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Abstract

Growing evidence from field studies has linked daily stressors to dysregulated patterns of diurnal
cortisol. Less is known about whether naturally-occurring positive events in everyday life are
associated with diurnal cortisol. The objectives of this study were to evaluate daily positive events
as predictors of between-person differences and within-person (day-to-day) variations in diurnal
cortisol parameters, in addition to daily positive events as buffers against the associations between
daily stressors and cortisol. In the National Study of Daily Experiences, 1,657 adults ages 33-84
(57% female) reported daily experiences during telephone interviews on 8 consecutive evenings.
Saliva samples were collected 4 times per day on 4 interview days and assayed for cortisol.
Multilevel models were used to estimate associations of daily positive events with cortisol
awakening response (CAR), diurnal cortisol slope, and area under the curve (AUC). At the
between-person level, people who experienced more frequent positive events exhibited a steeper
diurnal cortisol slope, controlling for daily stressors, daily affect, and other covariates. At the
within-person level, positive events in the morning (but not prior-night or afternoon/evening
events) predicted steeper decline in cortisol across that day; positive events were also marginally
associated with lower same-day AUC. Associations were not mediated by daily positive affect, and
positive events did not buffer against stressor-related cortisol alterations. These findings indicate
that individual differences and day-to-day variations in daily positive events are associated with
diurnal cortisol patterns, independent of stressors and affect.
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Cortisol—a key hormone produced by the hypothalamic-pituitary-adrenal (HPA) axis—has
wide-ranging effects across multiple physiological systems to mobilize the body when faced
with a physical or psychological stressor (Sapolsky et al., 1986). Short-term increases (i.e.,
reactivity) in cortisol are necessary for mounting an adaptive bodily response to acute
stressors; however, diminished or excessive cortisol reactivity or the inability to sufficiently
terminate the glucocorticoid cascade are thought to reflect maladaptive stress responses
(Sapolsky et al., 1986). This is supported by considerable evidence on psychological stress
and dysregulated HPA axis activity (Dickerson and Kemeny, 2004; Miller et al., 2007).
Chronic stress is associated with alterations in the diurnal pattern of cortisol, as indicated by
either an increased or a blunted rise in cortisol in the first hour after waking (cortisol
awakening response; CAR) (Chida and Steptoe, 2009), with features of the person and
stressor (e.g., time since stressor onset, controllability) accounting for some of these
variations (Miller et al., 2007). A robust CAR may be an adaptive response signifying the
anticipation of daily challenges, although higher CAR (Adam et al., 2014) as well as smaller
CAR (Nederhof et al., 2015) are risk factors for future onset of mental disorders. Blunted
CAR and diminished total cortisol output are found in cases of burnout, prolonged stress,
and trauma (Chida and Steptoe, 2009; Heim et al., 2000). Furthermore, chronic stress is
linked to flatter decline in cortisol across the day (Miller et al., 2007), which in turn is
associated with elevated inflammation (DeSantis et al., 2012), shorter telomere length
(Tomiyama et al., 2012), and greater mortality risk (Kumari et al., 2011). It is therefore
important to identify characteristics of individuals and their environments that are linked to
variations in cortisol patterns.

Field studies that combine self-reports of daily experiences with salivary cortisol
assessments can provide unique insights into how people navigate stress in real-life settings
(Adam and Kumari, 2009; Almeida et al., 2009). Intensive repeated assessments, such as
daily diary or experience sampling, allow for the examination of between-person differences
(e.g., Do people who encounter more stressors have dysregulated cortisol profiles, compared
to less-stressed people?) and within-person variation from one occasion to the next (e.g., Is
cortisol altered on days when a stressor occurs, relative to stressor-free days?). Recently,
results from nearly 1,700 adults in the National Study of Daily Experiences—from which
data for the current study are also drawn—demonstrated that people who experienced more
frequent daily stressors exhibited a steeper diurnal cortisol slope. At the within-person level,
total cortisol output (as indexed by area under the curve; AUC) was higher on days when
stressors occurred compared to stressor-free days (Stawski et al., 2013). Other field studies
have also shown between-person and/or within-person associations of daily stress and affect
with alterations in cortisol (Adam et al., 2006; Chida and Steptoe, 2009; Jacobs et al., 2007;
Smyth et al., 1998). Yet, in contrast to the literature on daily stress and affect, less research
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has examined whether individual differences and day-to-day variations in protective factors
—particularly positive events—play adaptive roles for cortisol.

Daily positive events are favorable or desirable events, such as having a positive social
interaction or spending time in nature, that are external to a person’s emotional states and
reflect transactions with the environment (Sin et al., 2015; Zautra et al., 2005). People who
experience more frequent daily positive events tend to have higher positive affect (Zautra et
al., 2005), better health behaviors (Sin et al., 2015, 2017; Tomfohr et al., 2011), lower body
mass index (Sin et al., 2015), and lower levels of inflammation (Bajaj et al., 2016; Jain et al.,
2007; Sin et al., 2015), compared to those who report fewer daily positive events. The
previously observed links between daily positive events and reduced inflammation may be
due, at least in part, to normative HPA axis activity and less glucocorticoid resistance (Miller
et al., 2002; Rohleder, 2012). Daily positive events—and the positive emotions they produce
—might be directly associated with cortisol, in addition to buffering against the influences
of stressors on cortisol. Previous empirical and theoretical work have described the role of
positive experiences in attenuating cortisol reactivity to acute and chronic stressors (Bostock
et al., 2011; Ditzen et al., 2008; Pressman et al., 2009), promoting positive reappraisals and
problem-focused coping in the context of stress (Folkman and Moskowitz, 2000), and
cultivating psychosocial resources (e.g., positive social relationships, self-efficacy) that can
offset future stress (Fredrickson, 1998; Hobfoll, 1989).

Positive affect is a potential key mechanism linking positive events to cortisol patterns. Daily
positive events are associated with increases in positive affect when they occur (Charles et
al., 2010; Zautra et al., 2005). Positive affect, in turn, has been linked to cortisol, although
previous findings have been inconsistent. When comparing between-persons, findings from
several studies suggest that people with higher trait-like or aggregated momentary positive
affect had smaller CAR than those with lower positive affect (Brummett et al., 2009; Chida
and Steptoe, 2009; Miller et al., 2016; Steptoe et al., 2007). Greater positive affect has been
associated with steeper diurnal slopes between-persons (Hoyt et al., 2015; Miller et al.,
2016), but null results have also been reported for diurnal slopes (Brummett et al., 2009;
Slatcher et al., 2015), CAR (Hoyt et al., 2015), AUC (Miller et al., 2016), and cortisol levels
averaged across a day (Steptoe et al., 2007). Findings are also equivocal at the within-person
level, such that state positive affect has been linked to lower-than-usual momentary salivary
cortisol levels (i.e., cortisol reactivity) (Smyth et al., 1998) and lower same-day AUC (Nater
et al., 2010; Polk et al., 2005), whereas other studies have found no associations of state
positive affect with cortisol reactivity (Jacobs et al., 2007; van Eck et al., 1996) or the
diurnal rhythm (Adam et al., 2006). Based on trends discerned from this mixed literature, we
tentatively expected daily positive affect to mediate the associations of daily positive events
with smaller CAR and steeper diurnal slopes at the between-person level, as well as the
relationship between daily positive events with reduced same-day AUC at the within-person
level.

