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ABSTRACT
Loneliness, Stress, and Depression over the Transition to Adulthood: Interpersonal and
Physiological Pathways
Leah Darrah Doane
During the transition into adulthood, youth experience substantial stressful changes as
they navigate shifts in their interpersonal, familial, educational and economic domains of life.
This dissertation aims to understand how the unique experiences of this age period “get under the
skin” to influence psychopathology, by using two longitudinal datasets to examine the
interrelations among social relationships, loneliness, stress hormone activity and depressive
disorders. This dissertation consists of three studies. My first study utilizes a large nationally
representative sample of youth. Using multi-level growth modeling, I seek to understand whether
changes in parental relationship quality can predict changes in depressive symptoms over the
transition to adulthood. While I find variation across sub-groups and associations between
symptoms and interpersonal relationships, I do not find evidence of causal links between changes
in relationship quality and changes in symptoms. My second and third studies examine a diverse
community sample of adolescents at risk for mood and anxiety disorders to estimate associations
among diagnosed psychopathology, individual differences in stress hormone activity, and
everyday emotions and experiences. These studies provide evidence that feelings of sadness and
loneliness as well as past and current episodes of depressive disorders are important psychosocial
correlates of youth physiological stress processes. Taken together, the three studies in my
dissertation begin to uncover the pathways by which youth emotional and interpersonal
experiences “get under the skin” to affect biological processes and mental health outcomes.
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CHAPTER ONE
INTRODUCTION
In recent years, scholars and the popular press have focused their attention on the
transition period when youth are no longer adolescents, but not quite adults, often referred to as
emerging adulthood. During this transition into adulthood, youth experience stressful changes as
they navigate shifts in their interpersonal, familial, educational and economic domains. Some
youth negotiate these transitions successfully into stable jobs, economic security, high quality
interpersonal relationships, and invest in civic and public commitments. Others, however,
manage less well over these transitions, with emotional pathology emerging, carrying with it
implications for quality of life and future success in adulthood. Given that late adolescents and
young adults are making independent choices that will have important implications for their life
trajectories, understanding this time period is critical: promoting a successful transition to
adulthood is to the benefit of not only the youth themselves, but also to society as a whole.
From a developmental perspective, it is important to understand what contextual and
physiologic processes promote both successful and less successful trajectories. How do our
biology and environment interact to cause differential outcomes in adulthood? The goal of this
dissertation is to understand some of the stressors experienced during this time period. By
incorporating ecological, developmental, interpersonal and psychobiological theories and
methods, this dissertation seeks to understand how the unique experiences and environments of
this age period “get under the skin” to influence psychopathology. Using two longitudinal
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datasets, I examine the interrelations among social relationships, loneliness, stress hormone
activity, and depressive disorders over time.
Overview
Little is known about the physiological consequences of the stressors that emerging
adults encounter as they seek to attain adult status. In this developmental period, stressors can
alter trajectories into adulthood and future success in relationships, productivity and vitality in
the work force. One way this may happen is through the impact of stressors on biological
processes, which in turn may have implications for the development of psychopathology. A
second way this might occur is through the direct and moderating influences of changes in
interpersonal relationships as buffering or exacerbating mechanisms linking stress and
psychopathology. In this dissertation I explore these pathways through three studies using two
longitudinal datasets of adolescents and emerging adults. My primary goals are: 1) provide
evidence of causal links between interpersonal relationships and depressive symptoms and how
these links might vary by gender, race, and socioeconomic status (SES); 2) explore the dynamic
interplay between stress hormone activity and reactivity to everyday emotions and environments
which may lead to, or be influenced by, a history or presence of psychopathology.
The first study presented in Chapter 2 addresses the first goal; I examine the associations
between parental relationships and changes in the quality of parental relationships with
trajectories of depressive symptoms from adolescence into emerging adulthood. I use data from
the National Longitudinal Study of Adolescent Health, a nationally representative dataset of
youth in their school and home contexts. My second study, in Chapter 3, addresses the second
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goal of this dissertation. In this study I examine whether stress hormone activity by one of the
body’s major physiological stress systems, the hypothalamic-pituitary-adrenal axis (HPA-axis),
is influenced by a history of major depressive disorder or the negative emotions and every day
experiences associated with having the disorder. In Chapter 4, my third study complements the
second by further examining the momentary, daily and trait variations between emotions
(specifically the affective experience of loneliness), every-day experiences, major depressive
disorders and stress hormone activity. My second and third studies utilize data from a
community longitudinal study of youth at high risk for the development of affective and anxiety
disorders and includes comprehensive measures of daily mood and HPA-axis activity, diagnostic
psychopathology and stressful life events.
Developmental Context of Research: Theories of Emerging Adulthood
Arnett (2004) conceptualized “emerging adulthood” as a new developmental stage,
characterized as an 1) age of identity exploration, 2) age of instability, 3) age of self-focus, 4)
age of feeling in-between and 5) age of possibilities. There is no longer a “cut-off” point for
when one no longer is a child and has become an adult; it is a process or an emergence. Arnett
(1997, 2001) showed that there are high levels of variability in how youth identify that they have
reached adulthood ranging from self sufficiency to getting married or having a first child. The
period of emerging adulthood allows for the freedom of exploration; nevertheless, this freedom
can often lead to anxiety provoking and stressful decisions regarding the questions of how one’s
identity is consolidated and affirmed.
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Many argue that the tasks facing emerging adults are not new. One of the eight stages
in Erikson’s (1959, 2005) theory of psychosocial development is the tension between identity
formation and identity confusion. His stage of identity formation occurs generally during what he
characterizes as the peak adolescent years. The task at this stage, according to Erikson, is to
accomplish a consolidation of social roles through which an individual can find a sense of
continuity, and sense of one self instead of many selves. Erikson proposed this stage as the
“gateway” to adulthood. He hypothesized that an identity is not just an individual’s sense of self,
but also is a response to how a community views and treats an individual over their life.
Although Erikson did not specify a life stage called emerging adulthood, he still successfully
describes the processes that an emerging adult might encounter. His ideas about trying on
various hats and to identify as “being oneself” or not being oneself, relate to the experiences that
18-25 year olds encounter through their transitions into college and work, finding a career and
starting to form their own distinctive world view. Moreover, Erikson’s description of identity
diffusion may help us to understand how depression can develop at such increased rates over the
course of late adolescence and perhaps declines into early adulthood. Erikson postulated that if
one does not find the ability to integrate all of the possible selves that they have created and
cannot find a central purpose from which they navigate, it could lead to distinct stressful feelings
of low self worth and helplessness.
Stress, Social Support and Allostatic Load
Researchers have repeatedly demonstrated the importance of ecological environments,
particularly social environments, in influencing biology and the emergence of psychopathology
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and physical health disorders (Cacioppo, Bernston, Sheridan, McClintock, 2000). One way of
comprehending how stress is internalized from the environment is through an understanding of
“allostatic load” which has been defined as the long term effects of chronic over- or underactivity of allostatic systems in responses to stress which causes wear and tear on the body, both
physically and mentally (McEwen, 1998). Stressful events can be acute, or short-lived, or can be
experienced over a long period of time, and considered to be chronic. While genetics can be
implicated in some portion of individual differences in the internalization of environmental
stressors (Kirschbaum, Wust & Hellhammer, 1992; Meikle, Stringham, Woodward & Bishop,
1988; Wust, Federenko, Hellhammer, & Kirschbaum, 2000), one’s cognitive appraisal of a
particular stressor has also been linked to more maladaptive outcomes and higher rates of disease
(Cohen et al., 1995; Haley et al., 1996). One way of measuring the influence of stressors on
biology is to examine the stress-response systems of our bodies, specifically the short-acting
sympathetic adrenal medullary system (SAM) and the longer-acting hypothalamic pituitary
adrenal axis (HPA axis) which is the focus of this dissertation.
HPA-Axis Activity
The hypothalamic pituitary adrenal axis (HPA axis), one of the bodies’ major stress
systems, is sensitive to normal social and emotional events in adolescents’ and adults’ daily lives
(Adam, 2006), and the HPA axis is implicated in abnormal functioning such as psychopathology
(reviewed in Gold, Goodwin & Chrousos, 1988; Plotsky, Owens, & Nemeroff, 1998; Thase,
Jindal & Howland, 2002). Increased HPA-axis activity is associated with severe chronic disease
such as depression, malnutrition, diabetes, obesity and panic disorders, while decreased HPA-
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axis activity is associated with chronic fatigue syndrome and fibromyalgia, rheumatoid
arthritis, and post partum (see Kaltsas & Chrousos, 2007 for review).
The HPA axis is also sensitive to stressors and supports from close interpersonal
relationships and interactions (Adam, Klimes-Dougan, & Gunnar, 2006; Gunnar & Donzella,
2002; Repetti, Taylor, & Seeman, 2000). Evidence indicates that increases in HPA-axis stressresponses may be one link between environmental and physical stressors and psychological
disorders (Chrousos & Gold, 1992; Tafet & Bernardini, 2003; van Praag, 2004). One way of
measuring HPA axis activity is through measures of cortisol, a stress hormone found in urine,
blood or saliva. Cortisol is reactive to immediate stressors. When a stressor is experienced,
cortisol is released in the body after a complex set of reactions. The hypothalamus releases
corticotrophin releasing hormone (CRH), which in turn releases adrenocorticotrophic (ACTH)
hormone from the anterior pituitary gland. This then leads to the release of cortisol by the
adrenal cortex. Importantly, once cortisol is in the blood it reaches the hypothalamus again to
“turn down” the stress response and prevent the release of further influxes of the hormone as the
reactivity to stress response of the HPA-axis is meant to be short or limited in time duration.
However, when the system is not “turned down” when it is no longer needed, or is activated too
often, this leads to the cumulative effects known as “allostatic load” in which we might see
impaired HPA axis activity such as a flattened rhythm across the day or less reactivity to
momentary stressors.
Cortisol follows a daily diurnal rhythm where cortisol levels are high at wake up in the
morning, peak about thirty to forty minutes after waking (commonly called the cortisol
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awakening response), and decline across the waking day (Kirschbaum & Hellhammer, 1989;
Preussner et al., 1997). Because it follows this rhythm we can research deviations to understand
how stressors may influence the HPA axis in both the long and short term.
Feelings of stress, anxiety, anger, loneliness and depression have been linked with
elevated levels of cortisol in correlational studies of adolescents (Adam, Klimes-Dougan &
Gunnar, 2007) and adolescents have more elevated cortisol levels when alone than when they are
with others (Adam, 2006). A recent study of older adults found that day-to-day changes in
loneliness were related to day-to-day changes in cortisol – if adults felt lonely on one day, they
had a larger increase or boost in cortisol the next morning shortly after waking (Adam, Hawkley,
Kudielka, & Cacioppo, 2006). In addition, a great deal of research has found that dysregulation
of the HPA axis is associated with the presence of major depression in adults (Elenkov,
Papanicolaou, Wilder & Chrousos, 1996; Elenkov & Chrousos, 1999). About half of depressed
adults have higher average levels of cortisol (hypersecretion) as compared to non-depressed
adults (Schildkraut, Myers, Cupples, Kiely, & Kannel, 1989), and have random fluctuations of
cortisol indicating diminished regulation (Yehuda, Teicher, Trestman, Levengood & Siever,
1996). All told, these studies suggest the HPA axis is closely associated, if not responsive, to
being alone, loneliness, and the presence of psychopathology.
Interpersonal Relationships
Of particular interest in this dissertation are the role of interpersonal relationships in the
environment as social supports and a youth’s feelings of loneliness and isolation as potential
stressors over emerging adulthood. Interpersonal relationships can be understood as catalysts,
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buffers or sustainers of stressful life events, negative emotions and psychopathology.
Evidence of this has emerged from studies of peer, romantic, and familial relationships (Monroe,
Rohde, Seeley & Lewinsohn, 1999; Robertson & Simmons, 1989; Synman, Poggenpoel &
Myburgh, 2003). The emergence of depression, specifically, has been linked to many different
types of interpersonal relationship experiences, including parental loss and separation (Amato,
1991; Brown, Harris & Copeland, 1977; Crook, 1975; Hallstrom, 1987; Harris & Ammerman,
1986), peer and romantic relationship problems (Collins, 2003; Davilla, Steinberg,
Kachadourian, Cobb & Fincham, 2004; Wilkinson, 2004; Youniss & Smollar, 1985) and
interpersonal relationships within school settings (Boivin, Hymel, Bukowski, 1995; Bond,
Toumbourou, Thomas, Catalano, & Patton, 2005; Hawker & Boulton, 2000; Salmon, James, &
Smith, 1998). Interpersonal relationships are thus important mechanisms to analyze when
examining how psychopathology may develop in times of stressful life experiences and
specifically, over the transition to adulthood.
In this dissertation, understanding causality is of central importance. Family conflict may
be created in a normal family by the presence of an adolescent with depressive symptoms or
family relationship quality can be interpreted with a negative lens by an adolescent who is
experiencing these symptoms. Alternatively, poor family relationships and quality of
relationships with parent figures can cause depressive symptoms or disorder.
Mental Health Outcomes: Depressive Symptoms and Major Depressive Disorder
Adolescence is a critical period for the emergence of several psychiatric disorders
(Kessler, 2002, 2005). Levels of clinical depression increase notably across the late adolescent
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years and peak increases in overall rates of depression and rates of first-time depressive
episodes occurred between the ages of 15 and 18 in a New Zealand study (Hankin et al., 1998).
In addition, the one-month prevalence rate for depression has been found to be higher for those
aged 15 to 24 years than at any other point in life (Berry, 2004). Even without the presence of the
disorder itself, depressive symptoms experienced at age 16 predict adult depression, co-morbid
disorders, psychosocial impairment and substance abuse (Aalto-Setala et al., 2002). As a result,
current studies estimate that depression is the fourth leading cause of disability in the world
(Üsten, Ayuso-Mateos, Chatterji, Mathers & Murray, 2004), first leading cause of disability in
the United States (Üsten et al., 2004), and cost the United States $83.1 billion dollars in direct
and indirect costs in 2000 (Greenberg et al., 2003).
Depression is a serious problem for youth and adults alike with important long-term
implications, and consequently it is important to identify correlates and potential contributors to
onsets and recurrences of depression in emerging adults.
Dissertation Summary
The first study in my dissertation investigates the association between relationships and
depressive symptoms utilizing a large, nationally representative sample of approximately 20,000
youth from the National Longitudinal Study of Adolescent Health (Udry, 2003). Starting in
1994, data were collected using school-based assessments including administrator interviews, as
well as in-home youth and parent interviews. Three waves of data collection were completed
with a purposive oversample of middle-class African Americans and Hispanics. Using piecewise
multi-level growth modeling techniques (HLM), I seek to understand whether changes in
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parental relationship quality predict changes in depressive symptoms over the transition to
adulthood, and whether race and SES moderate the impact of relationship transitions on these
outcomes. The specific statistical models I use provide insight on the causal direction of
associations between relationship functioning and levels of depressive symptoms. These models
allow me to examine the extent to which improvements in relationship functioning over time
predict lower levels of depressive symptoms, and whether lower depressive symptoms predict
improvements in interpersonal relationships.
My second study examines the associations between psychopathology and HPA axis
activity in adolescents to understand the extent to which HPA axis differences in individuals with
disorder are independent of the life circumstances accompanying disorder such as high levels of
interpersonal life stress or high levels of momentary negative emotion. In this chapter I analyze
data from a diverse sample (50% non-white) of late adolescents and emerging adults. Each year
the 344 youth in this study provide: diary reports of their emotions and activities, samples of
saliva for analysis of stress hormone (cortisol) levels, a diagnostic clinical interview for
psychopathology, and an interview assessing chronic and episodic life stressors. The
psychopathology interview measures the presence of current and past DSM IV diagnoses of
mood and anxiety disorders. The goal of this chapter is to understand proximal and distal causes
of HPA axis dysregulation: is it a disorder, specifically, Major Depressive Disorder, itself which
causes changes in HPA-axis activity or is it the negative emotions and experiences associated
with the disorder? Finally, this chapter strives to understand how long HPA-axis activity is
altered after the presence of a disorder.
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The third study in this dissertation looks at the specific interpersonal stressor of
loneliness. Emerging adults spend the most time alone, and feel lonelier, than any other age
group (Larson, 1990; Rokach, 2001), perhaps due to the many geographic, social and role
transitions that occur during these formative years. This third study examines the degree to
which average (trait) and momentary (state) feelings of loneliness are related to changes in levels
of the stress hormone cortisol, and whether the associations between loneliness and cortisol are
stronger for particular subgroups of youth. Are momentary feelings of loneliness more predictive
of elevated levels of cortisol or are chronic, ongoing feelings of isolation and loneliness more
powerful influences in this stress-response system? Are the associations between loneliness and
cortisol stronger for individuals with mood disorders than for those without such disorders?
Theorized Model
A theoretical model of my dissertation summary and questions is presented in Figure 1.1.
In this model, letters (ex. A, B, C) represent which study the pathway is associated with and the
numbers represent the hypothesized pathways in the order that I will discuss them.
My first study, Chapter 2, seeks to understand the importance of the changing ecological
environments of emerging adults. More specifically, I explore how parental relationship quality
(and perception of quality) changes over the transition from adolescence into emerging or early
adulthood (A1). Concurrently, I hope to understand how these changes in parental relationship
quality might impact levels of depressive symptoms experienced by the youth, or how levels of
depressive symptoms might influence changes in parental relationship quality (A2). The last goal
of my first study is to understand patterns in levels of depressive symptoms from adolescence
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into emerging and early adulthood (A3) and how these vary by gender, race and
socioeconomic status.
My second study in Chapter 3 seeks to understand the associations among Major
Depressive Disorder (MDD), HPA-axis activity, as measured through cortisol, and momentary
emotions and experiences. First, I examine the time course of influence. Are past diagnoses of
MDD or current diagnoses of MDD most associated with alterations in HPA-axis activity and
how (B1)? Secondly, I test the role of momentary negative emotion and stress as a possible
mediator of the MDD-Cortisol associations (B2a and B2b). Is it the disorder itself which is
associated with alterations in HPA-axis activity or is it the negative emotions and stress
associated with having the disorder that is most related to dysregulation?
My third study, Chapter 4, continues this examination of associations between HPA-axis
activity and every day emotions and experiences. Looking specifically at the affective state of
loneliness, this chapter seeks to understand pathways through which short-term or chronic
loneliness are independent of, or related to, the MDD-Cortisol associations. First, I examine
whether interpersonal relationship stress is a moderator of the momentary emotion and HPA-axis
activity associations (C1a and C1b). Again, I specifically seek to understand time course, are
momentary, daily or chronic feelings of loneliness more associated with alterations in the HPAaxis? Finally, I examine whether the presence of psychopathology is independently associated
with HPA-axis dysregulation (C2).
Taken together, the three studies in my dissertation will help to uncover the pathways by
which emotional and interpersonal experiences “get under the skin” to affect biological processes
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and mental health outcomes. My first study can aid in the understanding of how the causal
relationship between social relationship experiences and psychopathology might differ across
certain subgroups of the U.S. population and inform both interventions and policy for youth.
Secondly, rather than a lab-based design, the second two studies examine youth in their
naturalistic environments, allowing me to identify and examine the impact of social and
emotional experiences and stress exposures that individuals encounter in their daily lives. In
addition, in order to illuminate both the directionality and causality of associations among social
relationships, stress hormones, and psychopathology, I utilize longitudinal data and examine how
changes in each domain relate to each other over time rather than examining cross-sectional
associations. Further, the use of the biological indicator, cortisol, is of great importance as
cortisol has important links to both physical and mental health (Chrousos & Gold, 1992; van
Prag, 2004). This dissertation research will further scholarship on the dynamic interplay between
social experiences and the regulation of the HPA-axis. By understanding how the social
experiences and changes that are central to this developmental period influence cortisol
functioning, this research can inform both the treatment and the prevention of the chronic
physical and mental illnesses that are associated with the overactivation of these stress systems.
My dissertation spans both the micro-level – examining momentary experiences and hormone
levels – and the macro-level – examining factors influencing youth in a nationally representative
dataset.
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Figure 1.1 Theoretical Model of Dissertation Summary
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CHAPTER TWO

CAUSAL LINKS BETWEEN PARENTAL RELATIONSHIPS AND DEPRESSIVE
SYMPTOMS IN EMERGING ADULTHOOD
ABSTRACT
Late adolescence and the transition into adulthood are periods of great transition in
multiple life domains, including interpersonal relationships. Diagnosis and symptoms levels of
depression also peak during this developmental period. Therefore, using three waves of restricted
data from the National Longitudinal Study of Adolescent Health, I explored: 1) whether there are
developmental age trajectories of depressive symptoms over this time period; 2) whether changes
in parental relationship quality predict changes in depressive symptoms over the transition to
adulthood. Results demonstrated that there was a peak in depressive symptoms in late
adolescence at age seventeen, and then a decrease over the transition to adulthood indicating
non-linearity. Better relationship quality with both mothers and fathers was associated with
lower levels of depressive symptoms and positive changes in relationship quality was associated
with significant decreases in depressive symptoms over time. However, only concurrent rather
than lagged changes in relationship quality were associated with depressive symptoms.
Conclusions cannot be drawn as to whether one necessarily affects the other, however the lagged
change modeling approach rules out many omitted variable biases. Future research should
continue to explore the causal links between relationship quality and depressive trajectories by
examining possible mediators such as cognitive appraisal or physiological reactivity to stress.
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Causal links between parental relationships and depressive symptoms in emerging
adulthood
A large body of both theory and research in anthropology, sociology, developmental and
clinical psychology has emphasized the centrality of social relationships for human well-being
(Cacioppo, Bernston, Sheridan & McClintock, 2000a; Collins, 1997; Collins, 2003; Reis,
Collins, & Berscheid, 2000; Uchino et al., 1996; Youniss & Smollar, 1985). In addition,
instability, unpredictability and lack of control over one’s environment are aspects of individual
experience thought to increase levels of depressive symptoms (Benassi, Sweeney & Dufour,
1988; McKenry, Browne, Kotch, & Symons, 1989; Mirowsky & Ross, 1990; Ozment & Lester,
2001; Seligman, 1975). From a life course perspective, social roles and relationships change a
great deal in late adolescence into early adulthood (Elder, Johnson & Crosnoe, 2003; Shanahan,
2006). As a result, I propose that the changing social relationships associated with the transition
to adulthood may be important for understanding levels of depressive symptoms in adolescence
and early adulthood.
Research has shown that the presence of clinical levels of depression in emerging
adulthood is an important predictor of ongoing depression and future comorbidity with other
disorders (Rao et al., 1995). New research, however, proposes that problematic outcomes
ranging from greater likelihood of substance abuse to greater risk for job instability may also be
associated with the experience of sub-clinical depressive symptoms (Aalto-Setala, Marttunen,
Tuulio-Henrikson, Poikolainen, & Longuist, 2002; Parker & Roy, 2001; Synman, Poggenpoel, &
Myburgh, 2003). This suggests that the study of factors contributing to symptoms of depression,
even in the absence of full-fledged disorder, may be important.
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Trajectories of Depression and Depressive Symptoms from Adolescence into Adulthood
According to the National Institute of Mental Health (2002), 8.3% of adolescents suffer
from major depression every year. Even more striking is that 15 to 20% of all adolescents will
experience a major depressive disorder at some point in their adolescent years (Lewinsohn &
Essau, 2002). In a 10-year longitudinal study in New Zealand, peak increases in overall rates of
depression and rates of first-time depressive episodes occurred between the ages of 15 to 18
(Hankin et al., 1998). In addition, the one-month prevalence rate for depression has been found
to be higher for those aged 15 to 24 years in the United States than at any other point in life
(Berry, 2004). In recent years, rates of depression in college students has increased almost five
percent (ACHA, 2002). Approximately 30-50% of adolescents who experience depression have
recurrences in adulthood and some scholars have suggested that the majority of adult emotional
disorders are likely to have had symptom onsets by late adolescence (Costello, 2001).
Gender differences in rates of depression and depressive symptoms. Although rates of
depression in childhood are similar for males and females, adolescent females are twice as likely
to become depressed as young males, and these young women often experience more repeat
episodes rather than one-time occurrences (Nolen-Hoeksema, 1990, for review; Allgood-Merten,
Lewinsohn, & Hops, 1996; Hankin et al., 1998; Lewinsohn et al., 1994; Pullen, ModcrinMcCarthy, & Graf, 2000). Females are also more likely to report more depressive symptoms
than males from adolescence into adulthood (Cyranowski, Frank, Young, & Shear, 2000; Kessler
et al., 2003; Nolen-Hoeksema, 1988). While many theories have been proposed to explain this
gender difference, a recent review article by Hyde, Mezulis and Abramson (2008) posits a
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vulnerability-stress model where it is an interaction of biological, affective and cognitive
factors that predispose females to higher levels of vulnerability for depression in the face of
negative life events.
Theories of Adolescent Depression
There are many lenses through which researchers attempt to understand the origins of
adolescent depression. As with theories on gender differences in depression, general theories of
depression often focus on risk and protective factors that might increase or decrease the
likelihood of experiencing depressive symptoms, including a wide range of personality and
cognitive factors, along with biological and genetic factors. Other theories emphasize the impact
of acute, chronic, and cumulative exposure to stressful life events (Schmeelk-Cone &
Zimmerman, 2002). Many theories integrate several of these approaches (Angold, Costello, &
Worthman, 1998; Asarnow, Jaxcos, & Tompson, 2001; Dahl & Spear, 2004; Giaconia et al.,
2001), asking how multiple risk factors may interact with stress exposures to predict the
emergence of depression (Caspi et al., 2003).
Among researchers interested in the role of stressful life events and life experiences in
depression, a strong tradition has emerged, emphasizing the role of interpersonal relationship
experiences in the development of depression. Depression has been linked to many different
types of interpersonal relationship experiences, including parental loss and separation (Amato,
1991; Crook, 1975; Brown, Harris and Copeland, 1977; Hallstrom, 1987; Harris et al., 1986),
maternal depression (for a review see Downey & Coyne, 1990; Goodman & Gotlib, 1999), peer
and romantic relationship problems (Collins, 2003; Davilla et al., 2004; Hammen, 1991; Rao,
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Hammen & Daley,1999; Wilkinson, 2004; Youniss & Smollar, 1985) and interpersonal
relationships within school settings (Boivin et al., 1995; Bond et al., 2005; Hawker et al., 2000;
Salmon et al., 1998). I propose to examine the influence of interpersonal relationships and in
particular, the cumulative effects of multiple types of parental relationships, on levels of
depressive symptoms experienced over the transition to adulthood within the National
Longitudinal Study of Adolescent Health (Add Health), a nationally representative sample
(Harris, Flory, Tabor, Bearman, Jones & Udry, 2003;Udry, 2003).
Relationships and Adolescent Depression
Interpersonal relationships may serve as correlates of depression, risk factors for
depression, consequences of depression, and buffers and exacerbations of the effects of life
events on depressive symptoms. Evidence of this has emerged from studies of peer, romantic,
and familial relationships (Cornwell, 2003; Monroe et al., 1999; Robertson & Simmons, 1989;
Synman et al., 2003).
Parental and Family Relationships. This study focuses on the role of parental
relationships as they are vital for adolescent well being: studies have consistently shown the
importance of at least one loving and caring relationship with a parent (Bender & Losel, 1997;
Cornwell, 2003). Regarding the role of family relationships as a potential risk factor for
depressive symptoms, research suggests that late adolescent and early adult females are at higher
risk for depression if they have experienced early family discord and poor relationships with
parents (Reinherz et al., 1998; Reynolds & Johnston, 1994; Synman et al., 2003). Other
researchers have suggested that this might be the indirect effect of parental supportiveness: an
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absence of family support can affect depressive symptoms by influencing self-esteem and
loneliness, which in turn can create greater risk for depression (Brage & Meredith, 1994; Brage,
Campbell-Grossman, & Dunkel, 1995; Sheeber, Hops, Alpert, Davis, & Andrews, 1997). In
terms of their potential buffering/exacerbating effects, family contexts and parental relationships
may work as moderators such that negative or positive relationships with parents can make
stressful life events easier or harder to endure (Forehand et al., 1990; Jacobson, 1986).
It is important to note ambiguity in causal direction and the chance for misinterpretation;
Family conflict may be created in a normal family by the presence of an adolescent with
depressive symptoms (Parker & Roy, 2001), or family relationship quality can be interpreted
with a negative lens by an adolescent who is experiencing these symptoms. Alternatively, poor
family relationships and quality of relationships with parent figures can cause depressive
symptoms or disorder. Overall, poor family functioning, ranging from perceived lack of
closeness to parents to the presence of aversive family events such as conflict and violence, has
been found at a minimum to be a strong correlate of depressive symptomatology (Fleming &
Offord, 1990; Robertson & Simmons, 1989).
Changing Relationships, Changing Symptoms
Prior studies of relationships and depression have a number of limitations. First, many are
cross-sectional, and thus highly subject to the causality issues previously described. These crosssectional studies have focused on current relationships and current symptoms rather than
investigating changes in relationships over time as they relate to changes in symptoms. Rarely do
studies examine dynamic changes over time in depressive symptoms, and more specifically,
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changes in depressive symptoms in relation to changes in interpersonal relationships.
Focusing on individual differences in depression at any given time point does not capture the
dynamic manner in which depressive symptoms and disorders evolve. The ability to predict the
continuities and discontinuities of emotional disorders and symptoms are vital for understanding
the origins of these difficulties (Cicchetti, 1990). In order to understand these continuities and
discontinuities, one can include lagged measures of parental relationship quality if possible in
longitudinal data analysis. For example, if I am predicting depressive symptoms at the second
wave, I can include measures of parental relationship quality from the baseline assessment as
well as from the second wave. Therefore, in this study I examine the temporal linkages between
depressive symptoms and relationships using HLM with lagged measures of relationship quality
such that I can begin to understand which change (depressive symptoms or relationship quality)
precedes changes in the other. Furthermore, by using changes in depressive symptoms and
relationships over time I also am able to eliminate characteristics of an individual that may be
correlated with their levels of depressive symptoms at given time point (Rogosa & Willett,
1983).
In addition, many past studies have only investigated clinical levels of depression rather
than depressive symptoms, which lend themselves more easily to an examination of dynamic
changes over time in relation to changing life circumstances. Finally, other samples that have
been used have generally been of convenience or community samples, rather than nationally
representative samples, thus limiting the generalizability of results and ability to understand the
extent to which average symptoms of depression and associations between relationship quality
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and depression vary according to demographic characteristics such as race/ethnicity or
socioeconomic status (SES).
Three previous studies have been conducted using the Add Health dataset to examine the
longitudinal associations between social relationships and depressive symptoms. Cornwell
(2003) examined what he called the “dynamic properties of social support” where he explored
how growth (increased quality) and decay (reduced quality) in social relationships over the first
two waves of data collection predict levels of depressive symptoms at the second wave.
Cornwell found that decay of parental support has a stronger influence on depressive symptoms
than growth in parental support. Furthermore, he argued that growth and decay are two different
constructs, but was not able to make causal inferences about whether either construct was the
causal agent to changes in depressive symptoms at wave 2.
A second study by Meadows et al. (2006) utilized all three available waves of Add Health
to understand gender differences over time in the associations among depressive symptoms and
social support. Like Cornwell (2003), these authors found that parental support is positively
associated with mental health outcomes. However, they found that this association between
parental support and depressive symptoms decreases as youth enter adulthood. They
hypothesized that this might be a result of peers or romantic partners moving into the supportive
role that parents had once had. These authors did not examine the impact of changing
relationships, nor did they control for important covariates like race or SES.
A last study by Brown, Meadows and Elder (2007) investigated the moderating role of
race on pathways of social support, life stress and depressive symptoms. They found that
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minority youth have higher levels of depressive symptoms at baseline and that even though
all groups declined over the transition to adulthood, race-ethnic equality was not attained by the
third wave of data collection even in the presence of high levels of maternal social support.
While all three studies were consistent with preliminary analyses found in this work, they each
made causal inferences regarding the direction of effects and they did not account for the
possible non-linearity of growth in depressive symptoms across the transition to adulthood.
In this study I address several issues that have been absent in previous work with the Add
Health sample as well as with other samples. First, I examine the temporal associations between
changes in parental relationship quality and changes in depressive symptoms. By looking at
changes in relationships, rather than simultaneously measured characteristics of relationships, the
results are less subject to a selection bias interpretation, that is, the possibility that stable
characteristics of individuals may have caused them both to have poor relationships and higher
depression. Additionally, I investigate depressive symptoms rather than clinical depression.
Depressive symptoms are critical in identifying the presence of subclinical levels of a disorder
and, more importantly, can illustrate either a build up to or remission from clinical level of
symptoms. One can examine environmental influences, like family life circumstances, that may
impact a faster increase in symptoms or a slower decline in symptoms.
Finally, the use of a large nationally representative dataset allows me to generalize to a
much wider and more diverse population. Use of this large, diverse population allows us to
pinpoint differences by subgroup such as race, gender, and SES. There is evidence that gender,
race, and SES all appear to be associated with a youth’s experiences of depressive symptoms,
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depressive episodes, and recurrent depression (Brown et al., 2007; Rushton, Forcier, &
Schectman, 2002). Regarding SES and racial/ethnic differences, Gore and Aseltine (2003)
followed a cohort of urban youth over the transition from adolescence into young adulthood and
found that not only did Hispanic and Black youth have higher levels of depressed mood in
comparison to their Caucasian counterparts, but also that this higher level was independent of
their SES. Although African Americans adults may be less likely to suffer from clinically
diagnosed major depression than non-Hispanic whites (Surgeon General’s Report, 1999), on
average African Americans suffer from a greater number of depressive symptoms (George &
Lynch, 2003), suggesting that a greater number of subclinical cases exist within this population.
Therefore, this study looks at how parental relationship quality influenced, and is
influenced by, trajectories of depressive symptoms. I set out to answer several questions. First,
how did levels of depressive symptoms change from adolescence into emerging adulthood in the
Add Health sample? I hypothesized that depressive symptoms will peak in late adolescence and
decrease over the transition to adulthood. Secondly, was parental relationship (maternal and
paternal) quality significantly associated with levels of depressive symptoms and did this vary by
age? I hypothesized that both maternal and paternal relationship quality would be negatively
associated with depressive symptoms but that they will decrease in importance as the youth enter
the transition to adulthood. My third question incorporated causality--how were an adolescent’s
baseline levels of depression and changes in depressive symptoms affected by, or predictive of,
both stable (time invariant) and changing (time varying) characteristics of the individual and
his/her environment, specifically maternal and paternal relationship quality? I hypothesized that
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relationship quality would be negatively associated with depressive symptoms and that
changes in relationship quality would precede changes in depressive symptoms indicating that
we could have more confidence that it was actually changes in relationship quality which cause
youth to experience either more or less depressive symptoms. Finally, I sought to understand
whether the time course of depressive symptoms from adolescence and over the transition to
adulthood or the depressive symptoms-relationship quality associations would vary by gender,
race, physical health status or SES.
Knowledge of directionality between various types of relationships and depressive
symptoms across the transition to adulthood allows me to draw conclusions on whether
relationships should be an important target in various therapeutic relationships and preventative
or intervention programs, which types of relationships are most important, and when and for
whom these interventions might be most effective.
Method
Data
The data for this paper came from the National Longitudinal Study of Adolescent Health
(Add Health). This dataset was formed through taking a stratified random sample of students
from a nationally representative sample of schools throughout the United States. A sample of 80
high schools and 52 middle schools from the U.S. was selected by incorporating systematic
sampling methods and implicit stratification to ensure the sample was representative of U.S.
schools with respect to region of country, urbanicity, school size, school type, and ethnicity
(Bearman et al., 1997). All youth from each of the schools (n= 90,118) were administered a
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screening questionnaire. Then, 20,745 youth were randomly selected (with over-samples of
siblings and minority youth) to participate in an in-home interview during the first wave of data
collection (Wave I) in 1994-1995. One parent for each youth also completed an in-home
interview in the first wave of data collection. Youth from this subsample of 20,745 who had not
graduated the following year were re-interviewed the next year (Wave II). A third wave of data
collection took place approximately five to six years later in 2000-2001 for the larger group of
youth selected in Wave I. At Wave I, students were between 7th and 12th grade (ages 11 to 21),
were between the ages of 12 and 22 at Wave II, and by Wave III were between the ages of 18
and 26. Each youth participated in a comprehensive, in-home interview at each wave of data
collection that included questions across the domains of health and diet, schooling, parental
relationships, peer relationships, romantic relationships, violence and delinquency, mental health
and social functioning, and civic and neighborhood participation.
Participants
This analysis included youth who completed in-home interviews at all three waves and
had complete data on depressive symptoms and demographic characteristics (race, gender, age
and parental education), thus the sample was restricted to 10,323 youth (50.52% of the original
sample). Roughly half of this sample was female (49.1%), with mean ages of 15.07, 15.94, and
21.39 at each wave. A little over half of the sample was Caucasian (57.42%), 16.5% Black,
11.78% Hispanic, 4.2% Asian, 3.1% American Indian, and 7% specified as multiple races or
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“other race.”1 There were no significant differences in levels of depression or quality of
parental relationship functioning between the original sample and the analytic sample at baseline
measurement.
A large portion of the sample (41.2%) was identified as being of higher SES, and
roughly a quarter (16.4%) was classified as low SES based upon parents’ or parent educational
attainment. This corresponded to a parent educational attainment score of 7, 8, or 9 for the high
socioeconomic group (corresponding to completing a bachelor’s degree or more years of
education) and a score of 1, 2, or 3 (corresponding to never completing high school or less years
of education) for the low socioeconomic group. At Wave III, youth were also asked about their
own years of schooling. The mean years of schooling was 13.19 (SD = 1.96). Sampling weights
are used to account for the sampling procedures and attrition between waves.
Measures
Depressive symptoms (see Appendix A, Table 3). Depressive symptoms were predicted in
each wave through a subset of questions from the Center for Epidemiologic Studies Depression
Scale, the CES-D (Radloff, 1977). The CES-D has been checked for reliability across several age
groups and has been found to be associated with clinically diagnosed major depression and
depressive symptoms measured with another well-validated and frequently used measure (Beck
Depression Inventory) in adolescents (Roberts, Andrews, Lewinsohn, & Hops, 1990). It was
designed to examine and measure the current level of depressive symptoms through questions
about depressed mood and physical symptoms. Out of the 20 CES-D questions, 10 were used in
1

