bedtime (e.g., flatter slope), and a blunted next-day CAR
were conceptualized as unhealthy cortisol patterns (Adam & Ku-
mari, 2009), patterns that have been associated with an increased
risk of disease and degraded immune functioning (Kemeny, 2003;
Neeck, Federlin, Graef, Rusch, & Schmidt, 1990). Furthermore,
high levels of negative affect are linked to disease and dysregu-
lated cortisol patterns (Polk, Cohen, Doyle, Skoner, & Kirsch-
baum, 2005), although the causal mechanisms are unclear (Miller,
Chen, & Parker, 2011). To advance understanding of the implica-
tions of daily stressors in adolescence in this study, we investigated
their links with negative affect, physical health symptoms, and
cortisol patterns.

Daily Stressors and Youth Affective and
Physiological Functioning

Daily stressor frequency and stressor reactivity are linked to
affective and physiological functioning in adults. Daily stressors,
such as interpersonal conflicts, work demands, and college exams,
are associated with more physical health symptoms, such as cold
and flu, symptoms of chronic health conditions, and slower wound
healing (Kiecolt-Glaser, McGuire, Robles, & Glaser, 2002; Piazza
et al., 2013), in addition to psychological distress and disrupted
HPA functioning (Piazza et al., 2013). Furthermore, adults with
stronger affective and physiological reactions to daily stressors—
those with high stressor reactivity—are more likely to develop
health problems, such as depression and chronic disease (Charles,
Piazza, Mogle, Sliwinski, & Almeida, 2013; Piazza et al., 2013).

Although well studied in adults, little is known about how daily
stressors are associated with physiological and affective function-
ing in adolescence. Adolescence is a time of biological, cognitive,
and social changes (Steinberg & Morris, 2001) that may bring
increased daily stress as adolescents navigate new demands and
shifting peer and family dynamics (Seiffge-Krenke, 1995). Ado-
lescents report frequent stressors (Rudolph & Hammen, 1999) and
exhibit high stressor reactivity, or strong affective and physiolog-
ical responses to acute stressors (Stroud et al., 2009; Romeo,
2010). High levels of reactivity may be evident because adoles-
cents are still developing the cognitive skills necessary to effec-
tively cope with stress (Hampel & Petermann, 2006; Power, 2004).

The Role of Gender in Youth’s Stress and Health

Gender has been implicated in adolescent stress, with girls
reporting more stressors than boys (Almeida & Kessler, 1998;
Flook, 2011). Girls tend to be more relationship oriented than boys
and have stronger needs for affiliation (McHale, Crouter, & White-
man, 2003); thus, relationship stressors, in particular, may lead to
stronger physiological responses in girls than boys. Furthermore,
global and daily stressors have been more strongly linked to HPA
functioning, depressive symptoms, and daily mood in adolescent
girls than boys (Flook, 2011; Hankin et al., 2007). In this study, we
tested the hypotheses that there would be stronger linkages be-
tween daily stressors and negative affect, self-reported physical
symptoms, and cortisol for girls than for boys.

The Buffering Role of Parental Warmth

In adults, contextual factors such as social support serve as a
buffer against the negative effects of stress (Uchino et al., 1996),
and adults with more social support have fewer physiological and
affective responses to stressors (Eisenberger, Taylor, Gable,
Hilmert, & Lieberman, 2007; Uchino, 2006). We know less about
the role of social support in adolescents’ stress reactivity, but
extant literature suggests that supports such as warm parent–child
relationships—those that are highly affectionate, supportive, and
accepting—may increase youth’s feeling of security and thereby
mitigate stress reactivity. Parents may also aid in cognitive restruc-
turing, leading to youth appraisals of stressors as less threatening
and decreasing youth’s feelings of anxiety (Power, 2004; Eisen-
berger et al., 2007). Warm parents also model and promote devel-
opment of emotion regulation skills (Morris, Silk, Steinberg, My-
ers, & Robinson, 2007). In these ways, parental warmth may
dampen the links between daily stressors and youth affective and
physiological functioning.