To our knowledge, few studies have examined the associations between naturally-occurring
positive events and salivary cortisol in daily life. In a sample of 47 participants with major
depression and 39 healthy participants, momentary positive events assessed 10 times per day
were unrelated to cortisol reactivity across 6 days of observation (Peeters et al., 2003).
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Because cortisol was only examined at the moment-level in that study, it remains unclear
whether positive events—directly or in interaction with stressors—are associated with the
diurnal rhythm of cortisol (i.e., CAR, diurnal cortisol slope) or total cortisol output. In
another study, AUC was reduced on days when couples had greater exchange of physical
affection with one another, relative to days with little or no physical affection; positive
couple interactions also reduced AUC levels associated with chronic work stressors (Ditzen
et al., 2008). Thus, there is initial evidence suggesting that positive events may be beneficial
under conditions of heightened chronic stress, but none of the research to date has examined
whether daily positive events buffer against the influence of same-day stressors on diurnal
cortisol rhythms.

The overarching goals of the current study were to investigate the potential main effects and
stress-buffering effects of daily positive events with diurnal salivary cortisol. In a national
sample of 1,657 midlife and older adults, participants reported daily experiences during
telephone interviews on eight consecutive evenings and completed a saliva collection
protocol on four of those days (Almeida et al., 2009). First, we evaluated daily positive
events as predictors of between-person differences and within-person (day-to-day) variations
in diurnal cortisol patterns. Second, daily positive affect was tested as a potential mediator of
the links between daily positive events and cortisol. Lastly, we examined whether daily
positive events mitigated the associations of daily stressors with cortisol.

2. Methods

2.1. Sample and procedure

The Midlife in the United States Study (MIDUS) is a national survey designed to examine
the roles of behavioral, psychological, and social factors in aging and health. We used data
from the second wave of MIDUS because cortisol and daily positive events were not
measured during the first wave. The parent MIDUS study comprised of 4,963 English-
speaking adults ages 33 to 86 across the US and an additional 592 African Americans from
Milwaukee.

A random subsample of 2,022 respondents enrolled in a daily diary substudy called the
National Study of Daily Experiences, which consisted of brief semi-structured telephone
interviews on eight consecutive evenings (Almeida et al., 2002). Starting on Day 2 of the
study, participants collected saliva samples four times per day for four consecutive days,
totaling 16 saliva samples per participant (Almeida et al., 2009). The saliva samples were
collected upon waking, 30-min post-waking, before lunch, and before bed.

Of the 2,022 daily diary participants, 1,735 (86%) provided valid cortisol samples (mean =
15.51 samples per person, SD = 1.35). A total of 26,902 cortisol samples were obtained
across 6,789 days. We excluded cortisol samples where the cortisol level was >60 nmol/L
(1.46%), the time stamp was missing (1.28%), or the lunch sample was =10 nmol/L more
than the 30-min post-waking sample (suggesting that participants ate before collecting their
saliva, 1.82%). We further excluded cortisol samples from days when participants woke
before 4 AM (3.14%) or after 12 PM (0.67%), or days when <15 or >60 min elapsed
between the first two samples (indicators of noncompliance that influence assessment of the
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awakening response, 9.74%). An additional 28 cortisol samples (0.10%) were excluded from
analyses due to missing participant data on daily positive events, daily stressors, or
covariates. This resulted in a final analytic sample of 1,657 participants with 5,602 days of
cortisol collection and 21,557 salivary cortisol samples. Findings were unchanged when we
ran a sensitivity analysis restricted to 1,508 participants who each provided at least 50%
(eight) useable cortisol samples.

2.2. Daily positive events and stressors

During nightly telephone interviews, participants were asked whether any of these five
positive events had occurred in the past 24 hours: (a) positive interpersonal interaction, (b)
positive experience at work, school, or at a volunteer position, (c) positive experience at
home, (d) network positive event (i.e., positive event experienced by a close friend or
relative), and (e) any other positive event (Charles et al., 2010; Sin et al., 2015). For
example, positive interpersonal interactions were assessed with the question, “Did you have
an interaction with someone that most people would consider particularly positive (for
example, sharing a good laugh with someone, or having a good conversation) since we
spoke yesterday?” Participants were also asked to report what time the events happened. A
day was considered to be a “positive event day” if the participant endorsed at least one
positive event. Positive events were entered as a dichotomous variable (1 = positive event
day, 0 = no positive event that day) when examined as a within-person predictor.l Asa
between-person predictor, the frequency of positive events was computed as the percent of
study days during which at least one positive event occurred (Seltzer et al., 2009; Sin et al.,
2015).

Daily stressors were assessed using the Daily Inventory of Stressful Events (Almeida et al.,
2002). Participants reported whether the following stressors had occurred in the past 24
hours: (a) argument, (b) avoided an argument, (c) stressor at work or school, (d) stressor at
home, (e) discrimination, (f) network stressor (i.e., stressful event that happened to a close
friend or family member), and (g) any other stressor. Examples of items included the
following: “Did you have an argument or disagreement with anyone since this time
yesterday?” and “Since this time yesterday, did anything happen at home (other than what
you already mentioned) that most people would consider stressful?” A dichotomous variable
was created to indicate whether at least one stressor had occurred that day (i.e., stressor day)
or if no stressors had occurred (i.e., stressor-free day). At the between-person level, the
frequency of daily stressors was computed as the percent of study days during which at least
one stressor occurred (Sin et al., 2016).

