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Abstract
Emerging adulthood can be marked by psychological disorders and distress. Stress exposure
activates several bodily responses involving the hypothalamic pituitary axis (HPA) and
autonomic nervous system (ANS). Research into these systems involves the examination of
several biomarkers including cortisol and alpha amylase. Basal values of these biomarkers have
been linked to well-being and health outcomes. Also, stress biomarkers have been shown to
influence physical activity (PA) which is salient because it is linked to chronic illness and
disease (e.g., obesity, cancer, depression, diabetes). The present study aimed to explore the
bidirectional relationships between basal stress biomarkers and daily PA in a diverse sample of
emerging adults (45.6% non-White). Multilevel models were estimated with biomarkers and PA
counts (level 1) nested within individuals (level 2). All models were estimated using the
Restricted Maximum Likelihood method with a random intercept only. There were no
bidirectional relationships between same- or previous-day PA and alpha amylase or cortisol
production. Daily hassles predicted average cortisol production and cortisol awakening response
(CAR). Future research should focus on increasing observations and/or duration of data
collection to better assess the relationship between daily PA and basal biomarkers. Also,
researchers should assess intensity of physical activity on biomarkers over longer durations.
Overall, emerging adulthood continues to be marked by high levels of uncertainty and stress;
therefore, identifying and providing tools to manage stress within this earlier stage of life is still
warranted for its potential to produce adaptable, and healthier, individuals and communities as

these individuals age into adulthood and beyond.
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A Longitudinal Study Assessing Bidirectional Relationships between Salivary Cortisol and
Salivary Alpha Amylase and Physical Activity Among Emerging Adults
Introduction

Project Summary

Emerging adulthood, marked by ages 18 to 25, has been identified as one of the most
unstable developmental periods due to the strain and stress from feeling “in-between” an
adolescent and adult (Arnett, 1998; Arnett, 2000; Arnett, 2004; Arnett, 2007; Arnett, 2014;
Arnett et al., 2014). This sentiment is supported by the American Psychological Association’s
yearly nationwide survey which has been measuring “stress in America” and its impact since
2007. Specifically, Gen Z adults (ages 18-23) reported significantly higher levels of stress
compared to all other generations (e.g., millennials (ages 24-41), Gen X (ages 42-55), boomers
(56-74), and older adults (75+); American Psychological Association (APA), 2020). More
recently, this group of adults (ages 18 to 34) reported the highest rate of mental illnesses at 50%
in 2023 (APA, 2023). The main sources of stress among 18- to 34-year-olds in the United States
in 2023 were money and health related (both 82%; APA, 2023). Of the categories comprising the
health-related concerns (family related, physical health, and mental health), mental health
stressors were the highest for this age range at 72% (APA, 2023). Additionally, the largest
increase in stress for these ages were due to the economy (52% in 2019 to 72% in 2023) and
housing prices (52% in 2019 to 70% in 2023; APA, 2023). The stress experienced by emerging
adults is significant because stress, when chronic, has been linked to short- and long-term
adverse health outcomes and disease (e.g., obesity, cancer, depression, diabetes; Garfin et al.,

2018; Liu et al., 2017; Matud et al., 2020; O’Connor et al., 2021; Yu et al., 2007). Stress
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biomarkers have been shown to respond to physical activity and, when physical activity is
engaged in consistently, it reduces biomarker reactivity to stress, which is salient for confronting
stress-related chronic illness and disease (Fleshner, 2005). Thus, emerging adulthood may be an
ideal population to study the relationships between stress biomarkers and physical activity. Much
of the existing literature in this area focuses on older adults, children, or involves samples that
include a broad age range. Additionally, previous research tended to focus on predominantly
white samples, rely heavily on self-report measures for health behaviors, or use a cross-sectional
design despite biomarkers being known to fluctuate temporally. Finally, few studies incorporate
more than one stress biomarkers even though they are known to assess different physiological
processes within the stress response and relate differently to physical activity. There currently
exists a substantial body of literature investigating psychosocial stress and health behaviors in
emerging adults (Arnett, 2014; Auerbach et al., 2018; Bonnie et al., 2015; Lane et al., 2017,
Schiller et al., 2016; Stroud et al., 2015; Twenge et al., 2019) but far fewer studies using
biological, objective measures. Thus, the purpose of the current study was to address gaps in the
literature by exploring the longitudinal relationships between objective biomarkers of stress and
objective physical activity in a diverse sample of emerging adults.
Stress and Stress Responses

Due the prevalence of stress in daily life, the term ‘stress’ has developed multiple
connotations over time. Ursin and Eriksen (2004) developed the cognitive activation theory of
stress (CATS) which provided a working definition of stress that identified four distinct facets:
stress exposure (stressor, stimulus), experience and feelings of a situation (based on self-reports),
psychoneuroendocrinological activation, and experience and feelings of the somatic response.

Moreover, these facets can and should be measured separately to clearly define what is meant by
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stress (Brown et al., 1991; Ursin & Eriksen, 2004). Additionally, it is important to note that
stress is a huanced construct that can be defined differently across disciplines depending on its
conceptualization and measurement (Cohen et al., 2016). Cohen and colleagues (2016) identify
three facets when studying stress: the epidemiological, psychological, and biological. The
epidemiological lens focuses on which events should be defined as stressful to well-being, the
psychological involves investigation into someone’s perception of a stressor and their ability to
cope, and the biological concerns itself with physiological processes that occur during stress as it
relates to homeostasis and metabolic control. There can be overlap between how these separate
stress definitions impact someone in daily life. For example, physical activity is a physical
stressor that can biologically activate the body’s stress response, but the individual engaging in
exercise may not feel psychologically stressed during this time. Furthermore, not all situations
perceived as stressful result in a biological, cortisol response (Dickerson & Kemeny, 2004). In
this regard, stress is not inherently “bad” nor “good” and an immediate response to stress is
shown to be a dynamic process that changes over time (Russell & Lightman, 2019). The body’s
stress response is an evolutionarily advantageous set of systems that prepare the body to conquer
a stressful task: whether that be running a marathon or delivering a speech (Russell & Lightman,
2019). It is the activation of these systems repeatedly over long periods of time that result in
negative health effects (Russell & Lightman, 2019; van der Kooij, 2020). Research methods have
included self-report stress measures, behavioral observation, and physiological response, but few
have used objective measures such as cortisol and alpha amylase (Crosswell & Lockwood,
2020). Regardless of how stress is conceptualized, the activation of the stress response, as well as
resting levels of biomarkers of stress, have been linked to health outcomes (Ali & Nater, 2020;

Hoyt et al., 2021; Russell & Lightman, 2019) and are therefore both salient when considering
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ways to support emerging adults during this phase of life. Of note, understanding basal
biomarker levels is important because past research has suggested they assess an individual’s
stress sensitivity in a different way from their stress-induced levels (Henckens et al., 2016). This
finding is due to basal biomarker levels mostly being involved in the activation of receptors to
reduce disturbances to stress (nuclear mineralocorticoid receptors) compared to stress-induced
biomarkers which activate receptors that increase arousal (low-affinity mineralocorticoid
receptors and glucocorticoid receptors).
Basal Stress Biomarkers and Mental Health Outcomes in Adults and Emerging Adults

Common biomarkers used to assess biological stress are cortisol and alpha amylase and
are important for objectively measuring the body’s stress response (Dhama et al., 2019). Resting
or basal cortisol profiles via saliva sampling have been shown to relate to mental health risk and
well-being over time among young adults ages 18 to 25 years (Hoyt et al., 2021). A systematic
review and metaanalysis have also suggested that naturally steeper diurnal cortisol decline
(diurnal slope) is associated with improved physiological functioning, while a flat diurnal slope
is related to poorer health outcomes (Adam et al., 2017). Other parameters of cortisol, such as the
cortisol awakening response (CAR), have been associated with chronic stress and the
development of depression and anxiety symptoms, although the directionality of these
relationships is mixed within the literature (Adam et al., 2014; Kudielka & Waust, 2010; Stetler &
Miller, 2005; Vrshek-Schallhorn, 2013). Finally, elevated cortisol secretion has been associated
with those experiencing depression (Wai & Bond, 2004). Similarly, a review of basal and
reactive alpha amylase levels indicate that this biomarker is related to health outcomes across
samples of various ages (Ali & Nater, 2020), and that salivary alpha amylase secretion patterns

(e.g., blunted levels at awakening, hyper- or hypo-secretions over a day, average daily alpha
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amylase) have been associated with nervous system dysregulation and health outcomes (e.g.,
cardiovascular disease, tinnitus, cancer, depression, and anxiety) in emerging adult and adult
samples (Alsalman et al., 2016; Ikeda et al., 2021; Limm et al., 2011; Lipschitz et al., 2013).
Understanding basal levels of stress biomarkers are equally important compared to observing
stress-induced levels of cortisol and alpha amylase. The current study provided more
understanding into basal cortisol and alpha amylase within emerging adults.

Stress Biomarkers and Physical Activity in Emerging Adulthood: A rationale

It is important to understand behaviors that may support regulation of these biomarkers
within emerging adults due to stress’ prevalence during this period of life. Presently, research has
shown that certain health behaviors such as physical activity can mitigate stress' impact on the
body (O’Connor et al., 2021). Conversely, increased levels of stress can lead to less engagement
in physical activity (Brockmann & Ross, 2020). Understanding the interplay between biological
stress measures and physical activity during emerging adulthood is worthwhile given the notable
stress and health statistics for this age group (APA, 2023; APA, 2020; Twenge et al., 2019).
Currently, our understanding of these biological markers of stress and their relationship to
physical activity within emerging adults is not fully understood.

Health behaviors, such as physical activity, are a reasonable area of focus due to the
theory of emerging adulthood and research demonstrating that it is a critical time for individuals
to adopt or abandon many important health behaviors (Daw et al., 2017; Kwan et al., 2012;
Nelson et al., 2008). Specifically, a longitudinal study involving over 600 Canadian adolescents
(12 to 15 years old) found that involvement in physical activity decreased significantly
throughout emerging adulthood (until 24 to 27 years old) (Kwan et al., 2012). A more recent

longitudinal study found that involvement in common health behaviors and health outcomes
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(e.g., cigarette smoking, binge drinking, obesity, sedentary behavior) were malleable as
adolescents transitioned into emerging adulthood (Daw et al., 2017). These variable findings, as
well as the heterogeneity within the emerging adult experience (Arnett, 2004), highlight the need
to continue researching health behaviors over time among emerging adults. Further research
among this population is especially warranted considering health habits acquired during this
period of life have been known to shape future health behaviors and influence rates of disease
and mortality later in life (Daw et al., 2017; Hawkins et al., 1992; Irwin, 2010).

Researching physical activity of emerging adults is important because emerging
adulthood may be among the most self-efficacious, and realistic, times for a person to engage in
behavior change (Nelson et al., 2008). Compared to other life stages, emerging adults are often
still experiencing increasing levels of autonomy, undergoing identity development, and not fully
burdened by the responsibilities of adulthood (Arnett, 1998; Arnett, 2000; Arnett, 2004; Arnett,
2007; Nelson et al., 2007). These characteristics are advantageous when attempting long-term
behavior change, especially when considering the role of self-identity (Nelson et al., 2008).
Specifically, identity and behavior reciprocally reinforce each other (e.g., someone’s identity of
being an ‘active’ person would be influenced by their outward behaviors (i.e., running, biking)
and ultimately feed back into their self-image). Therefore, the identity/behavior relationship is
important for creating deep-rooted health behavior change and patterns (Miller et al., 2002). The
great potential for behavior changes during emerging adulthood requires knowledge of internal
and external factors that influence behavior. The following sections will focus on the biology of
the stress biomarkers and their relationship to the health behavior of interest: physical activity.

Cortisol and Physical Activity
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Cortisol is a steroid hormone (glucocorticoid) that is involved throughout several bodily
systems from supporting synthesization of cells into new compounds to reducing inflammation
(Levine et al., 2007). Specifically, cortisol is a byproduct of the hypothalamic-pituitary-adrenal
(HPA) axis. When the HPA axis is stimulated, the hypothalamus produces corticotrophin-
releasing hormone which then prompts the pituitary gland to secret adrenocorticotrophic
hormone. This adrenocorticotrophic hormone triggers the cortex of the adrenal gland to secrete
cortisol. Among humans, the secretion of cortisol occurs diurnally with levels peaking in the
morning around waking, known as the cortisol awakening response (CAR), and lowering
throughout the day. Cortisol is widely known for its role in the body’s response to both physical
and psychological stress. It should be noted that cortisol is just one mediator in a network of
several that respond during allostasis (McEwen, 2019). During the stress response, cortisol’s
presence in the body will increase to support the body in regaining homeostasis. In this regard,
cortisol is vital for a body to maintain a healthy immune system and adapt to stressors. Problems
arise when the stress response is engaged too often or becomes unstable resulting in too much or
too little cortisol production. When this disruption occurs, it is referred to as allostatic overload.
This phenomenon causes other systems in the body (e.g., metabolism, sleep patterns, mood) to
become affected detrimentally and can lead to disease, such as obesity, diabetes, and
psychopathology. Cortisol has often been used to assess HPA axis activity in research and is a
preferred biomarker due to it being reliably measured via saliva sampling with little burden on
participants and researchers (Hellhammer et al., 2009).