Original sample: 49% Caucasian race, 23.2% Black race, 17% Hispanic race, 7.7% Asian race, 3.6% American
Indian race, 9.5% other race. 50.5% female, 42.7% high parent education and 18.1% low parent education.

38
Add Health: “how often in the last week did you feel blue,” “how often in the last week did
you cry,” “how often were you bothered by things that usually don’t bother you,” “how often did
you feel that you were as good as other people,” “had trouble keeping your mind on what you
were doing,” “how often were you depressed,” “how often were you too tired to do things,”
“how often did you enjoy life,” “how often were you were sad,” and “how often did you feel that
people disliked you?” Previous research has shown that the 20-item CES-D represents four
factors: somatic-retarded activity, depressed affect, positive affect and interpersonal
relationships. The 10 item scale used in these analyses contained the same components from
each of these four factors. Responses were provided on a Likert scale with a range of 0-3 and
anchor points of “rarely or none of the time” to “most of or all of the time.” Other studies using
the CES-D used 16 symptoms as an indicator of disorder, which equated to 8 symptoms in this
shortened 10 item scale. Mean level of depressive symptomatology was found by taking the
average of these items after reverse scoring any positively scaled questions. This variable was
positively skewed, and a natural logarithmic transformation was performed. The main outcome
variable was therefore the log transformation of the level of depressive symptoms at each wave.
The Cronbach’s alpha of this scale was .80 at Wave I, .81 at Wave II, and .81 at Wave III for this
sample.
Relationship quality. Two composite independent variables were created to model both
maternal and paternal relationship quality. Composite variables were formed from multiple items
within each domain in order to increase reliability of measurement and because there was a great
deal of missing data within the sample on any one item, and thus use of the individual items
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would restrict the sample size. Mean scores of relationship quality were standardized within
each wave. The standardized scores provided an indication of quality relative to one’s peers at
each wave, giving an indication of developmental competence in that domain at that time.
Changes in standing, relative to peers in each relationship domain, from wave to wave provided
some indication of whether an individual’s developmental trajectory in that domain was more or
less positive than the trajectory taken by one’s peers. This approach was necessary as measures
changed slightly from wave to wave. It should be noted that in all descriptive analyses the raw
scores were used while in the piece-wise and growth models the standardized scores were used.
Maternal and paternal relationships. Maternal and paternal relationship quality variables
were created from several questions (see Appendix A, Table 4) asking how much each youth:
felt his/her parent figure cared for them, how close he/she was to his/her parental figure, whether
his/her parent figure was warm and loving, and whether the youth was satisfied with his/her
relationship with the parental figure. Responses were provided on 5-point scales (1 indicating not
at all, 5 indicating very much), averaged together, and then standardized within each wave to
create a composite variable characterizing the overall relationship with each parent or parent
figure at each wave. The Cronbach’s alpha was .70 for maternal relationships and .76 for
paternal relationships. It should be noted that for Waves I and II, the same set of questions was
asked about both residential and biological parents while in Wave III, the same set of questions
was asked about previous, current, and biological parents. The Cronbach’s alpha for the change
scores was .70 for maternal relationships between Wave I and Wave II, .59 for maternal
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relationships between Wave II and Wave III, .63 for paternal relationships between Wave I
and Wave II, and .70 for paternal relationships between Wave II and Wave III.
Within each wave, perceptions of relationships with all of these individuals were
included in the composites to be able to examine the impact of the full range of maternal and
paternal relationships within the particular youth’s life. Previous parents included people not
currently involved in the youth’s life like former step-parents, former parent figures (e.g., a
father figure who never married a youth’s mother), or other unspecified parent figures. New
current figures could include a new stepmother or stepfather, new in-laws who serve as parent
figures, or a new partner of one of their parents. Youth were asked if there were any other figures
in their lives who they viewed as parents. If there was an additional person that the youth saw as
a parental figure, the relationship was identified and the same core questions were asked of the
relationship between the youth and the new target individual. The same set of questions was
asked across all parent figures. If there were multiple maternal or paternal figures the scores were
averaged to derive a global measure for mothers and a global measure for fathers. Changes in
relative standing with regards to the quality of these relationships were captured by differencing
the standardized scores from each time point.2
Age and Wave. Previous literature has demonstrated known age differences in depression
as well as the presence of an “inflection point” (Ge, Lorenz, Conger, Elder & Simmons, 1994)
where depressive symptoms peak between the age of 16 and 18. Recent research by Ge, Natsuaki

2

It should be noted that other relationships were not examined as questions were not asked consistently across
waves regarding peer, romantic and neighborhood relationships and there was a great deal of missing data
longitudinally on these measures.
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and Conger (2006) found that females experienced a greater number of depressive symptoms
than males in both adolescence and young adulthood, and that depressive symptoms increased
during early to mid-adolescence for females and then declined in late adolescence and into young
adulthood. Age is therefore used as a growth parameter in several analyses, as well as a covariate
in others to control for age-related differences in depression. In order to control for non-linear
effects due to age, a spline with a node centered at the peak age of depressive symptoms was
used.
Covariates. Descriptive statistics for the covariates used in this analysis are shown in
Table 2.1. Several dummy variables were constructed in order to look at the effects of gender
(1=female) and race. SES was also used as a control through measures of parent educational
attainment and youth educational attainment in Wave III. Because there was a great deal of
missing data for income levels, mother's education was used as a proxy for a parent’s SES.
Youths’ marital status, self-reported general health, immigration status, educational attainment
by Wave III and body mass index (BMI)3 were also included as covariates. Finally, each youth
completed an Achievement based test (AH PVT) (M = 99.66, SD = 15.16) during the first wave
of data collection, which was used as an additional control variable in each analysis to ensure
that individual difference in cognitive competence did not produce spurious results due to
differences in reporting of relationships or depressive symptoms.
Analytic Approach

3

BMI in US units = (weight (lbs)*703)/ height² (in²)
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The impact of changes in relationship quality from Waves I to II and Waves II to III
on mean levels, and changes in depressive symptoms over these periods were tested using
Hierarchical Linear Modeling (HLM). In the models, which are described in greater detail below,
depression scores for each person at each wave was the outcome variable, and was predicted by
time-varying (changing from wave to wave, included in Level 1 of the model) predictors, lagged
predictors of parental relationship quality (changes from wave to wave, but included at Level 2),
and stable predictors (constant across all three waves, included at Level 2).
By looking at changes in relationships, rather than simultaneously measured
characteristics of relationships, the results are less subject to a selection bias, that is, the
possibility that stable characteristics of individuals may have caused them both to have poor
relationships and higher depression. Additionally, using lagged changes in relationship quality
aids in understanding the direction of effects; if changes in parental relationship quality in the
past are the most important than I am closer to understanding that parental relationship quality
changes may precede changes in depressive symptoms.
Multilevel methods that account for nesting, like HLM, are critical in repeated measures
analysis as they account and control for the variation within the individual that will remain
constant over time (such as gender and race). Without multi-level techniques, the standard errors
could be reduced and effect sizes bolstered by person-level characteristics that remain constant
across the waves of data. The estimation of these HLM models was done using SAS PROC
MIXED (Singer, 1998).

43
Growth trajectories by age. The first set of models utilized what is known as
accelerated longitudinal design by examining age at time of assessment as the growth parameter.
In Add Health there are substantial age variations within each wave (as shown in Table 2.1).
Thus, one must examine whether or not using wave as a unit of analysis would potentially ignore
the age differences in depressive symptoms.
Therefore, in this analysis I linked the longitudinal data from adjacent age cohorts
together to approximate a long-term growth curve. In this sense, I approximated a long-term
longitudinal study by conducting several short-term longitudinal studies of different age cohorts
simultaneously (Duncan, Duncan, & Hops, 1996). Thus, these second set of models covered the
developmental period from age 12 through age 26. I estimated trajectories of depressive
symptoms which can be examined using a two-level HLM growth model. This approach
modeled the growth of an individual’s depressive symptoms as a function of age at Level 1, with
an intercept parameter reflecting the baseline level of depressive symptoms, and a slope
parameter reflecting the rate of change in depression over time. It also included other time
varying covariates like maternal and paternal relationship quality. At the second level, variation
in the growth parameters (intercepts and slopes) among youth were predicted from
characteristics of the individual and his/her context. This approach assumed that a youth’s
growth in depressive symptoms varied as a function of certain measurable characteristics of the
youth’s background and the environment.
Concurrent and Lagged Changes. The third set of models examined associations between
changes in relationship quality and depressive symptoms from Wave I to Wave III. Using piece-

44
wise HLM (see Appendix 1 for dummy coding), I estimated both concurrent and lagged
changes in depressive symptoms (Raudenbush, 2001; Raudenbush and Bryk, 2002). Therefore,
the interpretation of the intercept term was levels of depressive symptoms at Wave I, the
interpretation of the first dummy variable at Level 1 was the change in depressive symptoms
from Wave I to Wave II, and the second dummy variable at Level 1 was the change in
depressive symptoms from Wave II to Wave III. This type of flexible modeling helps in
estimating the interplay of relationships and depression and the trajectory of depressive
symptoms across adolescence and emerging adulthood. In essence, it helps to determine which
type of changes may precede the other: Did changes in relationship quality predict changes in
depressive symptoms or, conversely, did changes in depressive symptoms better predict changes
in relationship quality?
Specified Models
The first step in the analytic process was to model the age trajectories of depressive
symptoms. In order to understand the role of age in relation to depressive symptoms, I pooled
across the waves and created the accelerated longitudinal design. To pinpoint the inflection
point, or peak level, of depressive symptoms in this sample I included age dummies at Level-1
for each age represented (age 11-age 27). I then modeled the age trajectories with a growth
parameter representing ages up to and including the inflection point, and a growth term reflecting
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ages after the inflection point estimating a spline model of age trajectories.4 The two Level-1
models were:
(1.1)

Depressive Symptomsti=β0i+ β1iage11ti + β2iage12ti + β3iage13ti + β4iage14ti +
β5iage15ti + β6iage16ti + β7iage18ti + β8iage19ti + β9iage20ti + β10iage21ti + β11iage22ti +
β12iage23ti + β13iage24ti + β14iage25ti + β15iage26ti + β16iage27ti + eti

(2.1)

Depressive Symptomsti=β0i+ β1iagebelow17ti + β2iageabove17ti + eti

Note that in the above model (2.1) the excluded category was age 17 such that the intercept
estimated levels of depressive symptoms at age 17. After modeling the age differential, I
proceeded with the accelerated longitudinal design where the spline-estimated age variables were
used as the Level-1 growth parameters. I then included time varying composites of maternal and
paternal relationship quality to examine how parental relationship quality might be associated
with levels of depressive symptoms independent of this age trajectory, as well as the influence of
the youth level covariates such as race, gender and SES. The Level-1 model for this approach
was:
(3.1)

Depressive Symptomsti=β0i+ β1iagebelow17ti + β2iageabove17ti +
β3iMomRelationshipQualityti + β4iDadRelationshipQualityti + eti

In Level-2 I estimated how the age trajectories and relationship quality time varying composites
varied as a function of the demographic covariates5.
4

The spline approach requires that the coding of Agebelow17 is the youth’s actual age up until 17 and anyone who
is older than 17 has a coding of age 17 for that variable. Similarly, for the Ageabove17 variable all youth who are
below the age of 17 have a coding of 17 for this variable and if they are older than 17 they are coded with their
actual age. For analyses this variable was centered around 17 (so that 17 could represent the intercept) and the
coefficient reflects change in years. The minimum for Agebelow17 was -6 and the maximum was 0. The minimum
for Ageabove17 was 0 and the maximum was 10.
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(3.2)

β0i = γ00 + γ01YOUTHCOVARIATES0i + ρ0i

(3.3)

β1i = γ10 + γ11YOUTHCOVARIATES1i + ρ1i

(3.4)

β2i = γ20 + γ21YOUTHCOVARIATES2i + ρ2i

(3.5)

β3i = γ30 + γ31YOUTHCOVARIATES3i + ρ3i
From these models, I examined how changes in depressive symptoms over time were

related to changes in quality of relationships independent of the underlying age trajectory. It is
important to note that I cannot assume directionality or causality in these models as it was
unknown whether changes in relationship quality precede depressive symptoms or whether
changes in depressive symptoms precede changes in relationship quality.
In order to better understand causality, I used piece-wise HLM to examine lagged and
concurrent changes in depressive symptoms as they related to concurrent and lagged changes in
relationship quality. Therefore, in each model I included both baseline levels of depressive
symptoms as well as changes in depressive symptoms over the three waves as predicted by
concurrent levels and prior changes in the quality of the parental relationships.
I did this first by entering dummy variables at Level-1 representing the wave of data
collection or changes between waves of data collection. Wave I was represented by the intercept
the other dummies were uncentered. The Level-1 model was:
(4.1)

5

Depressive Symptomsti=β0i+ β1iWaveIIti + β2iWaveIIIti +eti

Covariates for each Level-2 model are: Age at wave specified, Gender (male=1), Black, Hispanic, American
Indian, Asian, Other Race, Marital Status (Married=1), Self Reported Health, BMI, Parental Education, Immigration
Status, Achievement Score
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Therefore, the depressive symptoms of youth i at time t was predicted by his or her baseline
levels of depression and dummies representing time at Wave II and Wave III. The value reported
for Wave II, β1ij, represented the change in depressive symptoms from Wave I to Wave II and the
value reported for the Wave III, β2i, represented the change in depressive symptoms from Wave
II to Wave III. Then, these changes were modified and predicted from the Level-2 covariates and
main independent predictors, specifically, the concurrent and changes in relationship quality, this
time modeled at Level 2. Thus, the Level-2 models were as such:
(4.2)

β0i = γ00 + γ 01MomWaveI0i + γ02DadWaveI0i + γ03YOUTHCOVARIATES0i + ρ0i

(4.3)

β1i = γ10 + γ11(MomWaveII-MomWaveI)1i + γ12(DadWaveII-DadWaveI)1i +
+ γ13MomWaveI1i + γ14DadWaveI1i + γ15YOUTHCOVARIATES1i + ρ1i

(4.4)

β2i = γ20 + γ21(MomWaveII-MomWaveI)1i + γ22(DadWaveII-DadWaveI)1i +
+ γ23(MomWaveIII-MomWaveII)1i + γ24(DadWaveIII-DadWaveII)0i +
γ25MomWaveI1i + γ26DadWaveI1i + γ27YOUTHCOVARIATES1i + ρ1i

The intercept, β0i , or baseline levels of depressive symptoms, was predicted by the youth’s
current relationship quality with their maternal and paternal figures as well youth level covariates
and an error term. The change in depressive symptoms between Wave I and Wave II, β1i, was
predicted by concurrent relationship quality changes (changes in maternal and paternal quality
between Wave I and Wave II) and baseline relationship quality in both domains. Again, youth
level covariates and an error term were included. Finally, the change in depressive symptoms
between Wave II and Wave III, β2 was predicted by two sets of lagged terms (changes in
maternal and paternal relationship quality between Wave I and Wave II and then between Wave
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II and Wave III), baseline levels of maternal and paternal relationship quality, youth level
covariates and an error term.
Specifically, in these models I was interested in investigating the pattern of changes across
the three waves. Were the lag terms consistently predictive (and in what direction), or were the
concurrent terms the most predictive? In this way, I examined if it was current levels of
relationship quality which were most related to baseline levels and changes in symptoms and
whether past changes in relationship quality was also predictive. If past relationship quality was
most predictive, then this suggests that relationship quality was affecting levels of depressive
symptoms. In contrast, if concurrent changes in quality were most strongly related then this
indicates that the association was perhaps bidirectional. In short, if the associations were
bidirectional, meaning that depressive symptoms and relationship quality influenced each other
over the same time course, changes in one did not necessarily cause changes in the other.
Through these analyses I am closer to understanding the causal and directional relationship
between depressive symptoms and changes in quality of relationships.
Results
Descriptives (Table 2.1)
Depression. In Wave I, the average total score was 6.37 (SD = 4.60) out of 31 and the
level of log average depression was 1.66 (SD =.75). In Wave II, this average total score was
almost identical 6.28 (SD = 4.58) with a log average depression of 1.66 (SD =.75), and in Wave
III it decreased slightly again to 5.61 with a log average depression of 1.42 (SD =.83).6 However
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at each wave, the full range of depressive symptoms was closely represented with 0 as the
minimum and 31 as the maximum reported. Females have 24.8% higher rates of depressive
symptoms than males (t = -28.20, p<.0001) at Wave I, 25.5% higher rates of depressive
symptoms than males at Wave II (t = -24.15, p<.0001) and 19.4% higher rates at Wave III (t = 20.53, p<.0001). See figures 2.1 and 2.2 for a graphical depiction of depressive symptoms
pooled across all waves and within each wave.
Relationship variables. Youths’ average reported relationships with their mothers
remained fairly consistent over the three waves. The average score (on a five-point scale) in
Wave I was 4.37 (.70), Wave II was 4.32 (.70), and Wave III was 4.50 (.65). These means
indicated that, on average, youth reported very positive relationships with their mothers. A
repeated measures ANOVA was conducted on the raw scores to examine whether there were
significant differences across time in youth report of maternal relationships. Although absolute
differences were small, due to the large sample size, all waves were significantly different from
one another such that Wave II was significantly lower than Wave I (F(44) = 179.69, p<.001) and
Wave III was significantly higher than Wave II (F(32) = 58.43, p<.001).
Youth’s average reported relationships with their fathers were, on average, lower than
their reported relationships with their mothers. The average in Wave I was 3.93 (1.07), Wave II
was 3.85 (1.07) and in Wave III was 4.22 (.65). Again, a repeated measures ANOVA was
conducted to examine whether there were in fact significant differences over time in youth report
of paternal relationship quality. Wave I was significantly higher than Wave II (F(45) = 271.04,
6