2.3. Salivary cortisol

Participants received a Home Saliva Collection Kit prior to their initial telephone interview.
The kit contained a detailed instruction sheet and 16 numbered and color-coded salivette
collection devices (Sarstedt, Numbrecht, Germany). Interviewers reviewed the collection

lParticipants reported an average of 1.13 positive events per day (SD = 0.67) and 0.52 stressors per day (SD = 0.44). Because it was
less common to encounter multiple positive events or multiple stressors within a day, we focused on whether ary of these events had
occurred. The findings were unchanged when we ran a sensitivity analysis using the number of daily positive events and stressors as
predictors of cortisol (Supplementary Tables 1 and 2).
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procedures with the participants during the first interview and answered any questions.
Participants were instructed to collect four saliva samples per day on Days 2-5: immediately
upon waking, 30 min after waking, before lunch, and before bed. Participants recorded the
exact time of each saliva sample on a form sent with the collection kit, in addition to
reporting the sampling times to study staff during the nightly telephone interviews. The
sampling times reported on the forms and in telephone interviews were correlated above
0.90 for each of the four sampling occasions.

After completing the saliva collection protocol, participants shipped the salivettes to the
MIDUS Biological Core at the University of Wisconsin, Madison, where they were stored at
-60 °C. For analysis, the salivettes were thawed and centrifuged at 3000 rpm for five
minutes. Cortisol concentrations were determined with commercially-available
luminescence immunoassay (IBL, Hamburg, Germany), with intra-assay and inter-assay
coefficients of variation below 5% (Dressendorfer et al., 1992). Additional details on
salivary cortisol assessment in the National Study of Daily Experiences were provided
elsewhere (Almeida et al., 2009; Karlamangla et al., 2013; Stawski et al., 2013).

Based on prior research linking daily stressors or emotions to diurnal cortisol (Adam et al.,
2006; Polk et al., 2005; Stawski et al., 2013), we were primarily interested in three indices of
diurnal cortisol: (1) CAR as indexed by the increase in cortisol from waking to 30 min later;
(2) linear slope from waking to bedtime (as well as the quadratic slope, indicating the rate of
deceleration); and (3) total cortisol output as indexed by AUC with respect to ground.
Cortisol was natural log transformed prior to analyses to correct for positive skew in the
distribution.

2.4. Covariates

Analyses included covariates that have previously been identified as potential confounding
factors with regard to psychosocial well-being and cortisol. These included demographics
(age, gender, race, and education), self-rated health, depression, and optimism that were
obtained by a telephone survey as part of the parent MIDUS Study. Self-rated physical
health was scored as 4 = excellent, 3 = very good, 2 = good, 1 = fair, and 0 = poor. Major
depression in the past year was determined by the presence of depressed mood or anhedonia
(loss of interest) most of the day, nearly every day, and at least four other associated
symptoms (e.g., fatigue, appetite or sleep disturbances, trouble concentrating, feeling
worthless, suicidal thoughts) during a 2-week period (Wang et al., 2000). Optimism was
assessed with one item on a 0-3 scale, whereby participants rated how much the word
“optimistic” (or “hopeful about how things will turn out”) described them. Response choices
were a fot, somewhat, a little, or not at all, higher scores referred to greater optimism. The
results were unchanged when, instead of using one item for optimism, we controlled for the
6-item Life Orientation Test-Revised (Scheier et al., 1994) obtained in a subset of 1,613
participants. A dummy-coded variable indicated the use of medications known to influence
cortisol: steroid inhalers, steroid medications, medications containing cortisone, oral
contraceptives, other hormonal medications, antidepressants, and/or anti-anxiety
medications. A variable for smoking was created by averaging the daily number of cigarettes
smoked across the interview days.
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Furthermore, analyses controlled for wake time and daily affect at both the within-person
and between-person levels (i.e., averaged across days). Daily positive and negative affect
were assessed using measures developed for MIDUS (Kessler et al., 2002; Mroczek and
Kolarz, 1998). On a 5-point scale ranging from “none of the time” to “all of the time,”
participants rated how frequently they had experienced 13 positive emotions (e.g., cheerful,
calm and peaceful, enthusiastic, attentive) and 14 negative emotions (e.g., nervous, upset,
frustrated, hopeless). Daily positive and negative affect were calculated by averaging ratings
for the items within each subscale. Cronbach’s alpha ranged from 0.93 to 0.95 for daily
positive affect and from 0.84 to 0.88 for daily negative affect across the eight study days.

2.5. Data analysis

Multilevel modeling (Raudenbush and Bryk, 2002) was used to examine the associations of
daily positive events with diurnal cortisol parameters. Multilevel modeling accounts for the
non-independence of observations and permits the evaluation of within- and between-person
predictors of diurnal cortisol parameters (Adam et al., 2006; Stawski et al., 2013). The
within-person analyses linked daily experiences (i.e., positive events, stressors, and affect) to
same-day cortisol on the four days during which salivary cortisol was collected. For the
between-person analyses, however, daily experiences were averaged across all eight
interview days to better capture a person’s typical exposure to daily events and their trait-
like daily affect. Within-person variables were person-mean centered, such that the person’s
mean score across days was subtracted from their daily score (e.g., Positive Event Dayy; -
Positive Event Day ;). Between-person variables were grand-mean centered. This form of
centering allowed the within-person effects to be interpreted as deviations from a person’s
own mean and the between-person effects to be interpreted as a person’s deviation from the
sample mean (Hoffman and Stawski, 2009).

To estimate CAR and the diurnal cortisol slope, we used a 3-level model to account for the
nesting of cortisol samples within days and within persons. Time since waking was used as
the time metric, such that the intercept was set to the cortisol level at waking. Level 1
variables were those that changed with each cortisol sample at the moment-level (e.g., time
since waking), Level 2 within-person variables were those that varied from day-to-day (e.g.,
positive event day, stressor day, wake time), and Level 3 included between-person variables
that were relatively stable (e.g., demographics, optimism, depression) or that were
aggregated across all interview days (e.g., frequency of positive events and stressors).
Because cortisol was natural log transformed, the intercept (i.e., cortisol level at waking) can
be interpreted in the original units of nmol/L after back-transformation. The parameter
estimates for the slopes are interpreted as percent change in cortisol after applying the
transformation Bocpange = €XP(Bestimate)~1 (Adam et al., 2006). At Level 1, cortisol at time ¢
on day dfor person /was modeled as:

Level 1:Cortisolyai=modi +71di (CARdi)+72qi (Time Since Waking, 4;)+7aqi (Time Since Wakinthdi)Jretdi

The intercept (qgi) reflected log-transformed cortisol level at waking. CAR was coded as a
dummy variable, in which the 30-min post-waking sample was assigned a value of 1 and the
other samples were set to 0. Thus, the coefficient for CAR (mt14j) reflected the percent
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change in cortisol between the waking and 30-min post-waking cortisol samples. rt,q; and
tagi reflected the linear and quadratic percent changes in cortisol, respectively, per hour
since waking. egj was the residual term.