Cortisol response to physical activity seems to have an intensity threshold in which
vigorous and high intensity exercise, but not lower intensity activity, results in increased cortisol

levels (Anderson & Wildeman, 2017; Duclos & Tabarin, 2016). This pattern is expected given
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that the body’s stress response is meant to support regaining homeostasis and is therefore mainly
activated during a notable stressor such as vigorous activity compared to lower levels of activity.
In fact, the positive effect of regular exercise is supported by Duclos and Tabarin (2016) who
note the body adapts to repeated and prolonged cortisol secretion from exercise such that it
becomes less sensitive to the negative effects of glucocorticoids (i.e., cortisol). These “acute
elevations” of cortisol support the fight-or-flight response and are also beneficial to surviving
and coping with day-to-day challenges (Russell & Lightman, 2019). Cross-sectionally, research
among young adults (Mage =21.2 years) found vigorous physical activity to be significantly
related to increased cortisol levels via hair sample after controlling for age, sex, and perceived
stress (Gerber et al., 2013). Similarly, a study including emerging adults (ages 18 to 35 years)
demonstrated that vigorous, but not moderate, physical activity resulted in increased salivary
cortisol concentrations to the same extent as acute social stress (Ponce et al., 2019). The physical
activity occurred within a laboratory-controlled setting and cortisol was measured at 0, 15, and
35 minutes after the end of the experimental condition. This pattern of increased cortisol levels
immediately following high intensity activity was also observed in an earlier study involving
healthy males ages 18 to 30 years (Hill et al., 2008). Hill and colleagues (2008) also noted that
low intensity exercise reduced circulating cortisol levels. Physical activity also influences future
cortisol activity. Previous day physical activity has been shown to partially predict next day CAR
among young adults (Mage = 19.1 years, SD = 1.89; Anderson et al., 2021). Specifically, high
activity levels and short sleep duration produced an interaction effect and resulted in a larger
CAR the following morning. Overall, activity’s relationship to cortisol appears intensity
dependent, with high intensity physical activity increasing cortisol levels within emerging and

young adult samples. Moreover, this relationship tends to be studied across short amounts of
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time in which cortisol is measured closely following activity completion (i.e., 30 minutes post
exercise, 1 hour post exercise). Given that the stress response is dynamic and changes over time
(Russell & Lightman, 2019), more research is needed to understand activity throughout the day
and its relation to cortisol production within the same day and in subsequent days.
Alpha Amylase and Physical Activity

As explained above, the HPA axis is a prominent system within the body’s stress
response. The HPA axis operates in tandem with the autonomic nervous system (ANS) to make
up the sympathetic-adrenal-medullary (SAM) and parasympathetic nervous system (PNS). These
networks work together to provide an immune response to stress. However, different enzymes
and hormones have emerged as trusted biomarkers for these various systems (Ali & Nater,
2020). Specifically, salivary alpha amylase (SAA) has been shown to be a reliable and valid
indicator of ANS functioning within stress research (Ali & Nater, 2020; Nater & Rohleder,
2009). Alpha Amylase is a salivary enzyme active in carbohydrate and starch digestion (Sun et
al., 2019). Additionally, sAA is a useful biomarker in research due to being easier to measure
compared to other ANS markers such as norepinephrine which require blood sampling.

Similar to cortisol, SAA operates diurnally with levels sharply dropping within the initial
30 minutes of waking and subsequently rising throughout the day. This pattern has been
researched as the amylase awakening response (AAR). Within a dysregulated ANS response, the
AAR produces a smaller, “blunted” decline following the first 30 minutes after waking with
higher sAA production over the course of the day. Ali and Nater (2020) highlight that SAA is a
valuable biomarker of the stress response because it has been shown to successfully identify
individuals with anxiety disorders from other groups including healthy controls. Notably, cortisol

showed no statistical difference within these samples while SAA did, suggesting SAA provides a
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more comprehensive view of the body’s stress system compared to cortisol alone. The need for
both biomarkers has been shown in stress research in which alpha amylase patterns differed from
cortisol among children (Mage = 11.29 years, SDage = 0.67) after experiencing acute stress
(Wunsch et al., 2019). For cortisol, there was an increase, peak, and gradual decrease following
the stressful experience; however, alpha amylase maintained levels over time after stress was
induced in the sample. Despite this difference, both biomarkers displayed significant
interindividual variance with some children experiencing high levels of biomarker activity and
some experiencing little, non-significant, changes over time. Another study observed that
interindividual changes along with mean cortisol did not predict levels of alpha amylase (Nater et
al., 2007). Of note, a review of the literature indicates that the ANS (often assessed by sAA) and
HPA axis (often assessed by cortisol) are differentially affected depending on the clinical context
of stress within many samples; however, few studies within behavioral medicine measured sAA
(Ali & Nater, 2020).

Physical activity has been shown to generally increase alpha amylase production in the
short term (i.e., over a few hours) although findings are mixed. Previous research has shown that
intermittent bouts of exercise can increase alpha amylase levels by five times and require two
hours and thirty minutes to return to pre-activity levels (Walsh, 1999). A systematic review of
salivary alpha amylase and exercise also showed that many of the studies reported increases in
alpha amylase following exercise (Koibuchi & Suzuki, 2014). Specifically, increases were seen
across various male samples (i.e., healthy, endurance-trained, elite wheelchair athletes, cyclists,
taekwondo athletes, swimmers) and various activities (i.e., walking, biking, running, tournament
competitions). However, a handful of studies from the review reported no change in alpha

amylase production. One study of college students observed no change following twenty-minute
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walks (Yamaguchi et al., 2006). An older literature review also reported rises in alpha amylase
following physical (e.g., exercise, heat/cold stress) and psychological stress across ages and sex
(Granger et al., 2007). Among a sample ages 18 to 58 years (Mage =26.7 years, SDage = 8.8),
there was no effect of physical activity on alpha amylase production (Nater et al., 2007);
however, physical activity was measured via self-report. This discrepancy compared to most
other research may be due to the need for objective measures of activity. Specifically, objective
measures allow for more precise evaluation of various intensities of activity and their effect on
alpha amylase. Overall, alpha amylase production tends to increase shortly after physical activity
with no studies observing activity and alpha amylase throughout the day over longer periods of
time (i.e., over several days). Given that alpha amylase levels change diurnally, tracking levels
over time is needed to understand its relationship to typical daily levels of activity.
Considerations when Measuring Stress Biomarkers and Physical Activity

Accounting for the amount of daily stress participants experience is important when
measuring biological stress levels in order to understand the relationship, and unique variance
accounted for, between physical activity and stress biomarkers unrelated to (perceived) stress
itself. Daily hassles, as defined as daily living conditions that an individual has identified as
harmful to their well-being (Lazarus, 1986), is a common metric used to approximate how much
stress an individual is experiencing in their life (Wright et al., 2019). These conditions or events
are often irritating, cause distress, or frustrate the individual as they navigate tasks and
interpersonal relationships of daily living (Wright et al., 2019). Past research has also evaluated
daily hassles among emerging adult populations to understand health outcomes (Bottos &

Dewey, 2004) and health complaints (Tran et al., 2021).
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Beyond accounting for perceived stress, certain grouping variables have also shown to be
important when evaluating the relationship between stress biomarkers and physical activity.
Specifically, relationships between race, sex, chronic illness status, and contraceptive use have
been observed regarding levels of salivary biomarkers and engagement in physical activity.
Regarding physical activity, previous literature noted differences in physical activity by race
(Bantham et al., 2021; Elgaddal et al., 2022; Powell et al., 2004) with individuals of color
engaging in less activity than their White counterparts, by sex with males engaging in more
physical activity compared to females (Elgaddal et al., 2022), and by chronic illness status with
chronic illness status negatively impacting physical functioning (Oris et al., 2018). Regarding
salivary biomarker values, previous literature noted oral contraceptive use influencing the
intensity of the values of salivary cortisol and alpha amylase (Hggsted et al., 2021; Lucas et al.,
2019; Nielsen et al., 2013).

Purpose

Currently, studies that measure biomarkers and health behaviors typically do so over a
short amount of time, such as a 15 to 30 minutes, an hour, or next day; however, the findings
from the current study provide insight into how cortisol and alpha amylase production
throughout the day relates to daily, typical physical activity as they occur among emerging
adults. Specifically, the current study identified if these relationships remain consistent or are
malleable over multiple days. In this regard, the data contributed to the literature by identifying
possible trends between biomarkers and physical activity as they occur throughout an entire day
for three consecutive days and has the ability to predict next day biomarker level based on

previous day physical activity. Due to the dearth of research involving these variables among
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emerging adults, the current study looked at these relationships bidirectionally to understand if
basal biomarker levels influence the amount of physical activity someone engages in.

Presently, little research exists regarding the relationship between more than one
biomarkers of stress (cortisol, alpha amylase) and physical activity as they naturally occur among
emerging adults. The current literature on the biomarkers of stress focuses on cortisol above
alpha amylase; however, cortisol provides a limited view into the physiological stress response.
Specifically, alpha amylase can respond differently to stressors than cortisol and, therefore, can
augment our understanding of the body’s immune and stress response by including them in
research. Involving both biomarkers has been recommended to assess HPA axis, ANS, and
immune response (Nater et al., 2013a). For some of the previous research focusing on one
biomarker and health behavior, the study designs were cross-sectional and lacked the possibility
to assess predictive relationships between variables. Additionally, most of the available research
on these topics involve predominantly white samples. This is an important distinction given that
health behaviors (Hughes et al., 2019; St-Pierre et al., 2019) and exposure to stressors and stress
impact differs by race and ethnicity (Brown et al., 2020; Williams, 2018). Specifically, people of
color often experience more stressors compared to their white counterparts and engage in less
physical activity due to lack of access to resources (i.e., parks and open spaces) because of
systemic barriers (Braveman et al., 2011; Braveman & Gottlieb, 2014). Also, little research
exists specifically looking into the well-defined age range that comprises emerging adults.
Beyond demographic differences, several reviewed studies relied heavily on self-report measures
for physical activity and highlighted the need for more objective measurement of this health

behavior.
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The current study addresses these gaps by 1) adding to the existing body of literature the
relationship between cortisol, alpha amylase, and physical activity among emerging adults, 2)
understanding these variables within a diverse sample of emerging adults, 3) solely utilizing
objective measures for all variables of interest, and 4) utilizing a longitudinal design with the
ability to assess predictive relationships between biomarkers and health behaviors.

The current study investigated the relationships between salivary cortisol and salivary
alpha amylase concentration over three consecutive days with objective measures of physical
activity and aimed to:

1: Examine the longitudinal relationship between physical activity on cortisol and alpha

amylase indices over a three-day period (full model details in analyses section).

Hypothesis 1a — Same- and previous-day physical activity would be predictive of same-
and next-day cortisol levels.

Hypothesis 1al - There would be a significant positive association between total
physical activity and average total cortisol.
Hypothesis 1a2 - There would be a significant inverse association between total
physical activity and cortisol diurnal slope (i.e., more activity resulting in steeper
slope).
Hypothesis 1a3 - There would be a significant inverse association between total
physical activity and cortisol awakening response (i.e., more total physical
activity resulting in smaller awakening response).

Hypothesis 1b — Same- and previous-day physical activity would be predictive of same-

and next-day alpha amylase levels.
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Hypothesis 1b1 - There would be a significant positive association between total
physical activity and total alpha amylase.

Hypothesis 1b2 - There would be a significant inverse association between total
physical activity and alpha amylase awakening response (i.e., more total physical

activity resulting in smaller awakening response).

2: Examine the longitudinal relationship between cortisol and alpha amylase indices on

physical activity over a three-day period (full model details in analyses section).

Hypothesis 2a — Same- and previous-day cortisol levels would be predictive of same-
and next-day total physical activity.
Hypothesis 2al - There would be a significant positive association between
average total cortisol and total physical activity.
Hypothesis 2a2 - There would be a significant inverse association between
cortisol diurnal slope and total physical activity (i.e., steeper slope resulting in
more next day total activity).
Hypothesis 2a3 - There would be a significant inverse association between
cortisol awakening response and total physical activity (i.e., smaller awakening
response resulting in more total physical activity).
Hypothesis 2b — Same- and previous-day alpha amylase levels would be predictive of
same- and next-day total physical activity.
Hypothesis 2b1 - There would be a significant positive association between

average total alpha amylase and total physical activity.
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Hypothesis 2b2 - There would be a significant inverse association between alpha
amylase awakening response and total physical activity (i.e., smaller awakening

response resulting in more total physical activity).

3: Determine the strongest biomarker predictor of physical activity outcomes.

Hypothesis 3a — Same-day average total cortisol would be the strongest predictor of

same-day physical activity outcomes compared to same-day alpha amylase.

These findings helped inform our understanding of the relationship between stress
biomarkers and common health behaviors among an underrepresented sample of emerging
adults. Further, this study addressed an important gap in the literature given that the cumulative
influence of these biomarkers on physical activity has yet to be fully examined over multiple
days. Finally, significant results have potential for highlighting the value of engaging in regular
activity to support stress biomarker functioning and offset the impact of stress during emerging
adulthood.

Method
Participants

The current sample is derived from a larger study involving 265 emerging adults from a
large Midwestern university. Participants were ages of 18-24 years at the time of consent,
currently enrolled at the university, proficient in English, and having a cell phone that could
receive text-messages to complete daily assessments. Outside of not meeting inclusion criteria,

participants were excluded if they participated in a varsity sport.
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Eighty-eight participants completed saliva data collection; however, six were removed
from analyses due to submitting inadequate data or no data. Another 14 participants were
removed due to not having submitted activity data that corresponded to days in which saliva
sampling occurred. Therefore, the valid number of participants included in analyses was 68. This
sample is notably smaller than the original 265 participants due to salivary data collection being
added later, after the study had begun. Therefore, not every participant from the original 265
person sample had the opportunity to provide salivary data. Participants were aged 18 to 24 with
a sample average age of M=19.7, SD=1.6. Based on self-reported sex, 58.8% of participants were
female (41.2% male). The sample is more diverse than the university’s population as a whole,
with 4.4% identifying as African-American, 20.6% as Asian/Pacific Islander, 29.4% as Hispanic,
54.4% as White, and 17.6% as Other.