However, most research on parents’ role in adolescent stress
focuses on traumatic events, such as parental divorce or chronic
stressors such as neighborhood violence (Grant et al., 2006). We
know little about how parent–child relationships may buffer youth
from the effects of daily stressors and how parental warmth relates
to youth health on high- or low-stress days (Uchino, 2006). Some
work on infants and toddlers documents the buffering role of
parent–child relationships on the effects of experimentally induced
stressors on cortisol levels in laboratory settings (Blair et al., 2008;
Gunnar, Larson, Hertsgaard, Harris, & Brodersen, 1992). In addi-
tion, adults who retrospectively reported warmer parent–child
relationships were less likely to experience psychological distress
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and exhibited lower cortisol levels after exposure to stressful life
events (Hagan et al., 2011; Mallers, Charles, Neupert, & Almeida,
2010).

The Current Study

In this study, we used a daily diary design to test three hypoth-
eses. First, daily stressors will be associated with higher youth
negative affect, more self-reported physical health symptoms, and
less healthy cortisol patterns, including higher dinner and bedtime
cortisol levels, less cortisol decline from dinner to bedtime, and
blunted next-day CAR. Second, gender will moderate the linkages
between daily stressors and negative affect, physical symptoms,
and cortisol, with stronger linkages for girls. Third, parental
warmth will moderate the linkages between daily stressors and
negative affect, physical symptoms, and cortisol, with weaker links
(less daily reactivity) for youth with warmer parent–child relation-
ships.

Method

Participants

The study used data from a subsample of families that partici-
pated in the daily diary component of the Work, Family Health
Network Study, a study of a workplace intervention designed to
reduce work-family conflict and improve the health of employees
and their families (Bray et al., 2013). Participants for these anal-
yses were 132 employees (45% female; mean age � 45.24 years,
SD � 6.30) from the larger sample of workers in an information
technology division of a Fortune 500 company, and their child,
aged 9–17 years, who lived with them for at least 4 days a week.
If the target employee had more than one child within this age
range, then the child closest to age 13 was recruited. Most youth
were White (59%); 3% were African American, 15% were His-
panic, 18% were Asian, less than 1% were American Indian/
Alaska Native or Pacific Islander, and 3% reported more than one
race/ethnicity. Most parents graduated from college (78%), and
their annual incomes averaged between $110,000 and $119,999.
Most parents were married (81%); 6% were cohabiting, and 13%
were single. Youth (55% female) averaged 13.39 years of age
(SD � 2.40).

Procedures

Data were collected via three methods: in-home interviews,
8-day daily telephone interviews, and saliva sampling. Appropriate
institutional review boards approved study procedures. During
home interviews, parents provided consent and youth provided
assent. Youth were then interviewed separately about their health,
adjustment, and family relationships, and parents completed
computer-assisted personal interviews. Parent–child dyads who
completed home interviews were eligible to also participate in the
daily diary study of daily activities, emotions, and experiences via
telephone calls on 8 consecutive evenings. Trained interviewers
conducted a Computer Assisted Telephone Interview (CATI) with
the employee and child separately on the same 8 consecutive
evenings. Calls lasted approximately 15 min for children and 25
min for parents and required each to reflect on experiences in the

past 24 hr. Youth reported on the previous 24-hr period (Mdn
youth interview start time � 8:01 p.m., SD � 1.62 hr; 88%
completed all eight calls; all youth completed at least six calls).

On 4 diary days (Days 2–5), saliva samples were collected from
youth at 4 time points: upon awakening, before getting out of bed,
30 min after waking, before dinner, and before going to bed. Of the
youth who participated in the diary calls, 96% (N � 126) also
provided saliva samples. Our sample includes 1,829 valid saliva
samples (90% of 2,016 possible samples). Seventy-one percent of
youth provided complete saliva data on 2 or more days. During
home interviews, saliva collection kits with instructions were
given to families. Each kit contained 16 salivettes for collecting
youth cortisol (4 salivettes a day over 4 days) and a DVD dem-
onstrating saliva collection. Youth were instructed to roll a cotton
swab across their tongue for 2 min and return it to the tube without
touching it. They also were told not to eat, drink, or brush their
teeth for 30 min before saliva collection. Youth recorded the time
each saliva sample was taken on a separate data collection sheet on
which they also recorded any medications they were taking during
the saliva collection period. Instructions for saliva collection were
reviewed with parents and youth during the first phone interview,
and youth were reminded about the saliva collection on the eve-
nings before scheduled collections.