Intraindividual daily variables (e.g., person-mean centered positive event day) were included
at Level 2 as predictors of the Level 1 intercept and slopes:

Level 2: moai=Pooi+501:(Positive Event Day 4 —Positive Event Day ;)+roq;
m1di=010i+B11i (Positive Event Day 4; —Positive Event Day
Todi=/320i +B21i(Positive Event Day 4 —Positive Event Day
m3di =301+ 311 (Positive Event Day 4; —Positive Event Day

i)

i)

i)

i)

The intercepts at Level 2 represented individual /s average log-transformed cortisol level at
waking (Booi), average percent change in cortisol for CAR (B10i), average linear percent rate
of cortisol decline (B,gi), and average percent rate of deceleration in cortisol (B3;). The
coefficients Bo1i, P11i, P21i» and P31 reflected changes in the waking cortisol sample, CAR,
linear slope, and rate of deceleration associated with the time-varying effect of a positive
event. A random effect (rpg;) allowed the intercept to vary within-persons across days.
Within-person covariates included wake time, stressor day, and daily positive and negative
affect.

Between-person variables were entered at Level 3 as predictors of the Level 2 intercepts:

Positive Event Frequency;)+ugo;
Positive Event Frequency;)
Positive Event Frequency;)+uap;
Positive Event Frequency;)

Level 3: Booi="000+"7001
Br0i=7100+7101
B20i="Y200+"7201
B30i=7300+"7301

N SN S

The coefficients -ygoo, Y100, Y200, @nd y3go represented the sample averages for log-
transformed cortisol level at waking and percent changes in cortisol for CAR and the linear
and quadratic slopes. ygo1, Y101, Y201, and y30z1 reflected the between-person associations of
positive event frequency with the average log-transformed cortisol level at wake-up, and
percent changes in cortisol for CAR and the linear and quadratic slopes. ugpj and uygj were
random effects that allowed the intercept and linear slope to vary across persons. Level 3
also included person-means (aggregated across days) for wake time, stressor frequency,
number of cigarettes smoked, and daily affect. Covariates were also entered for age, gender,
education level (high school or less, some college, or Bachelor’s degree or higher), self-rated
physical health (0-4 scale), medication use (yes/no), depression (yes/no), and optimism (0-3
scale).

AUC with respect to ground was computed from the log-transformed cortisol data using the
formula described by Pruessner, Kirschbaum, Meinlschmid, and Hellhammer (2003). AUC
was then analyzed in a 2-level model that accounted for the nesting of days within persons.
Level 1 contained within-person variables and Level 2 contained between-person variables:
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Level 1:  AUCg;=mg;+m1; (Positive Event Day y; —Positive Event Day ;)+eq;
Level 2: mpi=/00+Po1 (Positive Event Frequency;)+rp;
m1i=0510

At Level 1, AUC on day dfor person 7was a function of an intercept reflecting the person’s
average AUC (), a slope reflecting the change in AUC associated with the occurrence of a
positive event (1), and a within-person residual representing the difference between the
person’s actual and predicted AUC that day (eg;j). At Level 2, the Level 1 intercept was a
function of the sample average AUC (Bgo), the between-person association of positive event
frequency with AUC (Bg1), and a random effect allowing the AUC intercept to vary across
participants (rp;). Also, the Level 1 slope (mt4;) was determined by the sample average slope

(B10)-

We included Positive Events x Stressors interaction terms at both the between- and within-
person levels of analysis to test whether daily positive events mitigated the association
between daily stressors and cortisol. In addition, to better understand the direction of effects,
we ran lagged analyses and tested the timing of positive events (i.e., events occurring in the
prior night, in the morning, or in the afternoon/evening) in relation to cortisol patterns at the
within-person level.

If daily positive events and positive affect predicted cortisol at the within-person level, we
planned to run lower-level “1-1-1" or “2-1-1" mediation models (Kenny et al., 2003) using
the simultaneous modeling approach described by Bauer and colleagues (Bauer et al., 2006).
If daily positive events and positive affect were associated with cortisol parameters at the
between-person level, then an upper-level “2-2-1" mediation analysis would be conducted
using standard procedures (Baron and Kenny, 1986). In particular, the following conditions
must hold to establish positive affect as a mediator: (a) daily positive events will be
associated with daily positive affect; (b) daily positive affect will be associated with the
cortisol parameter of interest; and (c) the relationship between daily positive events and
cortisol will be reduced or eliminated after adding daily positive affect to the model.

Models were estimated using full information maximum likelihood estimation in SAS 9.4
PROC MIXED, which makes use of all available data in the estimation of parameters and
can flexibly handle missing data (Raudenbush and Bryk, 2002). For the 3-level models, even
when a person was missing time-varying data for some occasions, his or her complete cases
for other occasions were still included in analyses. However, calculation of AUC required no
missing data on the four cortisol samples and saliva collection times across the day; thus, the
sample size for AUC analyses was reduced from 1,657 to 1,639 participants (99%) and from
5,602 days of observation to 4,910 days (88%). Intraclass correlation coefficients (ICC;
between-person level variance/total variance) were estimated using multilevel linear models
for continuous variables and multilevel logistic regression for dichotomous variables
(Snijders and Bosker, 2011).
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3. Results

3.1. Descriptives

The sample of 1,657 participants had a mean age of 56 years (range: 33-84 years old), 43%
were male, and 40% had a Bachelor’s degree or higher (Table 1). On average, participants
reported positive events on 71% of interview days and stressors on 40% of interview days.
The mean daily positive affect score of 2.74 indicated that participants experienced positive
affect nearly “most of the time,” whereas the negative affect score of 0.19 corresponded to
experiencing negative affect close to “none of the time.” Greater frequency of daily positive
events was associated with older age, female gender, higher educational attainment, greater
daily positive affect and dispositional optimism, better self-rated health, use of cortisol-
altering medications, and less smoking. The frequency of daily positive events was unrelated
to daily negative affect at the between-person level. People who reported more positive
events also tended to experience more daily stressors (r=0.27). Much of the variance in
daily positive events and stressors were attributable to day-to-day differences within
individuals. The ICCs indicated that between-person differences accounted for only 30% of
the variance in daily positive events and 19% of the variance in daily stressors. By contrast,
76% of the variance in daily positive affect and 50% of the variance in daily negative affect
were attributable to between-person differences.

Descriptive statistics for saliva collection times and salivary cortisol are shown in Table 2.
There was substantial variability between-persons and within-persons across days in cortisol
levels, such that the ICCs were 0.42 for the waking sample, 0.47 for the 30-min post-waking
sample, 0.36 for the pre-lunch sample, and 0.32 for the bedtime sample. The mean AUC was
25.66 log nmol/L (SD = 8.13), and 56% of the variance in AUC was due to between-person
differences.