No significant differences in levels of depression and relationship quality at Wave I between original sample and
analytic sample.
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p<.001) and Wave II was significantly lower than Wave III (F(36) = 78.77, p<.001). On
average, it seems that youth reported better relationships with their fathers in later rather than
earlier waves of data.
An intercorrelation matrix indicated that youth reports of parental relationship quality
were quite interrelated with one another (see Table 2.2). Of particular note is that youth report of
maternal relationship quality at Wave I and Wave II was correlated .59, and youth report of
paternal relationship quality at Wave I and Wave II was .66. This was somewhat expected as
there was only one year between these waves of data collection. Interestingly, youth report of
maternal and paternal relationship quality was associated between .12 and .35 both within and
between waves indicating positive associations but not equivalence.
Age trends
Age dummies were included at Level 1 in order to predict the inflection point for
depressive symptoms in the pooled data (see Equation 1.1 and Table 2.3). When age 17 was the
omitted category, all other age dummies were negative and significant (with the exception of age
16 and age 18) which indicated that the highest level of depressive symptoms existed for youth
in this sample when they were 17 years of age. This did not vary by SES but did vary by race.
Hispanic youth did not have significant age differences between ages 14-19 indicating that the
peak of symptoms for this group encompassed all of those years.
In order to model the inflection point, spline regression estimation (Equation 1.2) was
used by entering an age growth term for youth below the age of 17 and a growth term for youth
above the age of 17 (see methods section for coding of variables and centering). As Table 2.4
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shows, the average level of depressive symptoms was 1.664 (γ00 = 1.664, p <.001). Youth
had a 3.3% (γ10 = .032, p <.001) increase in depressive symptoms each year up to and including
age 17. After the age of 17 youth had an approximately 4.1% (γ10 = -.040, p <.001) decrease in
depressive symptoms each year.
Effects of relationship quality on age growth parameters
When time-varying composites of maternal and paternal relationship quality were entered
along with the two age growth parameters at Level 1 several interesting trends emerged (see
Table 2.5 Model 1). When predicting baseline levels of depressive symptoms (the intercept, β0),
results were almost identical to those presented in Table 4 (γ00 = 1.627, p <.001). The spline
estimated growth parameter Agebelow17 was reduced in effect size indicating that there was a
1.2% (γ10 = .011, p <.001) increase in depressive symptoms each year from the age of 11 to 17
when covarying the effects of maternal and paternal relationship quality. A Krull-MacKinnon
test of multi-level mediation was used and indicated that maternal and paternal relationship
quality were significant mediators of the increase in depressive symptoms between the ages of 11
and 17. In contrast, the spline estimated growth parameter, Ageabove17, was quite similar to
previous analyses indicating a 3.8% (γ20 = .011, p <.001) decrease in depressive symptoms per
year from age 17 until age 27.
Both maternal and paternal relationship quality were associated with lower levels of
depressive symptoms at each wave. On average across youth and waves, a 1 SD higher report of
maternal relationship quality was associated with 11.3% (γ30 = -.107, p <.001) lower levels of
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depressive symptoms and a 1 SD higher report of paternal relationship quality was associated
with 10.1% (γ40 = -.095, p <.001) lower levels of depressive symptoms.
When Level 2 youth covariates were entered into the model (see Equations 3.1-3.5, Table
2.5 Model 2 and Appendix A Table 1), it appeared that maternal relationship quality was most
strongly associated with levels of depressive symptoms at each time point. On average across
youth and waves, a 1 SD higher report of maternal relationship quality was associated with
28.3% (γ30 = -.249, p <.001) lower levels of depressive symptoms. Similarly, when controlling
for contextual factors like race, gender, and SES, paternal relationship quality was still
significantly associated with lower levels of depressive symptoms (γ40 = -.109, p <.05).
Several of the covariates were associated with depressive symptoms (see Appendix A
Table 1). Females had 12.2% (γ01 = .115, p <.001) higher levels of depressive symptoms at age
17, and significantly moderated the maternal relationship-depressive symptoms association;
female participants had even lower levels of depressive symptoms (γ31 = -.020, p <.001) than
their male counterparts if they had experienced higher quality (1 SD higher) maternal
relationships. The same was true for Black youth when compared to their Caucasian
counterparts; if they had experienced higher maternal relationship quality, they also experienced
1.2% (γ32 = -.012, p <.05) even lower depressive symptoms than their Caucasian counterparts
who also experienced high levels of maternal relationship quality.
In contrast, youth from low SES homes experienced a less protective role of high
maternal relationship quality; these youth had less of a decrease in levels of depressive
symptoms (as compared to their middle SES counterparts) when they reported high levels of
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maternal relationship quality (γ38 = .014, p <.001). Low SES youth also had 4% higher
levels of depressive symptoms (γ08 = .038, p <.001) at age 17 as compared to their middle SES
counterparts, experienced greater increases in depressive symptoms before the age of 17 (γ18 =
.009, p <.05), and less of a decrease in depressive symptoms after the age of 17 (γ28 = .014, p
<.01).
Both physical health indicators examined were also significant moderators of the
maternal relationship quality-depressive symptoms association; youth with higher BMI
experienced a less protective role (γ312 = .016, p <.05), while youth with higher general health
experienced more of a protective role of maternal relationship quality (γ313 = -.010, p <.05).
General health was also negatively associated with levels of depressive symptoms at age 17.
Youth who reported being 1 SD higher in general health status had 14.5% (γ013 = -.135, p <.001)
lower levels of depressive symptoms in Wave I.
Piece-wise lag HLM
Analyses using piece-wise modeling of the depressive symptoms trajectories indicated
decreases in levels of depressive symptoms over the various waves. When only Level-1
predictors were included in the model, it appeared that there was no change in levels of
depressive symptoms between Wave I and Wave II (β1 = -.009, p = n.s.); however, there
appeared to be a significant decrease in levels of depressive symptoms between Wave II and
Wave III (β2 = -.163, p<.001).
When lagged and concurrent measures of relationships were entered in the model (see
Table 2.6 and Appendix A Table 2), as well as covariates, concurrent relationship quality with
mothers (γ01 = -.143, p<.001) and fathers (γ02 = -.077, p<.001) were negatively and significantly
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associated with levels of depressive symptoms at Wave I (β0). Several covariates (see
Appendix A, Table 2) were significantly associated with baseline levels of depressive symptoms.
Females had significantly higher baseline levels of depressive symptoms (γ03 = .091, p<.001), as
did both Asian youth (γ06 = .042, p<.001) and American Indian (γ07 = .014, p<.05) youth (as
compared to their Caucasian counterparts). Similarly, youth who were born within the US had
higher baseline levels of symptoms as compared to their non-US born counterparts (γ015 = .015,
p<.05). Conversely, high SES (γ011 = -.017, p<.01), IQ scores (γ013 = -.130, p<.001), and higher
levels of general physical health (γ021 = -.094, p<.01) were related to lower baseline levels of
depressive symptoms. Finally, there was a significant age trend—Agebelow17 was associated
with higher levels of depressive symptoms at baseline assessment (γ09 = .028, p<.001).
Turning to look at changes between Wave I and Wave II levels of depressive symptoms
(β1), it appeared that concurrent changes in relationships were most strongly associated with
changes in levels of depressive symptoms. Positive changes in maternal (γ11 = -.104, p<.001) and
paternal (γ12 = -.064, p<.001) relationships from Wave I to Wave II were associated with
negative changes in depressive symptoms between Wave I and Wave II, indicating lower levels
of depressive symptoms at Wave II. This effect was independent of associations between
baseline relationship quality and depressive symptoms, as well as the youth-level demographic
characteristics. Interestingly, there were no differences in changes of depressive symptoms from
Wave I to Wave II based upon gender, race, SES or IQ score.
When controlling for the impact of past and concurrent relationships, as well as youth
level covariates, there was a positive increase in levels of depressive symptoms between the two
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waves (β2 = .093, p<.001) which was in the opposite direction of initial analyses with only
Level 1 predictors. However, one might expect this to happen since the growth trajectory was
included as a covariate at Level 2 such that the expected developmental decrease was captured in
the Level 2 growth parameter rather than at Level 1. Therefore, I covaried out the effect of age so
that the remaining intercept represented the average developmental trajectory apart from age.
Nonetheless, the pattern of relationship influences seemed similar. Relationships with
parents two time periods in the past (changes between Wave I and Wave II) were not
significantly related to changes in depressive symptoms. Concurrent positive changes in maternal
relationship quality (γ23 = -.084, p<.001) and paternal relationship quality (γ24 = -.049, p<.001)
from the immediately prior wave (Wave II to Wave III), in contrast, were associated with lower
levels of depressive symptoms at Wave III. Baseline levels of maternal relationship quality and
paternal relationship quality were not significantly associated with increases in depressive
symptoms from Wave II to Wave III (maternal: γ25 = .016, p<.2; paternal: γ26 = -.002, p<.5).
Interestingly, high SES youth experienced an increase in depressive symptoms between Wave II
and Wave III (γ214 = .025, p<.01), while youth education level was negatively associated with
changes in depressive symptoms (γ221 = -.098, p<.001).
Discussion
While many researchers conceptualize adolescent depression and the emergence of
depressive symptoms from a biological, cognitive, or life stress approach, this study investigated
the importance of interpersonal relationships and changes in these relationships during the
important developmental period of emerging adulthood for the emergence, continuity, and
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decline of depressive symptoms. The most central questions of this study were: 1) How do
levels of depressive symptoms change from adolescence into emerging adulthood in the Add
Health sample? 2) Is parental relationship (maternal and paternal) quality significantly associated
with levels of depressive symptoms, and does this vary by age? 3) How are adolescents’ baseline
levels of depression and changes in depressive symptoms affected by both stable (time invariant)
and changing (time varying) characteristics of the individual and his/her environment,
specifically maternal and paternal relationship quality? Finally, I asked whether any of these
varied by gender, race, physical health status or SES.
This study was unique in that it used a sample of over 10,000 youth from a diverse range
of ethnic, racial, and socioeconomic backgrounds. Furthermore, it traced these youth over six
years, from adolescence across the transition to adulthood, both important periods for the
determination of adult life trajectories. This study, therefore, contributes to the epidemiological
and developmental understanding of depression in adolescence and early adulthood by
examining changes in depressive symptoms over this important six-year time span in a large
nationally representative dataset. The primary purpose and contribution of this study, however, is
that it augments developmental research on how the quality and changes in quality of parental
relationships relates to changes in depressive symptoms over time.
Importance of Age and Inflection Point of Depressive Symptoms
My first hypothesis predicted that depressive symptoms would decrease over the
transition to adulthood, as this has been shown in other studies using the Add Health sample
(Harris, Gordon-Larson, Chantala & Udry, 2006; Meadows et al., 2006). In fact, I found an
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increase in depressive symptoms through age 17 followed by a decrease over the transition to
adulthood. This decrease could have been a consequence of neurobiological changes. Recent
evidence demonstrates that the brain continues to mature well after the completion of the
hormonal changes associated with puberty. Specifically, the frontal cortex and several inhibitory
control activation systems become more fully mature over the transition to adulthood, and thus
become better able to modulate and regulate behavioral impulses and emotional reactions (Dahl,
2004). One might also hypothesize that the decrease in depressive symptoms could be attributed
to both personal and interpersonal developments occurring over this time period. Erikson
identified one of the goals of adolescence as identity formation and overcoming identity
confusion. Current theory building (Stryker & Burke, 2000) on identity formation supports the
notion that as adolescents transition into adulthood, they begin to form a much more complex
and confident vision of “the self” which may reduce negative reactions to stressful situations and
thus depressive symptoms.
Because age was so variable within the waves of assessment in Add Health, it was critical
to control for this variation by modeling the developmental increases in depressive symptoms up
until the age of 17 and then the developmental decreases after the age of 17 rather than assuming
linearity as previous work has done (Brown et al., 2007; Meadows et al., 2006). Future research
should seek to understand whether this is a normative developmental inflection point of
symptoms, not necessarily diagnosis, across other populations. If it is an inflection point of
clinical diagnoses, than intervention or prevention programs might want to target their causes to
preventing the build up of depressive symptoms that eventually lead to diagnosis at the age.
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However, if it is simply a “normal” part of development that does not necessarily lead to
clinical levels of symptoms, than it may not be necessary or cost effective to target interventions
at this age group.
Centrality of Parental Relationships
Relationships with parents were particularly important for understanding levels of
depressive symptoms across adolescence and the transition to adulthood. I hypothesized that
both maternal and paternal relationship quality would be negatively associated with depressive
symptoms, but that they would decrease in importance as the youth entered the transition to
adulthood. I found partial support for this hypothesis. Positive relationships with both mothers
and fathers were associated with lower levels of depressive symptoms at the baseline time point
and, on average, across all time points. Positive changes in relationship quality with parents, both
for mothers and fathers, were associated with significant decreases in depressive symptoms over
time, and maternal and paternal effects were independent of one another. These findings
certainly support the central strong associations between family (of origin) relationship quality
and depressive symptoms throughout young adulthood.
Causal Directions: Changes in Relationships, Changes in Depressive Symptoms?
My third question built off of the second question regarding parental relationship quality
and incorporated tests of causal inferences. I hypothesized that relationship quality would be
cross-sectionally negatively associated with depressive symptoms and that changes in
relationship quality would precede changes in depressive symptoms. As demonstrated above and
in the temporal lag analyses, concurrent parental relationship quality was associated with lower

59
levels of depressive symptoms. However, only concurrent rather than lagged changes in
relationship quality were associated with depressive symptoms. In other words, improved
relationships with parents did not predict fewer depressive symptoms in the future; they only
predicted fewer depressive symptoms in the present, indicating a close association rather than a
causal relationship.
One interpretation of these findings is that levels of depressive symptoms may have
affected youths’ reporting and rating of their relationships. Negative appraisal of interpersonal
relationships and negative cognitive style are known correlates and hypothesized pathways of
depression in adolescents (for a review of theory see Abramson, Alloy, Hankin, Haeffel,
MacCoon and Gibb, 2002; Prinstein & Aikens, 2004; Schwartz, Kaslow, Seeley & Lewinsohn,
2000), and depression is known to affect perceptions of every-day events and environments. In
cross-sectional analyses it is possible, in the case of parental relationships in particular, that there
was an interaction between youth characteristics and parental characteristics which influenced
both the relationship quality and the levels of depressive symptoms that the youth exhibited.
Following the Brown and Harris (1978) distinction between vulnerability and risk, part of the
association between parental relationship quality and child depression could be a shared
genetic/personality vulnerability that predisposes both parents and youth to poor relationships
and youth to higher levels of depressive symptoms in the face of negative life events. This latter
hypothesis, however, does not as easily explain why dynamic changes in relationships appeared
to be related to changes in depressive symptoms over time. Utilizing change models should
eliminate the shared components of the parental and youth vulnerabilities, however it cannot
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eliminate the time-varying influence of them as activated by negative life events. Future
experimental work should attempt to more conclusively disentangle the causal direction of
effects. Nevertheless, the current findings demonstrating effect sizes ranging from .75 SD to 1.5
SD in both paternal and maternal relationships provide clear evidence for strong interweaving
between the quality of relationships and levels of depressive symptoms.
Gender, Race, and SES
The use of a nationally representative sample allows me to make important statements
regarding the associations between various demographic factors and depressive symptoms.
Females had significantly higher levels of depressive symptoms than males during the first wave
of data collection. This is consistent with previous research showing that females begin to show
greater levels of depressive symptoms than their male counterparts by the age of 13-15 (Hankin
et al., 1998; Kessler et al., 1993; Twenge & Nolen-Hoeksema, 2002). Furthermore, maternal
relationship quality was more important for females rather than males. This can be explained by
previous research which suggests that same-sex parental support seems to be more important for
adolescents than opposite sex parental support (Cornwell, 2003). In this sample, females had a
greater decline in depressive symptoms after the age of 17. This should be explored further as
prior research has found that twice as many women than men are depressed (Kessler et al., 1993;
Weissman et al., 1999). However, a few notable studies have shown that specifically in college,
there were no differences in mean depression scores between women and men (Hammen &
Padesky, 1977; Hammen, 1990). Therefore, further waves of data collection are necessary to
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understand whether this a trend of males and females reporting similar levels of depression
that persists into adulthood, or simply, represents an effect specific to the college years.
African American youth experienced higher levels of depressive symptoms than their
non-African American counterparts at each wave of assessment. While in large scale
epidemiological studies, African American’s have lower prevalence rates of depressive
disorders, these results confirm prior research which showed that African Americans exhibit
more depressive symptoms (George & Lynch, 2003)—that is, they exhibit subclinical levels of
depression at a higher rate than their non-African American counterparts. However, it is
important to note that race did not seem to be an important factor in predicting trajectories of
depressive symptoms over time. My findings confirmed previous research with Add Health
which showed that minority race predicted higher rates of symptoms at baseline (Brown et al.,
2007; Rushton et al., 2002) and I built upon these findings showing that these rates do not
converge over the transition into adulthood, even when I modeled for average age-related
trajectories of change in depressive symptoms.
SES appeared to be related both to levels of depressive symptoms and to trajectories of
depressive symptoms. Baseline rates of depressive symptoms were approximately 11% higher
for those youth of lower SES, and these youth had greater increases (approximately 3%) of
depressive symptoms up to age 17 but also greater decreases (approximately 2%) after the age of
17. These rates could have been related to both the amount of exposure to life stress and to the
level of resources available to youth. The lower SES youth may have had more exposure to
stressful life events and even less access to resources that might have helped them (e.g.,
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counseling, supportive teachers, monetary sources), and even in the presence of such
resources, may have been less able to make effective use of them as a result of their higher
ongoing levels of stress. Moreover, in cross-sectional analyses, low SES youth benefited less
from higher levels of maternal relationship quality. Thus, it appeared that lower SES youth had
higher demands that, when coupled with fewer resources, created an environment where they
were less able to make effective use of the resources that they did have, most specifically
relationship resources.
Caveats and conclusions
There are several challenges and limitations relating to Add Health and the pertinent
analyses. First, there was a great deal of missing data across the three waves of Add Health. In
the current analyses, I only utilized people who were present in all three waves and had complete
data on both the dependent variable and the focus independent variables (maternal and paternal
relationships). In essence, this means that youth who were not able to identify a mother or father
figure during one of their interviews were automatically excluded from the sample.
Another limitation is that the data used were based exclusively upon self report from the
youth. One problem with self report specific to this study was that there was the chance that
depressed youth reported lower quality relationships as a reflection of their depressive affect
rather than the real quality of relationships. A third limitation is that not only was there
significant age variation within the waves of data collection, there was also variation of years
between the waves of data collection. Thus, parental relationships from Wave II might not have
had as much predictive power on depressive symptoms at Wave III (5 year difference) in
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comparison to the impact that parental relationship quality at Wave I might have had on
depressive symptoms at Wave II (1 year difference). Another caveat is the use of change scores
in the temporal lagged analyses. While change scores eliminate possible unobserved or third
variable confounding factors, change scores also can increase concerns about measurement error
(Jencks & Phillips, 1999).
The largest caveat in this course of research lies in the questions regarding directionality
and causality. Although the fact that I examined changes in depressive symptoms in relation to
changes in relationship quality did help to minimize the influence of selection effects and nontime varying third variable interpretations of the data, without experimental data I cannot
conclusively argue for a causal impact of relationship quality on depressive symptoms. I did
however, convincingly demonstrate the integral role of relationships in a youth’s life and how
closely tied relationships are to depressive symptoms over the transition to adulthood, and that
the strength of these associations may vary between individuals and subgroups in predictable
ways. Future research (and future waves of Add Health) should incorporate more
comprehensive measures of depressive symptoms as well as timing of these symptoms in
conjunction with timing in changes of relationship quality to continue to hone in on possible
causal relationships. Furthermore, future research and studies on the centrality of parental
relationships for youth and young adult well-being should utilize experimental designs such that
we can understand how interventions or policies directed at these relationships might even
further reduce trajectories of depressive symptoms into the adult years and beyond.
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Table 2 .1
Weighted Descriptive Statistics for Dependent and Independent Variables ( N = 10, 363)

Variable

Mean

Std. Deviation

Minimum

Maximum

Log Depression Wave I

1.66

0.75

0.00

3.40

Log Depression Wave II

1.66

0.75

0.00

3.33

Log Depression Wave III

1.49

0.79

0.00

3.00

Depression Wave I

6.37

4.60

0.00

30.00

Depression Wave II

6.38

4.58

0.00

29.00

Depression Wave III

5.61

4.40

0.00

29.00

Mom Relationship Quality Wave I ª

4.37

0.70

1.00

5.00

Dad Relationship Quality Wave I ª

3.93

1.07

1.00

5.00

Mom Relationship Quality Wave II ª

4.32

0.70

1.00

5.00

Dad Relationship Quality Wave II ª

3.85

1.07

1.00

5.00

Mom Relationship Quality Wave III ª

4.50

0.65

1.00

5.00

Dad Relationship Quality Wave III ª

4.22

0.82

1.00

5.00

Mom Wave II- Wave I

-0.04

0.89

-5.64

5.82

Dad Wave II- Wave I

-0.02

0.77

-3.67

3.80

Mom Wave III-Wave II

-0.02

1.09

-6.10

5.51

Dad Wave III-WaveII

-0.12

0.97

-4.97

3.62

Age Wave I

15.69

1.74

11.00

21.00

Age Wave II

16.21

1.64

12.00

23.00

Age Wave III

21.95

1.77

18.00

28.00

Married Wave I

0.01

0.07

0.00

1.00

Married Wave II

0.01

0.10

0.00

1.00

Married Wave III

0.19

0.41

0.00

1.00

Black Race

0.23

0.42

0.00

1.00

Hispanic Race

0.17

0.37

0.00

1.00

Asian Race

0.08

0.27

0.00

1.00

American Indian/Pacific Islander Race

0.04

0.19

0.00

1.00

Race Other

0.09

0.29

0.00

1.00

Female

0.51

0.50

0.00

1.00

99.66

15.16

13.00

146.00

Parent Education

5.41

2.38

1.00

9.00

High Parent Education

0.43

0.49

0.00

1.00

Low Parent Education

0.18

0.38

0.00

1.00

Youth Education Level Wave III

13.18

1.97

6.00

22.00

US Born

0.89

0.32

0.00

1.00

Body Mass Index

26.64

6.35

13.45

63.83

IQ Score (AH_PVT)

General Health Wave Iª

4.12

0.91

1.00

5.00

General Health Wave IIª

4.09

0.91

1.00

5.00

General Health Wave IIIª

3.99

0.87

1.00

5.00

Notes: ª variable is coded such that 1 indicates poor and 5 indicates excellent.

Table 2.2
Intercorrelation Table of Main Independent Variables and Dependent Variables (N=10, 363)

1

2

3

4

5

6

7

8

9

10

11

12

1. Depressive Symptoms Wave I

1.00

2. Depressive Symptoms Wave II

0.59

1.00

3. Depressive Symptoms Wave III

0.35

0.38

1.00

4. Maternal Relationship Quality Wave I

-0.31

-0.24

-0.13

1.00

5. Maternal Relatinship Quality Wave II

-0.22

-0.28

-0.13

0.59

1.00

6. Maternal Relationship Quality Wave III

-0.11

-0.11

-0.15

0.35

0.38

1.00

7. Paternal Relatinoship Quality Wave I

-0.26

-0.23

-0.13

0.32

0.22

0.13

1.00

8. Paternal Relationship Quality Wave II

-0.23

-0.28

-0.15

0.25

0.32

0.15

0.66

1.00

9. Paternal Relationship Quality Wave III

-0.14

-0.14

-0.17

0.14

0.14

0.35

0.41

0.47

1.00

10. Change in Maternal Quality Wave II-I

0.10

-0.05

0.00

-0.44

0.46

0.04

-0.11

0.08

0.00

1.00

11. Change in Maternal Quality Wave III-II

0.09

0.15

-0.02

-0.22

-0.55

0.56

-0.08

-0.15

0.20

-0.38

1.00

12. Change in Paternal Quality Wave II-I

0.05

-0.05

-0.02

-0.10

0.12

0.02

-0.44

0.38

0.06

0.24

-0.08

1.00

13. Change in Paternal Quality Wave III-II

0.06

0.11

-0.05

-0.09

-0.15

0.23

-0.18

-0.42

0.60

-0.07

0.34

-0.29

13

1.00
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Table 2.3
Depressive Symptoms Predicted from Age Dummy Variables (N = 20,769)
Coefficient

SE

t

p

Intercept, γ00

1.611

0.013

120.910

0.000

Age 11, γ01

-0.395

0.215

-1.830

0.067

Age 12, γ02

-0.152

0.039

-3.870

0.000

Age 13, γ03

-0.199

0.021

-9.560

0.000

Age 14, γ04

-0.167

0.018

-9.140

0.000

Age 15, γ05

-0.075

0.017

-4.280

0.000

Age 16, γ06

-0.010

0.016

-0.670

0.504

Age 18, γ07

-0.017

0.018

-0.930

0.351

Age 19, γ08

-0.068

0.021

-3.260

0.001

Age 20, γ09

-0.174

0.021

-8.280

0.000

Age 21, γ010

-0.221

0.020

-10.800

0.000

Age 22, γ011

-0.172

0.019

-9.200

0.000

Age 23, γ012

-0.249

0.018

-13.750

0.000

Age 24, γ013

-0.279

0.025

-11.000

0.000

Age 25, γ014

-0.226

0.047

-4.800

0.000

Age 26, γ015

-0.365

0.124

-2.950

0.003

Age 27, γ016

-0.750

0.324

-2.320

0.021

Variable
Level 1 Intercept, β0

Note : Age17 is the reference group and 5 youth were eliminated from this analysis as they were 28
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Table 2.4
Depressive Symptoms Predicted by Age Composites (N = 10,323)
Variable

Coefficient

SE

t

p

1.664

0.008

220.150

0.000

0.032

0.003

10.480

0.000

-0.040

0.001

-27.730

0.000

Level 1 Intercept: Age 17, β0
Intercept, γ000
Age Below 17, β1
Intercept, γ100
Age Above 17, β2
Intercept, γ200

Note: Variables are centered at 0 and the range of Age Below 17 is -6 to 0 and the range of Age
Above 17 is 0 to 11.
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Table 2.5
Spline Model of Associations betweeen Depressive Symptoms, Age and Time Varying Relationships (N = 9,803)

Model 2ª

Model 1
Variable

Coefficient

SE

Coefficient

SE

1.627**

0.008

1.176**

0.058

0.011**

0.004

0.004

0.004

-.004**

0.0015

-.004**

.0021

-0.107**

.005

-.249**

.042

-0.095**

0.0047

-.109*

.042

Level I Intercept: Age 17, β0
Intercept, γ00
Age Below 17, β1
Intercept, γ10
Age Above 17, β2
Intercept, γ20
Maternal Relationship Quality, β3
Intercept, γ30
Paternal Relationship Quality, β4
Intercept, γ40

Notes: * p<.05, ** p<.01 ª Covariates included: gender, race, SES, AH_PVT, marital status, bmi,
immigration status and general health
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Table 2.6
Growth and Change in Depressive Symptoms Predicted by Changes in Parental Relationship Quality (N = 9803)

Model 1
Variable

Model 2ª

Coefficient

SE

Coefficient

SE

1.642**

.006

1.678**

.011

Maternal Relationship Quality at Baseline, γ01

-.155**

.006

-.143**

.006

Paternal Relationship Quality at Baseline, γ02

-.104**

.006

-.077**

.006

-.011

.007

-.006

.015

Change in Maternal Relationship Quality from Baseline to Wave II, γ11

-.103**

.009

-.104**

.009

Change in Paternal Relationship Quality from Baselineto Wave II, γ12

-.062**

.010

-.064**

.010

Maternal Relationship Quality at Baseline, γ13

-.001

.008

.003

.007

Paternal Relationship Quality Baseline, γ14

-.021*

.007

-.013

.008

-.162**

.008

.093*

.029

Change in Maternal Relationship Quality from Baseline to Wave II, γ21

-.012

.011

-.005

.011

Change in Paternal Relationship Quality from Baselineto Wave II, γ22

.007

.013

.015

.013

Change in Maternal Relationship Quality from Wave II to Wave III, γ23

-.090**

.009

-.084**

.009

Change in Paternal Relationship Quality from Wave II to Wave III, γ24

-.053**

.011

-.049**

.011

Maternal Relationship Quality at Baseline, γ25

.016

0.009

.016

.009

Paternal Relationship Quality Baseline, γ26

-.002

0.009

-.002

.009

Baseline Depressive Symptoms, β0
Intercept, γ00

Change in Depressive Symptoms from Baseline to Wave II, β1
Intercept, γ10

Change in Depressive Symptoms from Wave II to Wave III, β2
Intercept, γ20

Notes: * p<.05, ** p<.01 ª Also controlling for Gender, race, age, SES, IQ score, marital status, immigration, BMI , and health
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Figure 2.1. Average levels of depressive symptoms pooled across three waves of data

9
8
7
6
5
4
A
ge
1
A 1
ge
1
A 2
ge
1
A 3
ge
1
A 4
ge
1
A 5
ge
1
A 6
ge
1
A 7
ge
1
A 8
ge
1
A 9
ge
2
A 0
ge
2
A 1
ge
2
A 2
ge
2
A 3
ge
24

3

Average

71

Figure 2.2. Average levels of depressive symptoms pooled across three waves and the average
levels within each wave by age group
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CHAPTER THREE
FLATTENED DIURNAL CORTISOL RHYTHMS AS A SCAR MARKER OF PAST
DEPRESSIVE EPISODES AND A STATE MARKER OF CURRENT NEGATIVE
EMOTION IN A COMMUNITY SAMPLE OF ADOLESCENTS
ABSTRACT
In a community sample of 315 adolescents at risk for mood and anxiety disorders, associations
between diagnosed mood and anxiety disorders, and individual differences in HPA axis
functioning were examined, in particular the slope of adolescents’ diurnal cortisol curves. Youth
who had experienced a major depressive disorder in the past and adolescents who were recently
diagnosed with comorbid mood and anxiety disorders were found to have significantly flatter
diurnal cortisol slopes than adolescents without disorder. For the youth with the recent comorbid
disorders, recent flatter diurnal slopes were mediated by levels of negative emotion on the days
of testing. Negative emotion on the days of testing was a better predictor of diurnal cortisol
slopes than the presence/absence of psychopathology, suggesting that at least some associations
between HPA axis activity and recent psychopathology may be a result of differences in the
recent daily lived experiences of adolescents with mood and anxiety disorders, rather than being
an intrinsic biological property of the disorder itself. Conversely, negative emotion on the days
of testing or recent life stress did not mediate the past MDD and cortisol association, indicating
that cortisol may be a scar marker of the past experience of psychopathology.
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Flattened diurnal cortisol rhythms as a scar marker of past depressive episodes and a state
marker of current negative emotion in a community sample of adolescents
In searching for biological correlates of emotional disorders, researchers have found
robust associations between the presence of mood disorders and the functioning of the HPA axis.
This literature focuses on potential dysregulation of the HPA axis, arguing that its functioning
has gone awry in the case of disorder. Many studies have shown altered functioning, specifically
hypercortisolism and lowered feedback sensitivity, to be a robust correlate of severe major
depressive disorder in particular (for reviews see: Chrousos & Gold, 1992; Ehlert, Gaab, &
Heinricks, 2001; Thase, Jindal, & Howland, 2002). Consequently, there has been considerable
interest in identifying individual differences in HPA axis activity as a potential risk factor for the
development of emotional disorders (Goodyer, Herbert, & Tamplin, 2003; Granger, Weisz,
McCracken, Ikeda, & Douglas, 1996). Several recent prospective studies have found, in fact, that
differences in HPA-axis functioning were not simply correlated with depressive disorders; they
predicted onsets of disorders (Adam, Doane, Zinbarg, Mineka, & Craske, 2008; Goodyer,
Herbert, Tamplin & Altham, 2000; Halligan, Herbert, Goodyer & Murray, 2007).
Concurrently, another literature focuses on identifying the everyday life factors that
activate and alter HPA axis activity in daily settings in normal individuals, noting that everyday
stresses, emotions, and events are sufficient to activate the HPA axis. While research has been
done in both lab and naturalistic settings, individual differences in reactivity to familiar stressors
encountered in daily life have been found to be of greater relevance for understanding
psychopathology than reactivity to novel, laboratory-based stressors (van Eck et al., 1996b).
Furthermore, there is evidence to suggest that both state and trait affect (NA and PA) are
associated with HPA axis activity (Nicolson, 1992; Polk, Cohen, Doyle, Skone & Kirschbaum,
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2005; Smyth et al., 1998; Steptoe, Wardel, & Marmot, 2005; van Eck, Berkhof, Nicolson, &
Sulon, 1996). The majority of this research has been done with adults relating states of emotions
and affect such as stress in interpersonal relationships, chronic stress, loneliness, job stress,
anger, or fatigue (Adam & Gunnar, 2001; Adam, Hawkley, Kudielka & Cacioppo, 2006;
McEwen, 1998; Steptoe et al., 2003). Few studies have sought to understand adolescents in their
daily lives (for exceptions see Adam, 2006; Flinn & England, 1995; Schnieders et al., 2005).
Adam (2006) found that increases in momentary negative mood were associated with momentary
increases in cortisol. This is evidenced through a third body of work which focuses on the
everyday experiences of psychopathology, noting that individuals with mood and anxiety
disorders had blunted experiences of everyday events (Peeters, Nicolson, Berkhof, Delespaul, &
deVries, 2003) and experienced increased levels of negative affect during moments of stress and
self focus (Mor et al., 2008; Mor & Winquist, 2002). Thus, understanding the role of everyday
emotions and experiences in adolescents will be useful in starting to gain full understanding of
the relationship between developmental psychopathology in this time period and HPA-axis
functioning.
This present study attempts to connect these three bodies of work; rarely has research on
HPA correlates of psychopathology investigated the extent to which the presence of the disorder
itself, as compared to the types of daily emotional experiences associated with the disorder, are
responsible for HPA axis differences. If one’s goal is to understand the role of the HPA axis in
the etiology and maintenance of emotional disorder, this is an important distinction. If HPA axis
alterations appear to be more associated with the presence or absence of the disorder, and less
associated with the life circumstances surrounding the disorder, it could suggest that preexisting
individual differences in HPA axis functioning may represent a trait risk for disorder. If the