Procedure

Two strategies were utilized for recruitment: flyers were posted around campus and
research assistants attended classes and student organizations to disseminate study information.
The study design was longitudinal and involved an initial in-person baseline assessment, two
weeks of daily assessment tracking, and a final in-person follow-up assessment at the end of the
two-week period. Saliva samples were collected four times daily across three days of the two-
week period. During baseline, participants were consented, provided their mobile number to
receive text reminders, completed self-report surveys, and measured to obtain their
anthropometric data. Text reminders were sent daily as a way to prompt participants to complete
their questionnaires across the two-week study period. Participants were compensated $15 for
baseline participation. During daily assessment, participants completed questionnaires regarding

various health behaviors and compensated $5 each day surveys were completed. They earned an
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additional $70 if they had completed surveys for all 14 days of the two-week period.
Additionally, participants were asked to wear ActiGraph devices around their non-dominant
wrist during the two-week daily assessment period. ActiGraphy was used to objectively monitor
participant daily activity and sleep patterns. During follow-up assessment, participants completed
the same batteries from baseline and were compensated $20.

Saliva Samples

Participants were asked to provide saliva samples via spittle into a tube. To facilitate
correct saliva sampling, participants were given written and verbal instructions on how to use
their saliva collection Kit. Saliva collection kits contained the following: insulated lunch bag, ice
pack, straws, and 12 2mL salivettes. Written directions were also accompanied by photos so
participants could view each step prior to reading. Prior to providing a saliva sample, participants
were instructed to refrain from brushing their teeth, eating a large meal, and smoking and
drinking for thirty minutes to an hour. A study-developed schedule was created and distributed to
participants, so they knew which days to collect saliva samples.

Participants were asked to provide a total of 12 saliva samples: four daily samples for
three consecutive days. The three days were weekdays that occurred within the two weeks of
data collection. The three days were chosen by participants which provided them flexibility and
prevented attrition. Four saliva samples across three days are in accordance with
recommendations for repeated measurements of biomarkers to support accurate findings (Nater
et al., 2013b; Stalder et al., 2016). The four daily samples occurred upon waking, +30 minutes
after waking, mid-day, and evening for participants. In addition, participants tracked the time of

day they provided their four daily samples using a study-developed log. On the log, participants
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also answered questions such as whether they ate, drank, or brushed their teeth closely in time to
when they provided their sample.

Following saliva collection, participants were asked to bring their samples to their
follow-up assessment session. Research assistants kept collected saliva samples frozen by storing
them in a freezer set to -20°C. Saliva samples were sent to the Salimetrics SalivaLab (Carlsbad,
CA) and analyzed using the Salmetrics Salivary Alpha-Amylase Assay Kit (Cat. No. 1-1902). To
evaluate the participant’s adherence to the saliva protocol, they self-reported how closely they
followed the procedures on a scale from 0-10 (10 indicating they followed the saliva protocol
100% of the time). This adherence score was recorded by participants outside of the presence of
research staff. After which, the participant placed the form containing their score in a locked box.
Compensation was given after participants self-reported their adherence score. For each day
participants completed their four saliva samples, they were compensated $15.

ActiGraphy

ActiGraph devices provide “activity count” data in one-minute epochs via vertical
acceleration movements to measure the user’s intensity and quantity of activity as well as sleep
patterns (Loiacono et al., 2020). For the current study, participants were asked to wear the
ActiGraph as a watch on their non-dominant wrist for the entire two-week daily assessment
period. Participants were only asked to remove the ActiGraph during activities that would get the
device wet (e.g., showering or swimming). Non-wear time is calculated and accounted for
separately by the ActiGraph and participants missing more than 10 hours of data for any of the
three saliva sampling days were excluded from analyses. Although no firm cut-offs exist for
wear time of accelerometry, research has suggested that at least 12 hours of wear data for around

3 to 4 days is sufficient for assessing physical activity and sedentary behavior (Di et al., 2022).
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Participants returned devices at their follow-up session appointment for analysis. Research
assistants downloaded ActiGraph data from the watch into ActiLife. ActiLife is ActiGraph's data
analysis platform used to process and score collected data based on “independently developed
and validated algorithms.” The present study utilized features to assay wear time, activity and
sedentary bouts, and sleep. Accelerometer protocol details for ActiGraph are available (National
Health and Nutrition Examination Survey LABORATORY PROCEDURES MANUAL, 2004).
Measures

Physical Activity

Actigraphy was used to measure physical activity and provided summaries of daily time
engaged in sedentary behavior, quantity of activity, and intensity of activity. Specifically, values
for time spent engaged in light, moderate, and vigorous activity were available. Of note, a vast
majority of participant activity counts fell into the light activity category, followed by moderate,
and very few if any activity counts in the vigorous category. This is likely due to 1) the nature of
the study in which the participants were asked to wear the ActiGraphs during typical daily
activities and not during a specific exercise and 2) the standard factory cut-offs for these
intensity qualifiers being strict in determining what constitutes vigorous activity (e.g., high
performance training). Therefore, light, moderate, and vigorous activity counts were combined to
produce a total physical activity score per day. As stated previously, 14 days of activity data was
recorded; however, only the three days corresponding to the participant’s saliva sample days
were used in the current study to assess previous- and next-day relationships.

Biomarkers

All biomarkers were measured via salivary data which has been shown to be efficacious

in diagnosing and monitoring disease (Melguizo-Rodriguez et al., 2020), advantageous for
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measuring physiological processes that change throughout the day, and can be collected non-
invasively to provide reliable and valid data of internal bodily functioning (Granger et al., 2012).
As stated previously, saliva samples were collected upon waking, +30 minutes after waking,
mid-day, and evening across three days.

Cortisol. Each participant who has submitted complete data has provided 12 cortisol data
points across the three days of sampling. Therefore, CAR, total cortisol, and diurnal slope was
computed for each day of saliva sampling.

CAR is defined as the increase of cortisol within the first hour after waking. CAR was
computed using the area under the curve (AUC) formulas derived from the trapezoid formula
outlined in Pruessner et al. (2003). Specifically, the AUCL1 formula was used because it places a
stronger emphasis on a variable’s change over time by focusing on how each measurement
differs from each other and ignoring the specific measurement’s distance from zero (Pruessner et
al., 2003). Because we are interested in the change in cortisol from wake to +1 hour,
understanding the distance from zero or “the level at which changes occur over time” at each

time point is not necessary. Pruessner et al. (2003) provides the following equation:

n—1 n—1

AUC, = Z(m‘f‘*”; )t my- D, t;

i=1 i=1

mi - single time point measurement of cortisol; t; - the time distance between the
measurements; and n - denoting the total amount of saliva measurements being
considered, which was two because calculating the area under the curve requires

measuring the distance incrementally from time point one to two, two to three,
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and three to four across the four sample times: upon waking, +30 minutes after

waking, mid-day, and evening.

Conversely, understanding the saliva sample’s distance from zero is beneficial for measuring
total cortisol in that it provides a summation of the trapezoids. For this index, calculation of all

four saliva sample time points occurred. Pruessner et al. (2003) provides the following equation:

n—1

AUCG — 2

1 =1

(m(i+1) + m,;)-t,
2

m; - single time point measurement of cortisol; t; - the time distance between the
measurements; and n - denoting the total amount of saliva measurements being
considered, which was two because calculating the area under the curve requires
measuring the distance incrementally from time point one to two, two to three,
and three to four across the four sample times: upon waking, +30 minutes after

waking, mid-day, and evening.

Diurnal slope is understood as the linear degree of change in the biomarker throughout
the day after excluding the awakening response (Ross et al., 2014). A linear regression line is
subsequently calculated for each participant based on their saliva samples from waking and
during the evening, effectively excluding the +30 minutes after waking sample. The formula for
CAR was utilized again in which m;jrepresents a participant’s cortisol sample from their time
point 3 (mid-day) and mg+1) represents their sample for time point 4 (evening).

Alpha Amylase. Enzymatic activity via spectrophotometric assays and reported as

international units of SAA activity per milliliter (IU/mL) were derived from saliva samples
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(Rohleder & Nater, 2009; Rohleder et al., 2006). Total SAA involved averaging the enzymatic
values across all sample timepoints for each day. SAA awakening response was calculated as the
delta change between enzymatic value of sample at timepoint 2 from the value of sample at
timepoint 1, per previous research (Eddy et al., 2018; Filaire et al., 2013; Katz et al., 2016;
Skoluda et al., 2016).
Control Variables

Daily Hassles

Daily hassles were measured using the 20-item Brief College Student Hassles Scale
(BCSHS) which assesses stressors across several domains (academic, financial, social stress).
The BCSHS has been shown to possess good internal consistency based on total scores
(Cronbach’s a = 0.81) (Blankstein & Flett, 1992; Blankenstein et al., 1991). This self-report
measure uses a seven-point Likert scale ranging from 1 (No hassle, not persistent at all) to 7
(High occurrence; extremely persistent, high frequency or duration). Higher scores on the
measure indicate more hassles.

Race

Race was recorded at baseline via self-report by participants. The survey item stated,
‘race — select choice’ and asked participants to select all that applied. The original race variable
consisted of White, Black or African American, American Indian or Alaska Native, Asian or
Asian American, Native Hawaiian or Pacific Islander, and Other; however, due to insufficient
sample sizes across races, this variable was dummy coded with the reference group being those
that identified as White.

Sex
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Sex was recorded at baseline via self-report by participants. The survey item stated,
‘biological sex — select choice: male; female.” This variable was dummy coded with the
reference group being males.

Chronic Illness Status

Chronic illness status was recorded at baseline via self-report by participants and may
refer to physical (e.g., diabetes, chronic pain) and/or psychiatric (e.g., depression, attention-
deficit/hyperactivity disorder) illnesses. The survey item stated, ‘are you currently diagnosed
with any of the following health conditions?’ This variable was dummy coded with the reference
group being no chronic illness status.

Contraceptive Use

Contraceptive use was recorded via self-report by participants. The survey item stated,
‘are you currently using contraceptives (i.e., birth control or intrauterine device)?’ This variable
was dummy coded with the reference group being no contraceptive use.

Preliminary Analyses

All analyses were conducted using SPSS (IBM Corp, 2023). Linear regression was
conducted with total activity as the outcome variable and daily hassles and all biomarker
variables (e.g., Average cortisol, CAR, Cortisol slope, Average AA, AA awakening response) as
predictors to assess multicollinearity and prevent high overlap in shared variance (Reichwein
Zientek & Thompson, 2006). Specifically, variance inflation factor (VIF) was calculated. No
predictor combination produced a VIF value over 5, indicating an absence of multicollinearity
(O’Brien, 2007). Additionally, Pearson correlations were conducted to verify that predictor
variables were not highly correlated (i.e., two-tailed significance of <.05). Regarding missing

data, participants without complete activity data, activity data that did not overlap with their
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biomarker samples, or less than two complete consecutive days of bio samples were excluded
(20 participants). Tolerance statistics were also conducted to measure the proportion of variance
in a predictor that is not explained by other predictors in the model. This statistic ranges from 0
to 1, with values closer to 1 indicating low multicollinearity (Tolerance = 1-R? for each predictor
from a regression of that predictor on all other predictors) (Field, 2024; Tabachnick & Fidell,
2001).

Lag Variables: Due to the present study’s longitudinal design, and the hypotheses aiming
to predict future outcomes from past values of physical activity/biomarker, ‘single lag” (Xt1) lag
variables were created to model temporal dependencies and understanding the dynamic
relationships between physical activity, salivary cortisol, and salivary alpha amylase.
Specifically, lagging variables allow analyses to incorporate values of a variable at a previous
time point (previous day) relative to a current value. To this end, the study can understand the
effect of past values of a predictor (e.g., physical activity) on a next day outcome (e.g.,
biomarker).

Transformations: Models that included participants’ diurnal slopes of cortisol produced
convergence errors. This error was likely due to the small values of the original slope data
compared to the values of other variables within the model. To address this issue, the diurnal
slopes were multiplied by 10,000 to support convergence and stabilize parameter estimates.

Analyses
Assumptions of Multilevel Modeling
Linearity: Scatterplots were created for each predictor variable (biomarker variables)

against the outcome variable (physical activity) to visually assess if the pattern is roughly linear.
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Homoscedasticity: A scatterplot was created with the residuals placed on the y-axis and a
relevant predictor on the x-axis to see if the variance of residuals is constant across all levels of
predictors (e.g., ideally, residuals are evenly spread around the horizontal line at zero).

Normality: the saved level 1 residuals from running the multilevel model were used to
create a histogram and assess if they display a normal distribution.

Regarding the hierarchical structure of the analyses, Level 1 consisted of the biomarkers
which were nested within individuals at Level 2. Physical activity was also considered at Level
1. Variables at level 1 vary within individuals across time, influencing biomarkers at each time
point. Biomarkers also vary within individuals across time and level 1 captured these changes in
individual characteristics. Level 2 (random intercept) accounted for baseline individual-specific
differences in biomarker levels that were not explained by fixed effects. A conceptual formula is
located below that also accounts for race, sex, chronic illness status, and contraceptive use.

Of note, types of multilevel modeling and multilevel model estimates are generally robust

to violations of assumptions (Schielzeth et al., 2020) and skewness (Snijders & Bosker, 2012).

Level 1 (Within Model):

Individual-specific measurements Yi; (biomarker) and Xij (previous day physical activity)
for each individual i and each time point j.
Yij = fo + p1Xij + f2 Racei + f3 Sexi + fa llIness Statusi + 5 Contraceptive Usej + fs
Stress/Hassles; + eij

Yij: Biomarker measurement for individual i at time j.

Xij: Previous day physical activity level for individual i at time j.

Racei: Indicator variable (0 White or 1 Non-White) for race of individual i.

Sexi: Indicator variable (0 male or 1 female) for sex of individual i.
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[lIness Statusi: Indicator variable (0 no chronic illness or 1 chronic illness) for illness
status of individual i.

Contraceptive Use;: Indicator variable (0 no contraceptive or 1 contraceptive) for
contraceptive use of individual i.

Stress/Hasslesi: Daily hassles rating (stress metric) of individual i.

So: Population mean intercept (average biomarker measurement when physical activity
and all other predictors are zero).

p1: Coefficient for the effect of previous day physical activity Xij on biomarker Yij.

P2, B3, Pa, Ps, Ps: Coefficients for the effects of race, sex, illness status, contraceptive use,
and stress/hassles on biomarker Yij.

eij: Residual error term for measurement error and unexplained variability.