An unconditional multilevel model was run to obtain estimates for the expected diurnal
pattern (Table 2). Cortisol was approximately 12.55 nmol/L at waking, increased 56% in the
30 min after waking, declined at a rate of 14% per hour after waking, and decelerated 0.20%
per hour thereafter. We had good reliability (p = 0.82) for estimating between-person
differences in diurnal slopes (Hruschka et al., 2005).

3.2. Daily positive events predicting diurnal cortisol rhythm

Figure 1 illustrates the observed cortisol levels for people with lower versus higher
frequency of daily positive events. For the primary analyses, we first ran 3-level models to
examine the between- and within-person associations of daily positive events with CAR and
the diurnal cortisol slope. Daily positive events were unrelated to cortisol parameters at the
within-person level, controlling for wake time (Model 1 in Table 3). However, daily positive
events were significantly associated with cortisol parameters at the between-person level. In
particular, people with 1-SD higher positive event frequency had 1.19 nmol/L higher cortisol
level at waking (€%-175 = 1.19 nmol/L, p < 0.001), 3.73% steeper linear decline in cortisol
across the day (e70-038-1 = —3,73%, p < 0.001), and 0.20% faster rate of deceleration
(e9-002—1 = 0.20%, p < 0.01), although positive event frequency was not related to CAR. The
between-person associations of daily positive events with the linear and quadratic slopes
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remained significant after adjusting for daily stressors and affect, age, gender, education,
self-rated health, medication use, smoking, depression, and dispositional optimism (Models
2 and 3 in Table 3).

Daily stressors were linked to flatter cortisol slopes within-persons and steeper slopes
between-persons (Model 2 in Table 3). We then examined whether daily positive events
might buffer against the links between daily stressors and cortisol. Controlling for wake
time, daily positive events interacted with daily stressors at the between-person level to
predict CAR (Interaction: Est. = 0.432, SE = 0.162, p < 0.01). Individuals who encountered
both positive events and stressors frequently tended to have a steeper CAR, whereas those
who experienced frequent stressors but fewer positive events had a flatter CAR (simple slope
for positive events effect among people with more stressors: Est. = 0.150, SE = 0.066, p =
0.02). After adjusting for covariates (Model 3 in Table 3), this simple slope was no longer
significant although the interaction term remained predictive of CAR. A trend emerges in the
fully-adjusted model in which higher positive event frequency was marginally associated
with smaller CAR in individuals who encountered fewer stressors (simple slope for positive
events effect among people with fewer stressors: Est. = -0.093, SE = 0.052, p = 0.07). There
were no other significant interactions between daily positive events and daily stressors for
predicting the diurnal cortisol rhythm.

3.3. Daily positive events predicting log AUC

Next, daily positive events were tested as between- and within-person predictors of log AUC
in 2-level models. As shown in Table 4, daily positive events were marginally associated
with lower same-day AUC (within-person effect in minimally-adjusted model: Est. = -0.472,
SE =0.262, p = 0.07). This trend persisted after adjusting for all covariates (Est. = —0.504,
SE =0.263, p = 0.06). Consistent with a previous study using this cohort (Stawski et al.,
2013), there was also a within-person effect of daily stressors on elevated AUC (Table 4). At
the between-person level, however, individual differences in positive events and stressors
were not associated with AUC. There were no significant interactions between daily
stressors and positive events on AUC at either the between- or within-person levels.

To ensure that results were not driven by the morning rise in cortisol, we ran a sensitivity
analysis in which AUC was calculated without the morning peak (30-min post-waking)
cortisol sample. The results were similar to those obtained before: daily positive events
predicted lower same-day AUC (fully-adjusted: Est = —-0.549, SE = 0.263, p = 0.04), daily
stressors predicted higher same-day AUC (fully-adjusted: Est = 0.549, SE =0.237, p =
0.02), and there were no between-person associations of daily positive events or stressors
with AUC.

3.4. Do positive events precede changes in cortisol?

We conducted two types of within-person analyses to better understand the direction of
associations. First, we ran lagged analyses in which positive events reported on yesterday
evening’s interview were tested as predictors of today’s cortisol. There were no significant
within-person effects in these lagged analyses.
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Second, we examined the timing of positive events reported on foday’s interview. Positive
events were dummy-coded into three variables based on the time of occurrence: (a) last
night after yesterday evening’s interview, (b) this morning before 12 PM, or (c) this
afternoon/evening after 12 PM. Because participants could report multiple positive events, it
was possible to have different events that were coded as happening at various times on the
same day. Positive events in the morning (reported on 1,664 days, or 30% of all 5,602 days)
predicted a steeper decline in cortisol that day (fully-adjusted: Est. = -0.014, SE = 0.007, p
= 0.04) and faster rate of deceleration (fully-adjusted: Est. = 0.001, SE = 0.0004, p < 0.05),
but was not associated with same-day cortisol level at waking, CAR, or AUC. Positive
events that happened on the prior night (N = 1,348 days; 24%) or in the afternoon (N =
2,161 days; 39%) were not related to any cortisol parameters within-persons. Overall, these
results suggest that positive events in the morning were predictive of cortisol decline across
the day, although positive events did not “carry over” to predict next-day cortisol. By
contrast, there was no evidence that cortisol earlier in the day (e.qg., cortisol level at waking,
CAR) was associated with subsequent positive events.

3.5. Daily positive affect as a potential mediator

Daily positive affect was not related to any cortisol measures at either the within- or
between-person levels before covariate adjustment. In addition, the associations between
daily positive events and cortisol were relatively unchanged before and after inclusion of
daily positive affect in the models. Thus, we concluded that daily positive affect was not a
mediator.

4. Discussion

The current study examined the within- and between-person associations of daily positive
events with diurnal cortisol, as well as their potential stress-buffering effects. Using daily
diary data from a national sample of 1,657 midlife and older adults, we found that people
who experienced more frequent daily positive events tended to have a cortisol profile
characterized by a steeper daily decline in cortisol. At the within-person level, positive
events in the morning—hbut not prior-day or afternoon/evening events—predicted a steeper
decline in cortisol across that day. Positive events were also marginally associated with
lower same-day AUC. These associations were independent of daily stressors and were not
mediated by daily positive affect. There was limited evidence for stress-buffering effects.
Overall, these findings support the protective role of daily positive events for steeper diurnal
cortisol slopes (between- and within-persons) and lower AUC on days when these events
occur.