75
emotional experience of disorder, or the life circumstances of adolescents with disorder, are
more strongly associated with HPA axis activity than the presence of the disorder itself, this
makes it more likely that HPA axis changes associated with disorders are secondary effects of
either a) the contributing factors to the disorder or b) evocative factors from the environment
caused by changes in the individual as a result of the disorder. Though the ultimate test requires
longitudinal data and modeling, even in cross-sectional studies an examination of the extent to
which HPA axis differences in individuals with disorder are independent of the life
circumstances accompanying disorder provides some test of these hypotheses.
Depression in Adolescence
Levels of clinical depression increase notably across the late adolescent years. In a 10year longitudinal study in New Zealand, peak increases in overall rates of depression and rates of
first-time depressive episodes occurred between the ages of 15 to 18 (Hankin et al., 1998), and
across the adolescent years 15-20% of adolescents in the United States will experience at least
one episode of major depressive disorder. Approximately 2.5% of children and about 8.3% of
adolescents suffer from major depression each year (NIMH, April 2002).
Unfortunately, evidence has shown that 70-80% of depressed teenagers do not receive
treatment for their depression (Cicchetti & Toth, 1998), and there is considerable risk associated
with untreated clinical depression and high levels of depressive symptoms in adolescence.
Depression is linked to an increased risk for suicide and substance abuse (Burke, Burke & Rae,
1994; Gould, Greenberg, Velting & Shaffer, 2003; Petronis, Samuels, Moscicki & Anthony,
1990). According to recent figures, suicide represents the third most common cause of death in
the adolescent and emerging adult age groups (15-24 years old) in the U.S. (NIMH, 2006),
including 8.2 deaths per 100,000 teens from ages 15-19, and 12.8 per 100,000 emerging adults
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from 20 to 24 (NIMH, May 2003). Early-onset depression (clinical onset prior to reaching
adulthood) may predict a lifetime course of depression with one or many recurrences (Weissman
et al., 1999). Within five years of a first onset of a Major Depressive Disorder, 70% of depressed
adolescents experienced a recurrence (Kovacs et al., 1984; Rao et al., 1995) and these youth
were much more susceptible to higher rates of clinical depression in adulthood (Lewinsohn et al.,
1994a; Lewinsohn et al., 1994b). In fact, some researchers have suggested that most people who
develop adult mood disorders are likely to have had onsets of symptoms by late adolescence
(Costello et al., 2002). Depression is a serious problem for youth with important long-term
implications, and consequently it is important to identify correlates and potential contributors to
onsets and recurrences of depression in emerging adults.
Cortisol and Major Depression in Adolescents and Emerging Adults
Over the last 20 years, a great deal of research has found that dysregulation of the HPA
axis is associated with the presence of major depression in adults. About half of depressed adults
have higher average levels of cortisol (hypersecretion) as compared to non-depressed adults
(Schildkraut et al., 1989), and depressed adults have random fluctuations of cortisol indicating
diminished regulation (Yehuda et al., 1996). While there is considerable evidence of associations
between adult depression and HPA functioning, evidence is mixed regarding the relationship
between basal HPA functioning and depression in adolescents or emerging adults (Dahl et al.,
1989; Goodyer et al., 1991, 1996; Kaufman, Martin, King, & Charney, 2001; Rao et al., 1996,
1997). Two early studies of adolescent clinical samples found no baseline differences in cortisol
secretion between subjects diagnosed with MDD and control subjects (Dahl et al., 1989; Kutcher
et al., 1991) while two other studies of clinical inpatient populations found elevated evening
levels of cortisol (Dahl et al., 1991; Rao et al., 1996).
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Researchers studying associations between HPA axis activity and emotional pathology in
adolescence have theorized that adolescents with elevated basal cortisol levels or a tendency
toward greater HPA reactivity to social and emotional challenges may be at greater risk for the
development of internalizing problems, so they have looked closely at “risk factors” or stressors
which may contribute to onset (Goodyer, Herbert & Altham, 1998; Granger et al., 1996). Two
prospective longitudinal studies on high-risk samples found that elevated morning cortisol is a
risk factor for the onset of major depression in adolescents, regardless of gender (Goodyer et al.,
2000; Harris et al., 2000). However, others found that gender and type of stressor modify the
relationship between internalizing disorders and cortisol reactivity (Klimes-Dougan et al., 2001).
Even others, however, have argued that variability in morning levels of cortisol, and high peak
levels of cortisol in the morning, are a possible link for the risk of developing depression as a
result of maternal postnatal depression (Halligan, Herbert, Goodyer, & Murray, 2004).
To date, two groups of researchers have debated why such variant results are found in
adolescence. Kaufman et al. (2001) argue that there are several mechanisms through which the
cortisol-depression association in children and adolescents is different than that found in adults.
First, they present a developmental argument: Child and adolescent neurotransmitter systems are
not yet as mature or as sensitive as adult systems. They suggest a second possibility that stage of
illness factors play a role. Perhaps in recurrent depression or depression of longer duration, as
more commonly seen in adults, the associations between cortisol dysregulation and disorder
become more extreme. Finally, they propose that children and adolescents with high levels of
depressive symptoms have more heterogeneity in underlying or eventual diagnostic status. They
argue that what is often seen as Major Depression in childhood and adolescence is actually a
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depressive episode preceding the onset of Manic Depression, and thus, heterogeneity in
adolescent depressed groups contributes to confusing mixed results. .
Studies have shown that as many as 20-40% of children and adolescents who have been
diagnosed with Major Depression experience a manic episode within five years of their initial
diagnosis. Like Kaufman et al.’s (2001) argument, Gipsen-de Wied et al. (2000) argue that the
co-morbidity of disorders may confound the associations between depressive disorders and
HPA-dysfunction. These authors point to the importance of developmentally appropriate
longitudinal designs to track onsets and offsets of MDD in conjunction with manic symptoms. It
should be noted that while this is a possible confounding factor, the prevalence of Manic
Depression in the general population is estimated at approximately 1%, while the prevalence of
Major Depression is estimated at 15-18% (Kessler et al., 2005), thus this explanation may only
be true for a fraction of the depressive disorders in childhood and adolescence. A last
confounding factor may be age at assessment. Goodyer et al. (2001) found that higher cortisol
secretion at bedtime is associated with the presence of MDD as well as the risk for later
developing MDD; however, these researchers also made the caveat that older age (within
adolescence) is related to hyper cortisol secretion at bedtime as well, implicating important
developmental age correlates.
Markers of Disorder
In order to describe the time-course of a disorder in relation to biological differences,
many developmental researchers have introduced a vocabulary of state, trait, and scar markers
after personality psychologists (e.g., Dahl & Ryan, 1986; Kaufman et al., 2001). These markers
can be associated with biological, social-contextual, emotional, and cognitive parameters
associated with a mental disorder. Please see Figure 3.1 for a graphical depiction. Trait markers
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are characteristics of an individual that are present before, during, and following a mental
disorder. Examples of a trait marker might be a genetic predisposition or a stable personality trait
like Introversion. State markers are biological, emotional, or cognitive changes present only
during an episode of a mental disorder. Finally, scar markers are consequences of a mental
disorder—a biological (or emotional, cognitive) change that occurs after the onset of a disorder
but that is not detectable before the onset of the first illness and stays with the individual after
offset of the disorder. Prospective and longitudinal analyses are the most appropriate for
understanding the onsets (and offsets) of disorders, and it will be important to employ these
methods in the future. However, in this analysis, I am able to examine whether HPA-axis
functioning is a scar or state marker of psychopathology.
Limitations of Previous Work
One limitation of past work is that most have not been performed within a community
sample. While this sample is considered “high risk,” we measure youth within their changing
naturalistic environments. Many previous clinical studies have been primarily lab-based and
performed in inpatient-dominated samples. Most prior studies of adolescent emotional
functioning and cortisol have focused on high-risk samples (Goodyer et al., 2000), clinic-referred
samples (Granger et al., 1994, 1996), or community samples selected to fit particular diagnostic
profiles (Klimes-Dougan et al., 2001), and have utilized laboratory-based stress paradigms. Of
the studies completed on community samples, few have provided consistent or strong evidence
(Yehuda et al., 1996; Strickland et al., 2002; Peeters, Nicolson, & Berkhof, 2004). Some
researchers hypothesize that this is a product of the levels of severity of clinical depression, as
community samples rarely have as severe pathology as those found in in-patient samples (Peeters
et al., 2004). However, in this study I am able to control for levels of severity in the diagnostic
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assessments of clinical mood disorders. Finally, a recent review article by Adam (2007)
illustrated that previous work has been plagued by inaccurate and inconsistent measurement of
cortisol, where samples were only taken once a day (and at different times for different people),
or inconsistently across the day and unrelated to a subject’s personal wakeup or bedtime
schedule.
Present Study
The present study tested several hypotheses. First, I tested to see which of the HPA-axis
functioning indices (am or morning levels, pm or evening levels, regression slope, or cortisol
awakening) is associated with the presence or history of major depressive disorder as well as the
other stress indicators - chronic and episodic life stress and daily negative emotion. I predicted
that the presence of a disorder and high levels of stress would be associated with flatter diurnal
rhythms captured by the slope as previous literature with clinical samples has found altered
patterns such as cortisol hypersecretion to be associated with the presence of major depressive
disorder (Chrousos & Gold, 1992; Ehlert et al., 2001; Thase et al., 2002), and perhaps lower am
levels and higher pm levels. Secondly, I tested to understand whether it was the everyday
experiences associated with having a disorder or the disorder itself which was associated with
flattening of the diurnal cortisol rhythm; I predicted that the everyday experiences measured
through momentary experiences and emotions and measures of current life stress would mediate
the impact of currently experiencing a major depressive disorder. Finally, I sought to understand
whether altered HPA-axis functioning is best understood as state or scar markers of major
depressive disorder. I predicted that both recent and past episodes of major depressive disorder
would be associated with altered HPA-axis functioning, but that recent functioning would be
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more strongly associated, indicating that cortisol is a state marker of major depressive disorders.
In summary, this study examined whether it is the daily life and everyday experiences associated
with depressive episodes that were associated with HPA-axis dysregulation, or whether it was
the presence or history of major depressive disorder itself which was most related to altered
HPA-axis functioning.
Method
Participants
Participants were recruited from two large public high schools—one in a Chicago suburb
and one in the greater Los Angeles area. Students participated in this study as part of
participation in a larger, prospective study on risk for mood and anxiety disorders: The
Northwestern-UCLA Youth Emotion Project (for more detailed information see Sutton et al.,
2008; Zinbarg et al., 2008). Students were invited to participate in the longitudinal study based
on their scores on the Neuroticism scale of the Eysenck Personality Questionnaire-Revised
(EPQ-R; Eysenck & Eysenck, 1975), which was administered to consenting members of the
junior class in each of the two schools (N = 1,976). In order to increase the number of students in
the sample at high risk for the subsequent development of mood and anxiety disorders, students
who scored in the upper third on this measure were over sampled to participate in the study (N =
634). Participants for this study were recruited in three consecutive cohorts; the current study
uses available data from the first full wave of data collection from all three cohorts. Of the 1,976
students that were screened for the study, 1,269 were invited to participate in the longitudinal
study, 668 (52.6%) consented and 627 (94% of consented sample) completed the baseline
assessment. Of the study participants, a random subsample of 491 participants was invited to
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participate in the cortisol task. Of those invited, 70.5% completed the intensive cortisol
procedures.
Thus, across the three cohorts and two sites, a total of 344 (250 females) youth took part
in the cortisol measurement portion of the study. The racial-ethnic composition of this group
was: 49.3% Caucasian, 11.3% African-American, 18% Hispanic, 5.5% Asian/Pacific Islander,
16.9% Multi Racial or other. In this sample, 61.3% were considered high risk, 23% medium risk
and 15.7% low risk based on their initial screener for Neuroticism (EPQ-R). Subjects also
reported on the highest level of education attained by both parents. Eighty-four percent of the
parents of participating youth were high-school graduates, while only 58% of the youth had at
least one parent with a college degree. Exclusion criteria for the current analyses were use of
corticosteroid-based medications, presence of psychotic symptoms on the SCID, provision of
insufficient data, or an extensive time delay (>4 months) between psychopathology and cortisol
measurement. All told, 29 youth were excluded from the current analyses, leaving a final sample
size of 315 late adolescents (233 female).1
Procedure
Participants who agreed to take part in the longitudinal study attended an initial session in
which they were interviewed using the Structured Clinical Interview for DSM–IV (SCID; First,
Spitzer, Gibbon, & Williams, 1995) to determine current and past diagnoses of mood and anxiety
disorders. They also completed an interview about chronic and episodic stress (Hammen 1987,
1991). Students were contacted by phone and invited to participate in the cortisol portion of the
study, which included providing salivary cortisol and filling out diary entries six times a day for
three consecutive weekdays. We asked participants to avoid atypical days such as days when
1

The an
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important exams were taking place, birthdays, or vacations. Participants were paid $40 for
completion of the SCID and life stress interview, and $10 for completion of the diary portion of
the study. Participants completed the cortisol assessment approximately 1.5 months (Mean = 46
days, SD = 35) following the psychopathology and life stress assessments.2
Diary reports and saliva sampling. This study used the Experience Sampling Method
(ESM; Chikszentmihalyi & Larson, 1987), which involved participants completing diary reports
of where they were, who they were with, and what they were thinking and feeling during the
course of their everyday lives when prompted to do so by a programmed watch worn each day.
In this study, we also asked adolescents to provide samples of saliva after each diary report, in
order to examine HPA activity in relation to everyday events.
Participants were sent a study packet that included a programmed digital wrist watch,
three diary booklets, and straws and vials for the saliva sampling. The study procedures were
explained in detail by phone. Participants also received a reminder call the night before they
were to start the procedure, during which procedures were reviewed and any remaining questions
answered. Participants were asked to fill out a diary form immediately as they woke up, 40
minutes afterwards, at bed time, and three other times throughout the day. In the morning
participants provided a saliva sample immediately after waking and then provided a diary report.
Forty minutes after waking, at bedtime and at the three semi-random beeps throughout the day
the participants first filled out their diary report and then provided a saliva sample. Participants
wore the wrist watches that were programmed to beep to signal the three mid-day diary entries.
These beeps occurred at approximately 3 hours, 8 hours, and 12 hours after participants’ typical
2

39.4% of youth completed the procedures with less than a month delay, 19.9% of youth completed the procedures
with a one to two month delay, 20.2 % completed the procedures with a two to three month delay, and 20.5% of
youth completed the procedures with a three to four month delay.
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wakeup times. The midday beeps were set to vary from day to day around the above-mentioned
times (within plus or minus 30 minutes) in order that the exact timing of the signal would be
unanticipated by participants.
Measures
Cortisol. As noted above, salivary cortisol collection for all participants in the present
study was requested in conjunction with ESM diary records six times a day over three days.
Using the passive drool technique, each participant simply expelled saliva through a straw into a
sterile vial which they subsequently labeled with the time of sampling and date and put into a
ziplock bag. After completing the procedure, they returned the packets through a school drop box
or the mail (USPS). Once returned to the laboratory, samples were refrigerated at -20 degrees
Celsius until they were sent by courier to Biochemisches Labor at the University of Trier,
Germany to be assayed. Prior research indicates that cortisol values are not significantly affected
by transport over a period of several days without refrigeration (Clements & Parker, 1998).
Samples were assayed in duplicate, using a solid phase time-resolved fluorescence immunoassay
with fluorometric endpoint detection (DELFIA). Fluorescence was detected using a DELFIAFluorometer (Dressendorfer et al., 1992). The intra-assay coefficient of variation for this assay is
between 4.0% and 6.7%, and the inter-assay coefficients of variation is between 7.1% and 9.0%.
Cortisol values were transformed using the natural log transformation to correct for a
strong positive skew in the distribution. In this analysis, three measures of cortisol activity across
the day were calculated: The slope from wakeup to bedtime (excluding the CAR), the area under
the diurnal curve across the day (AUC), and the size of the cortisol awakening response (CAR).
The slope was calculated by regressing the log transformed cortisol values for each participant
on the time of day that samples were collected, excluding the second sample of the day (the
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CAR, collected 40 minutes after waking). The area under the curve was calculated using the
trapezoid method (as described in Adam, 2007; Pruessner et al., 2003) to represent the total
amount of cortisol excreted across the day (including the cortisol awakening response). Finally,
the CAR was determined by differencing the log transformed cortisol wakeup sample from the
log transformed second sample (thirty minutes later).
Diagnostic assessment. The Structured Clinical Interview for DSM–IV (SCID; First.
Spitzer, Gibbon, & Williams, 1995) was used to determine current and lifetime psychiatric
diagnoses of anxiety, mood, psychosis, alcohol and substance use, somatoform, and eating
disorders. The SCID has demonstrated adequate inter-rater reliability (Skre, Onstad, Torgersen,
& Kringlen, 1991; J. B. Williams et al., 1992). In this study in addition to diagnostic status, we
constructed a Clinician Severity Rating for each diagnosis, adapted from the Anxiety Disorders
Interview Schedule—Revised (Di Nardo & Barlow, 1988), which indicates the severity of the
impairment due to the diagnosis on a scale of 0 (no impairment) to 8 (severe impairment), where
4 is the cut-off for clinically significant severity of symptoms. Interviewers completed intensive
training on the administration of the SCID, which included over 60 hours of training. Training
included workshops, practice sessions, observing an advanced clinician conduct an interview,
and being observed by a trained clinician on at least two interviews. Approximately 11% (N =
69) of the interviews were coded by a second interviewer who observed the interview.
Agreement between the interviewers was ranged between .72 and .94 for mood and anxiety
disorders diagnoses, and between .74 and .97 for the severity ratings.
In this analysis I focused on current and past clinical major depression (MDD) and
anxiety disorders. To be considered as a having a disorder youth had to meet DSM-IV criteria for
a disorder and have a CSR of 4 or greater. I only selected youth who had experienced a past or
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recent (within two months) diagnosis of Major Depressive Disorder (as opposed to Dysthymia,
Minor Depressive Disorder or Depressive Disorder NOS). I controlled for the presence of other
mood disorders and lifetime diagnosis of Bipolar Disorder I. Because of the small numbers of
participants who met criteria for each anxiety disorder separately and because it was not a main
variable of interest, all anxiety disorders were grouped together in a simple “presence of anxiety
disorder” variable. Additionally, it was important to include anxiety in these analyses as a recent
estimate found that 58% of MDD patients were found to have an anxiety disorder as well
(Kessler, 2005). The disorders included in this variable were panic disorder, social phobia, and
generalized anxiety disorder. Youth were classified as having a disorder in the past, or having it
recently (within the last two months).
In this sample, 55 youth had experienced a clinical major depressive disorder in the past
but were not experiencing one at baseline assessment. There were 23 youth who had recently
(within four months of the cortisol assessment) experienced a clinical major depressive disorder
but had not experienced one in the past. Finally, there were two youth who had experienced at
least one former clinical major depressive disorder and were experiencing one at time of
assessment as well,3 for a total of 80 lifetime cases of MDD. In regards to anxiety disorders, five
youth in the past had a clinical anxiety disorder but did not have one at the time of assessment,
42 had a clinical anxiety disorder at time of assessment or recently (within 4 months), and no
youth have recurrence, for a total of 47 lifetime anxiety cases. Twelve youth have comorbid
recent anxiety and MDD disorders.4

3

In analyses the youth who are classified as recurrent are included in both the recent as well as the past group in
order for each coefficient to completely control for the impact for the presence of the disorder at both time points.
4
Exact time frames were not examined for past diagnoses so we can not group disorders together as comorbid.
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Momentary Emotion. Participants were asked to indicate how much they felt each of the
following mood states when they were beeped: happy, tired, friendly, cooperative, nervous,
lonely, sleepy, active, frustrated, hardworking, alert, caring, worried, relaxed, irritable, stressed,
determined, sad, cheerful, and productive. Each mood state was rated on a scale of 0 (not at all)
to 3 (very much). The items were subjected to a principal axis factor, using an oblimin rotation.
Five factors emerged: 1) Positive-Social, 2) Sad-Lonely, 3) Nervous-Stress, 4) Hard-Working
Productive 5) Sleepy-Tired.5 All factors were standardized and unit weighted at the person-level
of analysis.
Chronic and Episodic Stress. Chronic stress was assessed using a semi-structured
interview developed by Hammen (1987, 1991). The interview assessed participants’ level of
functioning over the last year in the following domains: close friendships, social group relations,
romantic relationships, relations with family members, academic, neighborhood conditions, job,
finances, health of self, and health of family members. Each domain was rated by the interviewer
on a five-point scale that indicates the severity of chronic stress in that domain, with 1 indicating
exceptionally good functioning and no stress in the domain, and 5 indicating extreme adversity
and impairment. Interview coding was presented to a group of interviewers and consensus
ratings were obtained for the ratings. For the present study only chronic interpersonal stress is
reported, which includes romantic relationships, close friendships, social group relations, and
relationships with family members. Within- and across-site inter-rater reliability was assessed by
having trained interviewers listen to recordings of a subset of life stress interviews. Across the
four domains of interpersonal chronic stress (including romantic relationships, close friendships,
5

Positive-Social: happy, friendly, cooperative, relaxed, active, caring, cheerful; Sad-Lonely: sad, lonely; NervousStress: nervous, frustrated, worried, irritable, stressed; Hard Working-Productive: hardworking, alert, determined,
productive; Sleepy-Tired: sleepy, tired.
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social group relations, and family relationships), intra-class correlation coefficients ranged from
.65 to .80 for interviewers at the same site (n = 38), and ranged from .66 to .76 for interviewers at
different sites (n = 38). Inter-rater reliability for a composite of the four domains of interpersonal
stress was .78 for all pairs of coders both within- and across-site reliability.
During the interview, episodic life stress was also assessed in each of the 11 domains.
Youth were asked to report if there were particular events that happened in the last year that were
out of the ordinary and represented a qualitative difference from their overall functioning in that
domain. These events were then presented to a team of reviewers who assessed the severity of
impact on the participant which ranged from 1.5 (little to no impact) to 5 (severe impact and
distress) as well as the independence of the event, ranging from 1 (completely dependent on the
actions of the participant) to 5 (completely independent of the participant). Examples of events
were a close family member passing away, breaking up with a significant other, major argument
with parent, moving to college, or an academic failure. In this analysis, the average severity of
the events reported was multiplied by the number of events that occurred with a severity of 2.5 or
higher over the last year for each participant in order to obtain a global sense of the episodic
stress in a participant’s life.
Neuroticism Composite. Participants were asked to complete several questionnaires to
assess more global functioning at each time point. The EPQ-R-N (Revised Eysenck Personality
Questionnaire; Eysenck & Eysenck, 1975), IPIP-NEO-PI (International Personality Item PoolNEO-PI-R; Goldberg, 1999), BIS (The Behavioral Inhibition Scale; Carver & White, 1994), and
Big Five Mini-Markers N scale (Saucier, 1994) each measure N or one of its facets. Thus, a
composite Neuroticism measure was constructed from these measures by standardizing and then
averaging them to form the N composite used in all of the following analyses (for a complete
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discussion see Griffith, Zinbarg, Craske, Mineka et al., 2008). Griffith et al. (2008) found that a
unifactorial model provided an excellent fit to the observed covariances among these four scales
(comparative fit index = 1.00, root mean squared error of approximation = .04, standardized root
mean square residual = .01). The Cronbach’s alpha for the N composite was .85.
Health Covariates. Participants completed a health questionnaire at the time of cortisol
assessment. This questionnaire included questions regarding the participant’s health history and
habits. Specifically, it asked about caffeine, alcohol, and nicotine consumption, exercise habits,
self-reported medical conditions such as asthma or allergies, typical waking and bedtimes, and
medication use (both prescription and non-prescription). These self-reports were used to identify
youth who might be excluded from analyses because of health factors or use of steroid-based
medications or birth control, and to examine the effects the health-related covariates.
Data Analysis
Descriptive statistics and bivariate correlations were examined first to understand the
simple associations between the dependent and independent variables. The associations among
cortisol, negative emotions and life stress, and MDD were tested using Hierarchical Linear
Modeling (HLM). In these growth models, which are described in greater detail below, levels of
cortisol for each person at each moment was the outcome variable, and was predicted by time of
day as well as time-varying predictors (changing from moment to moment, included in Level 1
of the model). Stable predictors (constant across all moments, included at Level 3) and day level
predictors (constant across all days and included at Level 2) were included to predict the Level 1
coefficients. Importantly, HLM also allowed me to examine whether the direction and strength
of associations between momentary variables at Level 1 (such as momentary levels of loneliness
and momentary levels of cortisol) varied significantly according to the characteristics of
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individuals at Level 3, such as gender, race/ethnicity, psychopathology, or any of the medical or
clinical covariates. Additional analyses were run using OLS regression to explore the role of
psychopathology, life stress, and daily emotions on two cortisol indices, the AUC and evening
levels of cortisol.
Models. The first model analyzed the within-person, within-day basal cortisol rhythm. A
dummy representing the CAR was included at Level 1 as well as a time variable indicating how
long since waking the sample was given (the growth parameter), as well as time since waking
squared to capture the quadratic curvilinear components of change in cortisol across the day.
Only momentary characteristics were included and no between-person differences were
examined.
(1.1)

Level 1: Corttij=π0ij+ π1ijCARtij + π2ijTimeSinceWakingtij + π 3ijTimeSinceWaking2tij
+ etij

(1.2)

Level 2: π0i-π3i = β00 + ρ0i

(1.3)

Level 3: β00j-β30j = γ000 + υ00j

Next, demographic (youth-level covariates) and medical/clinical covariates were included in the
model at Level 3 to see if the CAR or the slope across the waking day were moderated by any of
these covariates. No predictors were included for the quadratic term, as there is no known
interpretation of this aspect of cortisol activity.
(2.1)

Level 1: Corttij=π0ij+ π1ijCARtij + π2ijTimeSinceWakingtij + π 3ijTimeSinceWaking2tij
+etij

(2.2)

Level 2: π0i-π3i = β00 + β01Waketime0ij + ρ0i

(2.3)

Level 3: β00j-β30j = γ00j+ γ01jYOUTH0ij + γ02jMEDICAL/CLINICAL0ij + υ00j
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Next, past and recent psychopathology measures were included at Level 3 to see if
psychopathology was related to morning levels, the size of the CAR, or the cortisol slopes across
the day.
(3.1)

Level 1: Corttij=π0ij+ π1ijCARtij + π2ijTimeSinceWakingtij + π 3ijTimeSinceWaking2tij
+etij

(3.2)

Level 2: π0i-π3i = β00 + β01Waketime0ij + ρ0i

(3.3)

Level 3: β00j-β30j = γ00j+ γ01j RecentPsychopathology0ij +
γ02jPastPsychopathology0ij + γ03jYOUTH0ij + γ04jMEDICAL/CLINICAL0ij + υ00j

Finally, average momentary emotion on the days of testing, chronic interpersonal stress, and
episodic stress were added at Level 3 to understand whether or not they mediated past or recent
psychopathology and cortisol parameters.
(4.1)

Level 1: Corttij=π0ij+ π1ijCARtij + π2ijTimeSinceWakingtij + π 3ijTimeSinceWaking2tij
+etij

(4.2)
(4.3)

Level 2: π0i-π4i = β00 + β01Waketime0ij + ρ0i
Level 3: β00j-β40j = γ00j+ γ01j RecentPsychopathology0ij + γ02jPastPsychopathology0ij +
γ03jChronicInterpersonalStress0ij + γ04jEpisodicStress0ij +
γ05jMomentaryEmotionFactors0ij + γ06jYOUTH0ij + γ07jMEDICAL/CLINICAL0ij
υ00j
These analytic techniques thus allowed us to capture within-person differences in diurnal

patterns of cortisol and the extent to which the strength and direction of these associations was

6

The psychopathology variables used are dummies representing the presence of: Past Anxiety, Recent Anxiety Only
(not MDD), Past MDD, Recent MDD Only (not Anxiety), and Recent CoMorbid MDD and Anxiety.
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modified by recent and past psychopathology or characteristics of the individual, including
gender, race, and age.
Results
Descriptives (Table 3.1)
Demographic and Health Controls. Twenty-nine females in our sample were using birth
control. Over the three days of testing, 14.1% of our sample smoked cigarettes prior to at least
one of their cortisol samples and 54.9% of the sample had caffeine prior to at least one of their
cortisol samples. The average hours of sleep per night over the three days of testing was 6.69
(SD = 2.02). Details on the socioeconomic status and racial composition of the youth are
specified above.
Life Stress. The mean level of chronic interpersonal stress in the sample was 2.4 (SD =
.47) on a scale of 1-5 with 1 indicating the most optimal relationship and 5 indicating the most
stressful. On average youth reported experiencing 4 (SD = 2.8) episodic stressful events in the
last year with an average severity of 1.6 (SD = .64). Our indicator of episodic life stress was the
number of events multiplied by the mean severity of events (of events with severities over 2.5);
across youth this was 2.2 (SD = 3.5). There were no significant differences by age, gender, or
race.
Intercorrelations among Covariates, Independent Variables, and Cortisol (Table 3.2)
Several of the health and demographic controls were significantly associated with cortisol
slopes across the waking day. There were statistically significant differences in the cortisol
slopes across the waking day between females who used birth control medication and those who
did not, with those who used birth control having flatter slopes across the waking day (t = -1.97,
p < .05). Nicotine consumption was also positively correlated (r = .19, p < . 01) with the cortisol
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slopes such that flatter slopes were associated with higher levels of nicotine consumption. There
were also racial differences; African American youth (n = 34) had flatter diurnal cortisol slopes
than adolescents in other race categories (t = -3.61, p < .01).
Past episodes of major depression was associated with flatter cortisol slopes (r = .12, p <
.05). However, recent major depression (r = .07, p < .25) and recent comorbid major depression
and anxiety (r = .09, p < .25) were not significantly correlated with cortisol slopes. See figure 3.2
for a graphical depiction of the cortisol slopes across the waking day by type of disorder. Finally,
average feelings of sadness-loneliness on the days of cortisol testing (r = .14, p < .05) and
chronic interpersonal life stress (r = .13, p < .05) were associated with flatter cortisol slopes
across the waking day.
Cortisol Diurnal Rhythm and Variation Within and Across Youth
Tables 3.3, Models 1-3 and Appendix B Tables 1-4 present the main analyses for this
study. The first model (Appendix B Table 1) illustrates the average daily rhythm by including
time of day predictors as well as a dummy variable representing the cortisol awakening response
(CAR). The intercept, β00, is -1.167 and represents the average wakeup level of cortisol (log
cortisol) which corresponds to .311 ug/dl in raw cortisol. The dummy coefficient representing
the CAR, β10, was significant and positive (β10 = .473, p <.01), meaning that on average youth
experienced about a 60.5% 7 jump in cortisol levels 40 minutes after waking. This is expected as
prior research has demonstrated that typically there is a 50-60% increase occurs 30-40 minutes
after waking. Finally, the estimate of Time of Day, Π20, was negatively and significantly related
to cortisol (Π20 = -.138, p < .01) indicating that at wake-up on average youth experienced a -

7

Because the dependent variable has been log transformed we can interpret the coefficients as percentage change
per unit change in the dependent variable through the calculation of B%change = ( exp (Braw) ) - 1.