Compliance with the saliva collection protocol was high: Non-
compliance (including when the time difference between samples
at wake and 30 min after waking was �15 min or �60 min, the
child woke up later than noon, and/or the child was awake for �12
hr or �20 hr) was noted on only 10% of days that at least one
cortisol sample was provided. In addition, 10% of youth received
a time-stamper to record the time of cortisol collection: Compli-
ance among youth with a time-stamper did not differ from com-
pliance among youth who self-recorded their data collection times.

Participants refrigerated the samples after each collection, and at
the end of the saliva collection period they mailed the samples to
our laboratory using prepaid overnight delivery. Upon receipt,
saliva samples were weighed and frozen at �80°C until later assay
of cortisol in the Biomarker Core Laboratory at Pennsylvania State
University using commercially available enzyme immunoassay
kits (Salimetrics, LLC, State College, PA) on a rolling basis
throughout the study period. The assay had a lower limit of
sensitivity of 0.003 �g/dL, with average inter- and intraassay
covariances (%) of less than 7% and 4%, respectively. Of the
bedtime samples, 54 were less than 0.003 �g/dL and were desig-
nated as off-the-curve low and set to the lowest level of sensitivity
of the assay.

Measures

Daily stressors were measured with an adapted version of the
Daily Inventory of Stressful Events (DISE, Almeida, Wethington,
& Kessler, 2002; Almeida & Davis, 2011). During each call youth
were asked if they had experienced five stressors (0 � no; 1 � yes)
from the time of the previous call until the time of the current call.
An example item is, “Did you have any arguments or disagree-
ments with anyone else, other than (target parent) since this time
yesterday, including other people in your family or people outside
your family?” Stressors included relationship stressors (e.g., with
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friends, relatives) and nonrelationship stressors (e.g., at work/
school). Items were summed with higher scores indicating more
daily stressors.

Daily negative affect was assessed using a six-item scale
adapted from the Positive and Negative Affect Schedule (PANAS;
Watson, Clark, & Tellegen, 1988; e.g., “How much of the time
today did you feel upset?”). Items were rated on a 5-point scale
(1 � none of the time to 5 � all of the time) and averaged within
each day for use in our analysis.

Youth daily physical health symptoms were assessed via a six-
item scale adapted from Larson and Kasimatis (1991). For each
item (headache, cold/flu, tired, allergies, stomachache, other phys-
ical problems) youth reported whether they had or had not expe-
rienced that symptom on the day of the call (0 � no; 1 � yes). The
items were summed within each day so that higher scores indicated
more daily physical health symptoms.

Youth cortisol, a marker of HPA axis function, was indexed by
four measures: level of cortisol before dinner, level at bedtime, the
evening slope from before dinner to bedtime, and next-morning
CAR. We focused on end-of-the-day and next-morning measures,
reasoning that they would best reflect youth reactions to stressors
they experienced on a given day. The evening slope was calculated
by subtracting the before-dinner score from the bedtime cortisol
score and dividing by the duration of time between the samples.
CAR was calculated from the cortisol measured at wake and 30
min after waking (Stawski, Cichy, Piazza, & Almeida, 2013).
Cortisol data were converted to nanomoles per liter (nmol/L;
�g/dL � 27.59) and log transformed before analysis (Adam &
Kumari, 2009).

Parental warmth was rated by youth in the home interviews
using eight items from the Child’s Report of Parental Behavior
Inventory (CRPBI; Schaefer, 1965). Youth were asked to rate their
parents’ behavior over the past month. Example items include
“Your [parent] . . . tells or shows you that s/he likes you just the
way you are” and “Almost always speaks to you with a warm and
friendly voice” (1 � not at all to 5 � very much). The eight items
were averaged, with high scores signifying greater parental
warmth. Cronbach’s � � .85.