Level 2 (Between Model):

Random effects assessed to account for individual-specific variability in biomarker

measurements.
Yii = fo + piXij + B2 Racei + S5 Sexi + fa IlIness Statusi + s Contraceptive Usei + fs
Stress/Hassles; + Uoi + €j

Uoi~N(0,6%u0): Random intercept to assess individual-specific deviations in biomarker
measurements.

Analytic Plan
Aims 1-2: Examine the bi-directional relationship between salivary cortisol and salivary
alpha amylase indices and physical activity over a three-day period.
Multilevel models were computed with same- and previous- day physical activity as the
predictor variables and biomarker as the outcome variable. The current study sample size of 68

participants observed over three days is acceptable based on past research that has suggested that
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small sample sizes (50 or less) at level two leads to biased estimates (Maas & Hox, 2005). The
lag variable for physical activity was used to assess the relationship between previous day
physical activity and next day biomarker. Race, sex, chronic illness status, and contraceptive use
were added to the model as grouping variables due to previous research demonstrating that these
person-level variables are often associated with these biomarkers and health behavior, as
described in the measures section. Daily hassles were also added to the models as a predictor
variable and proxy for stress. This inclusion allowed the model to account for the unique
variance that physical activity has related to biomarker outcomes regardless of stress level.

Similar multilevel models were estimated to assess same- and previous-day biomarker’s
predictability for physical activity. This involved using the biomarker variable (e.g., diurnal
slope, awakening response, total) and its corresponding lag variable as predictors. Physical
activity became the outcome variable. The same individual-specific variables and daily hassles
were also included for the reasons previously stated. Finally, for models in which biomarker are
the predictors, separate models were created for each biomarker index (awakening response,
diurnal slope, total) to avoid issues of multicollinearity and prevent high overlap in shared
variance between biomarker data.

The Restricted Maximum Likelihood (REML) method was used for all multilevel
models. REML is advantageous for running final models compared to the maximum likelihood
(ML) method because REML provides unbiased estimates of the variance parameters and
includes the fixed effects in the likelihood function, producing a more accurate model output (Pal
& Chakravarty, 2020).

Aim 3: Determine the strongest biomarker predictor of physical activity.
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Linear regression was used with total physical activity as the criterion variable and
average total alpha amylase and average total cortisol as predictor variables. Standardized beta
coefficients of the predictors were used to assess the strength (magnitude of the effect) and
direction of the relationship between biomarker and physical activity.

Results
Descriptive Statistics

See Table 1 for descriptive statistics. For the overall sample (n = 68), mean and standard
deviation across variables of interest were: Total Activity (M = 668.61, SD = 159.87); Daily
Hassles (M = 34.20, SD = 11.25); CAR (M =12.43, SD = 6.21); Cortisol Diurnal Slope (M =
-3.05, SD = 2.27); Average Cortisol (M = 0.25, SD = 0.09); Alpha Amylase Awakening
Response (M = -23.98, SD = 61.45); Average Alpha Amylase (M = 98.20, SD = 76.45).
Frequencies for the grouping variables used within models were: Race (44.1% Non-White); Sex
(58.8% female); Chronic Iliness Status (51.5% experiencing chronic illness); Contraceptive Use
(25% use, 30.9% do not use, 44.1% did not respond).

Relevant significant two-tailed Pearson correlations were observed between chronic
illness status and total physical activity (r =0.27, p <0.001); chronic illness status and average
cortisol (r =-0.16, p = 0.033); chronic illness status and CAR (r =-0.31, p <0.001), chronic
illness status and diurnal slope of cortisol (r = 0.18, p = 0.021); race and daily hassles (r =-0.17,
p = 0.028); race and diurnal slope of cortisol (r = -0.22, p = 0.003); race and average alpha
amylase (r =-0.19, p = 0.008); and daily hassles and average alpha amylase (r =0.21, p =
0.006). As expected, significant correlations were observed between the cortisol indices. The
alpha amylase indices also correlated significantly with one another. None of the cortisol and

alpha amylase variables were significantly correlated. See table 2 for correlation matrix.
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Multilevel Models (Aim 1)

Model 1: Total Activity on Average Cortisol

Regarding the fixed effects of total activity on average cortisol production, neither same-
day physical activity (# = -2.21E-5, SE = 6.09E-5, p = 0.72) nor previous-day physical activity (5
= 1.63E-5, SE = 6.08E-5, p = 0.79) significantly predicted average cortisol production.
Conversely, average daily hassles did significantly predict average cortisol production (f =
2.83E-3, SE = 0.009, p = 0.002). Specifically, participants with more daily hassles displayed
higher levels of cortisol production. No significant results were observed between grouping
variables: race (8 = 0.03, SE = 0.04, p = 0.40); sex (5 = -0.05, SE = 0.05, p = 0.36); contraceptive
use (= 1.37E-3, SE = 0.03, p = 0.97); illness status (# = 0.05, SE = 0.04, p = 0.26). Model
statistics include: -2 Restricted Log Likelihood (-2LL) = -118.37; Akaike’s Information Criterion
(AIC) =-114.37; Hurvich and Tsai’s Criterion (AICC) = -114.21; Bozdogan’s Criterion (CAIC)
=-107.68; Schwarz’s Bayesian Criterion (BIC) = -109.68 [see table 3].

Model 2: Total Activity on CAR

Regarding the fixed effects of total activity on cortisol awakening response (CAR),
neither same-day physical activity (8 = -4.53E-3, SE = 0.004, p = 0.28) nor previous-day
physical activity (# = -5.66E-4, SE = 0.004, p = 0.90) significantly predicted CAR. Conversely,
average daily hassles did significantly predict CAR (# = 0.17, SE = 0.06, p = 0.01). Specifically,
participants with more daily hassles displayed a larger CAR. No significant results were
observed between grouping variables: race (f = 3.72, SE = 2.28, p = 0.12); sex (f = 1.32, SE =
3.47, p = 0.71); contraceptive use (# = 0.27, SE = 2.23, p = 0.91); illness status (f = 4.23, SE =
2.54, p =0.12). Model statistics include: -2LL =517.85; AIC =521.85; AICC =522.01; CAIC =

528.48; BIC = 526.48 [see table 4].
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Model 3: Total Activity on Diurnal Slope of Cortisol

Regarding the fixed effects of total activity on diurnal slope of cortisol, neither same-day
physical activity (8 =-9.19E-5, SE = 0.002, p = 0.96) nor previous-day physical activity (5 =
2.33E-4, SE = 0.002, p = 0.89) significantly predicted diurnal slope of cortisol. Similarly,
average daily hassles did not significantly predict diurnal slope of cortisol (# = -0.01, SE = 0.02,
p = 0.54). No significant results were observed between grouping variables: race (8 =-0.19, SE =
0.62, p =0.76); sex (# = 0.58, SE = 0.97, p = 0.56); contraceptive use (# = 0.53, SE =0.60, p =
0.38); illness status (5 = -0.97, SE = 0.74, p = 0.20). Model statistics include: -2LL = 388.39;
AIC =392.39; AICC =392.56; CAIC = 399.08; BIC = 397.08 [see table 5].

Model 4: Total Activity on Average Alpha Amylase

Regarding the fixed effects of total activity on alpha amylase, neither same-day physical
activity (8 =-0.11, SE = 0.02, p = 0.62) nor previous-day physical activity (5 = 0.04, SE = 0.02,
p = 0.10) significantly predicted average alpha amylase production. Similarly, average daily
hassles did not significantly predict alpha amylase production (# = 0.33, SE = 0.32, p = 0.31). No
significant results were observed between grouping variables: race (8 = -2.58, SE = 13.05, p =
0.85); sex (f# =-1.33, SE = 19.89, p = 0.95); contraceptive use (5 = 5.63, SE = 12.82, p = 0.66);
illness status (4 = -16.39, SE = 14.41, p = 0.26). Model statistics include: -2LL = 843.99; AIC =
847.98; AICC =848.13; CAIC =854.79; BIC = 852.79 [see table 6].

Model 5: Total Activity on Average Alpha Amylase Awakening Response

Regarding the fixed effects of total activity on alpha amylase awakening response (AA-
AR), neither same-day physical activity (# = -0.03, SE = 0.05, p = 0.56) nor previous-day
physical activity (8 = -0.02, SE = 0.05, p = 0.73) significantly predicted AA-AR. Similarly,

average daily hassles did not significantly predict AA-AR (5 =-0.25, SE = 0.69, p = 0.72). No
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significant results were observed between grouping variables: race (5 = 30.76, SE = 19.49, p =
0.13); sex (B =-29.13, SE = 31.18, p = 0.36); contraceptive use (# = 20.84, SE = 19.20, p = 0.29);
illness status (# = -19.87, SE = 23.23, p = 0.40). Model statistics include: -2LL = 891.04; AIC =
895.04; AICC = 895.20; CAIC =901.70; BIC = 899.70 [see table 7].
Multilevel Models (Aim 2)

Model 6: Average Cortisol on Total Activity

Regarding the fixed effects of average cortisol production on total activity, neither same-
day cortisol production (# =-2.71, SE = 203.91, p = 0.99) nor previous-day cortisol production
(B =-198.69, SE = 194.95, p = 0.31) significantly predicted total activity. Similarly, average
daily hassles did not significantly predict total activity (5 =-2.07, SE = 1.61, p = 0.21).
Regarding grouping variables, race did not significantly relate to total physical activity (8 = -
1.46, SE = 44.69, p = 0.97). However, sex did significantly predict total physical activity (5 =
201.38, SE = 65.76, p = 0.005) with females engaging in significantly more physical activity
than males. Contraceptive use was not associated with physical activity (5 = 32.02, SE = 42.67, p
= 0.46); however, illness status did significantly relate to total physical activity (8 = -177.50, SE
= 45,54, p <0.001) with those with chronic illness engaging in significantly less activity
compared to those with no chronic illness status. Model statistics include: -2LL = 942.10; AIC =
946.10; AICC =947.17; CAIC =953.55; BIC = 951.55 [see table 8].

Model 7: CAR on Total Activity

Regarding the fixed effects of CAR on total activity, neither same-day CAR (5 = -1.75,
SE = 3.28, p = 0.60) nor previous-day CAR (f = -1.38, SE = 3.14, p = 0.66) significantly
predicted total activity. Similarly, average daily hassles did not significantly predict total activity

(p=-2.38, SE =1.76, p = 0.18). Regarding grouping variables, race did not produce significant
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results (# = 2.88, SE = 50.56, p = 0.96); however, sex did significantly predict total physical
activity (5 = 203.39, SE = 85.29, p = 0.03) with females engaging in significantly more physical
activity than males. Contraceptive use did not produce significant results (8 = 24.35, SE = 48.96,
p = 0.62); however, illness status did significantly relate to total activity (8 = -155.24, SE =
53.07, p = 0.007) with those with chronic illness engaging in significantly less activity compared
to those with no chronic illness status. Model statistics include: -2LL = 924.01; AIC = 928.01;
AICC =928.19; CAIC =934.48; BIC = 932.48 [see table 9].

Model 8: Diurnal Slope of Cortisol on Total Activity

Regarding the fixed effects of diurnal slope of cortisol on total activity, neither same-day
diurnal slope of cortisol (# = 3.30, SE = 6.85, p = 0.63) nor previous-day diurnal slope of cortisol
(8=7.02, SE = 6.28, p = 0.27) significantly predicted total activity. Similarly, average daily
hassles did not significantly predict total activity (5 = -1.92, SE = 1.40, p = 0.18). Regarding
grouping variables, no significant differences were observed by race (5 = -5.95, SE =42.54, p =
0.89). Sex, however, was significantly related to total physical activity (5 = 180.69, SE = 61.01,
p = 0.006) with females engaging in significantly more physical activity than males.
Contraceptive use did not produce significant results (8 = 5.50, SE = 41.48, p = 0.90); however,
illness status did significantly relate to total activity (8 = -163.37, SE = 45.04, p = 0.001) with
those with chronic illness engaging in significantly less activity compared to those with no
chronic illness status. Model statistics include: -2LL = 923.52; AIC = 927.52; AICC = 927.70;
CAIC =934.05; BIC =932.05 [see table 10].

Model 9: Average Alpha Amylase on Total Activity

Regarding the fixed effects of average alpha amylase production on total activity, neither

same-day alpha amylase production (5 = -0.14, SE = 0.47, p = 0.76) nor previous-day alpha
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amylase production (8 = 0.51, SE = 0.35, p = 0.15) significantly predicted total activity.
Similarly, average daily hassles did not significantly predict total activity (8 =-2.67, SE = 1.49, p
= 0.08). Regarding grouping variables, no significant differences were observed by race (8 = -
4.11, SE = 41.49, p = 0.92); however, sex did significantly predict total physical activity (8 =
204.85, SE = 61.80, p = 0.002) with females engaging in significantly more physical activity
than males. Contraceptive use did not produce significant results (8 = 19.63, SE = 40.63, p =
0.63); however, illness status did significantly relate to total activity (5 =-180.24, SE = 43.10, p
<0.001) with those with chronic illness engaging in significantly less activity compared to those
with no chronic illness status. Model statistics include: -2LL = 1092.12; AIC = 1096.12; AICC =
1096.27; CAIC = 1102.93; BIC = 1100.93 [see table 11].

Model 10: Alpha Amylase Awakening Response on Total Activity

Regarding the fixed effects of AA-AR on total activity, neither same-day AA-AR (5 = -
0.26, SE = 0.30, p = 0.40) nor previous-day AA-AR production (5 =-0.28, SE =0.25, p = 0.91)
significantly predicted total activity. Similarly, average daily hassles did not significantly predict
total activity (5 =-2.91, SE = 1.67, p = 0.09). Regarding grouping variables, race did not produce
significant results (5 = -1.86, SE = 48.26, p = 0.97); however, sex did significantly predict total
physical activity (8 = 204.95, SE = 70.50, p = 0.006) with females engaging in significantly more
physical activity than males. Contraceptive use did not produce significant results (5 = 37.67, SE
=46.35, p = 0.42); however, illness status did significantly relate to total activity (8 = -202.24,
SE =47.70, p <0.001) with those with chronic illness engaging in significantly less activity
compared to those with no chronic illness status. Model statistics include: -2LL = 985.76; AIC =
989.76; AICC =989.93; CAIC =996.34; BIC = 994.34 [see table 12].