94
8

14.8% slope. Previous research (Adam & Gunnar, 2001) has demonstrated the importance of
including a squared time parameter to model the curvilinear effect and this parameter was
positive and significant (Π30 = .002, p <.01).
Turning to the random effects portion of the model (Appendix B Table 1), the variance
components indicated that there was significant variation in cortisol slopes across both days and
youth (ρ2 = .001, p < .001; υ20 = .008, p < .001). In contrast, CAR’s did not vary significantly
across days but they did vary significantly across youth (ρ1 = .018, p > .5; υ10 = .123, p < .001).
In short, youth tended to have similar CAR’s from day to day (compared to themselves) but on
average youth were not similar to one another in their CAR. Thus, in further models, we allowed
the slope (time since waking) to vary at both Level 2 and Level 3, while we only allowed the
CAR variable to vary at Level 3 (across youth).
Cortisol Parameters, Health, and Race Demographic Controls
Medical and demographic covariates were included in a second set of analyses (Appendix
B Table 2). Male gender (γ002 = -.200, p < .01), black race (γ003 = -.189, p < .10), Hispanic race
(γ004 = -.144, p < .10), and hours of sleep (γ0011 = -.039, p < .05) were all associated with lower
wakeup levels of cortisol. This follows prior research (DeSantis et al., 2007; Cohen et al., 2006)
which has shown that Blacks and Hispanics have flatter cortisol slopes across the day as a result
of lower morning and higher evening levels of cortisol. Male gender (γ102 = -.237, p < .01), black
race (γ103 = -.256, p < .05), and average caffeine intake (γ107 = -.107, p < .01) were all
significantly associated with smaller cortisol awakening responses. Finally, Black race (γ203 =
.03, p < .01) and Hispanic race (γ204 = .015, p < .10) were associated with flatter slopes across the

8

Time is centered at zero. When we examine the slope when time is centered at mid-day or at bedtime the slope
becomes about half as large at mid-day and almost zero at the bedtime sample.
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waking day. Nicotine intake, age, and birth control use were not significant predictors of the
various cortisol parameters. However, they were still included as control variables in subsequent
models.
Associations between Cortisol and Psychopathology
Turning to Table 3.3 Model 1, initial analyses indicated that both current and past
psychopathology were associated with patterns of cortisol across the waking day. Youth who had
a past diagnosis of a clinical anxiety disorder had significantly larger cortisol awakening
responses (γ102 = .399, p < .05), about 49% greater than other youth. It should be noted that only
five youth fell into this category so I caution causal interpretation as this result was highly
susceptible to the influence of outliers. Interestingly, youth who had a past diagnosis of MDD
had significantly flatter slopes across the waking day (γ201 = .018, p < .05), about 2% flatter than
youth on average. Youth who experienced recent psychopathology also had flatter slopes across
the waking day; those who were experiencing comorbid clinical anxiety and clinical MDD had
much flatter slopes across the waking the day (γ205 = .024, p < .05). There were no significant
differences in slopes across the waking day for youth who were only experiencing either recent
anxiety or recent MDD exclusively.
Life Stress and Momentary Emotion: Potential Mediators
Indicators of current emotional strain, including current chronic and episodic life stress
and average momentary emotion on the days of testing, were next entered into the models to
examine whether the associations between past and recent psychopathology and cortisol were
independent of the effects of these current stressors on cortisol (Table 3.3, Models 2 and 3) or
whether these stress indicators mediated the effect of psychopathology. The same set of
demographic and medical control variables were also included.
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Chronic and episodic life stress were first examined (Table 3.3, Model 2). While there
was a trend for episodic life stress to be associated with higher levels of wakeup cortisol (γ007 =
.053, p < .10), neither chronic nor episodic stress mediated the associations between past and
recent psychopathology on the CAR and cortisol slopes across the waking day. One should note
that the association between chronic interpersonal stress and cortisol that was present in bivariate
correlations was no longer significant, indicating that other independent variables such as
average momentary emotions or psychopathology may have been driving this association.
In contrast, when the five momentary emotion factors were included in the model (Table
3.3, Model 3), the Sad-Lonely factor seemed to be both independently associated with several
cortisol parameters as well as a mediator of recent comorbid anxiety and MDD and cortisol
slopes. Youth who experienced on average one SD higher average feelings of Sad-Lonely on the
days of cortisol testing had significantly lower wakeup levels of cortisol (γ008 = -.199, p < .05)
and significantly flatter slopes across the waking day (γ208 = .023, p < .05)—about 2.5% flatter
slopes as compared to youth on average. When the average momentary emotion variables were
included in the model, recent comorbid clinical anxiety and MDD was no longer significantly
associated with flatter diurnal cortisol slopes (γ205 = .015, p > .10). However, past diagnosis of
MDD was still significantly associated with flatter diurnal cortisol slopes (γ201 = .018, p < .05)
with a similar coefficient and no change in levels of significance.9 Mediation tests (Krull &
MacKinnon, 2001) indicated that average momentary experiences of sadness and loneliness
across the days of testing significantly mediated the associations between recent
psychopathology and cortisol slopes. In addition, high levels of episodic life stress became a

9

The effect size is similar when only the Sad-Lonely factor is entered into the model although it is only at the trend
level.
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significant predictor of higher wakeup values of cortisol (γ007 = .060, p < .05), which was present
in the previous model but not significant.
Additional Analyses
A one-way ANOVA was used to test whether youth who were experiencing recent
comorbid MDD and anxiety also experienced greater levels of momentary sadness and loneliness
or greater levels of episodic and chronic stress. Results indicated that these youth with comorbid
disorders experienced significantly more feelings of momentary sadness/loneliness than their
counterparts (F = 11.929, p < .01), significantly more chronic life stress (F = 29.09, p < .01), and
significantly more episodic life stress (F = 12.852, p < .01). Similar analyses were run for youth
who had a past diagnosis of MDD; on average these youth did experience more momentary
feelings of sadness/loneliness (F = 2.085, p <.20) but these differences were not statistically
significant. However, these youth did experience significantly greater levels of chronic life stress
(F = 10.481, p < .01), and episodic life stress (F = 25.0077, p < .01) as compared to their
counterparts. Youth with comorbid MDD and anxiety disorders also experienced more severe
episodes of disorder than youth who only experienced MDD; on average and across diagnoses
youth with comorbid MDD and anxiety had an average clinician severity rating of 4.85 for their
various disorders, while youth with recent MDD only had an average clinician severity rating of
4.46.
Area Under the Curve (AUC). OLS regression was used to examine the associations
between psychopathology, life stress, and daily emotion and the cortisol area under the curve
(see Appendix B, Table 3). While two of the health and demographic covariates were associated
with the AUC, none of the independent variables of interest were significantly associated. Time
of waking was negatively associated with the area under the curve (β = -2.823, p <.01),
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indicating that the later a youth awoke, the smaller their AUC was. Gender was also associated
with the AUC. Males had significantly smaller AUC’s than their female counterparts (β = -7.002,
p < .01).
Evening Levels of Cortisol. Evening levels of cortisol were also examined using OLS
regression (see Appendix B, Table 4). With all covariates and controls in the model, youth who
had been diagnosed with MDD in the past (but not presently) had significantly higher levels of
cortisol in the evening (β = .396, p < .01), which is approximately 48.6% higher than youth who
had not experienced an episode of MDD in the past. None of the other independent variables of
interest were associated with evening levels or mediated this association between past MDD and
evening levels of cortisol. Interestingly, black males and males who scored high on Neuroticism
had elevated evening levels as well (black males: β = .911, p <.05; Male x Neuroticism: β = .402,
p < .01).
Discussion
The results of this study illustrate the importance of understanding the role of current
everyday emotions in the associations between psychopathology and diurnal cortisol activity. I
examined whether it is the differences in daily emotions and life stressors associated with
depressive episodes that were associated with HPA-axis dysregulation for those with
psychopathology or whether it was the presence or history of major depressive disorder itself
which was most strongly related to altered HPA-axis functioning. While cortisol diurnal activity
(specifically flatter slopes) was associated with both recent and past psychopathology,
momentary emotions and experiences clearly played a role—particularly for recent disorders.
I found evidence that alterations in HPA-axis functioning (in this study, lower morning
levels and flatter slopes) were state markers of feelings of sadness and loneliness in youth with
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recent comorbid MDD and anxiety. Simply put, high feelings of sadness and loneliness
happened at the same time as cortisol dysregulation in the form of high morning cortisol and
flatter cortisol slopes across the day, so cortisol dysregulation can be seen as a biological marker
of these high levels of sadness and loneliness. Furthermore, because I found that feelings of
sadness and loneliness mediated the association between recent comorbid MDD and anxiety and
cortisol, I hypothesize that it is the emotions associated with the presence of MDD and anxiety
disorders which were more proximately associated with cortisol dysregulation for youth with a
recent disorder.
This was not the case for youth with a past diagnosis of MDD, as feelings of sadness and
loneliness did not mediate the associations between past diagnosis and altered cortisol activity.
This indicates that cortisol dysregulation might be a scar marker of the disorder as it was present
long after the episode of the disorder is finished. However, because I do not have data from when
those youth were actually experiencing the disorder, I cannot discern whether this was simply
“carry-over” from a state effect where cortisol dysregulation was present when the disorder was
present or whether the alteration occurred after the offset of the disorder for these individuals.
However, given the associations with current or more recent disorder, I hypothesize that the
former interpretation is the more likely case.
Therefore, this study also adds to the literature striving to understand the role of cortisol
as a state, trait, or scar marker of psychopathology, as I found evidence illustrating the role of
cortisol dysregulation as both a state and possible scar marker of disorder. These results provide
evidence for a pathway—perhaps the momentary emotions associated with the experience of
MDD when repeated over time cause chronic cortisol dysregulation through flatter diurnal
cortisol slopes across the waking day.
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Role of Psychopathology
I found varying levels of support for each of my hypotheses. I predicted that the presence
of a disorder and high levels of current life stress would be associated with flatter diurnal
rhythms captured by the slope, lower am levels of cortisol, and higher pm levels of cortisol. The
results indicated that this was partially the case. While youth with recent MDD only did not
display altered activity, youth with recent comorbid MDD and anxiety had significantly flatter
slopes across the waking day. This was illustrated by both lower am levels of cortisol and higher
evening levels. These altered basal rhythms were also found in youth with significantly higher
feelings of sadness and loneliness on the days of testing. These results support previous work
with clinical samples of adults and within naturalistic settings.
Role of Momentary Emotions and Life Stress
Secondly, I tested to understand whether the everyday emotions associated with having a
disorder or the disorder itself were more strongly related to the flattening of the diurnal cortisol
rhythm. My hypothesis was supported in that momentary feelings of sadness/loneliness
significantly mediated the association between recent psychopathology (specifically comorbid
MDD and anxiety) on diurnal cortisol slopes. Not only did feelings of sadness/loneliness mediate
this effect, but on its own it was a stronger predictor of lower morning cortisol levels and higher
evening levels. While there is a great deal of work showing that momentary negative states in the
form of anger, tension, nervousness, and stress impact cortisol momentary cortisol reactivity
(Peeters et al., 2003; van Eck et al., 1996), this provides evidence of a longer time course, with
high daily levels of negative emotion predicting alterations of the rhythm across the entire day.
Similar results were found in prior work, most recently by Adam et al. (2006) who found that
higher levels of tension/anger were associated with flatter diurnal cortisol slopes.
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My hypothesis was not supported in relation to levels and severity of life stress. Neither
chronic interpersonal life stress nor episodic stressors significantly mediated the cortisolpsychopathology associations despite the univariate relationship which showed that chronic
interpersonal stress was associated with flatter cortisol slopes. This is contrary to prior research
which has found that chronic stress is related is associated with cortisol dysregulation,
specifically with a heightened CAR (e.g. Schulz et al., 1998).
State or Scar Marker?
Finally, I sought to understand whether cortisol and HPA-axis functioning are best
understood as state or scar markers of major depressive disorder. I predicted that both recent and
past episodes of major depressive disorder would be associated with altered HPA-axis
functioning, and that recent functioning would be more strongly associated. I found varying
support for this hypothesis. As stated above, the presence of a past MDD disorder was
significantly predictive of flatter cortisol slopes, suggesting that cortisol dysregulation may have
been a scar marker of the disorder. In contrast, recent MDD on its own was not significantly
predictive of altered activity, but when youth had a recent comorbid MDD and anxiety disorder
they displayed flatter cortisol diurnal slopes across the day. Furthermore, momentary negative
emotion mediated the impact of recent disorders, such that it appears that it is the negative
emotions and experiences that youth have during a recent episode (rather than the disorder itself)
that causes alterations in HPA-axis activity.
There are several possible explanations for why youth with comorbid disorders displayed
altered activity while youth with only MDD or only anxiety disorders did not. First, it could be
that youth who had an accumulation of negative experiences and events in their life were more
likely to go on to experience more severe and comorbid disorders (see Aina & Susman, 2006).
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The results in this study indicated that youth with comorbid disorders were significantly more
likely to experience high levels of momentary negative emotion and report more negative events
in their life, than youth with MDD or anxiety alone. Secondly, it could be that youth with
comorbid MDD and anxiety experienced the world around them differently such that they were
reporting more negative emotions and negative life events in the face of similar objective
experiences. Thirdly, I can alternatively conceptualize these results as a product of allostatic
load. For youth who were only experiencing negative emotion and stress there was a slight shift
in the system which one can conceptualize as allostasis, an appropriate shift due to the presence
of a stressor. However, when stressful experiences and negative emotion are chronically repeated
over time due to the presence of a disorder, the system is activated too often, and we may see a
more chronic shift in HPA-axis activity. This could then lead to prolonged flattening of the
diurnal rhythm even when the disorder is no longer present, which we can conceptualize as a
possible scar marker.
Hypothesized Pathways
These results provide evidence for a pathway from emotions and disorder to alterations in
HPA-axis activity. I hypothesize that the negative momentary emotions and experiences
associated with MDD when repeated over time cause chronic cortisol dysregulation in the form
of flatter diurnal cortisol slopes across the waking day. In our results, the associations between
recent disorder and flatter slopes were mediated by the momentary experiences. However, youth
with a history of MDD had flatter slopes but at assessment did not have significantly higher
levels of momentary negative emotion than youth on average. Perhaps their system adapted to
the chronic activation of a previous disorder and therefore, even in the absence of high levels of
negative emotion, looked very similar to the systems of youth with current disorders who are
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under high levels of distress. That is, temporary cortisol flattening due to high levels of stress
became entrained over time to produce trait changes in HPA-axis regulation and functioning.
Limitations and Future Directions
This study expands on previous research in several ways. First, it benefited from
sampling cortisol at six time points across multiple days from adolescents in their naturalistic
environment. Secondly, it had a large community sample size from which we can draw large
variations in psychopathology, cortisol functioning, and current levels of momentary emotion
and life stress. Importantly, we measured all of these constructs at the same time within the same
sample of youth while prior research has only looked at one or two constructs at a time. Finally,
innovative statistical techniques were used to understand how daily basal cortisol activity can be
related to characteristics of an individual or even their emotions across a day such that we can
see how emotions and experiences associated with a disorder, as well as the simple presence of
the disorder itself, are related to changes in HPA-axis functioning.
This study is also limited in several ways. First, the generalizability and causality of its
results are restricted by its cross-sectional nature. Retrospective reporting of life-time diagnosis
in the SCID allowed us to understand how the past may be associated with current functioning.
However, a prospective analysis relating cortisol functioning to future onsets of MDD will be
more rigorous and necessary. Longitudinal data and prospective analyses can aid in
understanding the unique time course by which MDD and cortisol are associated.
This study is also limited by the time course of data collection. A limitation of this
dataset is that we did not have precise measurement of who was experiencing MDD during the
exact time of cortisol assessment due to a 1-3 month delay in recruitment. Therefore, recent
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diagnosis and lifetime diagnosis were the best proxies available. While some youth may still
have been experiencing an episode of MDD, it is likely that many were not.
This study connects several fields of work; I found in a community sample of youth that
the types of daily emotional experiences associated with a disorder were more related to HPA
axis differences rather than the disorder itself but that even when a disorder was no longer
present, the HPA-dysregulation remained even when the disorder did not. This suggests that
there may not be some pre-existing trait difference in HPA-axis functioning that is related to
onsets of disorder. However, with the current dataset we cannot yet answer that question and
longitudinal data collection of many time points will be necessary to fully illustrate the time
course of disorder onsets, offsets, and HPA-axis regulation and dysregulation. The results of this
study also highlight how important it will be for future research to use multiple indices reflecting
the circumstances of an individual, and not simply look at the individual psychosocial or
biological risk variables on their own. By carefully measuring several indices of stress, social
and emotional experiences, HPA-axis activity, and psychopathology in naturalistic settings, I
have started to unravel the intricacies of how social and psychological attributes can get under
our skin and become entrained in our daily physical functioning.
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Table 3.1
Descriptive Statistics for Key Independent and Dependent Variables (N=327)
Variable

Mean

SD

Minimum

Maximum

Cortisol Awakening Response

0.29

0.75

-3.17

2.19

Cortisol Regression Slope

-0.11

0.05

-0.28

0.08

Recent Clinical Major Depression

0.04

0.20

0.00

1.00

Recent Clinical Anxiety

0.09

0.29

0.00

1.00

CoMorbid Anxiety and Major Depression

0.04

0.19

0.00

1.00

Past Clinical Major Depression

0.17

0.38

0.00

1.00

Past Clinical Anxiety

0.02

0.15

0.00

1.00

Composite Neuroticism

0.00

0.86

-2.05

2.52

Momentary Emotion: Sad-Lonely

0.37

0.41

0.00

3.00

Chronic Interpersonal Life Stress

2.40

0.48

1.25

4.00

Episodic Life Stress

2.20

3.25

0.00

16.80

Gender ( 1 = male)

0.27

0.44

0.00

1.00

Black Race

0.10

0.31

0.00

1.00

Hispanic Race

0.19

0.39

0.00

1.00

Asian/Pacific Islander Only

0.05

0.22

0.00

1.00

Multiple Race/Other Race

0.17

0.38

0.00

1.00

Caffeine Intake

0.07

0.10

0.00

0.72

Nicotine Intake

0.02

0.08

0.00

0.72

Average Wake-up Time

6.72

0.92

5.23

10.29

Percentage Time Alone

0.41

0.19

0.00

0.85

Age

17.09

0.39

16.07

18.31

Takes Birth Control

0.09

0.28

0.00

1.00

Table 3.2
Intercorrelation Table of Main Independent Variables, Covariates and Dependent Variable (N=327)

1. Cortisol Awakening Response (CAR)
2. Cortisol Regression Slope
3. Recent Major Depression
4. Recent Anxiety
5. CoMorbid Major Depression and Anxiety
6. Past Major Depression
7. Past Anxiety
8. Neuroticism
9. Momentary Sad-Lonely
10. Chronic Interpersonal Life Stress

2

3

4

5

6

7

8

9

10

11

.201**

-0.029

.099+

0.046

0.029

0.020

0.047

0.011

0.034

0.005

0.074

-0.012

0.085

.124*

0.034

0.064

.137*

.125*

0.020

-0.065

-0.040

-0.093

-0.031

0.064

.101+

.160**

0.032

-0.062

.161**

-0.050

.260**

0.070

0.092

0.096

-0.004

-0.031

.240**

.185**

.287**

.195**

0.032

.114*

0.056

.177**

.267**

0.033

.156**

0.027

-0.085

.169**

.259**

.105*

.238**

.158**
.240**

11. Episodic Life Stress
* p <.05 ** p <.01 *** p <.001
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Table 3.3.
Cortisol Predicted by Psychopathology, Life Stress and Momentary Emotion (N=315)

Model 1
Variable

Level 1 Intercept, Π0

Coefficient

Model 2
SE

Coefficient

Model 3
SE

Coefficient

SE

-1.166**

.027

-1.166**

.027

-1.167**

.026

Past Major Depressive Disorder

-.018

.070

-.031

.071

-.023

.07

Past Anxiety Disorder

-.148

.159

-.110

.164

-.027

.186

Recent Major Depressive Disorder

-.070

.126

-.053

.134

-.022

.121

Recent Anxiety Disorder

.076

.083

.086

.086

.111

.086

Recent CoMorbid MDD and Anxiety

-.066

.118

-.067

.133

.019

.131

Chronic Interpersonal Life Stress

-.031

.030

-.027

.031

Episodic Life Stress

.053+

.027

.060*

.027

Momentary Sad-Lonely Emotion Factor

-.199*

.084

.472**

.034

.473**

0.034

.473**

.034

Past Major Depressive Disorder

.048

.076

0.04

0.074

.032

.073

Past Anxiety Disorder

.399*

.159

.395*

0.152

.352*

.161

Recent Major Depressive Disorder

-.087

.159

-0.089

0.166

-.119

.175

Recent Anxiety Disorder

.067

.085

0.066

0.091

.052

.089

Recent CoMorbid MDD and Anxiety

.127

.154

CAR, Π1

.127

.165

.101

.165

Chronic Interpersonal Life Stress

.019

.037

.018

.036

Episodic Life Stress

-.009

.032

-.009

.032

.091

.103

Momentary Sad-Lonely Emotion Factor
Time Since Waking, Π2

-.138**

.008

-.138**

.008

-.138**

.008

Past Major Depressive Disorder

.018*

.008

.018*

.009

.018*

.009

Past Anxiety Disorder

.022+

.012

.019

.012

.007

.013

Recent Major Depressive Disorder

.008

.011

.008

.011

.006

.011

Recent Anxiety Disorder

-.012

.009

-.016

.011

-.019

.011

Recent CoMorbid MDD and Anxiety

.024*

.012

.023*

.012

.015

.013

Chronic Interpersonal Life Stress

.001

.003

-.001

.003

Episodic Life Stress

-.005

.003

-.005+

.003

.023*

.009

.002**

.001

.002**

.001

Momentary Sad-Lonely Emotion Factor
TimeSinceWaking2, Π3

.002**

.001

Hypothesis Testing
Deviance

11892

11877

11654

75

87

102

Chi Square Comparison (df)

94.00

124.67

p value

0.208

0.037

Parameters

Note: * p<.05, ** p<.01. Also controlling for Race, Gender, Caffeine, Nicotine, Waketime on days of testing (Level 2), Hours of Sleep, Age,
birth contol use, time between interview assessment and cortisol assessment presence of other mood disorder in the past and in the present,
Neuroticism and other Momentary Emotion Factors
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Figure 3.1 Illustration of state, trait and scar markers