Control variables included youth age (centered at the grand
mean), youth gender (0 � male, 1 � female), and parent education
(0 � not a college graduate, 1 � college graduate). Cortisol
models also controlled for the time of sample collection, race/
ethnicity (0 � White; 1 � Nonwhite), and whether or not the youth
was taking any medications that can influence cortisol (0 � no
medications, 1 � 1 or more medications; Adam & Kumari,
2009). In addition, to account for noncompliance in timing of
saliva collection, our models included a control variable that
flagged potential cortisol time noncompliance on a particular
day (0 � all samples compliant; 1 � 1 or more sample non-
compliant). Youth were given a score of 1 on this noncompli-
ance variable if any of the following conditions were noted
during the day of saliva collection: the time difference between
samples at wake and 30 min after waking was less than 15 min
or greater than 60 min, the child woke up later than noon, and/or
the child was awake for less than 12 hr or more than 20 hr. If
no compliance issues were noted, then the child received a
score of 0 on this noncompliance variable.

Plan of Analysis

We used multilevel modeling to account for the nonindepen-
dence of observations (Raudenbush & Bryk, 2002). Daily diary
designs allow for testing of typically examined questions about
between-person differences, such as whether youth with more
stressors exhibit poorer functioning, on average. In addition, they
allow for tests of within-person associations, such as whether on
days when youth have more stressors than usual they also have
more negative affective and physiological functioning than usual
that same day. Conceptually, our analytic approach allows us to
assess the proximal within-person linkages between stress and
youth outcomes. Furthermore, within-person analyses allow for
stronger inferences about the linkages between stressors and well-
being because they control for stable between-person differences,
such as genetic or larger social environmental “third variables”
that might otherwise account for the associations between stressors
and well-being (Almeida, 2005; Jacobs, Lanza, Osgood, Eccles, &
Wigfield, 2002).

Two level models were estimated in SAS 9.3 using Proc Mixed,
with days (Level 1, within-person) nested within individuals
(Level 2, between-person). At Level 1, we included person-mean–
centered measures of the time varying daily stressor measures. For
the analyses of cortisol, we also included the time-varying controls
(i.e., time of saliva collection). At Level 2, we entered the
between-person variables, which were grand mean centered, in-
cluding the cross-day averages of daily stressors (person-mean)
and time-invariant controls (e.g., race, age, gender).

Level 1 :

Youth Outcomesti � B0i � �B1i�Number of Daily Stressorsti��
� �eti� (1a)

Level 2 :

B0i � �00 � ��01�Number of Daily Stressorsi�� � �u0i� (1b)

B1i � �10 � �u1i� (1c)

At Level 1 (daily level, Equation 1a), youth i’s health outcomes on
day t were modeled as a function of their daily intercept (B0i), daily
slope (B1i), and residual variance (eti.). The daily slope reflects
changes in youth outcomes on days when youth have more daily
stressors than usual (within-person). At Level 2 (person-level), the
Level 1 intercept (Equation 1b) was modeled as a function of the
sample average intercept (	00), slope (	01), and random effects
(u0i). The Level 2 slope (	01) reflects differences in youth out-
comes associated with the cross-time averages of daily stressors
(between-person); that is, differences in youth outcomes as a
function of the average number of their daily stressors (as com-
pared with other youth). The Level 1 slope (Equation 1c) was
modeled as the sample average daily within-person effect (	10)
and random effects (u1i). Lagged models were run for morning rise
(CAR), in which we investigated the linkages between daily stres-
sors and morning rise on the following days.

We estimated three models for each outcome variable. First, we
tested the main effects of daily stressors on youth functioning
(Table 2, Model 1). We then tested whether the links between daily
stressors and youth functioning were moderated by youth gender
(Table 2, Model 2). Finally, we assessed whether the links between
daily stressors and youth functioning were moderated by global
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reports of parental warmth (Table 2, Model 3). Moderation by
gender was tested at the between-person level by adding an inter-
action term with gender and between-person stressor frequency to
Level 2 (Gender �	01 added to Equation 1b). Moderation was also
tested at the within-person level by adding gender to Equation 1c,
resulting in a cross-level interaction term with gender (Level 2)
moderating the within-person effects of stressors (Level 1). Similar
procedures were followed to test for moderation by parental
warmth. Follow-up tests of the simple slopes were conducted when
interaction terms were p � .05 or lower (Aiken & West, 1991).