Counter to our predictions, positive events did not buffer the within-person associations of
daily stressors on same-day flatter cortisol slopes and higher AUC. There was only modest
evidence of stress-buffering effects between-persons and before covariate adjustment, such
that people who frequently encountered both positive events and stressors tended to have a
steeper CAR compared to those who encountered frequent stressors but few positive events.
High exposure to daily stressors and few accompanying positive experiences might reflect
chronic strain, in line with previous research showing blunted CAR among people with
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prolonged stress, burnout, and post-traumatic stress disorder (Chida and Steptoe, 2009; Fries
et al., 2009). Unexpectedly, after adjusting for covariates, a simple slope effect showed that
positive event frequency was marginally associated with smaller CAR among people with
fewer stressors. This is inconsistent with the stress-buffering hypothesis, yet some previous
research has linked positive affect with smaller CAR (Chida and Steptoe, 2009). The stress-
buffering effects of positive experiences might be more evident among people with elevated
psychological distress or those undergoing life difficulties (Cohen and Hoberman, 1983;
Nezlek and Plesko, 2003; Ong et al., 2004; Takano et al., 2013), but was perhaps less
relevant for counteracting stressors in our healthy community-based sample.

We did not find support for our hypothesis that daily positive affect would mediate the
associations between daily positive events and diurnal cortisol parameters. Given the
inconsistent literature on positive affect and cortisol, it was perhaps unsurprising that
positive affect was not related to cortisol measures in an unadjusted model (and was
associated with flatter diurnal slopes after covariate adjustment, which may have been driven
by lower cortisol level at wake-up). A limitation of our positive affect measure, however,
was the inability to group items into subscales (e.g., low versus high arousal) which may be
differentially related to cortisol patterns (Hoyt et al., 2015). Besides average levels of affect,
dynamic aspects of positive affect—such as affective reactivity to and recovery from positive
events—might be important in explaining the association between daily positive events and
cortisol (Ong and Ram, 2017).

A number of psychological and social factors may serve as pathways linking daily positive
events to diurnal cortisol rhythms. At the between-person level, positive experiences can
help cultivate resources such as social support, skills, and a sense of mastery (Fredrickson,
1998; Hobfoll, 1989; Pressman et al., 2009). For example, positive social interactions might
influence same-day alterations in cortisol (e.g., steeper slope and lower AUC), as well as
accrue over time to build social relationships that can be drawn upon during times of stress.
In addition to psychosocial resources, stable characteristics of individuals or their
environments may be responsible for both exposure to daily positive events and patterns of
diurnal salivary cortisol. In our study and others (Charles et al., 2010; Gunaydin et al., 2016;
Zautra et al., 2005), people who experienced more daily positive events also reported more
daily stressors. The correlation between positive events and stressors may reflect more roles
and social engagement, which can have favorable influences on health. Psychological,
social, and behavioral processes surrounding positive events may serve as mechanisms at the
within-person level, including appraisals, affective responses, sharing news of the positive
events with others, and feelings of being in control (Miller et al., 2007).

This study is one of the first to examine within-person associations of daily positive events
with diurnal cortisol rhythms. We found that positive events in the morning were associated
with a steeper decline in cortisol across that day. When considering positive events that
occurred at any time of the day, there was a marginal association between positive events
and same-day lower AUC but not for CAR. These findings are in line with a previous study
showing that AUC was lower on days when couples had more intimacy than usual (Ditzen et
al., 2008). In another field study, family caregivers of individuals with dementia who had a
“burned out” cortisol pattern (blunted CAR and lower AUC) showed increased CAR and
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AUC on days when the individual with dementia attended adult day services, relative to days
when caregivers provided most or all of the care themselves (Klein et al., 2014). Their
results, particularly for CAR, suggest that anticipating an easier day might restore normative
cortisol patterns in a high-stress population. Our study extends these prior findings by
demonstrating that even minor and commonplace positive events across different life
domains—such as having a good conversation, receiving a compliment, or accomplishing a
task at work—can produce alterations in cortisol on days when these events occur (within-
persons) and if they occur frequently over time (between-persons).

It is important to determine whether daily positive events influence cortisol rhythms or vice
versa. As mentioned previously, we found that positive events in the morning predicted
steeper declines in cortisol across that day, whereas neither cortisol level at waking nor CAR
predicted same-day positive events. Although positive events in the morning might have
preceded the subsequent decline in cortisol across the day, these events nevertheless
happened concurrent to cortisol in the morning. We therefore cannot entirely rule out the
influences of cortisol on daily positive events. In another study, for instance, within-person
increases in cortisol predicted subsequent increases in positive emotional states (Hoyt et al.,
2016). Our end-of-day assessments of daily experiences were limited in their sensitivity to
capture very minor events or the precise timing of event occurrence. Future efforts to
disentangle the direction of these effects in daily life would require ecological momentary
assessments of positive events and cortisol across the day.

There are currently no clinical cutoffs for determining the health significance for differences
in diurnal cortisol patterns. Some insight comes from a study of 4,047 middle-aged British
adults in the Whitehall 11 cohort, which found that 1-SD flatter diurnal cortisol slope was
associated with 87% increased risk of cardiovascular mortality and 30% increased risk of
all-cause mortality across six years of follow-up (Kumari et al., 2011). CAR was not
predictive of mortality risk, however. The difference in cortisol slopes between those who
died versus survived was 0.0147 nmol/L per hour in the Whitehall Il study, suggesting that
even very small differences in cortisol slopes might be relevant for health. As we do not yet
know the clinical significance of the cortisol levels we observed, additional work is needed
to examine the associations between diurnal cortisol patterns and prospective health
outcomes, as well as testing cortisol as a pathway linking daily positive events to subsequent
health.

Several limitations should be considered when interpreting the results of this study. First, our
measure of daily positive events inquired about the occurrence of any events in five broad
categories (social interactions, work, home, network, and other). We did not have
information regarding participants’ perceptions, emotions, and behaviors specific to the
positive events. Future research on daily positive events could benefit from more in-depth
assessments of different types of positive events and subjective experiences of these events.
Second, we did not assess individual differences in chronotype, which may have been an
important confounding factor (Kudielka et al., 2006). Third, although the data came from a
large national study of U.S. adults, the sample was nevertheless predominantly white and
college-educated. Previous work in MIDUS and other studies have shown that African
Americans and those with lower socioeconomic status have relatively flatter diurnal cortisol
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slopes (Cohen et al., 2006; DeSantis et al., 2015; Karlamangla et al., 2013). Given that social
disadvantage increases vulnerability to daily stressors and prevents the development of
positive psychosocial resources (Almeida et al., 2005; Matthews et al., 2010), future
investigations could evaluate daily experiences as mechanisms linking social disadvantage to
altered diurnal cortisol patterns.