Linear Regression (Aim 3)
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Neither average total alpha amylase (5 = 0.089, t = 1.17, p = 0.24) nor average total
cortisol (5 =-0.012, t = -0.15, p = 0.88) significantly predicted total physical activity. The model
did not predict a significant portion of variance in total activity counts (R? = 0.008, F(2, 172) =
0.72, p = 0.49. Model statistics: Durbin-Watson = 1.34; Tolerance of predictors = 0.991; VIF of
predictors = 1.01.

Discussion

The primary aims of the current study were to analyze the relationships between
previous- and same-day physical activity on same- and next-day cortisol and alpha amylase
indices, and vice versa. For aims one through three, the results did not support the hypotheses.
Specifically, for all models in which same- and previous- day physical activity were predictors
and biomarker indices (total, awakening response, diurnal slope) were outcomes, neither same-
nor previous-day physical activity significantly predicted same- or next-day biomarker. This
finding is inconsistent with previous literature that demonstrated physical activity significantly
predicting cortisol (Anderson & Wildeman, 2017; Duclos & Tabarin, 2016; Gerber et al., 2013;
Hill et al., 2008; Ponce et al., 2019) and alpha amylase (Granger et al., 2007; Koibuchi & Suzuki,
2014; Walsh, 1999) levels. Of note, the significant findings between physical activity and stress
biomarkers from previous research often involved inducing a specific physical activity intensity
and/or measuring biomarker levels closely after physical activity ceased (Hill et al., 2008).
Specifically, vigorous, but not lower intensities such as light or moderate, have been shown to
increase cortisol levels (Anderson & Wildeman, 2017; Duclos & Tabarin, 2016) and CAR
(Ponce et al., 2019). Despite the lack of findings between physical activity and alpha amylase
indices, these results are not completely inconsistent with previous research due to some studies

also reporting no change in alpha amylase production due to physical activity (Nater et al., 2007;
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Yamaguchi et al., 2006). The lack of significant results still provide value to this area of research
due to the novelty of the current study’s design. The current study worked to better understand
how total activity (light, moderate, and vigorous intensities combined) measured throughout the
day influenced cortisol and alpha amylase, and vice versa, over longer periods of time (i.e., the
next day) compared to previous research designs. Within these models where physical activity
and daily hassles were predictors and biomarker index was an outcome, no significant
differences were observed for any of the grouping variables (race, sex, contraceptive use, and
chronic illness status). Despite these lack of findings for physical activity, daily hassles did
significantly predict same day average cortisol and CAR. Specifically, higher reported daily
hassles resulted in individuals having higher levels of cortisol on average and a larger cortisol
awakening response. This finding aligns with previous literature in which daily hassles and
related stressors produce higher levels of stress hormones (cortisol) (Figueroa et al., 2021,
Newman et al., 2007; Sher, 2004; Weber et al., 2022). This finding is expected due to the body’s
use of cortisol to achieve homeostasis during perceived and physical stress (McEwen, 2019): if
an individual is reporting more hassles (i.e., more stressors across multiple areas of life), then
their biomarker response should also be elevated to support them in meeting the challenges of
overcoming the stressors.

When assessing whether same- or previous-day biomarker index predicts same- or next-
day physical activity, no biomarker index significantly predicted physical activity for any model.
This lack of significance was unexpected due to past systematic review of the literature
suggesting higher levels of stress and stress biomarkers significantly lowers the amount of
engagement in physical activity (Stults-Kolehmainen & Sinha, 2014). These studies highlight the

connection between those with higher levels of stress hormones likely deprioritizing engagement
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in health behaviors, such as physical activity, because of the time needed to address current
stressors. Similar to biomarker indices, daily hassles did not significantly predict amount of
physical activity in any of the models. There were significant differences between grouping
variables and physical activity, however. Specifically, females engaged in significantly more
physical activity compared to males. This relationship between sex and physical activity is not
aligned with most previous research that shows males being more physically active compared to
females (Feraco et al., 2024; Portela-Pino et al., 2020; Santos et al., 2003) and specifically when
at university (Cahuas et al., 2020; Dikmen et al., 2020; Fagaras et al., 2015). It is possible this
overall trend is flipped for the narrow section of emerging adults within the present study.
Specifically, participants were from a university located in a major city which may have
provided the built environment and walkability (e.g., access to public spaces, parks, gyms,
recreational centers, and intramural clubs) to reduce sex-related barriers (e.g., stereotypes,
cultural acceptability, male dominated activities) to exercise and physical activity (Cla, 2018;
Sallis et al., 2016). Chronic illness status also differed significantly regarding involvement in
physical activity. Specifically, those with an identified chronic illness engaged in significantly
less physical activity compared to those with no chronic illness status. This finding is consistent
with previous research in which those with a chronic illness experiencing a reduction in physical
functioning overall compared to pre-illness functioning (Mackenbach et al, 2001; Oris et al.,
2018). Unlike sex and chronic illness status, physical activity engagement did not differ
significantly by race nor contraceptive use. When considering both alpha amylase and cortisol in
the same model with total activity count as the outcome, neither biomarker significantly
predicated activity counts. This was unexpected given the previously sited research above

linking physical activity to biomarker response, especially for cortisol. The lack of findings
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within this regression model may also highlight the need for analyzing the intensity of physical
activity when increasing the duration of physical activity and biomarker measurement (i.e.,
throughout the day).

Limitations

The current study had several limitations. Firstly, although the 68 participants were
observed over three days for a total of 204 data points, the smaller sample size negatively
impacts statistical power and reduces the precision of parameter estimates (Akobeng, 2016;
Baguley, 2004; Prajapati et al., 2010). Although past research used similar durations of data
collection to demonstrate significant relationships between these variables in the short-term (e.g.,
5 minutes up to an hour), three days of biomarker and physical activity data may be too few to
fully model the trend of previous day onto next day for the study’s sample size. Increasing the
number of participants, the number of days of data collection, or both would benefit future
studies. A statistical power analysis is warranted for future research to assess appropriate sample
sizes for study replication and/or computing more complex models.

In addition to sample size and length of data collection, lack of activity counts and
variability within the physical activity intensities (light, moderate, vigorous) resulted in
collapsing activity intensities into one variable - total activity. Having the ability to assess how
various intensities of physical activity predict biomarker would produce a more thorough
understanding of how activity relates to biomarker production. This is especially important given
previous research has demonstrated that intensity of physical activity influences levels of stress
biomarkers (Anderson & Wildeman, 2017; Duclos & Tabarin, 2016; Ponce et al., 2019).

Finally, generalizability of results is limited. Although a notable percentage (39%) of

individuals ages 18 to 24 years within the United States of America are enrolled in university
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(National Center for Education Statistics, 2024), the current study does not capture a large
majority of emerging adults (i.e., those individuals who do not attend university). This is
important due to this stage in life being known for heterogeneity of experiences as these
individuals work toward an adult identity (Arnett et al., 2014; Arnett, 2004). The current sample
was also derived from a university located in a major Midwestern metropolitan area and
therefore only partially captures the 39% of emerging adults at university. Finally, attending
university has been shown to be a protective factor against mental health concerns (Han et al.,
2016; Kovess-Masfety et al., 2016; Yorgason et al., 2008) and would warrant incorporating
emerging adults that are not attending university to fully capture the various levels of stress this
group experiences.
Future Directions

The current set of data used for the study was not ideal for analyzing more complex
models nor comparing intensities of physical activity due to a smaller sample size and lack of
variability across physical activity intensities. The lack of findings may suggest that the intensity
of physical activity (e.g., vigorous) is most important and influential over biomarker values over
a longer a period of time; however, this is something for future research to address. Specifically,
researchers should evaluate whether individuals who engage in more vigorous physical activity
throughout the day, compared to other intensities, are able to influence their biomarker levels
over longer periods of time (e.g., the next day).

Statistically, the current study focused on the direct relationship between physical activity
and cortisol/alpha amylase production, and vice versa (i.e., only fixed effects with random
intercept). With more data, more complex models could be estimated to accurately assess the

relationships and interactions between these variables. Therefore, a more comprehensive
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understanding is possible by incorporating random effects and understanding between-group
dynamics by comparing nested models. Future research should start with multilevel models that
are estimated using the maximum likelihood (ML) method in order to assess the inclusion of, and
examine, random effects of predictors. Maximum likelihood is desirable when comparing
multilevel models because of its ability to evaluate the statistical significance of adding
additional parameters (likelihood ratio) to identify if more model complexity results in a better fit
for the data; and, ML includes insights into fixed effects and variance components compared to
REML which removes fixed effects from estimation (McNeish, 2017).

Specifically, models should be created with all predictors and grouping variables as fixed
effects (with random intercept). Then, a second model should be created with all predictor
variables as fixed and random effects. Within models, the inclusion of random effects of the
continuous predictors supported the understanding of their variability at different levels of the
model.

To assess if the inclusion of random effects produce a better fitting model to the data,
negative two log likelihood (-2LL) values from the original, all fixed effects, model and the
expanded random effects model should be compared. The negative two log likelihood statistic
should be used to compare models to assesses a model’s level of misfit to the data. When
comparing models, lower -2LL values indicate better fit (i.e., less misfit). To compare -2LL
values between models statistically, the likelihood ratio test should be performed (Peugh, 2010).

This likelihood ratio value can be assessed for statistical significance by comparing its
value to the critical values of a Chi-squared distribution (Peugh, 2010). For example, if the
difference score of the -2LL values between model 1 (fixed effects) and, the full, model 2 (fixed

and random effects) is greater than the critical value of 3.841, then the model with the lower -
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2LL value is a statistically better fitting model to the data at the <.05 level. After the best model
is identified using ML, it should be re-run using the REML method for reasons stated above in
the analytic plan section.

Beyond model fit, the current study was unable to address physical activity intensity and
next day biomarker due to lack of variability across intensities, with an overwhelming majority
of participant activity counts falling into the light intensity category. It is possible the effects of
various intensities of physical activity on stress biomarker last longer (i.e., into the next day) than
what current literature has focused on. Currently, research on the intensities of physical activity
have demonstrated that higher intensities have the most influence over stress biomarkers in the
short term (Anderson & Wildeman, 2017; & Duclos & Tabarin, 2016; Ponce et al., 2019). Of
note, physical activity that is engaged in at a vigorous intensity on a consistent schedule has been
shown to benefit mental health and lower the perceived stress within emerging adults (VanKim
& Nelson, 2013). Therefore, physical activity remains a salient health behavior that supports
stress management.

Clinical implications. The heterogenous experience of emerging adulthood produces a
homogenous experience of high levels of stress (Arnett, 1998; Arnett, 2000; Arnett, 2004;
Arnett, 2007; Arnett, 2014; Arnett et al., 2014) and therefore requires stress management
techniques that a variety of lifestyles can engage in. Similar to coping strategies such as
mindfulness, meditation, and deep breathing that support stress management (Chi et al., 2018;
Kumar et al., 2022; Reangsing et al., 2022), physical activity is a common and accessible
intervention that has potential for supporting the majority of individuals through this stage of
life. Beyond stress, physical activity has the potential to modulate other physical health outcomes

more than the above coping skills, and more research is needed to identify ways to encourage
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emerging adults to engage in physical activity to support overall health and functioning.
Investment in supports for emerging adults is advantageous at the societal level because of these
individuals soon becoming the leaders, caregivers (e.g., directly or indirectly contributing to the
care of children and/or of older individuals), and main workforce for their local communities.
Due to much of the societal responsibilities transferring to emerging adults as they enter
adulthood, identifying and providing tools to manage stress within this earlier stage of life has a
greater potential to produce adaptable, and healthier, individuals and communities.

Overall, the present study aimed to explore the bidirectional relationships between basal
stress biomarkers and daily physical activity in a diverse sample of emerging adults. Results
indicated that neither same- nor previous-day physical activity significantly related to alpha
amylase or cortisol production, and vice-versa. Significant results were observed between daily
hassles and cortisol indices in which experiencing more daily hassles resulted in higher daily
average cortisol and a larger CAR. Future research should focus on assessing the intensity of
physical activity on these biomarkers over longer durations due to physical activity intensity
significantly influencing cortisol and alpha amylase production in the short term. Findings may
support interventions for emerging adults as they progress through this highly stressful

developmental period and into adulthood.



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 45

References

Adam, E. K., Quinn, M. E., Tavernier, R., McQuillan, M. T., Dahlke, K. A., & Gilbert, K. E.
(2017). Diurnal cortisol slopes and mental and physical health outcomes: A systematic
review and meta-analysis. Psychoneuroendocrinology, 83, 25-41.

Adam, E. K., Vrshek-Schallhorn, S., Kendall, A. D., Mineka, S., Zinbarg, R. E., & Craske, M. G.
(2014). Prospective associations between the cortisol awakening response and first onsets
of anxiety disorders over a six-year follow-up—2013 Curt Richter Award
Winner. Psychoneuroendocrinology, 44, 47-59.

Akobeng, A. K. (2016). Understanding type | and type Il errors, statistical power and sample
size. Acta Paediatrica, 105(6), 605-609.

Ali, N., & Nater, U. M. (2020). Salivary alpha-amylase as a biomarker of stress in behavioral
medicine. International Journal of Behavioral Medicine, 27(3), 337-342.

Alsalman, O. A., Tucker, D., & Vanneste, S. (2016). Salivary stress-related responses in tinnitus:
A preliminary study in young male subjects with tinnitus. Frontiers in Neuroscience, 10,
179120.