Results

Table 1 shows means and correlations for study variables. Most
variation was within individuals across study days: Intraclass
correlations ranged from .02 to .33, indicating more within-person
variation than between-person variation.

Daily Stressors and Youth Health

Beginning with the main effects (Table 2, Model 1), the fre-
quency of youth daily stressors was associated with youth func-
tioning at the between- and within-person levels. At the between-
person level, youth with more daily stressors, on average,
experienced more self-reported physical health symptoms and
more negative affect than other youth. Within-person analyses
revealed that, controlling for average number of stressors, on days
when youth reported more stressors than usual, they also experi-
enced more negative affect, physical health symptoms, and flatter
cortisol slopes. A marginal within-person finding emerged for
bedtime cortisol levels (p � .06), which tended to be higher on
days with more stressors than usual. No effects of daily stressors
were found for next-day CAR (not shown).

Moderation of Stressor Effects

The test of gender moderation revealed that the within-person
linkages between number of stressors and negative affect differed
for girls versus boys (Table 2, Model 2). Tests of the simple slopes
(not shown) revealed that the links between daily stressors and
negative affect were stronger for girls, 
 � 0.17, SE � 0.02, p �
.001, than for boys, 
 � .09, SE � 0.03, p � .01. No gender

moderation effects emerged for physical health symptoms or the
cortisol measures.

Parental warmth also moderated the within-person linkage be-
tween daily stressors and youth negative affect (Table 2, Model 3).
Follow-up tests of the simple slopes (�1 SD) revealed that the
within-person link between daily stressors and negative affect was
stronger for youth with higher, 
 � 0.20, SE � 0.03, p � .001, as
compared with lower parental warmth, 
 � 0.10, SE � 0.02, p �
.001. Examination of the means revealed that, in contrast to our
hypothesis, youth who reported lower parental warmth had higher
levels of negative affect even on days when they experienced
fewer stressors than usual (Figure 1a). Youth with the lowest levels
of negative affect were those with high parental warmth on low-
stress days. A similar pattern was found for the within-person
associations between stressors and the slope of cortisol from
dinner to bedtime (Table 2, Model 3; Figure 1b). On days when
youth with warmer parent–child relationships experienced more
stressors than usual, their cortisol levels declined less between
dinner and bedtime (i.e., the slope was flatter), 
 � 0.40, SE �
0.12, p � .01. However, the within-person linkage between stres-
sors and cortisol slopes was not significant for youth with less
warm parent–child relationships, 
 � 0.15, SE � 0.09, ns. Ex-
amination of the means suggests that youth who had the steepest
declines in cortisol were those who had high parental warmth on
low-stress days. No moderation effects for parental warmth were
found for physical symptoms, before-dinner or bedtime cortisol
levels, or next-day CAR.

Discussion

Considerable evidence has accumulated showing that daily
stressors are linked to health in adulthood (Almeida & Davis,
2011). Our study suggests that daily stressors also are associated
with affective and physiological functioning during adolescence.
As hypothesized, at the between-person level, youth who reported
more daily stressors, on average, experienced more self-reported
physical health symptoms and more negative affect. It is important
to note that we also found that, controlling for the across-day
average number of stressors, on days youth reported more stressors
than usual, they also exhibited more physical health symptoms,
flatter evening slopes, higher bedtime cortisol levels, and more
negative affect than usual. Such within-person effects are notable

Table 1
Means, SDs, and Between-Person Correlations Between Study Variables

M BP SD WP SD ICC 1 2 3 4 5 6 7 8

1. Number of daily stressors 0.35 0.35 0.63 0.10
2. Physical health symptoms 0.61 0.57 0.94 0.26 0.40���

3. Before-dinner cortisol levels 2.35 2.30 3.76 0.34 0.09 0.00
4. Bedtime cortisol levels 1.55 1.54 2.50 0.29 0.18� 0.02 0.61��

5. Dinner to bedtime slope �0.39 1.80 3.06 0.07 �0.05 0.01 �0.23� 0.31�

6. Morning rise (CAR) 0.28 0.42 0.65 0.17 0.12 �0.03 0.23� 0.11 �0.08
7. Negative affect 1.27 0.43 0.40 0.39 0.61��� 0.23� 0.11 0.16 �0.04 0.06
8. Parental warmth 1.03 0.64 0.64 — �0.23� �0.14 �0.10 �0.11 0.05 0.03 �0.22�

9. Youth gender (% female) 55% — 0.50 — 0.05 0.19� 0.07 0.06 0.02 0.26 0.04 0.33

Note. All cortisol values were log transformed before calculating correlations. BP � between-person; WP � within person; ICC � intraclass correlation
coefficient.
� p � .05. �� p � .01. ��� p � .001.
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given that they emerge from analyses in which individuals serve as
their own controls and allow the researcher to rule out other stable
third variable explanations, measured or not (Almeida, 2005).
Consistent with findings from research on adults, not only major
life events, but daily stressors have proximal linkages with youth
health. However, it is important to note that the associations
between daily stressors and youth affective and physiological
functioning were not homogenous but varied as a function of youth
gender and parental warmth. A direction for research is to explore
other individual and contextual characteristics that may serve as
risk and protective factors in daily stress processes.

Studies of adults show immediate and longer-term associations
between stressors and physical and psychological health (Piazza et
al., 2013). Our research suggests that daily stressors may have
proximal linkages to physiological functioning during adoles-
cence, as evidenced by significant within-person relations between
daily stressors and youth physical symptoms and diurnal patterns
of cortisol. Our findings revealed that, on days when youth expe-
rienced more stressors than usual, they exhibited higher levels of
cortisol at bedtime and flatter evening slopes compared with days
with fewer stressors. Repeated activation of the HPA system may
lead to wear and tear on the body and eventually failure of the
system to activate in response to stressful situations (Piazza,
Almeida, Dmitrieva, & Klein, 2010). Although we saw no evi-
dence of a blunted CAR, such a response may emerge over an
extended period of time (Adam, Hawkley, Kudielka, & Cacioppo,
2006). It is interesting to note that our cortisol outcomes were
associated with stressors at the within- but not the between-person
level. As with findings on adults (Kiecolt-Glaser et al., 2002;
Piazza et al., 2013), daily stressors were also linked to more

physical health symptoms, such as cold and flu. Higher average
stressor frequency across the 8 days was associated with more
physical symptoms and negative affect, but not with the cortisol
indicators. This pattern suggests that stressors had more immediate
effects on HPA functioning, but they did not accumulate across the
course of the week to create detectable between-person differ-
ences. Further study is needed to understand how the effects of
daily stressors in adolescence accumulate over time to affect later
chronic disease conditions (Repetti et al., 2011). Given the prox-
imal links between stressors and physiological functioning, pro-
moting adolescents’ strategies for coping with daily stressors and
stress management techniques may have important and proximal
associations with their HPA functioning and physical symptoms.

Consistent with our hypothesis, we found gender differences in
the links between daily stressors and negative affect. Although
significant for both genders, the within-person linkages between
daily stressors and negative affect were stronger for girls. These
findings extend prior work showing stronger linkages between
stressors and depression for girls (Hankin et al., 2007) in docu-
menting that daily stressors are associated with daily negative
affect (Flook, 2011). More studies are needed to document
whether and how experiences of daily stressors and negative affect
accumulate over time to affect clinical levels of depression. In this
study, many of the targeted stressors were interpersonal—one
possible reason why associations were stronger in girls given their
stronger social orientations (Hankin et al., 2007). Our findings
support other research suggesting that stressors may be more
strongly linked to affect and depression for girls than boys (Flook,
2011). However, at least one study suggests that gender modera-
tion may vary based on the type of stressor. Specifically, the