5. Conclusion

Despite being a common feature in daily life, the potential roles of daily positive events in
diurnal cortisol patterns and stress processes are not well-understood. We found that daily
positive events were associated with steeper diurnal cortisol slopes at both the between- and
within-person levels, in addition to marginally lower AUC within-persons. However, there
was limited evidence to support daily positive events as buffers against stress-related cortisol
alterations in this healthy population-based sample of midlife and older adults. These results
demonstrate that positive events represent an important dimension of daily life that are not
captured by assessments of stressors or affect and that have independent associations with
diurnal cortisol. Our findings raise the possibility that efforts to engender more positive
experiences in daily life may be protective for diurnal cortisol rhythms. Further work is
needed to test possible mechanisms linking positive events to diurnal cortisol, including
cognitive, affective, and behavioral responses to positive events. Given that much of the
variability in daily positive events, daily stressors, and cortisol were attributable to within-
person variation, future research should consider contextual influences in people’s day-to-
day lives that influence health and well-being.
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Highlights

. Daily positive events, daily stressors, and salivary cortisol assessed in N =
1,657

. People with more frequent positive events had steeper diurnal cortisol slopes

. Within-persons, positive events in morning associated with same-day steeper
slope

. Within-persons, positive events marginally associated with same-day lower
AUC

. Limited support for stress-buffering effects of positive events
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Figure 1. Mean cortisol levels across the day by daily positive events
For illustrative purposes, the figure depicts mean observed levels of cortisol and standard

errors for people in the top quartile of positive events (i.e., positive events reported
everyday) compared to those in the bottom quartile (i.e., positive events reported on less than

50% of days).
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Table 1

Participant Characteristics

Mean (SD) or N (%)

Correlations with Daily Events

Daily Positive Events  Daily Stressors

Demographics

Age, years

Male

Educational attainment

Up to high school diploma or GED
Some college or associate degree

Bachelor’s degree or higher

Daily experiences?

Percent of days with 21 positive event
Percent of days with >1 stressor
Daily positive affect (range: 0-4)
Daily negative affect (range: 0-4)

Physical health and behaviors

Self-rated physical health (range: 0-4)
Use of cortisol-altering medications
Mean cigarettes smoked per day

Psychological characteristics

Depression

Optimism (range: 0-3)

56.44 (12.11)

718 (43%)

495 (30%)
499 (30%)
660 (40%)

71% (27%)
40% (26%)
2.74(0.70)

0.19 (0.24)

2.60 (1.00)
620 (37%)

1.78 (5.39)

167 (10%)

2.41 (0.69)

0.08™* -0.24™
-0.077 -0.107""*
0 23 kA 0 23 A
_______ 0.27 A AA
Ak
02777 e
0.12*** -0.327"
_003 0 43 A AA
0.18™** 0.01
0.06* 011
006" 0.01
-0.05* 0.13™
0.6 -0.01

a. . . . . . . .
Daily experiences (i.e., daily affect and the frequency of daily positive events and stressors) were person-means averaged across up to eight

interview days.
Ak A
p <0.001,
Ak
p<0.01,

*
p<0.05
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Descriptive statistics for salivary cortisol (N = 1,657 participants, 5,602 days, and 21,557 cortisol samples)

Collection times
Waking
30-min post-waking

Before lunch

Mean time (SD)

06:45 AM (69 min)
07:19 AM (70 min)
12:42 PM (67 min)

Before bed 10:30 PM (72 min)
Cortisol levels (nmol/L)4 Mean (SD)
Waking 15.03 (6.94)
30-min post-waking 21.10 (9.19)
Before lunch 6.98 (3.79)

Before bed 3.30 (3.49)

Total cortisol output (log nmol/L) Mean (SD)

Avrea under the curve with respect to ground (AUC)  25.66 (8.13)

Diurnal cortisol rhythm (log nmoI/L)b

Estimate (SE)

Interpretation

Intercept (cortisol level at waking)
Cortisol awakening response (CAR)
Time since waking (linear slope), per hour

Time since waking? (quadratic slope), per hour

2530 (0.014)
0.447 (0.010)
-0.149 (0.003)
0.002 (0.0002)

12.55 nmol/L
+56% from waking
-14% per hour
+0.20% per hour

Note. Standard deviations were calculated between persons.

a . .
The non-transformed mean cortisol levels are shown here. Cortisol was natural log transformed for subsequent analyses. AUC was computed

using log-transformed cortisol from 1,639 participants.

bThe diurnal rhythm of cortisol was modeled in an unconditional 3-level model to obtain estimates for CAR, Time Since Waking, and Time Since

Wakingz. The intercept can be interpreted in the original units after back-transformation, whereas the parameter estimates for the slopes are

interpreted as percent change in cortisol after applying the transformation Bgschange = exp(Bestimate)~1 (Adam et al., 2006).
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Three-level models of daily positive events and diurnal cortisol rhythm (log nmol/L) in 1,657 participants

Cortisol level at

Cortisol awakening

Time since waking,

Time since waking2, magi

waking, mog; response, fg; Togi
Fixed Effect Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE)
Model 1: Minimally-adjusted model
Intercept 2532 (0.014) 0.448 (0.010) -0.149 0.002
Wake time (WP) 0.013 (0.011) -0.075 (0.015) -0.028 (0.003) 0.001 (0.0002) ™
Wake time (BP) -0.012 (0.012) -0.007 (0.009) ~ 0,012 (0.004) *** 0.001 (0.0002) ***
Daily positive events (WP) 0.002 (0.023) 0.012 (0.029) -0.006 *()(2;007) 0.0002 (0.0004) (0.0001) Ak

(0.003)