State Marker

Presence of Disorder

Trait Marker

Scar Marker
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Figure 3.2 Cortisol Slopes across the waking day according to Major Depressive Disorder (past)
and recurrent CoMorbid Anxiety and Major Depressive Disorder.
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CHAPTER FOUR
LONELINESS AND CORTISOL: MOMENTARY, DAY-TO-DAY, AND TRAIT
ASSOCIATIONS
ABSTRACT
Over the last few decades, many scholars have hypothesized that emotional and physical
health disorders may emerge in part by way of extreme or chronic stress exposure. Loneliness is
an affective state that has been identified as one of the possible stress exposures that may impact
health outcomes and is hypothesized to have implications for physiological stress processes,
including activity of the hypothalamic-pituitary-adrenal (HPA) axis. This study of a community
sample of emerging adults used multilevel modeling to examine the degree to which trait and
state feelings of loneliness and perceived stress were related to changes in levels of the stress
sensitive hormone cortisol, and whether the associations between loneliness and cortisol were
moderated by psychopathology or chronic life stress. Results indicated that high trait loneliness
was associated with a flattening of the diurnal cortisol rhythm. In addition, both daily and
momentary state variations in loneliness mattered for cortisol - prior-day feelings of loneliness
were associated with an increased cortisol awakening response the next morning and momentary
experiences of loneliness/sadness during the day were associated with momentary increases in
cortisol among youth who also had high chronic interpersonal stress. This study of emerging
adults suggests that feelings of sadness/loneliness relate to both between-person differences as
well as within-person variations in cortisol levels within and across days, supporting the idea that
it is an important psychosocial influence on youth physiological stress processes.
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Loneliness and Cortisol: State, Day-to-day, and Trait Associations
Over the last few decades, many scholars have hypothesized that emotional and physical
health disorders may emerge in part by way of extreme or chronic stress exposure (Adam et al.,
2007; Chrousos & Gold, 1992; McEwen, 1998; Uchino et al., 1996). Loneliness is an emotional
state that has been identified as one of the possible stress exposures that may impact health
outcomes. Loneliness is a feeling that emerges when social relationships are thought to be
deficient, and may arise from a perceived lack of intimacy or lack of companionship (Peplau &
Perlman, 2000). Experiencing loneliness can include notions of isolation, disconnection, and
“not fitting in.” Most research relating social relationships (or lack thereof) to health has
examined levels of social support rather than feelings of loneliness. A recent meta-analysis found
that social connectedness was associated with better lower levels of autonomic activity and lower
levels of stress hormones leading to better health outcomes, behaviors and disease pathways
(Uchino et al., 1996). Numerous studies of children, adolescents and adults have found negative
associations between levels of social support or presence of social networks and feelings of
loneliness (e.g. see Adams et al., 1988; Newcomb & Bentler, 1986; Prince, Harwood, Blizard,
Thomas & Mann; 2000; Rook, 2001). In addition, feelings of loneliness can also be independent
of one’s actual number of social encounters or the size of one’s social network. In addition,
measures of loneliness specifically have been found to have strong associations with biological
processes and physical and mental health outcomes (Cacioppo, Hawkley & Bernston, 2003).
Therefore, in the past ten years, many researchers have turned to looking specifically at the risk
factor of loneliness as a pathway to physiological stress and health outcomes (Cacioppo et al.,
2000a; Steptoe, Owne, Junz-Ebrecht & Brydon, 2004).
Loneliness and negative physical and mental outcomes
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Many scholars have examined the impact of loneliness on neuroendocrine, immune and
cardiovascular responses (Uchino et al., 1996). Loneliness is associated with higher blood
pressure (Cacioppo et al., 2002; Hawkley, Masi, Berry, & Cacioppo, 2006), impaired or
underactive immune function (Pressman et al., 2006), and increased levels of stress hormones
(Adam et al., 2006; Cacioppo et al., 2000b; Steptoe et al., 2004). Lastly, loneliness has been
linked with both morbidity and mortality in older adults (Herlitz et al., 1998; Penninx et al.,
1997).
Loneliness has also been associated with higher levels depression and lower levels of
emotional well-being (Nolen-Hoeksema & Ahrens, 2002), neuroticism (Stephan, Faeth, &
Lamm, 1988), and suicide (Goldsmith, Pellmar, Kleinman, & Bunney, 2002). These findings
may be related to how lonely individuals view the world: They tend to report more negative
interactions (Rotenberg, 1994), and they are unhappy with the quality of their interpersonal
interactions (Segrin, 1998). A recent meta-analysis suggests that it is partially the perceived
stress associated with loneliness that has effects on biological stress processes and the
subsequent poor mental and physical health outcomes (Uchino et al., 1996).
Loneliness over the Transition to Adulthood
Few researchers have examined the role of loneliness in physiological stress in youth
over the transition to adulthood, despite the fact that some studies have estimated that emerging
adults spend the most time alone and feel lonelier than any other age group (Larson, 1990;
Rokach, 2001). Some researchers postulate that these high levels of loneliness are due to the
many geographic, social and role transitions that occur during these years. To my knowledge
only three researchers to date have found associations between cortisol and loneliness in the
college or emerging adult years and their results were not consistent with one another (Adam,
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2006; Cacioppo et al., 2002; Pressman et al., 2005). Additional research on loneliness and
cortisol is required to resolve these discrepancies.
Loneliness and cortisol
Some background regarding salivary cortisol activity is required to understand how to
best model the associations between loneliness and cortisol. Cortisol is a primary hormonal
product of hypothalamic-pituitary-adrenal (HPA) axis, one of the body’s two major
physiological stress systems (Kirschbaum & Hellhammer, 1989). Salivary sampling is widely
used as a means of collecting cortisol in naturalistic settings because it is the most noninvasive
method of cortisol collection (Schwartz, Granger, Susman, Gunnar, & Laird, 1998). It also
provides a measure of unbound or free cortisol, which is the portion of the hormone that is
biologically active in the body (Kirschbaum & Hellhammer, 1989). Normative cortisol levels are
usually highest upon wakening in the morning, increase 50-60% in the first 30-40 minutes after
wakening (known as the cortisol awakening response or CAR), decline quickly in the subsequent
few hours, and slowly decrease to reach the lowest point near midnight (Pruessner et al., 1997).
There are many ways that researchers model cortisol. Increasingly, researchers are
realizing that individual differences in the shape of the basal or diurnal cortisol rhythm are
important indicators of HPA axis function. Aspects of the basal rhythm that are typically
examined include: 1) the CAR (cortisol awakening response), which can be calculated by
subtracting wake-up cortisol levels from those obtained 30 minutes after waking, 2) diurnal
slope, calculated by fitting a regression line through all the cortisol values available across the
day (excluding the awakening response values), and 3) area under the curve defined by all the
cortisol data points, calculated using the trapezoid method (as described in Adam, 2007;
Pruessner et al., 2003), which represent the total amount of cortisol excreted across the day.
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Prior research has focused on how individual differences in persons and their
environments relate to these cortisol parameters. Cross-sectional studies have shown that chronic
stress is associated with a greater cortisol awakening response (Pruessner, Hellhammer, &
Kirschbaum, 1999; Wust et al, 2000) and that flatter cortisol slopes are associated with an
accumulation of stressful social experiences (Gunnar & Vazquez, 2001). While differences in
basal cortisol are important, cortisol also increases acutely in response to immediate stress. In
naturalistic settings, such stress-related increases can be observed when levels increase above the
typical basal level for a particular individual at a particular time of day (Adam, 2006). Several
studies have looked at within-person associations over time between cortisol and experiences in
naturalistic settings; these studies find significant associations between reports of stress and
negative emotion and cortisol levels measured shortly thereafter (Nicolson, 1992; Smyth et al.,
1997; van Eck, Berkhof, Nicolson, & Sulon, 1996). Although such findings are correlational,
lab-based experiments have shown the causal influence of stress exposure for higher cortisol
levels (Dickerson & Kemeny, 2004). Momentary stress-cortisol associations in naturalistic
settings have only been shown in a handful of studies, mostly with middle-aged and older adults
(Adam et al., 2006; Nicolson, 1992; Smyth et al., 1997; van Eck et al., 1996; for exception see
Adam, 2006). The effect of loneliness in particular has not been the focus of these investigations
with the exception of Adam (2006) who found that being alone was associated with higher
momentary cortisol in an adolescent population. Cacioppo et al. (2000b) found elevated cortisol
levels in chronically lonely college students and Pressman et al. (2005) found that high levels of
momentary loneliness were related to elevated morning cortisol and elevated evening cortisol.
The current study will expand upon prior work by focusing specifically on the associations
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between experiences of three types of loneliness (momentary, daily and trait level) and more
rigorously measured basal cortisol and cortisol reactivity in youth in naturalistic settings.
Lonely states vs. lonely traits
In this study, loneliness was conceptualized as both a momentary state of being (a youth
reports feeling lonely at the moment), a temporary state of being (a youth reports being lonely
for a day or a few days), or a trait (a youth is generally or typically a lonely individual, reporting
experiencing loneliness over long periods of time). Momentary and daily state loneliness have
been measured using diary reports over the relevant periods of time (moments, days) and trait
loneliness has been typically measured using well-validated trait loneliness questionnaires.
Previous research has made the distinction between acute levels of loneliness and chronic levels
of loneliness. In this study, I conceptualized acute loneliness as momentary or daily levels of
loneliness and chronic levels of loneliness as what we call “trait” loneliness. Cacioppo et al.
(2003) argued that these different measures of loneliness may map onto different physiological
mechanisms through which they impact physical and mental health.
While prior studies have examined both trait and momentary influences on cortisol, the
importance of day-to-day variations in cortisol have only recently been brought to light. A study
by Adam et al. (2006) took the novel approach of examining the day-to-day dynamics between
cortisol and emotional experiences in older adults. Prior research has generally conceptualized
this type of daily variation in diurnal cortisol rhythms as error variation. However, Adam and her
colleagues found that some of the variation in cortisol from day to day can be accounted for by
variations in daily emotional experiences. They reported that higher levels of anger and tension
predicted flatter cortisol slopes the same day (as a result of higher evening levels of cortisol) and
higher feelings of loneliness and sadness predicted a greater cortisol awakening response the
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next morning even when controlling for concurrent day emotional experiences. This highlights
the importance of including and testing yet a third time course of cortisol-emotion interplay- it
seems that cortisol was not only a reflection of trait-level individual differences and momentary
experiences, it was also a reflection of accumulated environmental and emotional experiences
from very recent history (over a period of a day or several days). Therefore, a goal of this study
was to begin to tease apart the extent to which it is momentary state loneliness, day-to-day
variation in loneliness, or trait levels of loneliness that are more strongly associated with levels
of cortisol.
Psychopathology and Chronic Life Stress: Potential Moderators?
Researchers have commonly acknowledged loneliness as a strong correlate of depressive
symptoms (Segrin, 1998; Shaver & Brennan, 1991), and have also understood that there is great
overlap in the constructs of loneliness and depressive symptoms such that it is questionable
whether these constructs can be separated. However, loneliness has been identified as a
prospective risk factor for major depression in undergraduates, controlling for social support
(Hagerty & Williams, 1999), and in a group of older adults net of health, demographic and social
support variables (Cacioppo et al., 2006). Studies have also suggested that depression is linked to
cortisol activity and thus, may help to account for associations between loneliness and cortisol,
or might accentuate existing loneliness-cortisol associations. While consistent associations have
been found between the functioning of the HPA-axis and the presence of major depression in
adult populations (Chrousos & Gold, 1992; Yehuda et al., 1996) such associations have not been
found consistently in adolescent populations (Adam, Klimes-Dougan, & Gunnar, 2007).
However, certain types of adolescent depression (e.g., melancholic, suicidal) are more likely to
be associated with elevated basal cortisol levels (Luby et al., 2003). Therefore, in this paper, I
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included major depression both as a covariate, to examine whether loneliness-cortisol
associations were independent of the presence of major depression, and as a moderator,
examined whether loneliness-cortisol associations were stronger for youth with clinical
depression. Similarly, studies have found associations between chronic stress and cortisol,
suggesting that elevated stress levels were associated with increased cortisol awakening
responses, and can lead to a flattening of the diurnal rhythm. Therefore, momentary stress, daily
stress and chronic interpersonal stress were also included as covariates and potential moderators
of loneliness-cortisol associations.
In summary, this study examined the degree to which trait (average) and state
(momentary and daily) experiences of loneliness were related to levels of the stress hormone
cortisol, and whether the associations between loneliness and cortisol were independent of or
mediated or moderated by the presence of major depression or high levels of life stress. Were
momentary feelings of loneliness more predictive of momentary elevated levels of cortisol or
were chronic, ongoing feelings of isolation and loneliness more powerful influences on this
stress-response system such that youth experience changes in basal cortisol such as flattened
slopes across the waking day? Were the associations between loneliness and cortisol stronger for
individuals with a major depressive disorder or for those who experienced a great deal of chronic
interpersonal stress? In this study, multi-level linear regressions (HLM) were used to examine
these questions, as this approach allowed me to simultaneously examine momentary, daily and
between-person differences in cortisol levels in relation to loneliness experienced at each of
these three time frames. Diagnoses of major depression and chronic interpersonal life stress were
included in the models to examine their potential moderating roles on any loneliness-cortisol
associations.
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Several hypotheses were tested in this paper. First, I hypothesized that higher momentary
sadness/loneliness (as well as higher momentary stress/anxiety) would be associated with higher
levels of momentary cortisol. Secondly, I hypothesized, following Adam et al., 2006, that there
would be day-to-day covariation between loneliness and cortisol such that high levels of
loneliness or sadness would be associated with an altered diurnal rhythm the following day,
specifically in the form of a higher cortisol awakening response. Thirdly, I hypothesized that
youth with trait heightened levels of loneliness would have altered diurnal cortisol rhythms, in
particular flatter cortisol slopes across the waking day. Lastly, I hypothesized that those youth
who had experienced subclinical or clinical major depressive disorder in the last year or who had
high levels of chronic interpersonal life stress would have higher momentary cortisol reactivity
to feelings of loneliness.
Method
Participants
Participants were recruited from two large public high schools—one in a Chicago suburb
and one in the greater Los Angeles area. Students participated in this study as part of their
involvement in a larger, longitudinal study on the development of mood and anxiety disorders.
Students were selected to participate in the longitudinal study based on their scores on the
Neuroticism scale of the EPQ-R (EPQ-R, Eysenck, Eysenck, & Barrett, 1985). In order to
increase the number of students in the sample at high risk for the subsequent development of
mood and anxiety disorders, students who scored in the upper third on this measure were
oversampled to participate in the study, such that two thirds of the participants in the study
scored in the upper third on the EPQ-R. Participants for this study were recruited in 3 cohorts
over a three year period and were followed longitudinally. The current study uses data from the
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second wave of cortisol data collection (occurring approximately two years after initial
screening), which was conducted on a subsample (selected randomly) of the original participants
from the Chicago suburban site of data collection. Of the 1,976 students that were screened for
the study at both sites, 1,269 were invited to participate in the longitudinal study at both sites,
668 (52.6%) consented and 627 (94% of consented sample) completed the baseline assessment.
Of the study participants, a random subsample of 491 participants were invited to participate in
the cortisol task at both sites. Of those invited, 70.5%1 agreed to participate in the first wave of
data collection at both sites and 81% of the original sample agreed to complete the second wave
of cortisol procedures at the one site that collected longitudinal cortisol data.
Youth in this analysis include a subsample of 121 participants (29 male) who agreed to
participate in the longitudinal cortisol data collection (N=88 who had already participated in one
wave, 66% of youth from the first wave of data collection at one site). Exclusion criteria for the
current analyses were use of corticosteroid based medications, presence of psychotic symptoms,
provision of insufficient data, or an extensive time delay (>4 months) between psychopathology
and cortisol measurement which led to an analytic sample of 108 (27 male). Descriptive statistics
on all measures are in Table 4.1. The racial-ethnic composition of this group is: 55.4%
Caucasian, 19.6% African-American, 6.3% Hispanic, 18.8% Multiracial or other. Participants
also reported on the highest level of education attained by both parents. Eighty-five percent of
the parents of participating youth were high-school graduates, while 59.5% of youth had at least
one parent with a college degrees.
Procedure

1

These numbers reflect students from two sites of data collection; however the analyses are only conducted on
students from one site where longitudinal data was collected.
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Participants who agreed to take part in the longitudinal study attended sessions once a
year in which they were interviewed using the Structured Clinical Interview for DSM–IV (SCID;
First, Spitzer, Gibbon, & Williams, 1995) to determine current and past diagnoses of mood and
anxiety disorders.2 They also completed an interview about chronic and episodic stress (Hammen
1987, 1991). Participants were paid $40 for completion of the SCID and life stress interview.
Students were contacted by phone and invited to participate in the cortisol part of the study,
which included providing salivary cortisol and filling out diary entries six times a day for three
consecutive weekdays. We asked participants to avoid atypical days such as days when
important exams were taking place, birthdays, or vacations. Participants were informed that, in
addition to completing diaries and cortisol samples, they would also be asked to wear an
actigraph watch (MicroMini-Motionlogger Actigraph) designed to measure their movements
throughout the day and night. Participants were instructed to put on the actigraph watch the night
before starting the study and to leave it on until the morning after the last day of the study.
Participants were paid $30 for the completion of the second wave of data collection and received
an analysis of their sleep and activity over their three days of sampling.
Diary reports and saliva sampling. This study used the Experience Sampling Method
(ESM; Chikszentmihalyi & Larson, 1987), which involved participants completing diary reports
of where they were, who they were with, and what they were thinking and feeling during the
course of their everyday lives when prompted to do so by the actigraph watch. The diary reports
also asked youth about the most stressful situation they encountered in the last hour as well as
specific questions regarding the intake of caffeine, alcohol, food, medication or nicotine in the

2

After the youth graduated from high school all interviews occurred on the phone.
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last hour and whether they had slept or encountered feelings of pain in the last hour. In this
study, participants provided samples of saliva in conjunction with each diary report, which were
later assayed for salivary cortisol, in order to examine HPA activity in relation to everyday
events.
Participants were sent a study packet that included the actigraph watch, three diary
booklets, straws, a mechanical kitchen timer to alert participants to take their sample thirty
minutes after waking, vials and labels for the saliva sampling, and a health/medical questionnaire
as well as a sleep questionnaire. The study procedures were explained in detail by phone.
Participants also received a reminder call the night before they were to start the procedure,
during which procedures were reviewed and any remaining questions were answered.
Participants were asked to fill out a diary form immediately as they woke up, thirty minutes
afterwards, at bed time, and three other times throughout the day. In the morning, participants
provided a saliva sample immediately after waking, set their mechanical kitchen timer for thirty
minutes and then provided a diary report. The other samples were collected thirty minutes after
waking (when the timer went off), at bedtime and at the three semi-random beeps throughout the
day. For these samples, the participants first filled out their diary report and then provided a
saliva sample.
Participants wore the actigraph watches that were preprogrammed to beep to signal the
three mid-day diary entries. These beeps occurred at approximately 3 hours, 8 hours, and 12
hours after participants’ typical wakeup times. The timing was chosen to best model the shape of
the cortisol diurnal rhythm. The mid-day beeps were set to vary from day to day around the

3

All have been related to cortisol levels in previous studies.
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above-mentioned times (within plus or minus ½ hour) so that the exact timing of the signal
would be unanticipated by participant.
Monitoring compliance. Compliance with the timing of the morning cortisol sampling
was assessed, as noncompliance has been shown to influence estimates of the various cortisol
parameters (Kudielka et al., 2003). Compliance was determined by comparing actigraph
estimates of participant wake times with when they reported completing their morning saliva
samples. Participants were considered “compliant” if they provided their wakeup samples within
-5 to 5 minutes of the actigraph wake times and the +30 sample 25-35 minutes after the actigraph
wake time (for additional details see DeSantis, Adam, Mendelsohn & Doane, under review).
Measures
Cortisol. Salivary cortisol collection for all participants in the present study was
requested in conjunction with ESM diary records six times a day over three days. At the beep,
and after filling out the ESM diary report, participants expelled saliva through straws into a
sterile 2 ml cryogenic vial. They wrote the exact date and time of the sample on a label and
affixed the label to the vial. Completed samples were returned to the laboratory by courier.
Once returned to the laboratory, samples were refrigerated at -20 degrees Celsius until they were
sent by courier to Trier, Germany to be assayed. Cortisol values are not significantly affected by
transport over a period of several days without refrigeration (Clements & Parker, 1998). The
intra-assay coefficient of variation was between 4.0% and 6.7%, and the inter-assay coefficients
of variation were between 7.1% and 9.0%. Cortisol values were natural logarithmically
transformed prior to analysis to correct for a strong positive skew in the cortisol distribution.
Diagnostic assessment. The Structured Clinical Interview for DSM–IV (SCID; First,
Spitzer, Gibbon, & Williams, 1995) was used to determine current and lifetime psychiatric
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diagnoses of anxiety, mood, psychotic, alcohol and substance use, somatoform, and eating
disorders. The SCID has demonstrated adequate reliability (Skre, Onstad, Torgersen, &
Kringlen, 1991; J. B. Williams et al., 1992) and is widely accepted and used in clinical research.
In this study we also constructed a Clinician Severity Rating for each diagnosis, adapted from the
Anxiety Disorders Interview Schedule—Revised (Di Nardo & Barlow, 1988), which indicated
the severity of the impairment or distress due to the disorder on a scale of 0 (no impairment) to 8
(severe impairment), where 4 is the cut-off for clinically significant severity of symptoms.
Interviewers completed intensive training (over 60 hours) and received supervision on the
administration of the SCID. Approximately 11% (N=69) of the interviews were double-coded by
a second interviewer who had observed the interview in person. Agreement between the
interviewers in percent agreement ranged between .72 and .94 for mood and anxiety disorders
diagnoses, and between .74 and .97 for the severity ratings. In this paper, I focused on clinical
major depression (MDD) that was present on the days of cortisol testing. In this analytic sample,
there were 5 participants who had been diagnosed with clinical MDD during the days of cortisol
testing.
Momentary Stress and Chronic Interpersonal Stress. Participants were asked to indicate
in their diary reports how stressful the most stressful situation they encountered in the last hour
was. They responded on a scale of 0 to 3, when 0 indicates "not at all" and 3 indicates "very
stressful." These responses were used as a measure of momentary level of stress in the hour
immediately prior to each diary response.
Participants also completed an interview about chronic and episodic stress during their
diagnostic assessment. Chronic interpersonal stress was assessed using a semi-structured
interview developed by Hammen (1987, 1991). The interview assessed participants’ level of
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functioning over the last year in ten life domains. I focused on the interpersonal relationship
domains of close friendships, social group relations, romantic relationships, and relations with
family members. Each domain was rated by the interviewer on a five point scale that indicates
the severity of chronic stress in that domain, with 1 indicating exceptionally good functioning
and no stress in the domain, and 5 indicating extreme adversity and impairment. Because strain
in interpersonal relationships has been most strongly related to cortisol functioning in past
research, the average level of chronic interpersonal stress was used (averaging across close
friendships, social groups, romantic and family relationships) as a moderator of the various
cortisol indices and state level emotion influences on cortisol.
Within- and across-site inter-rater reliability was assessed by having trained interviewers
listen to recordings of a subset of life stress interviews. Across the four domains of chronic
interpersonal stress, intra-class correlation coefficients ranged from .65 to .80 for interviewers at
the same site (n = 38), and ranged from .66 to .76 for interviewers at different sites (n = 38).
Inter-rater reliability for a composite of the four domains of interpersonal stress was .78 for all
pairs of coders both within- and across-site reliability.
State Emotions: Sad/Lonely and Nervous/Stressed. Participants were asked to indicate in
their diary reports how much they felt each of the following mood states when they were beeped:
happy, tired, friendly, cooperative, nervous, lonely, sleepy, active, frustrated, hardworking, alert,
caring, worried, relaxed, irritable, stressed, determined, sad, cheerful, and productive. Each mood
state was rated on a scale of 0 (not at all) to 3 (very much). The items were subjected to a
principal axis factoring, using an oblimin rotation. Five factors emerged and I used two in our
4

Ten domains of Hammen’s Life Stress Interview: close friendships, social group relations, romantic relationships,
relations with family members, academic, neighborhood conditions, job, finances, health of self, and health of
family members. Analyses were similar but not as significant when all domains were included in the construct.
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analysis as they were our mood states of interest. The first factor used included the items of
lonely and sad. The Eigenvalue for this factor was 1.381 and this factor accounted for 6.9 percent
of the variance in mood. Item loadings on this factor .801 (lonely) and 0.774 (sad). These items
were then averaged with unit weighting to reflect their individual contributions to the factor at
three different levels. First, they were averaged for each moment that the participant was beeped
to be used to predict momentary cortisol. Next, they were averaged on each day of testing such
that levels for the day before and day of testing could be included as predictors.
The second factor used included the items of nervous, stress, worried and irritated. The
Eigenvalue for this factor was 3.16 and this factor accounted for 15.89 percent of the variance in
mood. Item loadings on this factor ranged from 0.773 (worried) to 0.378 (irritated). They were
unit weighted and then averaged on each day of testing such that levels for the day before and
day of testing could be included as predictors.
Trait Loneliness. Youth completed a shortened version of the Revised UCLA Loneliness
Scale (R-UCLA; Russell, Peplau, & Cutrona, 1980) for use in large scale surveys which has been
validated across several studies (Hughes, Waite, Hawkley & Cacioppo, 2004) with an alpha of
.72. The three item scale asked “how often do you feel that you lack companionship,” “how
often do you feel left out” and “how often do you feel isolated from others.” Participants could
circle “hardly ever,” “some of the time,” or “often.” An average score was created by summing
all of the items with higher scores indicating greater loneliness. In this sample, the alpha of the
scale was .84.
Covariates. Several demographic characteristics and medical controls were included in
the model. Dichotomous race dummy variables (white as the excluded group) were included as
5

Positive/social, hard working/productive, lonely/sad, nervous/ stressed, and sleepy/tired
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previous literature has demonstrated that African Americans have a flatter diurnal rhythm (flatter
slopes from wake-up to bedtime) (DeSantis et al., 2007; Cohen et al., 2006). Gender was also
included as a covariate in the model. Birth control use has also been shown to influence levels of
cortisol (e.g., Meulenberg, Ross, Swinkels, & Benraad, 1987); so it was included as a control as
well. Relatedly, stage of the menstrual cycle was controlled for in these analyses as the follicular
stage (days 1-13 of the menstrual cycle) is characterized by high levels of estrogen and also
linked with elevated levels of cortisol in women. Other potential influences on cortisol include
alcohol use, caffeine use (Lovallo et al., 2005), nicotine use (Kirschbaum, 1992), physical
exercise (Jacks, Sowash, Anning, McGLoughlin & Andres, 2002), sleeping or napping, wake
time, and pain. Of these, only caffeine use, nicotine use and wake time were significantly related
to cortisol in preliminary analyses; these were retained as covariates in our analyses. An
intercorrelation matrix of all dependent, independent and covariates was provided in Table 4.2.
Analytic Plan
The associations among cortisol and state and trait loneliness were tested using threelevel hierarchical growth curve models to account for the nesting of moments within days and
days nested within persons (Raudenbush & Bryk, 2002; Singer & Willett, 2003). In these
models, which are described in greater detail below, levels of cortisol for each person at each
moment was the outcome variable, and was predicted by both time-varying predictors (changing
from moment to moment, included in Level 1 of the model and changing from day to day,
included at Level 2 of the model) and stable predictors (constant across all moments, included at
Level 3). Importantly, multilevel models also allowed us to examine whether the direction and
strength of associations between momentary variables at Level 1 (such as momentary levels of
loneliness and momentary levels of cortisol) varied significantly according to the characteristics
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of individuals at Level 3, such as gender, race/ethnicity, trait loneliness, psychopathology,
interpersonal relationship stress or any of the medical or clinical covariates.
Lag models were introduced at the day-level following previous work by Adam et al.
(2006) which demonstrated in a sample of older adults, that prior day, rather than current day,
levels of loneliness were significantly associated with the CAR. Therefore, both prior day and
concurrent day emotions and experiences were included at Level 2. It should be noted however
that while I used three days of emotion data, only two days of cortisol data (maximum of 12 data
points) were used per participant as we did not have mood data for the day before the first day of
testing.
Models. The first model was an unconditional model looking at the distribution of
variation of log cortisol across moments, days and persons. Only momentary characteristics
(Level 1) were included and no between person differences were examined. However, this step
was useful for understanding the distribution of the variance components. Using this model I
ascertained whether there is greater variation in levels of cortisol from moment to moment, day
to day, or person to person.
(1.1)

Level 1: Cortti=π0i+ eti

(1.2)

Level 2: π0i = β00 + ρ0i

(1.3)

Level 3: β00j = γ000 + υ00j

In the next analytic step, the equation was created to model the shape of each person’s
diurnal rhythm and the size of their cortisol awakening response. A time variable indicating how
long since waking the sample was given6 and time since waking squared were included to model

6

This variable was constructed by subtracting the wake-up time from each of the individual time points such that
time could be interpreted as 0=wake-up, .5=wake up + 30, 2.5=beep 1 etc.
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the rate of decline and shape of the cortisol diurnal curve from waking to bedtime including the
curvilinear effect on the slope across the day. A dummy variable representing the CAR sample
(1=sample taken 30 minutes after waking) was included at Level 1 to model the positive
deviation of the CAR cortisol value from the waking-to-bedtime diurnal curve, a reflection of the
size of the cortisol awakening response. In this model, π0ij, the intercept, represented each
person’s average cortisol level at wake-up, π1ij reflected each person’s CAR, and π2ij and π 3ij
reflected each person’s average slope across the day from wake up to bedtime (excluding the
CAR). Again, no Level 2 or Level 3 predictors were included in the model. The models were as
follows:
(2.1)

Level 1: Corttij=π0ij+ π1ijCARtij + π2ijTimeSinceWakingtij
+ π3ijTimeSinceWaking2tij + etij

(2.2)

Level 2: π0i-π3i = β00 + ρ0i

(2.3)

Level 3: β00j-β30j = γ000 + υ00j

Next, momentary levels of the factor sadness/loneliness and momentary stress levels
were entered at Level 1 to understand the association between momentary feelings of
sadness/loneliness and cortisol. At Level 2, the lag was modeled by including both prior day and
concurrent day measures of sadness/loneliness and prior day levels of nervous/stress. Day-level
controls of compliance were also included.
(3.1)

Level 1: Corttij=π0ij+ π1ijCARtij + π2ijTimeSinceWakingtij + π3ijTimeSinceWaking2tij
+π 4ijSadLonelytij + π 5ijStressLeveltij +etij

(3.2)

Level 2: π0i = β00 + β01WakeupCompliance + β02SadLonely + β03LagSadLonely +
β03LagNervous Stress
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π1i = β10 + β11CARCompliance + β12SadLonely + β13LagSadLonely +
β14LagNervous Stress
π2i = β20
π3i = β30 + ρ3i
π4i = β40
(3.3)

Level 3: β00j-β40j = γ00j+ υ00j
Next, demographic (youth level covariates) and medical/clinical covariates were included

in the model at Level 3 (person level) to see if the CAR or the slope across the waking day
varies, or if the association between loneliness and cortisol was moderated by any of these
covariates.
(3.4)

Level 3: β00j-β40j = γ00j+ γ01jYOUTH0ij + γ02jMEDICAL/CLINICAL0ij + υ00j
Lastly, trait levels of loneliness, diagnosis of clinical or subclinical MDD, and

interpersonal relationship stress were included at Level 3 to see if trait levels of loneliness
moderated state levels of sadness/loneliness, the CAR or the cortisol slopes across the day.
(4.1)

Level 1: Corttij=π0ij+ π1ijCARtij + π2ijTimeSinceWakingtij + π 3ijTimeSinceWaking2tij
+π 4ijSadLonelytij +etij

(4.2)

Level 2: π0i = β00 + β01WakeupCompliance + β02SadLonely + β03LagSadLonely +
β03LagNervous Stress
π1i = β10 + β11CARCompliance + β12SadLonely + β13LagSadLonely +
β14LagNervous Stress
π2i = β20
π3i = β30 + ρ3i
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π4i = β40
Level 3: β00j-β40j = γ00j+ γ01j TraitLoneliness 0ij + γ02jRecentMDD0ij +
γ03jInterpersonalRelationshipStress0ij + γ04jYouth0ij +
γ05jMEDICAL/CLINICAL0ij + υ00j
These analytic techniques allowed me to capture within-person differences in momentto-moment variation of cortisol as predicted by moment-to-moment differences in
sadness/loneliness, and the extent to which the strength and direction of these associations was
modified by day to day variation in emotional experiences and trait loneliness or characteristics
of the individual, including gender, race, and age.
Results
Descriptives (Table 4.1)
Demographic and Health Controls. Twenty-five females in our sample were using birth control
(23% of total sample). Twenty-three females (25% of total sample) were in their follicular stage
of their menstrual cycle. Over the three days of testing, 17% of our sample smoked cigarettes
prior to at least one of their cortisol samples and 48.2% of the sample had caffeine prior to at
least one of their cortisol samples. Details on the socioeconomic status and racial composition of
the youth are specified above.
Trait Loneliness and Chronic Interpersonal Life Stress. The mean level of chronic interpersonal
stress in the sample was 2.3 (SD = .43) on a scale of 1-5, with 1 indicating the most optimal
relationship and 5 indicating the most stressful. There were no significant differences by gender
or race. The mean level of trait loneliness was 5.07 (SD = 1.7) on a scale of 3-9 with 3 indicating
no feelings of loneliness and 9 indicating high levels of loneliness. There were no differences by
race, but males reported higher levels of loneliness than females (t = 2.80, p < .10).
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Intercorrelations among Covariates, Independent Variables and Cortisol (Table 4.2)
Several of the health and demographic controls were significantly associated with the size
of the cortisol awakening response. There were statistically significant differences in the CAR by
gender (r = -.21, p <. 05) indicating that males had smaller awakening responses than females.
Nicotine consumption was also negatively correlated (r = -.19, p <. 05) with the CAR such that a
lower awakening response was associated with higher levels of nicotine consumption. There
were also racial differences; African American youth (n = 21) had smaller cortisol awakening
responses than adolescents in other race categories (r = -2.37, p <.05). Interestingly, average
feelings of sadness-loneliness on the days of cortisol testing was negatively associated with
average stress level on the days of cortisol testing (r = -.19, p < .05), however trait loneliness was
positively associated with chronic interpersonal life stress (r = .21, p < .05).
Multilevel modeling of Cortisol Diurnal Rhythm and Variation
Table 4.3 contains a summary of all analytic steps as well as the between-model
significance tests. Full tables of results from each analytic step which include both fixed and
random affects are in Appendix C Tables 1-5. The average level of log transformed cortisol at
wake up over the three days of sampling was γ000 = -1.834 (p <.001). The intercept was modeled
to vary at the moment-, day- and person-levels to illustrate the amount of variation at each level.
The variance components (see Appendix C, Table 1) indicated that the greatest amount of
variation occurred at the moment-level (ε = 1.102) rather than the person (υ00 = .086, p <.001) or
day level (ρ0 = .0056, p = .45). Interestingly, there was greater variation between youth rather
than between days. This indicates that for each individual their average level of cortisol was
approximately the same across days but because there were no momentary predictors of cortisol,
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I do not know how the various cortisol parameters may vary across days, or across various
subgroups of youth.
The first model (Table 4.3) highlighted the importance of including time of day
predictors and a dummy representing the CAR sample (χ2 = 723.45, p <.01). As shown in Table
4.3, participants showed the expected diurnal pattern of high morning levels (γ000 = -1.353,
p<.001), and a decline in cortisol across the day (γ200 = -.089, p <.01). They also showed an
approximately 75% (γ100 = .507, p <.01) rise a half hour after waking (the CAR awakening
response).7 Previous research (Adam & Gunnar, 2001) has demonstrated the importance of
including a squared time parameter to model the curvilinear shape of the rhythm, but I did not
find this to be a significant predictor of levels of cortisol (γ300 = .001, p = n.s.).
The variance components (see Appendix C, Table 2) indicated that several of the cortisol
parameters varied significantly across both days and persons. At the day level (Level 2), the
CAR and curvilinear time squared parameter varied significantly from one day to the next (ρ1 =
.002, p = .012; ρ3 = .0007, p = .01). At the person level, all of the parameters except for the time
since waking variable, varied significantly across youth (Level 3) (υ00 = .13, p <.01; υ10 = .10, p
<.01; υ30 = .001, p <.01).
Momentary and daily measures of stress and loneliness were added next (see Table 4.3,
Model 2). The Level-1 estimates were very similar to those found in previous models. Neither
momentary levels of sad/lonely nor momentary levels of stress were significantly associated with
momentary levels of cortisol (Π4 = -.004, p = n.s.; Π5 = .024, p = n.s.).