Table 2
Daily Stressors and Youth Health Outcomes

Negative affect
Physical health

symptoms
Before-dinner

level of cortisol
Bedtime level

of cortisol

Before dinner
to bedtime

slope

Est SE Est SE Est SE Est SE Est SE

Model 1: Main effects
Fixed effects

BP Daily stressors .49��� .06 .60��� .13 .17 .1 .14 .09 �.04 .11
WP Daily stressors .14��� .02 .33��� .05 �.02† .05 .09† .04 .20� .08

Random effects
Intercept .03��� .01 .18��� .03 .09��� .02 .06��� .01 .01 .03
Residual .09��� .00 .60��� .03 .19��� .02 .19��� .12 .43�� .04

Model 2: Moderation by youth gender
Fixed effects

BP Daily stressors .43��� .08 .64�� .18 .19 .14 .11 .09 �.09 .15
WP Daily stressors .09�� .02 .34��� .07 �.08 .07 .08† .04 .07� .03
Youth gender �.01 .04 .16† .09 �.05 .2 .05 .07 .01 .08
BP Daily Stressors � Youth Gender .12 .12 �.11 .26 �.05 .2 .07 .05 .11 .21
WP Daily Stressors � Youth Gender .08� .04 �.02 .09 .11 .09 .02 .02 �.07 .15

Model 3: Moderation by parental warmth
Fixed effects

BP Daily stressors .47��� .06 .55��� .13 .15 .11 .10 .10 .03 .12
WP Daily stressors .14��� .02 .32��� .05 �.03 .05 .11 .05 .27� .09
Parental warmth �.05 .04 �.11 .07 �.05 .06 �.06 .06 .00 .07
BP Daily Stressors � Parental Warmth .06 .08 �.02 .18 .01 .15 �.04 .14 .23 .16
WP Daily Stressors � Parental Warmth .08�� .03 �.05 .06 �.00 .06 .11† .06 .20� .10

Note. BP indicates between-person effects. WP indicates within-person effects. All models control for child gender, child age, and parent education.
Cortisol models also control for medication use, race, and time of sample. Moderation models include random effects (not shown).
† p � .10. � p � .05. �� p � .01. ��� p � .001.
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linkages between school-/achievement-related stressors and youth
depression may be stronger for boys (Shih, Eberhart, Hammen, &
Brennan, 2006). Future research on larger samples should examine
a range of daily stressor domains, such as achievement and peer
domains and how stressors in different domains may have differ-
ential effects for boys and girls (Shih et al., 2006). Youth gender
did not moderate the linkages between physical health symptoms
or cortisol levels, highlighting the importance of collecting multi-
ple measures of youth functioning in studies of stress processes.
Our findings suggest that stressors may have similar effects on
HPA functioning and physical health for boys and girls. Future
studies are needed to explore how stress processes may differ for
girls and boys, gender differences in reactivity to stressors in
different domains, and the role of mediating processes such as
coping skills.

As predicted, parental warmth moderated the within-person
linkages between daily stressors and both cortisol daily decline and
negative affect. However, contrary to expectations, the role of
parental warmth was most evident on days with fewer stressors.
Youth who experienced high parental warmth exhibited the health-

iest profiles on low-stressor days (low negative affect and steeper
cortisol slopes). Thus, parental warmth did not weaken the links
between daily stressors and physiological and affective function-
ing, as we hypothesized. However, our findings are consistent with
a recovery pattern: Warmth may play a role in youth’s ability to
recover from stressors on nonstress days. In a healthy HPA system,
physiological and emotional responses increase under stress, but
they decrease after the stressor exposure is over (Sapolsky et al.,
2000). Thus, in this study, stress recovery may be evident in the
form of lower levels of physiological and emotional responses on
low-stress as compared with highly stressful days. Furthermore,
our findings are consistent with a recovery pattern for youth with
high parental warmth but not those with low parental warmth.
Specifically, youth with higher parental warmth had higher levels
of negative affect and flatter cortisol slopes on stressful days, but
lower levels of negative affect and steeper cortisol decline on less
stressful days, indicating effective stress-recovery processes. In
contrast, youth with low parental warmth exhibited higher levels of
negative affect and flatter cortisol slopes on high- and low-stress
days, suggesting that they were less well able to recover from
high-stress days. It will be important to replicate these findings
using data collection procedures with greater temporal resolution
and specific measures of recovery, in response to a greater variety
of stressors, and in other populations. Inability to recover after a
daily stressor may be a cause for concern given that stress recovery
processes have been linked over time to a host of health outcomes
in adults (Smyth & Heron, 2014).