American Psychological Association (2020) Stress in America: Stress and current events. Stress
in America TM Survey [Internet].
https://www.apa.org/news/press/releases/stress/2020/report-october
https://www.apa.org/images/sia-2020-genz-stress_tcm7-279802.jpg

American Psychological Association (2023) Stress in America: A nation recovering from
collective trauma. Stress in America TM Survey [Internet].

https://www.apa.org/news/press/releases/stress/2023/collective-trauma-recovery



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 46

Anderson, T., Corneau, G., Wideman, L., Eddington, K., & Vrshek-Schallhorn, S. (2021). The
impact of prior day sleep and physical activity on the cortisol awakening response.
Psychoneuroendocrinology, 126, 105131.

Anderson, T., & Wideman, L. (2017). Exercise and the cortisol awakening response: A
systematic review. Sports Medicine-open, 3(1), 1-15.

Arnett, J. J. (1998). Learning to stand alone: The contemporary American transition to adulthood
in cultural and historical context. Human Development, 41, 295-315.

Arnett, J. J. (2000). Emerging adulthood: A theory of development from the late teens through
the twenties. American Psychologist, 55, 469-480.

Arnett, J. J. (2004). Emerging adulthood: The winding road from the late teens through the
twenties. New York: Oxford University Press.

Arnett, J. J. (2007). Emerging adulthood: What is it, and what is it good for?. Child Development
Perspectives, 1(2), 68-73.

Arnett, J. J. (2014). Emerging adulthood: The winding road from the late teens through the
twenties. Oxford University Press.

Arnett, J. J., Zukauskiené, R., & Sugimura, K. (2014). The new life stage of emerging adulthood
at ages 18-29 years: Implications for mental health. The Lancet Psychiatry, 1(7), 569-
576.

Auerbach, R. P., Mortier, P., Bruffaerts, R., Alonso, J., Benjet, C., Cuijpers, P., ... & Kessler, R.
C. (2018). WHO World Mental Health Surveys International College Student Project:
Prevalence and distribution of mental disorders. Journal of Abnormal Psychology,

127(7), 623.



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 47

Baguley, T. (2004). Understanding statistical power in the context of applied research. Applied
Ergonomics, 35(2), 73-80.

Bantham, A., Ross, S. E. T., Sebastido, E., & Hall, G. (2021). Overcoming barriers to physical
activity in underserved populations. Progress in Cardiovascular Diseases, 64, 64-71.

Blankstein, K. R., & Flett, G. L. (1992). Specificity in the assessment of daily hassles: Hassles,
locus of control, and adjustment in college students. Canadian Journal of Behavioural
Science/Revue canadienne des sciences du comportement, 24(3), 382,

Blankstein, K. R., Flett, G. L., & Koledin, S. (1991). The brief college student hassles scale:
Development, validation, and relation with pessimism. Journal of College Student
Development.

Bonnie, R. J., Stroud, C., & Breiner, H. (Eds.). (2015). Investing in the health and well-being of
young adults. Washington, DC: National Academies Press.

Bottos, S., & Dewey, D. (2004). Perfectionists' appraisal of daily hassles and chronic
headache. Headache: The Journal of Head and Face Pain, 44(8), 772-779.

Braveman, P., Egerter, S., & Williams, D. R. (2011). The social determinants of health: Coming
of age. Annual Review of Public Health, 32, 381-398. https://doi.org/10.1146/annurev-
publhealth-031210-101218

Braveman, P., & Gottlieb, L. (2014). The social determinants of health: It's time to consider the
causes of the causes. Public Health Reports, 129(Suppl 2), 19-31.
https://doi.org/10.1177/00333549141291S206

Brockmann, A. N., & Ross, K. M. (2020). Bidirectional association between stress and physical
activity in adults with overweight and obesity. Journal of Behavioral Medicine, 43(2),

246-253.



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 48

Brown, L. L., Mitchell, U. A., & Ailshire, J. A. (2020). Disentangling the stress process:
Race/ethnic differences in the exposure and appraisal of chronic stressors among older
adults. The Journals of Gerontology: Series B, 75(3), 650-660.

Brown, M., Koob, G., Rivier, C. E. D. T., & Marvin, R. (1991). Neurobiology and
Neuroendocrinology. New York: Marcel Dekker.

Cahuas, A., He, Z., Zhang, Z., & Chen, W. (2020). Relationship of physical activity and sleep
with depression in college students. Journal of American College Health, 68(5), 557-564.

Chi, X., Bo, A,, Liu, T., Zhang, P., & Chi, I. (2018). Effects of mindfulness-based stress
reduction on depression in adolescents and young adults: A systematic review and meta-
analysis. Frontiers in Psychology, 9, 361432.

Cla, T. (2018). Time to tackle the physical activity sex gap. Health, 6, e1077-86.

Cohen, S., Gianaros, P. J., & Manuck, S. B. (2016). A stage model of stress and disease.
Perspectives on Psychological Science, 11(4), 456-463.

Crosswell, A. D., & Lockwood, K. G. (2020). Best practices for stress measurement: How to
measure psychological stress in health research. Health Psychology open, 7(2),
2055102920933072.

Daw, J., Margolis, R., & Wright, L. (2017). Emerging adulthood, emergent health lifestyles:
Sociodemographic determinants of trajectories of smoking, binge drinking, obesity, and
sedentary behavior. Journal of Health and Social Behavior, 58(2), 181-197.

Di, J., Demanuele, C., Kettermann, A., Karahanoglu, F. 1., Cappelleri, J. C., Potter, A,, ... &
Byrom, B. (2022). Considerations to address missing data when deriving clinical trial

endpoints from digital health technologies. Contemporary Clinical Trials, 113, 106661.



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 49

Dickerson, S. S., & Kemeny, M. E. (2004). Acute stressors and cortisol responses: A theoretical
integration and synthesis of laboratory research. Psychological bulletin, 130(3), 355.

Dikmen, Y., Akduran, F., Keser, N., & Cinar, N. (2020). Examination of the effect of the sex
factor on university students’ physical activity level. Bangladesh Journal of Medical
Science, 19(4), 625-631.

Dhama, K., Latheef, S. K., Dadar, M., Samad, H. A., Munjal, A., Khandia, R., ... & Joshi, S. K.
(2019). Biomarkers in stress related diseases/disorders: Diagnostic, prognostic, and
therapeutic values. Frontiers in Molecular Biosciences, 6, 91.

Duclos, M., & Tabarin, A. (2016). Exercise and the hypothalamo-pituitary-adrenal axis. Sports
Endocrinology, 47, 12-26.

Eddy, P., Wertheim, E. H., Hale, M. W., & Wright, B. J. (2018). The salivary alpha amylase
awakening response is related to over-commitment. Stress, 21(3), 194-202.

Elgaddal, N., Kramarow, E. A., & Reuben, C. (2022). Physical activity among adults aged 18
and over: United States, 2020. NCHS Data Brief, No 443. Hyattsville, MD: National
Center for Health Statistics. 2022. Available online:

https://www.cdc.gov/nchs/products/databriefs/db443.htm.

Fagaras, S. P., Radu, L. E., & Vanvu, G. (2015). The level of physical activity of university
students. Procedia-Social and Behavioral Sciences, 197, 1454-1457.

Feraco, A., Armani, A., Amoah, |., Guseva, E., Camajani, E., Gorini, S., ... & Lombardo, M.
(2024). Assessing sex differences in food preferences and physical activity: A
population-based survey. Frontiers in Nutrition, 11, 1348456.

Field (2024). Chapter 21 — Multilevel Linear Models. Discovering statistics using IBM SPSS

statistics, 6™ edition. Sage publications limited.


https://www.cdc.gov/nchs/products/databriefs/db443.htm

A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 50

Figueroa, W. S., Zoccola, P. M., Manigault, A. W., Hamilton, K. R., Scanlin, M. C., & Johnson,
R. C. (2021). Daily stressors and diurnal cortisol among sexual and sex minority young
adults. Health Psychology, 40(2), 145.

Filaire, E., Ferreira, J.P., Oliveira, M., & Massart, A. (2013). Diurnal patterns of salivary alpha-
amylase and cortisol secretion in female adolescent tennis players after 16 weeks of
training. Psychoneuroendocrinology, 38, 1122-1132. Retrieved

from https://doi.org/10.1016/j.psyneuen.2012.11.001

Fleshner, F. (2005). Physical activity and stress resistance: Sympathetic nervous system
adaptations prevent stress-induced immunosuppression. Exercise and Sport Sciences
Reviews, 33(3), 120-126.

Gerber, M., Jonsdottir, I. H., Kalak, N., Elliot, C., Plihse, U., Holsboer-Trachsler, E., & Brand, S.
(2013). Objectively assessed physical activity is associated with increased hair cortisol
content in young adults. Stress, 16(6), 593-599.

Garfin, D. R., Thompson, R. R., & Holman, E. A. (2018). Acute stress and subsequent health
outcomes: A systematic review. Journal of Psychosomatic Research, 112, 107-113.

Granger, D. A., Johnson, S. B., Szanton, S. L., Out, D., & Schumann, L. L. (2012). Incorporating
salivary biomarkers into nursing research: An overview and review of best practices.
Biological Research for Nursing, 14(4), 347-356.

Granger, D. A., Kivlighan, K. T., EI-Sheikh, M. O. N. A., Gordis, E. B., & Stroud, L. R. (2007).
Salivary a-amylase in biobehavioral research: Recent developments and applications.

Annals of the New York Academy of Sciences, 1098(1), 122-144.


https://doi.org/10.1016/j.psyneuen.2012.11.001

A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 51

Han, B., Compton, W. M., Eisenberg, D., Milazzo-Sayre, L., McKeon, R., & Hughes, A. (2016).
Prevalence and mental health treatment of suicidal ideation and behavior among college
students aged 18-25 years and their non-college-attending peers in the United States. The
Journal of Clinical Psychiatry, 77(6), 20285.

Hawkins, J. D., Catalano, R. F., & Miller, J. Y. (1992). Risk and protective factors for alcohol
and other drug problems in adolescence and early adulthood: Implications for substance
abuse prevention. Psychological Bulletin, 112(1), 64.

Hellhammer, D. H., Wist, S., & Kudielka, B. M. (2009). Salivary cortisol as a biomarker in
stress research. Psychoneuroendocrinology, 34(2), 163-171.

Henckens, M. J., Klumpers, F., Everaerd, D., Kooijman, S. C., Van Wingen, G. A., & Fernandez,
G. (2016). Interindividual differences in stress sensitivity: Basal and stress-induced
cortisol levels differentially predict neural vigilance processing under stress. Social
Cognitive and Affective Neuroscience, 11(4), 663-673.

Hill, E. E., Zack, E., Battaglini, C., Viru, M., Viru, A., & Hackney, A. C. (2008). Exercise and
circulating cortisol levels: The intensity threshold effect. Journal of Endocrinological
Investigation, 31(7), 587-591.

Hagsted, E. S., Borgsted, C., Dam, V. H., Nasser, A., Rye Jargensen, N., Ozenne, B., ... &
Frokjaer, V. G. (2021). Stress-hormone dynamics and working memory in healthy
women who use oral contraceptives versus non-users. Frontiers in Endocrinology, 12,
731994.

Hoyt, L. T., Zeiders, K. H., Chaku, N., Niu, L., & Cook, S. H. (2021). Identifying diurnal
cortisol profiles among young adults: Physiological signatures of mental health

trajectories. Psychoneuroendocrinology, 128, 105204.



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 52

Hughes, M. C., Baker, T. A, Kim, H., & Valdes, E. G. (2019). Health behaviors and related
disparities of insured adults with a health care provider in the United States, 2015-2016.
Preventive Medicine, 120, 42-49.

IBM Corp. Released 2023. IBM SPSS Statistics for Windows, Version 29.0.2.0 Armonk, NY:
IBM Corp.

Ikeda, A., Steptoe, A., Brunner, E. J., Maruyama, K., Tomooka, K., Kato, T, ... & Tanigawa, T.
(2021). Salivary alpha-amylase activity in relation to cardiometabolic status in Japanese
adults without history of cardiovascular disease. Journal of Atherosclerosis and
Thrombosis, 28(8), 852-864.

Irwin, C. E. (2010). Young adults are worse off than adolescents. Journal of Adolescent Health,
46(5), 405-406.

Katz, D.A., Greenberg, M.T., Jennings, P.A., & Klein, L.C. (2016). Associations between the
awakening responses of salivary a-amylase and cortisol with self-report indicators of
health and wellbeing among educators. Teaching and Teacher Education, 54, 98-106.
doi: 10.1016/j.tate.2015.11.012

Koibuchi, E. R. I., & Suzuki, Y. (2014). Exercise upregulates salivary amylase in humans.
Experimental and Therapeutic Medicine, 7(4), 773-777.

Kovess-Masfety, V., Leray, E., Denis, L., Husky, M., Pitrou, I., & Bodeau-Livinec, F. (2016).
Mental health of college students and their non-college-attending peers: Results from a
large French cross-sectional survey. BMC psychology, 4, 1-9.

Kudielka, B. M., & Waust, S. (2010). Human models in acute and chronic stress: Assessing
determinants of individual hypothalamus—pituitary—adrenal axis activity and

reactivity. Stress, 13(1), 1-14.



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 53

Kumar, R., Sahu, D. P. K., Zafar, S., Agarwal, K., Kumar, N., & Sharma, C. (2022). Role of
yoga and deep breathing exercises on stress management among young
adults. International Journal of Special Education, 37(3).

Kwan, M. Y., Cairney, J., Faulkner, G. E., & Pullenayegum, E. E. (2012). Physical activity and
other health-risk behaviors during the transition into early adulthood: a longitudinal
cohort study. American Journal of Preventive Medicine, 42(1), 14-20.

Lane, J. A., Leibert, T. W., & Goka-Dubose, E. (2017). The impact of life transition on emerging
adult attachment, social support, and well-being: A multiple-group comparison. Journal
of Counseling & Development, 95(4), 378-388.