7

The outcome of interest, cortisol level, was log transformed, thus the effect sizes can be interpreted as a percent
change per one unit change in the independent variable after utilizing the β%change = (e^β))−1) .
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Next, I included both current and prior day emotions and measures of compliance at
Level 2 (day-level). Prior day levels of nervous/stress, however, were associated with about
12.6% lower average wake up levels of cortisol (β02 = -.104, p = .046), while measures of
sadness/loneliness were not significantly associated with waking levels of cortisol. Higher prior
day sadness/loneliness was significantly associated with a 33% greater CAR (β14 = .244, p =
.028) whereas current day levels of sadness/loneliness and prior day levels of nervous/stress were
not. This indicates that it is prior day, not concurrent, feelings of loneliness or stress that
appeared to have the immediate impact on both wake up cortisol levels as well as the CAR.
These results were significant even when wake up compliance or CAR compliance, and current
day averages of sadness/loneliness were included in the model such that the differences cannot
be attributed to later wake times or noncompliance with cortisol procedures. While not shown
here, concurrent and prior day average levels of sadness/loneliness or nervousness/stress were
not significantly associated with cortisol slopes across the day. It should be noted, however, that
this model was not statistically significantly different than the previous model as demonstrated
by the hypothesis test comparing the two models (χ2 = 99.8, p = .208).
The addition of Level 3 (Model 3) covariates did not change the results substantially, but
revealed some additional associations (Appendix C, Table 4). The direction and significance of
the estimates for the Intercept, CAR and the Time of Day growth parameter remained close to
those presented above (γ000 = -1.359, p <.001; γ100 = .506, p <.001; γ200 = -.093, p <.001). Males,
on average, had a smaller CAR than their female counterparts (γ107 = -.207, p =.10) which has
been demonstrated in previous literature. Nicotine use predicted a stronger curvilinear trend (γ307
= .025, p =.002). Lastly, being multi-racial or identifying as “other race” was associated with a
stronger curvilinear trend (γ305 = .004, p =.054), lower levels of cortisol during moments when
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feeling sad/lonely (γ405 = -.473, p =.003) and lower cortisol when feeling higher levels of stress
(γ505 = -.185, p =.026) as compared to their Caucasian counterparts. Again, the main effect
between cortisol and momentary levels of sadness/loneliness or stress levels was not significant
and this model was not significantly different than the previous model without person-level
covariates included (χ2 = 52.79, p = .294).
I turn to Model 4 (Appendix C, Table 5) in order to understand the moderating effects of
trait loneliness, average levels of relationship stress, and clinical MDD on levels of cortisol.
When I included these person-level moderators, the model was statistically different than the
previous model (χ2 = 123.4, p = .049), which indicated the importance of including these trait
level covariates. The slopes between all of the Level-1 and Level-2 predictors and levels of
cortisol remained quite similar. Trait levels of loneliness moderated several of the slope
coefficients even when controlling for momentary, prior day and concurrent day levels of
sadness/loneliness and nervousness/stress. Higher levels of trait loneliness were associated with
lower levels of cortisol at wake-up (γ009 = -.059, p =.073), flatter slopes across the waking day,
(γ209 = .019, p = .018) and less of a curvilinear fit (γ309 = -.001, p = .013). Trait levels of
loneliness also moderated the state loneliness-cortisol association (γ509 = -.06, p = .064)
indicating that while on average most youth experience higher levels of cortisol when feeling
sad/lonely, youth with higher trait levels (experience feelings of loneliness more frequently)
actually experience lower levels of cortisol when they are reporting momentary
loneliness/sadness.
Experiencing a major depressive episode (MDD) during the days of testing appeared to
be similarly associated with the cortisol parameters and the association between state levels of
stress and cortisol to trait loneliness. Having MDD was associated with significantly flatter
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slopes across the waking day (γ2010 = .187, p = .032), about 20.5% flatter slopes than youth
without the presence of the disorder.
Average levels of recent relationship stress did not significantly predict any of cortisol
parameters. However, it did modify the association between momentary loneliness/sadness and
cortisol. Youth who experienced one standard deviation higher levels of chronic interpersonal
life stress had higher levels of cortisol than average (Π4 = .023, p = .577) when they were
experiencing momentary sadness/loneliness (γ4011 = .237, p = .046).
Discussion
This study found three different dynamic pathways through which loneliness is
associated with physiological stress hormone activity. These results indicated that it was not just
the presence of loneliness that was associated with altered cortisol activity, it was the time
duration or chronicity of loneliness that mapped onto three different cortisol parameters. Cortisol
and HPA axis functioning were associated with experiences and emotional states that correspond
with each of these levels: state, day-to-day and trait level differences within and between
individuals. See figure 4.1 for a graphical depiction of each level of results. More importantly,
each of these levels of variation provided unique contributions, as they affected different
mechanisms associated with the regulation of the stress-response system. State level differences
seemed to affect momentary levels of cortisol, day to day variation was associated with
differences in the cortisol awakening response and trait level differences were associated with
altered diurnal rhythms, specifically flatter slopes across the waking day. This study also
illustrated the importance of modeling and understanding variations in cortisol levels not only
from moment to moment and between persons but also from day to day. Of particular note is that
this was the first study to replicate Adam et al.’s (2006) findings that prior day increases in
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loneliness and sadness predicted a greater cortisol awakening response. Furthermore, this was a
sample of emerging adults, rather than older adults, such that I may be beginning to identify a
new link in the evidence that illustrates how both emotional and social experiences “get under
the skin.”
I found varying levels of support for each of my hypotheses regarding the associations
among loneliness and cortisol in this emerging adult sample. I did not find support for my first
hypothesis that momentary loneliness and momentary stress were associated with higher levels
of momentary cortisol. This was contrary to previous work which has shown that high levels of
negative emotional states (anger, tension, nervousness, stress, loneliness) was related to
momentary increases in cortisol levels, specifically in naturalistic settings (Adam, 2006; Peeters
et al., 2003; Pressman et al., 2005; van Eck et al, 1996) in both adolescent and adult populations.
While this result is surprising, it should be noted that when I accounted and controlled for many
trait level differences in chronic stress and loneliness there were distinct variations in the
momentary reactivity to experiencing these negative emotions. Specifically, youth who
experienced higher levels of chronic interpersonal stress were much more reactive to momentary
feelings of loneliness/sadness—almost 30% more reactive for each standard deviation increase in
chronic interpersonal stress. Simply put, youth who had a lot of interpersonal relationship stress
in their life had significantly larger cortisol reactivity (higher cortisol) away from their normal
diurnal rhythm in moments when they were feeling particularly lonely or sad.
I found partial support for my second hypothesis that high average daily levels of
loneliness or sadness are associated with an altered diurnal rhythm the following day. Even when
controlling for concurrent day feelings of sadness/loneliness, prior day levels were associated
with a 30% increase in the cortisol awakening response. Furthermore, prior day levels of
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nervousness/stress were associated with a change in wake up levels of cortisol—wake up levels
were approximately 12% lower for youth who experience one standard deviation higher level of
nervousness/stress the day before. These findings add evidence in support of the “boost”
mechanism that Adam et al. (2006) identify. Negative social and emotional experiences can
influence the stress-response system such that the body reacts by providing an extra “boost” to
help the individual meet the demands of the next day. It is important to note that for youth who
experienced high levels of both nervousness/stress and loneliness/sadness they had lower than
average wake-up levels coupled with greater than average cortisol awakening responses. It seems
that there were two different mechanisms at work, depending on the type of emotional strain
experienced the day before—feeling worried and stressed seemed to predict outcomes directly at
wakeup (lower levels of cortisol) indicating a short term flattening of the cortisol basal rhythm;
while feelings of sadness/loneliness caused the body to increase the cortisol awakening response,
perhaps preparing and activating the body such that it can deal with the upcoming “demands of
the day.” This should be investigated further in the future to gain a better understanding of when
repeated chronically high awakening responses might contribute to more long term alterations in
the HPA-axis which may contribute to poor physical or mental health outcomes.
I found support for my third hypothesis that youth with high levels of trait or chronic
loneliness had flatter slopes across the waking day. This association was independent of the
presence of MDD or high levels of chronic interpersonal stress. Perhaps the physiological
changes associated with the day-to-day variation in high levels of loneliness result when repeated
over time, evolve into more chronic alterations of the basal rhythm such as a flattening of the
slope over the waking day. This may be through the influence of the two classes of receptors that
mediate the negative feedback system for cortisol in the brain, mineralocorticoid and
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glucocorticoid receptors (MRs and GRs) (de Kloet, Vreugdenhil, Oitzl, & Joels, 1998). MRs
have a greater affinity for glucocorticoids than GRs. Therefore, when an individual is not in a
stressful situation, more MR than GR receptors will be occupied, with GR receptors and their
actions only coming into play at peak basal points in the day or under stress conditions. Research
on depression has shown that reduced glucocorticoid receptor activity may account for the less
efficient negative feedback functioning and elevated basal levels of cortisol (de Kloet et al.,
2005). I hypothesize that loneliness works in similar ways; when loneliness is first experienced,
perhaps it leads to greater use of the GR receptors, but with the “over-use” associated with
chronic loneliness, these GR receptors become less receptive to glucocorticoids leading to flatter
cortisol slopes as a result of elevated basal levels of cortisol. Previous research has found that a
flattening of the basal rhythm is linked to poor physical health outcomes (Sephton, et al., 2000);
thus, it will be important for future research to understand the role of chronic loneliness not just
in older adults but in emerging and early adults as well.
I also found partial support for my fourth hypothesis that youth who were experiencing
clinical major depression or who had experienced high levels of chronic interpersonal life stress
would have higher momentary cortisol reactivity to feelings of loneliness. Youth with higher
levels of chronic interpersonal life stress experienced higher levels of cortisol than their peers
when experiencing moments of sadness/loneliness. However, previous research has
demonstrated that chronic stress (e.g. Shulz et al., 1998) is associated with a heightened CAR,
and I did not replicate this finding in this sample. Perhaps prior research confounded trait level
effects with those found here, which indicated that it is the day to day variation which predicts
the heightened CAR. This will be important to explore in future work as a heightened CAR has
been found to be prospectively predictive of increased risk for the development of a major
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depressive disorder in emerging adulthood (Adam et al., 2008). Future research will need to
tease apart whether the heightened CAR is a positive “coping” mechanism by the HPA-axis or a
negative response that could evolve into a more chronic harmful alteration of the diurnal rhythm.
This should be explored further in a longitudinal design which can tease apart whether day to day
variations or trait level differences matter more.
I did not find evidence that youth with MDD experienced higher cortisol reactivity in
moments of loneliness or stress. There are several possible explanations for this finding. The first
is that many prior studies did not simultaneously control for chronic interpersonal stress and trait
levels of loneliness. Thus, prior studies could have, in fact, been capturing effects related to these
“third” unmeasured variables that are related to MDD, but not effects that are directly related to
the experience of the disorder. A second possibility is that there was strong collinearity between
the independent variables of MDD, chronic interpersonal stress and loneliness. However, as
demonstrated in Table 2, this was not the case; while they were certainly related (ranging from
.088 to .130), they were not significantly correlated with one another and they were not related
so closely that it caused multicollinearity within the model. The last, and most plausible
explanation, is that I was limited by the number of cases of youth who experienced MDD during
their days of cortisol testing (N=5). Therefore, there simply was not enough power or variation in
moment to moment cortisol reactivity to momentary emotion for me to detect significant
differences.
While I did not find evidence that youth with MDD had higher cortisol reactivity during
moments of loneliness, I did find that experiencing MDD was strongly associated with a
flattening of the diurnal rhythm, almost 21% flatter than youth who did not have the disorder.
Previous research has consistently shown that depression in adults is often associated
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hypercortisolism (Kaltsas & Chrousos, 2007) and with a flattening of the diurnal rhythm as a
result of higher evening levels (Dahl et al., 1991) and lower feedback sensitivity (Ehlert, Gaab &
Heinricks, 2001). However, findings have not been consistent for adolescents such that scholars
cannot yet point to a clear association between cortisol and major depression. In this study, I
found a similar associations to that which has been found in adult clinical populations, the
presence of recent MDD was associated with flatter slopes across the waking day.
Recent research on HPA-axis functioning has demonstrated the importance of looking at
differences between subgroups (specifically race, for e.g., see DeSantis et al, 2007), compliance
with sampling procedures in naturalistic settings, and controlling for confounding variables in
the environment. In this analysis, few subgroup differences emerged. Males had a smaller
cortisol awakening response than their female counterparts, about 30% smaller. Hispanics also
had an approximately 30% smaller CAR than their non-Hispanic white counterparts (p <.10).
Youth who classified themselves as being of multiple races or “other” race category8 had quite
different cortisol reactivity to momentary feelings of sadness/loneliness and momentary feelings
of stress. As compared to their non-Hispanic white counterparts, they actually experienced much
lower cortisol levels when experiencing higher levels of sadness/loneliness or high levels of
stress. These findings should be explored further in future research as to my knowledge, no other
study has found this association.
This course of research offers several innovations in the study of HPA-axis activity. I
show that both day-to-day variability and trait level differences matter in understanding
associations between cortisol and loneliness. However, they matter in different ways, such that I

8

Multiple race included: black/white, hispanic/white, and hispanic/black and other race was primarily youth of
Arab/Middle-Eastern descent.
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hypothesize that it is the repetitive day by day variations that are emerging in the association
between trait loneliness and the flattening of the diurnal slope. These findings could be an
indication that such variations may have implications for long-term functioning in terms of both
physical and mental health. Secondly, it demonstrates the importance of modeling and
accounting for the intricacies of within person variation in emotions and cortisol levels from
moment to moment and from day to day. Thirdly, this study was strengthened through my use of
well-validated and comprehensive measures of chronic interpersonal life stress and diagnosis of
psychopathology specifically within a community rather than clinical sample. Finally, the results
of this study reinforce the importance of studying the cortisol-environment associations within
naturalistic settings. In this way I can begin to tease apart how the environment influences
physiology in both the short and long term, and how our physiology may impact our social and
emotional experiences within our environment.
There are several limitations to this study. Findings are cross-sectional and future
longitudinal research will need to examine whether these short term alterations from day-to-day
might evolve into long term chronic pathways. It should also seek to understand whether it is in
fact that environmental and emotional changes cause alterations in our physiology, or that
changes in our physiology can affect our emotional experience of our environment. Secondly, I
was restricted to using only twelve of the possible eighteen data points for each individual for
this analysis—future research should work to gather cortisol, emotional and social environmental
data on more than three days such that there is greater predictive power in detecting the impact
of day to day variations. Lastly, this was a community sample and thus, the results are not
generalizable to a national population. However, it was a larger study in comparison to other
naturalistic studies of cortisol activity. Large-scale studies should work to incorporate non-
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invasive measures of stress and HPA-axis functioning such as cortisol so that we can begin to
understand cortisol-environment interactions on a larger scale.
In conclusion, this study of emerging adults replicated what has been found with older
adult populations—negative emotions (e.g., sadness/loneliness and interpersonal stress), whether
momentary or chronic, can impact our physiology at several levels—in the moment, from day to
day and over long periods of time. It will be vital to continue to measure, model and study these
associations appropriately within naturalistic settings to further our understanding of how the
cortisol-environment relationship can impact long term physical and mental health outcomes.
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Table 4.1
Descriptive Statistics for Dependent and Independent Variables (N=108)

Variable

Mean

SD

Minimum

Maximum

Log Cortisol

-1.850

1.090

-6.490

0.690

Cortisol Awakening Response

0.177

0.382

0.000

1.000

Time Since Waking

6.420

6.210

0.000

23.080

Sad Lonely Factor

0.000

1.040

-2.700

6.000

Momentary Stress Level

1.420

0.756

0.000

3.000

Loneliness Scale

5.070

1.700

3.000

9.000

Clinical Major Depression

0.045

0.207

0.000

1.000

Chronic Interpersonal Stress

2.315

0.426

1.630

3.750

Waketime Compliance

0.727

0.318

0.000

1.000

CAR Compliance

0.613

0.328

0.000

1.000

Caffeine

0.070

0.250

0.000

1.000

Smoking

0.030

0.180

0.000

1.000

Follicular Stage

0.160

0.420

0.000

1.000

Birth Control Use

0.230

0.420

0.000

1.000

Gender (Male=1)

0.250

0.440

0.000

1.000

Black

0.190

0.400

0.000

1.000

Hispanic

0.060

0.250

0.000

1.000

Multiple/Other Race

0.180

0.380

0.000

1.000

Table 4.2

Intercorrelation Table of Main Independent Variables, Covariates and Dependent Variable (N=108)

1. Log Cortisol

2

3

4

5

6

7

8

9

10

11

12

13

14

15

16

17

18

0.209

-.189*

-0.045

0.146

-0.125

0.042

-0.087

-0.061

-0.099

-0.075

0.131

0.155

0.057

-0.153

-0.11

0.04

-0.026

0.023

0.026

0.078

-0.081

0.028

-0.065

0.136

0.077

-0.111

-.188*

.171+

-0.002

-.206*

-.237*

-0.041

0.143

0.067

0.111

-0.040

-0.005

.203*

-0.021

-0.127

0.121

-0.053

0.050

0.153

-0.165

0.094

-0.141

-0.115

-.188*

-0.058

.159+

-0.037

0.110

-0.011

0.054

0.020

0.072

0.078

-0.008

-0.099

-0.009

-0.040

0.099

0.074

-0.021

-0.082

-0.157

0.042

0.034

-0.079

0.017

-0.068

-0.039

-0.062

-0.032

.160+

.206*

-0.109

-0.061

-0.018

-0.027

-0.019

-0.148

.161+

-0.012

0.042

0.013

.360**

-0.099

-0.138

-0.052

-0.019

-0.092

-0.014

-0.122

-0.084

-0.006

-0.076

-0.107

-0.094

-0.004

-0.087

-0.022

0.073

0.089

0.153

-0.05

0.031

.748**

0.078

-0.088

0.066

-0.034

-0.002

-0.154

-0.049

0.060

-0.055

-0.114

-0.046

-0.131

0.11

-0.136

0.005

0.040

.336**

-0.061

-0.002

0.124

-0.138

0.023

0.117

0.016

-0.034

0.148

-0.113

-0.045

0.041

.319**

-.287**

-0.029

0.051

0.039

-.325**

-0.026

0.021

0.092

-0.068

-0.059

-0.003

-0.128

0.238

2. CAR
3. Time Since Waking
4. Sad Lonely Factor
5. Momentary Stress Level
6. Loneliness Scale
7. Recent MDD

8. Chronic Interpersonal Life Stress
9. Waketime Compliance
10. CAR Compliance
11. Caffeine
12. Smoking
13. Follicular Stage
14. Birth Control Use
15. Gender (Male=1)
16. Black
17. Hispanic

-0.124

18. Multiple/Other Race
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Notes: + p<.10 * p<.05 **p<.01
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Table 4.3
Loneliness and Cortisol: Three Level Hypothesis Testing and Model Fits (N = 108)

Model 2

Model 1
Variable

Model 3

Model 4

Coefficient

SE

Coefficient

SE

Coefficient

SE

Coefficient

SE

-1.353**

.055

-1.347**

.054

-1.359

.054

-1.365**

.0522

Level 2NervousStress

-.071

.057

-.078

.052

-.054

.066

Level 2 Lag NervousStress

-.120*

.049

-.118*

.049

-.121*

.051

Level 2 SadLonely

-.024

.062

-.061

.061

-.008

.064

Level 2 Lag SadLonely

-.102

.074

-.117

.074

-.101

.073

-.059+

.033

Major Depressive Disorder

-.300

.295

Chronic Interpersonal Stress

-.145

.131

Level 1 Intercept, β0

Trait Loneliness

CAR, β1

.507**

.059

.506**

.059

.512**

.062

Level 2 NervousStress

-.098

.087

-.091

.102

-.086

.104

Level 2 Lag Nervous Stress

.121

.094

.094

.097

.092

.101

Level 2 SadLonely

.068

.110

.069

.114

.097

.118

Level 2 Lag SadLonely

.244*

.111

.258*

.114

.231*

.110

Trait Loneliness

.014

.038

Major Depressive Disorder

.316

.339

Chronic Interpersonal Stress

.018

.158

-.091**

.014

Trait Loneliness

.019*

.009

Major Depressive Disorder

.187*

.086

Mean Relationship Stress

.023

.037

Time Since Waking, β2

TimeSinceWaking2, β3

.507**

-.089**

.001

0.059

.016

-.001

.015

.001

.001
.000

Major Depressive Disorder

-.006

.005

Chronic Interpersonal Stress

-.000

.002

.037

.054

Trait Loneliness

-.061*

.029

Major Depressive Disorder

-.227

.199

Chronic Interpersonal Stress

.237+

.103

.018

.027

.008

.018

Momentary Stress Level, β5

0.024

0.054

0.025

.001

.015

-.001*

-0.004

.001

-.093*

Trait Loneliness

Momentary Sad-Lonely, β4

.001

-.089**

.001

-0.012

0.027

Trait Loneliness

0.049

0.024

Major Depressive Disorder

-.21

.141

Chronic Interpersonal Stress

.015

.071

Hypothesis Testing
Deviance
Parameters
Chi Square Comparison (df)
p value

2444
16
723.45
0.00

2427.84

2180.23

1890.85

37

77

103

99.8

52.79

123.4

0.208

0.294

0.049

Note: * p<.05, ** p<.01. Results were similar when run with Neuroticism from baseline assessment.
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Figure 4.1. Hypothesized mechanisms for understanding the dynamic associations between
loneliness, psychopathology and cortisol

Momentary Daily
↑Loneliness

↑ Cortisol

↑Average

Person
↑Trait Loneliness

MDD

Loneliness

↑Cortisol
CAR

Flatter Cortisol Slopes
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CHAPTER FIVE
DISCUSSION AND CONCLUSIONS
The overarching aim of this dissertation was to explore two important pathways in
emerging adulthood through which the stressors of this developmental period can influence the
emergence or re-emergence of psychopathology. In three studies, this dissertation had two
primary goals: 1) to provide evidence of causal links between interpersonal relationships and
depressive symptoms and how these links might vary by age, gender, race, and socioeconomic
status (SES); 2) to explore the dynamic interplay between stress hormone activity and reactivity
to everyday emotions and experiences which may lead to, or be influenced by, a history or
presence of psychopathology. My first study addressed the first goal as I examined age-related
trajectories of depressive symptoms in a large nationally representative sample and how changes
in parental relationship quality were associated with changes in depressive symptoms across
many subgroups. Then, my focus shifted to examining physiological pathways and stress
hormone activity in response to momentary, daily and chronic stressors like negative emotion,
chronic interpersonal life stress and the presence of psychopathology. Overall, these three studies
provided important empirical and methodological contributions to the emerging adulthood,
developmental psychopathology, and stress physiology fields. They also have implications for
mental health policies and intervention programs. This final chapter provides a review of the
findings from each study, including methodological contributions, and introduces implications
for policy and practice as well as emerging research questions.
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Review of the Findings
Chapter 2: Parental Relationship Quality and Depressive Symptoms
Studies have shown that 15-20 percent of all youth will experience major depression
during their adolescent years (Lewinsohn & Essau, 2002). Peak increases in overall rates of
depression and rates of first-time depressive episodes occur between the ages of 15 and 18
(Hankin et al.,1998). Experiencing depression or even sub-clinical levels of depressive
symptoms can predispose youth towards recurrences of depressive disorders in adulthood and
experiencing other problematic outcomes in early and late adulthood ranging from substance
abuse to job loss to increased risk for suicide (Aalto-Setala et al., 2002; Parker & Roy, 2001;
Synman et al., 2003). Related research has shown important associations between youth-parent
interpersonal relationship quality and depressive symptoms or diagnosis (Bender & Losel, 1997;
Cornwell, 2003). Chapter 2 focused on understanding age-related developmental increases and
decreases in depressive symptoms, and how changes in parental relationship quality were
associated with changes in depressive symptoms over a six year span.
The results in Chapter 2 demonstrated that there was not just a decrease in depressive
symptoms across the transition to adulthood as previous studies have found (Harris et al., 2007,
Meadows et al., 2006), but that there was a peak in depressive symptoms in late adolescence (age
17) and then a decrease over the transition to adulthood. This was the first study to examine the
possibility of non-linearity in the development of depressive symptoms in the Add Health
sample. Therefore, this study provided important contributions for modeling these trajectories

and examining this “inflection point” of depressive symptoms across other cohorts and
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samples of youth.
Relationships with parents seemed to be particularly important for understanding levels
of depressive symptoms across adolescence and the transition to adulthood. In this study, better
relationship quality with both mothers and fathers was associated with lower levels of depressive
symptoms at all time points. Further, positive changes in relationship quality with parents were
associated with significant decreases in depressive symptoms over time. These associations have
been found in previous research. To add to what we know about this topic I sought to understand
the causal links between changes in relationship quality and changes in depressive symptoms. In
this sample, however, only concurrent rather than lagged changes in relationship quality were
associated with depressive symptoms. As a result, conclusions could not be drawn as to whether
one necessarily affects the other. However, these associations are consistent with a possible bidirectional relationship between parental relationship quality and depressive symptoms, or the
presence of a third unmeasured variable, like cognitive appraisal, which might have been driving
the association between the two constructs.
Finally, I found several sub-group differences in levels and trajectories of depressive
symptoms in Chapter 2. In this sample, females had greater levels of depressive symptoms at
baseline and had a greater decline in depressive symptoms after age 17. African American youth
experienced higher levels of depressive symptoms at baseline assessment and better maternal
relationship quality was more protective for these youth than their non-African American
counterparts. Baseline rates of depressive symptoms were higher for youth of lower
socioeconomic status, and these youth had greater increases of depressive symptoms up to age
17, but also greater decreases after age 17. Furthermore, in cross-sectional analyses, low SES

youth benefited less from higher levels of maternal relationship quality even when
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controlling for race and other demographic characteristics.
This chapter provided estimates of age-related changes in depressive trajectories and the
impact of parental relationship quality on levels of depressive symptoms. First, the findings
underscored the importance of modeling for non-linearity in trajectories of depressive symptoms
from adolescence into emerging adulthood. Second, while I could not conclude that better
parental relationship quality could buffer youth from experiencing depressive symptoms, the
effect sizes of the associations range from .75 SD to 1.5 SD, indicating that the two constructs
were closely intertwined. Future research (and future waves using the Add Health sample)
should continue to explore relationship quality and depressive trajectories by examining possible
“third variable” causal agents that might drive these associations.
Chapter 3: Histories of Depression and Flatter Diurnal Cortisol Slopes
In Chapter 3, I turned to understanding the physiological pathways associated with
experiences of depression during adolescence and emerging adulthood. A great deal of crosssectional research has centered on identifying HPA-axis dysregulation as a possible cause of
experiencing an emotional disorder, rather than a consequence of experiencing a disorder. In
adults, evidence has shown that major depression is associated with alterations in HPA axis
activity including dysregulation in basal activity or hypercortisolism (for review see Chrousos &
Gold, 1992). In studies of normal youth and adults, research has demonstrated that everyday life
factors like day-to-day stresses, emotions, and stressful events are sufficient to activate the HPAaxis (Adam, 2006; Adam & Gunnar, 2001, Adam, Hawkley, Kudielka & Cacioppo, 2006; Flinn
& England, 1995; McEwen, 1998; Schnieders et al., 2005; Steptoe et al., 2001). The primary

goal of this study was to investigate the extent to which the presence of an emotional disorder
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itself, as compared to the types of daily emotional experiences associated with the disorder, were
responsible for HPA axis differences as measured in the stress hormone cortisol, and whether
negative emotional experiences were independently associated with HPA-axis functioning.
Results in Chapter 3 were consistent with evidence found in adults. This study found that
youth who had experienced a major depressive disorder in the past had significantly flatter
cortisol slopes across the waking day. This was independent of many covariates such as gender,
race, and health-related controls. Negative emotion on the days of testing did not mediate the
past MDD and cortisol association. Adolescents who were recently diagnosed (past few months)
with comorbid MDD and anxiety disorders were also found to have significantly flatter diurnal
cortisol slopes than adolescents without disorder. However, there was evidence that negative
emotion on the days of testing mediated the effect of recent diagnosis on flatter diurnal slopes,
while levels of recent stressful life experiences did not. Negative emotion on the days of testing
was a better predictor of diurnal cortisol slopes than the presence or absence of recent
psychopathology, suggesting that at least some associations between HPA axis activity and
psychopathology resulted from differences in the recent and current daily experiences of
adolescents with mood and anxiety disorders, rather than any intrinsic biological property of the
disorder itself. It should be noted that levels of recent stressful life experiences did not mediate
either the past or recent episodes of psychopathology and HPA axis activity.
In summary, this chapter made several empirical contributions to the existing literature.
Previous cross-sectional research on HPA axis dysregulation in depressed adolescents has been
inconsistent and the results of this study indicated some possible explanations for these
inconsistencies. The time course of the depressive episodes in relation to cortisol measurement

and the measurement of the concurrent daily emotions and events are integral to
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understanding the associations between the disorder and HPA-axis alterations. In this study, the
types of daily emotional experiences associated with a depressive disorder were more related to
HPA axis differences than to the disorder itself. Interestingly, even when a disorder was no
longer present, the HPA-dysregulation remained. This suggests that perhaps their system adapted
to the chronic activation of a previous disorder and therefore, even in the absence of high levels
of negative emotion, looked very similar to the systems of youth with current disorders who were
under high levels of distress. That is, temporary cortisol flattening due to high levels of stress
became entrained over time to produce actual changes in HPA-axis regulation and functioning.
Future work should examine these associations longitudinally rather than relying on
retrospective youth self-reports of past disorders and life stress experiences. Understanding both
new onsets as well as recurrences of major depression over several years in conjunction with
indices of HPA-axis activity will help us to uncover the dynamic pathways through which
disorders affect, and are affected by, physiological changes in response to our emotions and
environments.
Chapter 4: Loneliness and HPA-Axis Activity
The last study of this dissertation continued to look at the dynamic interplay between
every day emotions and HPA-axis activity at a more microanalytic level. Like the previous
chapter, this study utilized longitudinal growth models to understand within-day, day-to-day, and
between-person variation in the associations between loneliness and levels of the stress hormone
cortisol. Understanding the affective state of loneliness in relation to HPA-axis activity is of
particular importance in emerging adulthood as this age group spends more time alone and

reports higher levels of loneliness than any other age group (Larson, 1990; Rokach, 2001),
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and loneliness has been found to have strong associations with biological processes and physical
and mental health outcomes (Cacioppo et al., 2003). The study investigated the extent to which
three different time courses of loneliness and stress (momentary, daily and trait) were related to
HPA-axis activity and whether the associations between loneliness and cortisol were moderated
by psychopathology, chronic life stress, or demographic characteristics of youth.
Results indicated that all three levels of loneliness were associated with changes in
cortisol basal activity. However, each level related differentially. High trait loneliness was
associated with a flattening of the diurnal cortisol rhythm across the waking day. To my
knowledge, this had not been found previously, and it was independent of the MDD-cortisol
associations. Prior-day feelings of loneliness were associated with an increased cortisol
awakening response the next morning (controlling for same-day loneliness). This replicated the
Adam et al. (2006) finding in older adults, but this was the first study seeking to understand the
intricacies of day-to-day variation in emotion-cortisol associations in emerging adults. Finally,
momentary experiences of loneliness during the day were associated with momentary increases
in cortisol among youth who also have high chronic interpersonal stress. In adolescent
populations, only three prior studies have found specific loneliness-cortisol associations (Adam,
2006; Cacioppo et al., 2000; Pressman et al., 2005), and they did not examine differential
associations based upon the chronicity or time frame of loneliness experiences.
In sum, this study of emerging adults suggested that feelings of loneliness related to both
between-person differences, as well as within-person variations in cortisol levels within and
across days, supporting the idea that it is an important psychosocial influence on youth

physiological stress processes across multiple time frames. However, further research is
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needed to understand how these loneliness-cortisol associations might change over time. Are
these three types of associations specific to the emerging adulthood developmental period, or
should we test other populations to understand how these associations emerge across the life
course? In the future, more comprehensive, targeted studies on the construct of loneliness are
needed to truly understand the interplay between momentary and chronic (trait) feelings of
loneliness and HPA-axis function as a pathway leading to poor mental and physical health
outcomes as described by Cacioppo et al. (2003).
Hypothesized Physiological Pathways (see Figure 5.1)
Taken together, the results from Chapters 3 and 4, along with the findings from Adam et
al. (2008)1, provide evidence for a dynamic hypothesized pathway among emotions,
psychological disorder and alterations in HPA-axis activity. (1) The pathway starts with the
moment-to-moment associations and day-to-day associations found in Chapter 4, in which
momentary experiences of loneliness in youth with high levels of interpersonal life stress were
related to higher momentary levels of cortisol and high prior-day feelings of loneliness were
associated with an increased CAR the next day. (2) I hypothesize that when this is repeated over
time it can lead to more chronic associations in the form of (3) an onset of a major depressive
disorder. Evidence from Adam et al. (2008) indicated that higher CAR’s are prospectively
predictive of new onsets of MDD one and a half year later. (4) The onset of the major depressive
disorder (MDD) and the emotions associated with MDD (high levels of negative emotion such as
stress and loneliness) when experienced over time lead to (5) flatter diurnal cortisol slopes as
1