Warm parents may promote youth’s coping skills, assist in
problem-solving, provide support and advice for how to handle
stressors, and serve as role models for self-regulation, all of which
may foster youth’s own self-regulation capacities and thereby
enable recovery on days of lower stress (Power, 2004). It is
interesting to note that moderation effects were only evident for
within-person effects; we were unable to detect parental warmth
effects on the links between average number of stressors and youth
outcomes. Studies with short time scales may be needed to capture
the linkages between stress and health and to assess more imme-
diate indicators of stress recovery. It also may be that, in this
relatively privileged sample, stressors were not sufficiently strong
or frequent to give rise to more stable between-person differences.
Furthermore, there was more variability in stressors at the within-
than between-person level, which may also have made it more
difficult to detect between-person effects. Future studies should
include samples of youth from a wider range of family circum-
stances to better capture between-individual differences in
stressor-outcome linkages.

Several other limitations of our study also imply directions for
research. First, participants were well-educated, primarily Cauca-
sian youth. The relations among stress, health, and parenting may
differ based on demographic or contextual factors, such as race,
neighborhood conditions, or income; thus, research is needed to
replicate our results with other samples. We relied on youth
self-reports of stressors, physical health symptoms, negative affect,
and parental warmth; thus, monoreporter biases may underlie some
of the associations we observed. Future studies should include
measurement approaches, such as biomarkers of immune system
function, observations of parent–child interactions, and measures
of other aspects of parenting. In addition, future studies with
larger, more diverse samples should aim to unpack how specific
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Figure 1. Parental warmth moderates the within person linkages between
daily stressors and negative affect and evening cortisol slopes. (a)
Follow-up tests revealed that the within-person linkages between stressors
and negative affect were stronger for youth who experienced high parental
warmth than youth who experienced low parental warmth. (b) Follow-up
tests revealed that the within-person linkages between stressors and eve-
ning cortisol slopes were significant for youth who experienced high
parental warmth, but not for youth who experienced low parental warmth.
Youth with warm parents had flatter slopes (e.g., closer to zero) than usual
on days they experienced more stressors than usual. However, youth who
experienced low parental warmth did not differ across high- and low-stress
days.
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types of stressors, such as school stressors or sociocultural stres-
sors such as discrimination and poverty, are related to youth
outcomes (Shih et al., 2006). Finally, our correlational design
means that the direction of effects cannot be discerned: Youth with
more physical health symptoms, higher cortisol, and/or more neg-
ative affect may perceive and/or elicit more daily stressors rather
than the other way around, or a bidirectional process linking youth
health and daily stressors may be at play (Flook, 2011). Future
studies of daily stressors in which data are collected at many points
in time across the day, such as with ecological momentary assess-
ments, can help to establish the direction of effects underlying
these associations.

In the face of some limitations, this study contributes to the
literature on stress and well-being in adolescence by moving
beyond the field’s prior focus on chronic stress and major life
events to study youth’s experiences of daily stressors. Consistent
with predictions, daily stressors were linked in the short term to
indices of youth’s physical symptoms, unhealthy cortisol patterns,
and negative affect. Taking advantage of our repeated-measures
design, we also established that a number of these linkages
emerged at the within-person level, allowing us to rule out stable
third variables as explanations of the associations we observed.
However, these effects were not universal: Youth gender and
parental warmth moderated some associations. Future research
should be directed at delineating the conditions under which daily
stressors are linked to adolescents’ well-being. Such studies may
identify potentially malleable factors and target populations for
prevention and intervention programs aimed at mitigating the
deleterious effects of stressors during this important developmen-
tal period.
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