Levine, A., Zagoory-Sharon, O., Feldman, R., Lewis, J. G., & Weller, A. (2007). Measuring
cortisol in human psychobiological studies. Physiology & behavior, 90(1), 43-53.
Lazarus, R. S. (1986). Puzzles in the study of daily hassles. In Development as action in context:
Problem behavior and normal youth development (pp. 39-53). Berlin, Heidelberg:

Springer Berlin Heidelberg.

Limm, H., Gindel, H., Heinmdiller, M., Marten-Mittag, B., Nater, U. M., Siegrist, J., & Angerer,
P. (2011). Stress management interventions in the workplace improve stress reactivity: A
randomised controlled trial. Occupational and Environmental Medicine, 68(2), 126-133.

Lipschitz, D. L., Kuhn, R., Kinney, A. Y., Donaldson, G. W., & Nakamura, Y. (2013).
Reduction in salivary a-amylase levels following a mind-body intervention in cancer
survivors—an exploratory study. Psychoneuroendocrinology, 38(9), 1521-1531.

Liu, M. Y., Li, N,, Li, W. A., & Khan, H. (2017). Association between psychosocial stress and
hypertension: A systematic review and meta-analysis. Neurological Research, 39(6),

573-580. https://doi.org/10.1080/01616412.2017.1317904



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 54

Loiacono, B., Sunnquist, M., Nicholson, L., & Jason, L. A. (2022). Activity measurement in
pediatric chronic fatigue syndrome. Chronic IlIness, 18(2), 268-276.

Lucas, B. D. L., Barbosa, T. D. S., Castelo, P. M., & Gavido, M. B. D. (2019). Salivary alpha-
amylase and hormones levels of young adults with different body composition. Journal
of Texture Studies, 50(1), 45-52.

Maas, C. J., & Hox, J. J. (2005). Sufficient sample sizes for multilevel
modeling. Methodology, 1(3), 86-92.

Mackenbach, J. P., Borsboom, G. J. J. M., Nusselder, W. J., Looman, C. W. N., & Schrijvers, C.
T. M. (2001). Determinants of levels and changes of physical functioning in chronically
ill persons: Results from the GLOBE Study. Journal of Epidemiology & Community
Health, 55(9), 631-638.

Matud, M. P., Diaz, A., Bethencourt, J. M., & Ibafez, I. (2020). Stress and psychological distress
in emerging adulthood: A sex analysis. Journal of Clinical Medicine, 9(9), 2859.

McEwen, B. S. (2019). What is the confusion with cortisol?. Chronic Stress, 3,
2470547019833647.

McNeish, D. (2017). Small sample methods for multilevel modeling: A colloquial elucidation of
REML and the Kenward-Roger correction. Multivariate Behavioral Research, 52(5),
661-670.

Melguizo-Rodriguez, L., Costela-Ruiz, V. J., Manzano-Moreno, F. J., Ruiz, C., & lllescas-
Montes, R. (2020). Salivary biomarkers and their application in the diagnosis and
monitoring of the most common oral pathologies. International Journal of Molecular

Sciences, 21(14), 5173.



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 55

Miller, K. H., Ogletree, R. J., & Welshimer, K. (2002). Impact of activity behaviors on physical
activity identity and self-efficacy. American Journal of Health Behavior, 26(5), 323-330.

Nater, U. M., Skoluda, N., & Strahler, J. (2013a). Biomarkers of stress in behavioural medicine.
Current Opinion in Psychiatry, 26(5), 440-445.

Nater, U. M., Hoppmann, C. A., & Scott, S. B. (2013b). Diurnal profiles of salivary cortisol and
alpha-amylase change across the adult lifespan: Evidence from repeated daily life
assessments. Psychoneuroendocrinology, 38(12), 3167-3171.

Nater, U. M., & Rohleder, N. (2009). Salivary alpha-amylase as a non-invasive biomarker for the
sympathetic nervous system: Current state of research. Psychoneuroendocrinology,
34(4), 486-496.

Nater, U. M., Rohleder, N., Schlotz, W., Ehlert, U., & Kirschbaum, C. (2007). Determinants of
the diurnal course of salivary alpha-amylase. Psychoneuroendocrinology, 32(4), 392-401.

National Center for Education Statistics (2024). College Enrollment Rates. Condition of
Education. U.S. Department of Education, Institute of Education Sciences. Retrieved

[07/07/2024], from https://nces.ed.gov/programs/coe/indicator/cpb.

National Health and Nutrition Examination Survey LABORATORY PROCEDURES MANUAL.

(2004). https://wwwn.cdc.gov/nchs/data/nhanes/2003-2004/manuals/lab.pdf

Nelson, L. J., Padilla-Walker, L. M., Carroll, J. S., Madsen, S. D., Barry, C. M., & Badger, S.
(2007). "If you want me to treat you like an adult, start acting like one!" Comparing the
criteria that emerging adults and their parents have for adulthood. Journal of Family

Psychology, 21(4), 665.


https://nces.ed.gov/programs/coe/indicator/cpb/college-enrollment-rate
https://wwwn.cdc.gov/nchs/data/nhanes/2003-2004/manuals/lab.pdf

A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 56

Nelson, M. C., Story, M., Larson, N. ., Neumark-Sztainer, D., & Lytle, L. A. (2008). Emerging
adulthood and college-aged youth: An overlooked age for weight-related behavior
change. Obesity, 16(10), 2205-2211.

Newman, E., O’Connor, D. B., & Conner, M. (2007). Daily hassles and eating behaviour: the
role of cortisol reactivity status. Psychoneuroendocrinology, 32(2), 125-132.

Nielsen, S. E., Segal, S. K., Worden, I. V., Yim, I. S., & Cahill, L. (2013). Hormonal
contraception use alters stress responses and emotional memory. Biological
Psychology, 92(2), 257-266.

O’brien, R. M. (2007). A caution regarding rules of thumb for variance inflation factors. Quality
& Quantity, 41(5), 673-690.

O'Connor, D. B., Thayer, J. F., & Vedhara, K. (2021). Stress and health: A review of
psychobiological processes. Annual Review of Psychology, 72, 663-688.

Oris, L., Luyckx, K., Rassart, J., Goubert, L., Goossens, E., Apers, S., ... & Moons, P. (2018).
IlIness identity in adults with a chronic illness. Journal of Clinical Psychology in Medical
Settings, 25, 429-440.

Pal, A., & Chakravarty, A. K. (2020). Chapter 21 — Advanced breeding techniques. In Academic
Press (1st), Genetics and breeding for disease resistance of livestock (pp. 317 - 350).

Elsevier Inc. All. DOI (https://doi.org/10.1016/B978-0-12-816406-8.00021-8).

Peugh, J. L. (2010). A practical guide to multilevel modeling. Journal of School
Psychology, 48(1), 85-112.
Ponce, P., Del Arco, A., & Loprinzi, P. (2019). Physical activity versus psychological stress:

Effects on salivary cortisol and working memory performance. Medicina, 55(5), 119.


https://doi.org/10.1016/B978-0-12-816406-8.00021-8

A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 57

Powell, L. M., Slater, S., & Chaloupka, F. J. (2004). The relationship between community
physical activity settings and race, ethnicity and socioeconomic status. Evidence-Based
Preventive Medicine, 1(2), 135-44.

Portela-Pino, 1., Lopez-Castedo, A., Martinez-Patifio, M. J., Valverde-Esteve, T., & Dominguez-
Alonso, J. (2020). Sex differences in motivation and barriers for the practice of physical
exercise in adolescence. International Journal of Environmental Research and Public
Health, 17(1), 168.

Prajapati, B., Dunne, M., & Armstrong, R. (2010). Sample size estimation and statistical power
analyses. Optometry Today, 16(7), 10-18.

Pruessner, J. C., Kirschbaum, C., Meinlschmid, G., & Hellhammer, D. H. (2003). Two formulas
for computation of the area under the curve represent measures of total hormone
concentration versus time-dependent change. Psychoneuroendocrinology, 28(7), 916-
931.

Reangsing, C., Lauderman, C., & Schneider, J. K. (2022). Effects of mindfulness meditation
intervention on depressive symptoms in emerging adults: A systematic review and meta-
analysis. Journal of Integrative and Complementary Medicine, 28(1), 6-24.

Reichwein Zientek, L., & Thompson, B. (2006). Commonality analysis: Partitioning variance to
facilitate better understanding of data. Journal of Early Intervention, 28(4), 299-307.

Rohleder, N., & Nater, U. M. (2009). Determinants of salivary a-amylase in humans and
methodological considerations. Psychoneuroendocrinology, 34(4), 469-485.

Rohleder, N., Wolf, J. M., Maldonado, E. F., & Kirschbaum, C. (2006). The psychosocial stress-
induced increase in salivary alpha-amylase is independent of saliva flow

rate. Psychophysiology, 43(6), 645-652.



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 58

Ross, K. M., Murphy, M. L., Adam, E. K., Chen, E., & Miller, G. E. (2014). How stable are
diurnal cortisol activity indices in healthy individuals? Evidence from three multi-wave
studies. Psychoneuroendocrinology, 39, 184-193.

Russell, G., & Lightman, S. (2019). The human stress response. Nature Reviews Endocrinology,
15(9), 525-534.

Sallis, J. F., Cerin, E., Conway, T. L., Adams, M. A,, Frank, L. D., Pratt, M., ... & Owen, N.
(2016). Physical activity in relation to urban environments in 14 cities worldwide: A
cross-sectional study. The Lancet, 387(10034), 2207-2217.

Santos, P., Guerra, S., Ribeiro, J. C., Duarte, J. A., & Mota, J. (2003). Age and sex-related
physical activity. Journal of Sports Medicine and Physical Fitness, 43(1), 85-89.
Schielzeth, H., Dingemanse, N. J., Nakagawa, S., Westneat, D. F., Allegue, H., Teplitsky, C., ...
& Araya-Ajoy, Y. G. (2020). Robustness of linear mixed-effects models to violations of

distributional assumptions. Methods in Ecology and Evolution, 11(9), 1141-1152.

Schiller, M., Hammen, C. C., & Shahar, G. (2016). Links among the self, stress, and
psychological distress during emerging adulthood: Comparing three theoretical models.
Self and Identity, 15(3), 302-326.

Sher, L. (2004). Daily hassles, cortisol, and the pathogenesis of depression. Medical
Hypotheses, 62(2), 198-202.

Skoluda, N., Linnemann, A., & Nater, U. M. (2016). The role of week(end)-day and awakening
time on cortisol and alpha-amylase awakening responses. Stress: The International
Journal on the Biology of Stress, 19(3), 333-338.

Snijders, T. A. B., & Bosker, R. J. (2012). Multilevel nalysis: An introduction to basic and

advanced multilevel modeling. London: Sage.



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 59

Stalder, T., Kirschbaum, C., Kudielka, B. M., Adam, E. K., Pruessner, J. C., Wist, S., ... &
Clow, A. (2016). Assessment of the cortisol awakening response: Expert consensus
guidelines. Psychoneuroendocrinology, 63, 414-432.

Stults-Kolehmainen, M. A., & Sinha, R. (2014). The effects of stress on physical activity and
exercise. Sports Medicine, 44, 81-121.

Stetler, C., & Miller, G. E. (2005). Blunted cortisol response to awakening in mild to moderate
depression: Regulatory influences of sleep patterns and social contacts. Journal of
Abnormal Psychology, 114(4), 697.

St-Pierre, M., Sinclair, 1., Elgbeili, G., Bernard, P., & Dancause, K. N. (2019). Relationships
between psychological distress and health behaviors among Canadian adults: Differences
based on sex, income, education, immigrant status, and ethnicity. SSM-Population
Health, 7, 100385.

Stroud, C., Walker, L. R., Davis, M., & Irwin Jr, C. E. (2015). Investing in the health and well-
being of young adults. Journal of Adolescent Health, 56(2), 127-129.

Sun, L., Warren, F. J., & Gidley, M. J. (2019). Natural products for glycaemic control:
Polyphenols as inhibitors of alpha-amylase. Trends in Food Science & Technology, 91,
262-273.

Tabacnick, B. G., & Fidell, L. S. (2001). Using Multivariate Statistics, 4™ edition. Allyn and
Bacon.

Tran, S. T., Grotkowski, K., Miller, S. A., Reed, B. W., Koven, M. L., Buscemi, J., & Greenley,
R. N. (2021). Hassles predict physical health complaints in undergraduate students: A
dynamic structural equation model analysis of daily diary data. Psychology &

Health, 36(7), 828-846.



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 60

Twenge, J. M., Cooper, A. B., Joiner, T. E., Duffy, M. E., & Binau, S. G. (2019). Age, period,
and cohort trends in mood disorder indicators and suicide-related outcomes in a
nationally representative dataset, 2005-2017. Journal of Abnormal Psychology, 128(3),
185.

Ursin, H., & Eriksen, H. R. (2004). The cognitive activation theory of stress.
Psychoneuroendocrinology, 29(5), 567-592.

van der Kooij, M. A. (2020). The impact of chronic stress on energy metabolism. Molecular and
Cellular Neuroscience, 107, 103525.

VanKim, N. A., & Nelson, T. F. (2013). Vigorous physical activity, mental health, perceived
stress, and socializing among college students. American Journal of Health
Promotion, 28(1), 7-15.

Vrshek-Schallhorn, S., Doane, L. D., Mineka, S., Zinbarg, R. E., Craske, M. G., & Adam, E. K.
(2013). The cortisol awakening response predicts major depression: Predictive stability
over a 4-year follow-up and effect of depression history. Psychological Medicine, 43(3),
483-493.

Wai, S. T., & Bond, A. J. (2004). Relationship between baseline cortisol, social functioning and
depression: A mediation analysis. Psychiatry Research, 126(3), 197-201.

Walsh, N. P. (1999). The effects of high-intensity intermittent exercise on saliva IgA, total
protein and alpha-amylase. Journal of Sports Sciences, 17(2), 129-134.

Weber, J., Angerer, P., & Apolinario-Hagen, J. (2022). Physiological reactions to acute stressors
and subjective stress during daily life: A systematic review on ecological momentary

assessment (EMA) studies. PloS one, 17(7), e0271996.