Daily positive events (BP) 0.175 (0.051) i 0.016 (0.038) -0.038 (0.011) FAE 0.002 (0.001) i
Model 2: Model including daily stressors and between-person interaction
Intercept 2.536 (0.014) 7 0.439 (0.011) -0.150 (0.003) 0.002 (0.0002) ***
Wake time (WP) 0.014 (0.011) -0.074 (0.015) *** -0.027 (0.004) *** 0.001 (0.0002)
Wake time (BP) -0.013 (0.012) -0.007 (0.009) 0,011 (0.003) *** 0.001 (0.0001) **
Daily positive events (WP) 0.003 (0.023) 0.011 (0.029) -0.006 (0.007) 0.0002 (0.0004)
Daily positive events (BP) 0.156 (0.055) 0.037 (0.041) -0.027 (0.012) 0.001 (0.001) *
Daily stressors (WP) 0.006 (0.019) 0.032 (0.025) 0.017 (0.006) -0.001 (0.0004) **
Daily stressors (BP) 0.032 (0.057) 0.003 (0.043) -0.026 (0.012) * 0.001 (0.001)
Positive events x Stressors (BP)  —0.219 (0.214) 0.432 (0.162) 0.084 (0.046)7 -0.004 (0.002) 7
Model 3: Fully-adjusted model
Intercept 2.468 (0.031) " 0.503 (0.024) -0.155 (0.007) 0.003 (0.0004) ***
Wake time (WP) 0.015 (0.011) -0.074 (0.015) -0.028 (0.004) 0.001 (0.0002)
Wake time (BP) -0.003 (0.012) -0.010 (0.009) 0,011 (0.003) *** 0.001 (0.0002) **
Daily positive events (WP) 0.005 (0.023) 0.011 (0.029) -0.007 (0.007) 0.0002 (0.0004)
Daily positive events (BP) 0.066 (0.058) -0.002 (0.044) -0.025 (0.013) * 0.002 (0.001)
Daily stressors (WP) 0.003 (0.020) 0.031 (0.026) 0.015 (0.007)* ~0.001 (0.0004)*
Daily stressors (BP) 0.046 (0.066) 0.073 (0.051) -0.003 (0.014) -0.0003 (0.001)
Positive events x Stressors (BP)  -0.203 (0.211) 0.352 (0.164) * 0.073 (0.046) -0.004 (0.003)
Daily positive affect (WP) 0.001 (0.026) -0.010 (0.033) 0.0004 (0.008) 0.0001 (0.0005)
Daily positive affect (BP) -0.065 (0.025)** 0.014 (0.019) 0.012 (0.005) —0.0005 (0.0003)
Daily negative affect (WP) 0.026 (0.048) -0.007 (0.060) 0.010 (0.015) ~-0.0005 (0.001)
Daily negative affect (BP) 0.015 (0.076) -0.071 (0.060) 0.013 (0.017) 0.0005 (0.001)
Age (per 10 years) 0.040 (0.012) *** 0.025 (0.009) 0.014 (0.003) *** -0.0004 (0.001) **
Gender (1 = Male) 0.104 (0.028) ™ -0.091 (0.022) 0.014 (0.006) * - 0.001 (0.0003)
Education (ref: High school) ~ - = e
Some college 0.056 (0.036) 0,059 (0.028)* -0.004 (0.008) 0.0002 (0.0004)
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Cortisol level at Cortisol awakening Time since waking, Time since waking2, magi
waking, mogi response, Todi

Fixed Effect Estimate (SE) Estimate (SE) Estimate (SE) Estimate (SE)

Bachelor’s degree or higher 0.100 (0.036) —0.035 (0.028) -0.014 (0.008) 0.0004 (0.0004)
Self-rated physical health 0.092 (0.015) HAA 0.012 (0.012) -0.015 (0.003) kel 0.0004 (0.0002) *
Medication use (1 = yes) ~0.069 (0.029)* 0.015 (0.022) 0.006 (0.006) -0.0001 (0.0003)
Mean daily cigarettes =0.004 (0.003) 0.004 (0.002) * 0.003 (0.001) -0.0001 (0.000) ™
Depression (1 = yes) -0.096 (0.049) 7 0.028 (0.038) 0.026 (0.011) " -0.002 (0.001) **
Optimism 0.009 (0.021) 0.002 (0.016) 0.010 (0.005)* ~0.001 (0.002) **

Note. WP: within-person, BP: between-person. Momentary (Level 1) predictors were uncentered, within-person (Level 2) predictors were centered
at the person-mean, and between-person (Level 3) predictors were centered at the grand mean. Cortisol awakening response (CAR) was estimated

from a dummy-coded variable (1 = 30-minutes post-waking sample, 0 = all other cortisol samples). Time Since Waking and Time Since Waking

2

referred to linear and quadratic changes, respectively, in cortisol per hour since waking. Higher values on cortisol parameters indicated higher
cortisol at wake-up, steeper CAR, flatter slope, or faster rate of deceleration. Within-person and cross-level interactions for Daily Positive Events x
Stressors were non-significant and therefore not included in the models presented. Level 3 random effects for intercept and Time Since Waking

were significant at p < 0.001.

Aok

*
p <0.001,

*ok

p<0.01,

*
p < 0.05,

fp< 0.10
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Table 4

Two-level models of daily positive events and AUC (log nmol/L) in 1,639 participants

Fixed Effect Estimate (SE)

Model 1: Minimally-adjusted model

Intercept 25.790 (0.194) 7
Wake time (WP) -2.131 (0.130) 7
Wake time (BP) -1.277 (0.169) ookl
Daily positive events (WP) -0.472 (0.262) 7
Daily positive events (BP) 0.926 (0.716)
Model 2: Model including stressors
Intercept 25.782 (0.194)
Wake time (WP) -2.106 (0.130) folalad
Wake time (BP) -1.254 (0.169) il
Daily positive events (WP) -0.469 (0.262) 7
Daily positive events (BP) 1.228 (0.744) f
Daily stressors (WP) 0.632 (0.223) i
Daily stressors (BP) -1.135 (0.783)
Model 3: Fully-adjusted model
Intercept 25.340 (0.425) 7
Wake time (WP) -2.089 (0.130) folalal
Wake time (BP) -1.121 (0.166) HAA
Daily positive events (WP) -0.504 (0.263) 7
Daily positive events (BP) 0.162 (0.765)
Daily stressors (WP) 0.591 (0.237) *
Daily stressors (BP) 0.741 (0.883)
Daily positive affect (WP) 0.316 (0.303)
Daily positive affect (BP) -0.266 (0.343)
Daily negative affect (WP) 0.424 (0.561)
Daily negative affect (BP) 0.872 (1.049)
Age (per 10 years) 1.578 (0.166)
Gender (1 = Male) 1.576 (0.391) A
Education (ref: High school)

Some college 0.157 (0.496)

Bachelor’s degree or higher  0.267 (0.497)
Self-rated physical health 0.449 (0.209) *
Medication use (1 = yes) -0.919 (0.395) *
Mean daily cigarettes 0.191 (0.036) ***
Depression (1 = yes) -0.689 (0.681)
Optimism 0.317 (0.288)
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Note. WP: within-person, BP: between-person. Within-person (Level 1) predictors were centered at the person-mean, and between-person (Level 2)
predictors were centered at the grand mean. AUC with respect to ground was calculated using natural log transformed cortisol values. Daily
Positive Events x Stressors interactions were non-significant and therefore were not included in the models presented. Level 2 random effects for
intercept were significant in all models at p < 0.001.

Aok

*
p<0.001,

Hok

p<0.01,
*
p <0.05,

fp< 0.10
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