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL 61

Williams, D. R. (2018). Stress and the mental health of populations of color: Advancing our
understanding of race-related stressors. Journal of Health and Social Behavior, 59(4),
466-485.

Wright, A. G., Aslinger, E. N., Bellamy, B., Edershile, E. A., & Woods, W. C. (2019). Daily
stress and hassles. The Oxford Handbook of Stress and Mental Health, 27-44.

Wunsch, K., Meier, M., Ueberholz, L., Strahler, J., & Kasten, N. (2019). Acute psychosocial
stress and working memory performance: The potential of physical activity to modulate
cognitive functions in children. Bmc Pediatrics, 19(1), 1-15.

Yamaguchi, M., Deguchi, M., & Miyazaki, Y. (2006). The effects of exercise in forest and urban
environments on sympathetic nervous activity of normal young adults. Journal of
International Medical Research, 34(2), 152-159.

Yorgason, J. B., Linville, D., & Zitzman, B. (2008). Mental health among college students: Do
those who need services know about and use them?. Journal of American college
health, 57(2), 173-182.

Yu, L., Chiu, C. H., Lin, Y. S., Wang, H. H., & Chen, J. W. (2007). Testing a model of stress and

health using meta-analytic path analysis. Journal of Nursing Research, 15(3), 202-214.



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL

Table 1: Sample Demographics

Sample Demographics (n = 68)

M (SD)
Age (years) 19.71 (1.58)
Total Activity 668.61 (159.87)
Daily Hassles 34.2 (11.25)
Average Cortisol 0.25 (0.09)
CAR 12.43 (6.21)
Slope of Cortisol* -3.05 (2.27)
Average AA 98.20 (76.01)
AA-AR -23.98 (61.45)
% (n)

Sex

Male 41.2 (28)

Female 58.8 (40)
Chronic IlIness

Yes 515 (35)

No 47.1 (32)
Race

Non-White 44.1 (30)

White 544 (37)
Contraceptive Use

Yes 25.0 (17)

No 30.9 (21)

CAR — Cortisol Awakening Response

Slope of Cortisol* — Diurnal Slope of Cortisol linearly transformed

AA — Alpha Amylase
AA-AR - Alpha Amylase Awakening Response

62



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL

Table 2: Correlations

Correlations

Chronic
Contra Illness Total Avg. Slope Avg. AA-
Race Sex Use Status  Activity Cortisol CAR Cort AA AR DH

1 -
2 0.128 -
3 -0.418™  -0.036 -
4 -0.149°  0.220™ 0.257™ -
5 -0.083 -0.102  0.084  0.266™ -
6 0.042 -0.049 0.036 -0.163" -0.020 -
7 0.069 -0.042 -0.045 -0.312" 0.013 0.773" -
8 -0.223" 0.069 -0.056 0.175 0.049 -0.556" -0.621"" -
9 -0.191™ -0.025 -0.016 0.077 0.072 -0.095 -0.093  0.132 -
10 -0.006 0.007  -0.074 0.039 -0.084 0.008 -0.005 -0.088 -0.347" -
11 -0.166° -0.079  0.167 0.143 -0.001 0.021 -0.013  0.058 0211 -0.027

** Correlation is significant at the 0.01 level (2-tailed)
* Correlation is significant at the 0.05 level (2-tailed)

Contra Use - Contraceptive Use
CAR - Cortisol Awakening Response
Slope Cort — Diurnal Slope of Cortisol

AA - Alpha Amylase

AA-AR - Alpha Amylase Awakening Response

DH — Daily Hassles

Race (0 — White; 1 — Non-White); Sex (0 — Male; 1 — Female)

63



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL

Table 3: Model 1 — Physical Activity on Average Cortisol

MLM Estimates of Same- and Previous-Day Physical Activity Predicting Average Cortisol with Random Intercept Only

Parameter Estimate S.E. t(df) p
Fixed Effects Intercept 0.13 0.09 1.50(74.05) 0.14
Race 0.03 0.04 0.86(26.54) 0.40
Contra 1.37E-03 0.03 0.04(25.88) 0.97
Sex -0.05 0.05 -0.93(31.37) 0.36
IlIness Status 0.05 0.04 1.14(33.32) 0.26
Total Activity -2.21E-05 6.09E-05 -0.36(72.32) 0.72
Total Activity PD 1.63E-05 6.08E-05 0.27(70.49) 0.79
Hassles 2.83E-03 8.89E-04 3.19(73.44) 0.002
Estimate S.E. z p
Random Effects Intercept 6.86E-03 2.31E-03 2.98 0.003
Residual 3.32E-03 6.83E-04 4.86 <.001

PD — Previous Day
Contra — Oral Contraceptive Use
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Table 4: Model 2 — Physical Activity on Cortisol Awakening Response

MLM Estimates of Same- and Previous-Day Physical Activity Predicting CAR with Random Intercept Only

Parameter Estimate S.E. t(df) p
Fixed Effects Intercept 6.45 6.10 1.06(70.87) 0.29
Race 3.72 2.28 1.64(23.66) 0.12
Contra 0.27 2.23 0.12(23.48) 0.91
Sex 1.32 3.47 0.38(28.57) 0.71
IlIness Status 4.23 2.54 1.66(30.45) 0.12
Total Activity -4.53E-03 0.004 -1.09(69.07) 0.28
Total Activity PD -5.66E-04 0.004 -0.13(71.23) 0.90
Hassles 0.17 0.06 2.65(72.58) 0.01
Estimate S.E. z p
Random Effects Intercept 28.28 10.44 2.71 0.007
Residual 15.88 3.39 4.69 <0.001

CAR — Cortisol Awakening Response
PD — Previous Day
Contra — Oral Contraceptive Use
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Table 5: Model 3 — Physical Activity on Diurnal Slope of Cortisol

MLM Estimates of Same- and Previous-Day Physical Activity Predicting Slope of Cortisol with Random Intercept Only

Parameter Estimate S.E. t(df) p
Fixed Effects Intercept -2.32 2.22 -1.04(45.41) 0.30
Race -0.19 0.62 -0.31(20.55) 0.76
Contra 0.53 0.60 0.90(19.11) 0.38
Sex 0.58 0.97 0.60(24.28) 0.56
IlIness Status -0.97 0.74 -1.32(26.35) 0.20
Total Activity -9.19E-05 0.002 -0.05(72.48) 0.96
Total Activity PD 2.33E-04 0.002 0.14(76.60) 0.89
Hassles -0.014 0.02 -0.61(60.98) 0.54
Estimate S.E. z p
Random Effects Intercept 0.99 0.89 1.12 0.264
Residual 3.83 0.81 4.74 <0.001

Slope of Cortisol — Diurnal Slope
PD — Previous Day
Contra — Oral Contraceptive Use
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Table 6: Model 4 — Physical Activity on Average Alpha Amylase

MLM Estimates of Same- and Previous-Day Physical Activity Predicting Average AA with Random Intercept Only

Parameter Estimate S.E. t(df) p
Fixed Effects Intercept 61.69 32.32 1.91(78.45) 0.06
Race -2.58 13.05 -0.19(28.68) 0.85
Contra 5.63 12.82 0.45(28.15) 0.66
Sex -1.33 19.89 -0.07(32.49) 0.95
IlIness Status -16.39 14.41 -1.14(37.06) 0.26
Total Activity -0.11 0.02 -0.51(76.35) 0.62
Total Activity PD 0.04 0.02 1.69(77.38) 0.10
Hassles 0.33 0.32 1.01(76.77) 0.31
Estimate S.E. z p
Random Effects Intercept 1002.55 319.63 3.14 0.002
Residual 469.64 92.10 5.10 <0.001

AA — Alpha Amylase
PD — Previous Day
Contra — Oral Contraceptive Use
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Table 7: Model 5 — Physical Activity on Alpha Amylase Awakening Response

MLM Estimates of Same- and Previous-Day Physical Activity Predicting AA-AR with Random Intercept Only

Parameter Estimate S.E. t(df) p
Fixed Effects Intercept -0.61 60.93 -0.01(56.48) 0.99
Race 30.76 19.49 1.58(25.41) 0.13
Contra 20.84 19.20 1.09(25.25) 0.29
Sex -29.13 31.18 -0.93(31.58) 0.36
IlIness Status -19.87 23.23 -0.86(30.77) 0.40
Total Activity -0.03 0.05 -0.59(75.95) 0.56
Total Activity PD -0.016 0.05 -0.35(75.97) 0.73
Hassles -0.25 0.69 -0.36(70.09) 0.72
Estimate S.E. z p
Random Effects Intercept 1438.69 745.21 1.93 0.054
Residual 2662.76 545.14 4.89 <0.001

AA-AR - Alpha Amylase Awakening Response

PD — Previous Day
Contra — Oral Contraceptive Use
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Table 8: Model 6 — Average Cortisol on Physical Activity
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MLM Estimates of Same- and Previous-Day Average Cortisol Predicting Physical Activity with Random Intercept Only

Parameter Estimate S.E. t(df) p
Fixed Effects Intercept 823.37 88.44 9.31(53.43) <0.001
Race -1.46 44.69 -0.03(21.10) 0.97
Contra 32.02 42.67 0.75(19.51) 0.46
Sex 201.38 65.76 3.06(23.23) 0.005
IlIness Status -177.50 45.54 -3.90(21.33)  <0.001
Average Cortisol -2.71 203.91 0.01(65.45) 0.99
Average Cortisol_PD -198.69 194.95 -1.02(66.52) 0.31
Hassles -2.07 1.61 -1.29(51.37) 0.21
Estimate S.E. z p
Random Effects Intercept 5280.39 4380.09 1.21 0.228
Residual 16944.76 3784.13 4.48 <0.001

PD — Previous Day

Contra — Oral Contraceptive Use
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Table 9: Model 7 — Cortisol Awakening Response on Physical Activity

MLM Estimates of Same- and Previous-Day CAR Predicting Physical Activity with Random Intercept Only

Parameter Estimate S.E. t(df) p
Fixed Effects Intercept 806.47 90.60 8.90(51.31) <0.001
Race 2.88 50.56 0.06(23.01) 0.96
Contra 24.35 48.96 0.50(22.59) 0.62
Sex 203.39 85.29 2.39(25.41) 0.03
IlIness Status -155.24 53.07 -2.93(23.70) 0.007
CAR -1.75 3.28 -0.53(64.25) 0.60
CAR_PD -1.38 3.14 -0.44(67.50) 0.66
Hassles -2.38 1.76 -1.35(61.00) 0.18
Estimate S.E. z p
Random Effects Intercept 9403.04 5081.67 1.85 0.064
Residual 15738.54 3451.99 4.56 <0.001

CAR — Cortisol Awakening Response
PD — Previous Day
Contra — Oral Contraceptive Use

70



A LONGITUDINAL STUDY ASSESSING BIDIRECTIONAL

Table 10: Model 8 — Diurnal Slope of Cortisol on Physical Activity

MLM Estimates of Same- and Previous-Day Slope of Cortisol Predicting Physical Activity with Random Intercept Only

Parameter Estimate S.E. t(df) p
Fixed Effects Intercept 815.22 72.44 11.25(56.33)  <0.001
Race -5.95 42.54 -0.14(27.53) 0.89
Contra 5.50 41.48 0.13(26.39) 0.90
Sex 180.69 61.01 2.96(27.22) 0.006
IlIness Status -163.37 45.04 -3.63(28.91) 0.001
Slope of Cortisol 3.30 6.85 0.48(70.82) 0.63
Slope of Cortisol_PD 7.02 6.28 1.12(70.51) 0.27
Hassles -1.92 1.40 -1.37(69.47) 0.18
Estimate S.E. z P
Random Effects Intercept 7172.22 3331.86 2.15 0.031
Residual 11231.92 2320.37 4.84 <0.001

Slope of Cortisol — Diurnal Slope
PD — Previous Day
Contra — Oral Contraceptive Use
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Table 11: Model 9 — Average Alpha Amylase on Physical Activity

MLM Estimates of Same- and Previous-Day Average AA Predicting Physical Activity with Random Intercept Only

Parameter Estimate S.E. t(df) p
Fixed Effects Intercept 767.03 80.05 9.58(47.67) <0.001
Race -4.11 41.49 -0.10(29.39) 0.92
Contra 19.63 40.63 0.48(28.78) 0.63
Sex 204.85 61.80 3.31(32.10) 0.002
IlIness Status -180.24 43.10 -4.10(33.68)  <0.001
Average AA -0.14 0.47 -0.31(74.50) 0.76
Average AA_PD 0.51 0.35 1.47(78.67) 0.15
Hassles -2.67 1.49 -1.79(74.09) 0.08
Estimate S.E. z p
Random Effects Intercept 5799.05 3284.87 1.77 0.077
Residual 15675.05 2991.51 5.24 <0.001

AA — Alpha Amylase
PD — Previous Day
Contra — Oral Contraceptive Use
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Table 12: Model 10 — Alpha Amylase Awakening Response on Physical Activity

MLM Estimates of Same- and Previous-Day AA-AR Predicting Physical Activity with Random Intercept Only

Parameter Estimate S.E. t(df) p
Fixed Effects Intercept 796.32 76.88 10.36(47.90)  <0.001
Race -1.86 48.26 -0.04(29.06) 0.97
Contra 37.67 46.35 0.81(28.23) 0.42
Sex 204.95 70.50 2.91(32.86) 0.006
[lIness Status -202.24 47.70 -4.24(29.24) <0.001
AA-AR -0.26 0.30 -0.85(68.15) 0.40
AA-AR_PD -0.28 0.25 -0.11(72.25) 0.91
Hassles -2.911 1.67 -1.74(66.37) 0.09
Estimate S.E. z P
Random Effects Intercept 6929.26 3895.68 1.78 0.075
Residual 17000.95 3446.07 4.93 <0.001

AA-AR - Alpha Amylase Awakening Response
PD — Previous Day
Contra — Oral Contraceptive Use
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