As reviewed earlier, Adam et al. (2008) find that the size of the cortisol awakening response (CAR) is
prospectively predictive of new onsets of MDD controlling for negative emotion and stress on the days of cortisol
testing and levels of episodic and chronic life stress.

demonstrated in both Chapters 3 and 4. Thus, these studies shed light on the dynamic
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interplay over time of negative emotions and feelings of loneliness, MDD, and two different
forms of HPA-axis dysregulation, the CAR and flatter diurnal cortisol slopes.
Methodological and Analytical Contributions
The three studies in this dissertation made important methodological and empirical
contributions to the fields of human development, clinical psychology and
psychoneuroendocrinology. All of the studies investigated youth in the important developmental
time period of emerging adulthood. Although new on the landscape of developmental literature,
recent research has found that within the heterogeneity of experiences that youth face during
these years, trajectories are initiated that set the stage for both mental and physical health
outcomes leading into early and middle adulthood.
While most empirical work on emerging adults study the most vulnerable youth, this
dissertation made a unique contribution to the literature by focusing on broader populations.
One study in this dissertation looked at a nationally representative sample and the other two
studies looked at a community sample of emerging adults over selected for “high risk” of
developing psychopathology. These studies presented evidence for the types of emotions,
environments and behaviors that may propel youth on more or less successful trajectories. The
first study found that the quality of parental relationships in adolescence and into emerging
adulthood was closely intertwined with trajectories of depressive symptoms. It seems that
relationships with parents are not solely important during the early years of life, but that they
continue to be of importance into adulthood. The second and third studies illustrated the impact
of every-day emotions and experiences of emerging adults on their mental health and

physiological stress processes. If these youth are facing more stress because of the many
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changes occurring in their lives, then we need to be particularly aware of how stress “gets under
the skin” to affect their physiology and health. The second and third studies provided evidence
that these every day stressors do impact emerging adults’ physiology, and that it is a dynamic
interplay over time, not necessarily just moment to moment variations.
Analytic Innovations
Each study in this dissertation utilized a different innovative growth modeling approach
to answer the research questions posed. In the second chapter, I first linked the longitudinal data
from adjacent age cohorts together to approximate a long-term growth curve. In this sense, I
approximated a long-term longitudinal study by conducting several short-term longitudinal
studies of different age cohorts simultaneously (Duncan et al., 1996). From this I was able to
ascertain the age when depressive symptoms peak and then model these age trajectories
throughout the rest of my analyses.
Next, I used piecewise HLM to understand the developmental trajectories of depressive
symptoms across the transition to adulthood and the connection between parental relationship
quality and changes in depressive symptoms. While more traditional growth modeling
approaches simply look at the cross-sectional associations between time varying covariates and
outcomes, this approach allowed me to examine changes in the associations between parental
quality and depressive symptoms over time and permitted these associations to differ based upon
the various time points. This study also examined the direction of the associations between
depressive symptoms and quality of parent relationships, and provided clear evidence that
parental relationship quality and depressive symptoms are inversely associated. Piecewise HLM

techniques can help us begin to understand causal directions and provide a more nuanced
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picture of the associations between parental relationship quality and trajectories of depressive
symptoms over the transition to adulthood.
The second and third studies used three-level HLM growth modeling techniques to
ensure proper representation of the diurnal cortisol rhythm and of the cortisol awakening
response. This type of modeling allowed me to look at several different cortisol parameters with
one model and to gain an understanding of how the independent variables of interest,
psychopathology, life stress and negative emotion, contributed to variations in these cortisol
parameters. Furthermore, by modeling moment-to-moment, day-to-day and person-to-person
variation I could understand cortisol variability both within and across people. Both studies
provided consistent evidence that basal rhythms can vary widely from day to day and from
person to person in systematic ways.
The third study in this dissertation also specifically modeled lags in day level effects to
understand how prior day emotions or experiences altered physiological responses the next day.
This was one of the first studies to do this. It replicated findings by Adam et al. (2006) that prior
day high levels of loneliness were associated with a greater CAR the next day. Together, these
findings illustrated that negative social and emotional experiences can perhaps influence the
stress-response system such that the body reacts by providing an extra “boost” to help the
individual meet the demands of the next day. Future research is needed to continue to understand
the importance of day-to-day variations in emotions and experiences and cortisol activity.
These modeling techniques would not be possible without proper cortisol sampling
techniques. This study ascertained saliva samples from youth at wake-up, thirty to forty minutes

after wake up, at three semi-random intervals across the day, and at bed time. While more
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cumbersome for the research team and the subjects, this methodology ensures the correct
modeling of the cortisol rhythm that is person-specific, as their samples are centered on their
personal sleep-wake schedule, not a preset average schedule. This is particularly important for
longitudinal studies of adolescents transitioning into college and the work place, as it has been
hypothesized that their sleep schedules change significantly over these years (Carskadon &
Davis, 1989).
Finally, Chapters 3 and 4, which both looked at the HPA-axis, included important
covariates that are not always used in physiological stress research including race, gender, and
SES. Recent research in racial health disparities has shown that minorities, specifically Blacks
and Hispanics have flatter diurnal cortisol slopes (Cohen et al., 2006; DeSantis et al., 2007) and
therefore, future research should continue to recognize the importance of investigating sub-group
differences to uncover the mechanisms through which these racial disparities emerge.
Together, these three studies contributed to new and innovative techniques for measuring,
modeling and understanding both interpersonal and physiological pathways to mental health and
emotional outcomes in the transition to adulthood on a national level and in a high risk
community sample.
Implications for Policy and Practice
All three empirical chapters of this dissertation have important implications for policy
and practice. However, because much of this work was preliminary and has not been replicated,
it will need to be extended into other large samples in order to understand what policies and
programs can be implemented successfully.

The findings from the first study in this dissertation suggested that while not
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necessarily causally associated, parental relationship quality from adolescence into early
adulthood and levels of depressive symptoms were closely intertwined. Emerging adulthood is a
time of great vulnerabilities as youth prepare to enter the work force for the first time.
Depression in adolescence and emerging adulthood puts youth at great risk for many
psychosocial and health problems in the future. Thus, promoting a successful transition to
adulthood is to the benefit of not only the youth themselves, but to society as a whole. The first
study helped us to understand how subgroups of these youth fare over their transition to
adulthood and what impact parent quality had for promoting better mental health in youth. For
example, socioeconomic status appeared to be related both to levels of depressive symptoms and
to growth or decline of depressive symptoms. Baseline rates of depressive symptoms were higher
for youth of lower socioeconomic status, and these youth had greater increases of depressive
symptoms up to age 17. Further, low SES youth benefited less from higher levels of maternal
relationship quality. Thus, it appeared that lower SES youth had higher demands that, when
coupled with fewer resources, created an environment where they are less able to make effective
use of the resources that they do have, most specifically relationship resources. These findings
suggested that there are disparities that reach beyond quality of relationships with parents;
however, increased parental involvement and improvement in parental relationship quality may
have helped to promote more successful mental health trajectories in early adulthood.
The first study also illustrated where intervention and prevention programs may be most
successful based upon age trajectories of depressive symptoms. If peaks of depressive symptoms
occur at age 17, and girls are much more likely to experience high levels of symptoms than boys,
then perhaps targeted prevention and intervention programs for girls in particular in both middle

school and early high school will help to decrease these peaks in not only symptoms but
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perhaps diagnosis of depression as well.
The second and third chapters illustrated the dynamic interplay among daily emotions
and affect, past and recent major depression, and HPA-axis activity. Clearly, all three constructs
are inter-related but there is not yet enough research to conclude that HPA-axis activity can be
used as a “screener” to pinpoint who will experience a disorder and who will not, or to see for
whom an intervention is working or not (for full review see Adam, Sutton, Doane & Mineka,
2008). However, we can develop “risk profiles” to help us understand which youth might be
vulnerable based upon the number of risk factors they face, including HPA-axis indices and
recent levels of negative emotion and life stress.
Finally, Chapter 3 and Chapter 4, in particular, highlighted the impact of affective
experiences of loneliness on HPA-axis activity in emerging adults. Because emerging adults
have reported the highest levels of loneliness of any age group in past studies, findings in this
dissertation indicate that efforts should be made to first understand why emerging adults
experience this state more frequently than other groups and how policy programs might be
developed to counteract these high rates of loneliness. Potential programs could involve various
social networking or media campaigns urging college students and emerging adults to connect
with other youth, volunteer on service projects or even (re)connect with their families. As stated
previously, both policy and programmatic implications are highly preliminary; future research
needs to expand and replicate these findings before sound guidelines for policy can be suggested.
Summary and Conclusion

The research presented in this dissertation makes a substantial contribution to
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understanding the physiological and interpersonal correlates of mental disorders over the
important developmental period of emerging adulthood. These three studies shed light on
dynamic processes between person and environment that underlie our every-day experiences,
emotions and physiology. Furthermore, this dissertation made an important contribution to the
literature through its use of innovative methodological and measurement techniques and a largescale, nationally representative dataset.
The evidence offered in this dissertation allows me to make three general observations.
First, in studies of depressive symptoms and disorder, including demographic characteristics like
race and socioeconomic status and carefully modeling age trajectories is integral to
understanding the psycho-social influences on changes in levels of symptoms or disorder.
Without including these covariates, we may attribute characteristics intrinsic to certain
populations and their environments to other independent variables of interest such that the true
directions of causality are obscured. For example, I found that quality of relationships with
parents are closely associated with levels of depressive symptoms in the Add Health sample,
however, I could not claim that they were causally connected.
Second, there is a dynamic interplay between HPA-axis activity, every-day emotions, and
the presence or history of psychopathology. This dissertation revealed and discussed two
pathways through which social experiences can become embedded in human biology. There is
evidence that changing social experiences have implications for changes in psychopathology,
and that psychopathology over time may have long term consequences for physiology as seen in
changes in stress hormone activity. Future research should test the hypothesized pathway

presented here from emotion to HPA-axis dysregulation to disorder, to understand whether
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this pathway exists for other populations and across the life span. Finally, careful measurement
and modeling is necessary in studies of HPA-axis activity across many days, years and persons.
Without thorough measurement and modeling of the diurnal rhythm, inaccurate estimates of the
strength and size of associations can be found that obscure the true relationships.
In sum, this dissertation uncovered pathways by which emotional and interpersonal
experiences may “get under the skin” to affect biological processes and mental health outcomes.
Incorporation of HPA-axis indicators into large scale studies and future collaboration among
developmental psychologists, developmental psychobiologists, clinical psychologists and policy
makers using nationally representative samples will lead to an improved biopsychosocial
understanding of the complex interplay between individuals, their physiology and their
environments.

Figure 5.1. Integration of Chapters 3 and 4 with Adam et al. (2008): Hypothesized
Physiological Pathways

Momentary
Negative
Emotion:
Loneliness
and Stress

↑High Prior
Day
Loneliness
Onsets of
MDD

1
3
When repeated
over time
2

↑ Momentary
Cortisol

↑Cortisol
CAR

5

High
levels of
negative
emotion:
loneliness
and stress

Flatter Cortisol
Slopes

163

References

164

Aalto-Setälä, T., Marttunen, M, Tuulio-Henriksson, Poikolainen, A., Lönnqvist, J. (2002).
Depressive Symptoms in Adolescence as Predictors of Early Adulthood Depressive
Disorders and Maladjustment. American Journal of Psychiatry, 159, 1235-1237.
Abramson, L., Alloy, L.B. Hankin, B., Haeffel, G., MacCoon, B., & B.Gibb (2002). Cognitive
Vulnerability-Stress Models of Depression in a Self-Regulatory and Psychobiological
Context in Gotlib, I. H. & Hammen, C.L. (Eds) Handbook of Depression. Guilford
Press: 2002.
Adam, E.K. (2007). Strategies for modeling diurnal cortisol slopes in population-based research:
Implications of number and timing of salivary cortisol samples for slope estimate.
Manuscript submitted for publication.
Adam, E.K. (2006). Transactions among trait and state emotion and adolescent diurnal and
momentary cortisol activity in naturalistic settings. Psychoneuroendocrinology, 31(5),
664-679.
Adam, E.K., Doane, L.D., Zinbarg, R., Mineka, S., & Craske, M. (2008). Prospective prediction
of major depression from cortisol awakening responses in late adolescents. Manuscript
submitted for publication.
Adam, E. K. & Gunnar, M. R. (2001). Relationship functioning and home and work demands
predict individual differences in diurnal cortisol patterns in women.
Psychoneuroendocrinology, 26, 189-208.
Adam, E.K., Hawkley, L.C., Kudielka, B.M., & Cacioppo, J.T. (2006). Day-to-day dynamics
of experience-cortisol associations in a population-based sample of older adults. The
Periodicals of the National Academy of Sciences, 103, 17058-17063.

165
Adam, E.K., Klimes-Dougan, B., & Gunnnar, M.R. (2007). Social regulation of stress
physiology in infancy, childhood and adulthood. Human Behavior and the Developing
Brain: Atypical Development (Ed.s D. Coch, G. Dawson & K. Fischer). Guilford Press.
Adam, E.K., Sutton, J., Doane, L.D & Mineka, S. (2008). Incorporating HPA-axis measures into
preventive interventions for adolescent depression: Are we there yet? Development and
Psychopathology. In press.
Adams, G.R., Openshaw, D.K., Bennion, L., Mills, T., & Noble, S. (1988). Loneliness in late
adolescence: A social skills training study. Journal of Adolescent Research, 3, 81-96.
Aina, Y. & Susman, J. (2006). Understanding co-morbidity with depression and anxiety
disorders. JAOA, 106, 9-14.
Ainsworth, M.D.S. (1989). Attachments beyond infancy. American Psychologist, 44, 709-716.
Allgood-Merten, B., Lewinsohn, P.M., & Hops, H. (1990). Sex differences and adolescent
depression. Journal of Abnormal Psychology, 99, 55-63.
Allison, P.D. (1984). Event history analysis: Regression for longitudinal event data. Sage
University Paper Series on Quantitative Applications in the Social Sciences. Beverly
Hills, CA: Sage.
Amato, P.R. (2001). Children of divorce in the 1990s: An update of the Amato and Keith (1991)
meta-analysis. Journal of Family Psychology, 15, 355-370.
Amenson, C.S., & Lewinsohn, P.M. (1981). An investigation into the observed sex differences
in prevalence of unipolar depression. Journal of Abnormal Psychology, 9, 1-13.
American College Health Association. (2002). National college health assessment Web
summary. Available at http://www.acha.og/projects_programs/ncha_sampledata_public

Angold, A., Costello, E., & Worthman, C. (1998). Puberty and depression: The roles of age,

166

pubertal status and pubertal timing. Psychological Medicine, 28, 51-61.
Arnett, J.J. (2004). Emerging adulthood: The winding road from the late teens through the
twenties. New York: Oxford University Press.
Arnett, J.J. (2001). Conceptions of the transition to adulthood: perspectives from adolescence
through midlife. Journal of Adult Development, 8(2), 133-143.
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. (1997). Young people’s conceptions of the transition to adulthood. Youth and
Society, 29, 1-23.
Asarnow, J.R., Jaxcos, L.H., & Tompson, M.C. (2001). Depression in youth: Psychosocial
interventions. Journal of Clinical Child Psychology, 30, 33-47.
Bearman, Peter S., Jones, Jo, and Udry, J. Richard. (1997). The National Longitudinal Study of
Adolescent Health: Research Design [WWW document].
URL:http://www.cpc.unc.edu/addhealth.
Benassi, V., Sweeney, P.D., Dufour, C.L. (1988). Is there a relation between locus of control
orientation and depression? Journal of Abnormal Psychology, 97, 357-367.
Bender, D & Losel, F. (1997). Protective and risk effects of peer relations and social support on
antisocial behavior in adolescents from multi-problem milieus. Journal of Adolescence,
20, 661-678.
Bennett, D.S., & Bates, J.E. (1995). Prospective models of depressive symptoms in early
adolescence: Attributional style, stress and support. Journal of Early Adolescence, 15,
299-315.

167
Berry, D. (2004). The relationship between depression and emerging adulthood: Theory
generation. Advances in Nursing Science, 27, 53-69.
Boivin, M., Hymel, S., & Bukowski, W.M. (1995). The roles of social withdrawal, peer
rejection, and victimization by peers in predicting loneliness and depressed mood in
childhood. Development and Psychopathology, 7 (4), 765-785.
Bond, L., Toumbourou, J.W., Thomas, L., Catalano, R.F., & Patton, G. (2005). Individual,
family, school, and community risk and protective factors for depressive symptoms in
adolescents: A comparison of risk profiles for substance use and depressive symptoms.
Prevention Science, 6(2).
Brage, D., & Meredith, W. (1994). A causal model of adolescent depression. Journal of
Psychology, 128 (4), 455-468.
Brage, D., Campbell-Grossman, C., & Dunkel, J. (1995). Psychological correlates of adolescent
depression. Journal of Child and Adolescent Psychiatric Nursing, 8 (4), 23-30.
Brown, G.W. & Harris, A.R. (1978). Social origins of depression: A study of psychiatric
disorder in women. New York: Free Press.
Brown, G.W., Harris, T., & Copeland, J.R. (1977). Depression and loss. British Journal of
Psychiatry, 30, 1-18.
Brown, J.S., Meadows, S., & Elder, G.H. (2007). Race-ethnic inequality and psychological
distress: Depressive symptoms from adolescence to young adulthood.
Developmental Psychology, 43, 1295-1311.
Bryk, A.S., & Raudenbush, S.W. (1992). Hierarchical Linear Models. Newbury Park, CA: Sage.
Burke Jr., J.D., Burke, K.C., & Rae, D.S. (1994). Increased rates of drug abuse and dependency

after onset of mood or anxiety disorder in adolescents. Hospital and Community

168

Psychiatry, 45 (5), 451-455.
Cacioppo, J., Bernston, G., Sheridan, J., & McClintock, M. (2000). Multilevel integrative
analyses of human behavior: Social neuroscience and the complementing nature of social
and biological approaches. Psychological Bulletin, 126, 829-843.
Cacioppo, J.T., Enst, J.M., Burleson, M.H., McClintock, M.K., Malarkey, W.B., Hawkley,
L.C., et al. (2000). Lonely traits and concomitant physiological processes: The
MacArthur Social Neuroscience Studies. International Journal of Psychophysiology, 35,
143-154.
Cacioppo, J., Hawkley, L. & Berntson, G. (2003). The anatomy of loneliness. Current
Directions in Psychological Science, 12, 71–74.
Cacioppo, J.T., Hawkley, L.C., Crawford, L.E., Ernst, J.M., Burleson, J.M., Kowalewski, R.B.
et al. (2002). Loneliness and health: Potential mechanisms. Psychosomatic Medicine,
64, 407-417.
Cacioppo, J.T., Hughes, M.E., Waite, L.J., Hawkley, L.C., & Thristed, R.A. (2006). Loneliness
as a specific risk factor for depressive symptoms: cross-sectional and longitudinal
analyses. Psychology and Aging, 21, 140-151.
Carver, C.S., & White, T.L., 1994. Behavioral inhibition, behavioral activation, and
affective responses to impending reward and punishment: The BIS/BAS scales. Journal
of Personality and Social Psychology, 67(2), 319-333.
Caspi, A., Sugden, K., Moffit, T., Taylor, A., Craig, I., Harrington, H., McClay, J., Mill, J.,
Martin, J., Braithwaite, A., & Poulton, R. (2003). Influence of life stress on depression:
Moderation by a polymorphism in the 5-HTT gene. Science, 301, 386-389.

169
Chikszentmihalyi, M., & Larson, R., (1987). Validity and reliability of the experience-sampling
method. Journal of Nervous and Mental Disease, 175, 526-536.
Chrousos, G. P. & Gold, P. W. (1992). The concepts of stress and stress system disorders.
Journal of the American Medical Association, 267, 1244-1252.
Cicchetti, D. (Ed.) (1990). Contributions of the study of risk and psychopathology to
development theory [Special Issue]. Development and Psychopathology, 2(4), 329-444.
Cicchetti, D., & Toth, S.L. (1998). The development of depression in children and adolescents.
American Psychologist, 53(2), 221-241.
Clements, A.D., Parker, C.R. (1998). The relationship between salivary cortisol concentrations
in frozen versus mailed samples. Psychoneuroendocrinology, 23 (6), 613-616.
Cohen, S., Doyle, W. J., Skoner, D. P., Fireman, P., Gwaltney, J., & Newsom, J. (1995). State
and trait negative affect as predictors of objective and subjective symptoms of
respiratory viral infections. Journal of Personality and Social Psychology, 68, 159–169.
Cohen S, Schwartz JE, Epel E, et al. (2006). Socioeconomic status, race, and diurnal cortisol
decline in the Coronary Artery Risk Development in Young Adults (CARDIA) Study.
Psychosomatic Medicine, 68(1), 41-50.
Collins, W.A. (1997). Relationships and development during adolescence: Interpersonal
adaptation to individual change. Personal Relationships, 4(1).
Collins, W.A. (2003). More than myth: The developmental significance of romantic
relationships during adolescence. Journal of Research on Adolescence, 13(1), 1-24.
Cornwell, B. (2003). The dynamic properties of social support: Decay, growth, and staticity, and
their effects on adolescent depression. Social Forces, 81(3).

Costello, E.J. (2001). Epidemiology of depression in children and adolescents. In I.

170

Goodyear (Ed.), The depressed child and adolescent. Cambridge University Press.
Costello, E.J., Pine, D.S., Hammen, C., March, J.S., Plotsky, P.M., Weissman, M.M., et al.
(2002). Development and natural history of mood disorders. Biological Psychiatry, 52,
529-532.
Crook, T., & Raskin, A. (1975). Association of childhood parental loss with attempted suicide
and depression. Journal of Consulting and Clinical Psychology, 43, 277.
Cyranowski, J.M., Frank, E., Young, E., & Shear, M.K. (2000). Adolescent onset and the gender
difference in lifetime rates of major depression. Archives of General Psychiatry, 57, 2127.
Dahl, R., Puig-Antick, J., Ryan, N., Nelson, B., Novacenko, H., Twomey, J., Williamson, D.,
Goetz, R., & Ambrosini, P.J. (1989). Cortisol secretion in adolescents with major
depressive disorder. Acta Psychiatrica Scandinavica, 80, 18-26.
Dahl, R. E. & Ryan, N. D. (1996). The psychobiology of adolescent depression. In D. Cicchetti
and S. L. Toth (Eds). Adolescence: Opportunities and challenges. Rochester symposium
on developmental psychopathology, Vol. 7, pp. 197-232.
Dahl, R.E., Ryan, N.D., Puig-Antich, J., Nguyen, N.A., A1-Shabbout, M., Meyer, V.A., Perel J.
(1991). 24-Hour cortisol measures in adolescents with major depression: a controlled
study. Biological Psychiatry, 30, 25-36.
Dahl, R.E., & Spear, L.E. (2004). Adolescent Brain Development: Vulnerabilities and
Opportunities. New York: The New York Academy of Sciences.
Daley, S.E., Hammen, C., & Rao, U. (2000). Predictors of first onset and recurrence of major
depression in young women during the five years following high school graduation.

171
Journal of Abnormal Psychology, 3, 525-533.
Davilla, J., Steinberg, S. J., Kachadourian, L., Cobb, R., & Fincham, F. (2004). Romantic
involvement and depressive symptoms in early and late adolescence: The role of a
preoccupied relational style. Personal Relationships, 11, 161-178.
Dekker, M., Ferdinand, R., van Lang, D., Bongers, I., van der Ende, J., & Verhulst, F. (2007).
Developmental trajectories of depressive symptoms from early childhood to late
adolescence: gender differences and adult outcome. Journal of Child Psychology and
Psychiatry, 48, 657.
de Kloet, E. R., & Derijk, R. (2004). Signaling Pathways in Brain Involved in Predisposition and
Pathogenesis of Stress-Related Disease: Genetic and Kinetic Factors Affecting the
MR/GR Balance. Annals of the New York Academy of Sciences, 1032(1), 14-34.
de Kloet, E. R., Joels, M., & Holsboer, F. (2005). Stress and the brain: from adaptation to
disease. Nature Neuroscience Reviews, 6(6), 463-475.
de Kloet, E. R., Vreugdenhil, E., Oitzl, M., & Joels, A. (1998). Brain corticosteroid receptor
balance in health and disease. Endocrine Reviews, 19, 269-301.
DeSantis, A.S., Adam, E.K., Doane, L.D., Mineka, S., Zinbarg, R., & Craske, M. (2007). Racial
and ethnic difference in cortisol diurnal rhythms in a community sample of
adolescents. Journal of Adolescent Health, 41, 3-13.
DeSantis, A.S., Adam, E.K., Mendelsohn, K., & Doane, L.D. (2008). Concordance between selfreported and actual wake-up times in ambulatory salivary cortisol research: Implications
for the cortisol response to awakening. Submitted for publication.
Devins, G. M., Orme, C.M., Costello, C.G., & Binek, Y.M. (1988). Measuring depressive

symptoms in illness populations: Psychometric properties of the Center for

172

Epidemiologic Studies Depression (CES-D) scale. Psychology and Health, 1, 139-156.
Dickerson, S.S. & Kemeny, M.E. (2004). Acute stressors and cortisol responses: a theoretical
integration and synthesis of laboratory research. Psychological Bulletin, 130, 355-391.
DiNardo, P.A. & Barlow, D.H. (1988). Anxiety Disorders Interview Schedule-Revised. (ADISR). Albany, NY: Graywind Publications.
Downey G. & Coyne, J.C. (1990). Children of depressed parents: an integrative review.
Psychological Bulletin, 108, 50-76.
Dressendorfer RA, Kirschbaum C, Rohde W, et al. (1992). Synthesis of a cortisol–biotin
conjugate and evaluation as a tracer in an immunoassay for salivary cortisol
measurement. The Journal of Steroid Biochemistry and Molecular Biology, 43, 683–692.
Duncan, S. C., Duncan, T. E., & Hops, H. (1996). Analysis of longitudinal data within
accelerated longitudinal designs. Psychological Methods, 1(3), 236-248.
Ehlert, U., Gaab, J., & Heinrichs, M. (2001). Psychoneuroendocrinological contributions to
the etiology of depression, posttraumatic stress disorder, and stress-related bodily
disorders: the role of the hypothalamus-pituitary-adrenal axis. Biological
Psychology, 57(1-3), 141-152.
Elder, G., Johnson, M.K., & Crosnoe, R. (2003). The emergence and development of life course
theory. In Mortimer, J.T., & Shanahan, M.J. (Eds.), Handbook of the Life Course. New
York, pp. 3-19.
Elencov, I.K. & Chrousos, G.P. (1999). Stress hormones, Th1/Th2 patterns, Pro/Antiinflammatory cytokines and susceptibility to disease. Trends in Endocrinology and
Metabolism, 10, 359-369.

173
Elencov, I.K., Papanicolaou, D.A., Wilder, R.L., & Chrousos, G.P. (1996). Modulatory effects
of glucocorticoids and catecholamines on human interleuin-12 and interleukin-10
production: clinical implications. Proceedings of the Association of American
Physicians, 108, 374-381.
Erikson, E.H. (1959). Identity and the Life Cycle. New York: W.W Norton & Company.
Erikson, E. H. (2005). Childhood and society. New York: W. W. Norton & Company.
Evans,O. & Steptoe,A. (2001). Social support at work, heart rate and cortisol: A self-monitoring
study. Journal of Occupational Health Psychology 6, 361-370
Eysenck, H.J.. & Eysenck, S.B.J. (1975). Manual of the Eysenck Personality Questionnaire
(adult and junior). London: Hodder & Stoughton
Fergusson, D.M., & Woodward, L.J. (2002). Mental health, educational, and social role
outcomes of adolescents with depression. Archive of General Psychiatry, 59, 225-231.
First, M. B., Spitzer, R. L., Gibbon, M., & Williams, J. B. W. (2002). Structured Clinical
Interview for DSM-IV-TR Axis I Disorders, Research Version, Non-patient Edition.
(SCID-I/NP). New York: Biometrics Research, New York State Psychiatric Institute.
Fleming, J.E., & Offord, D.R. (1990). Epidemiology of childhood depressive disorders: a critical
review. Journal of the American Academy of Child and Adolescent Psychiatry, 29, 571580.
Flinn, M.V. & England, B.G. (1997). Social economics of childhood glucocorticoid stress
response and health, American Journal of Physical Anthropology, 102, pp. 33–53.
Forehand, R., Wierson, M., McCombs-Thomas, A., Armistead, L., Kempton, T., & Neighbors,
B. (1990). The role of family stressors and parent relationships on adolescent

functioning. Journal of the American Academy of Child and Adolescent Psychiatry,

174

30, 316-322.
Furman, W., Simon, V.A., Shaffer, L., & Bouchey, H.A. (2002). Adolescents’ working models
and styles for relationships with parents, friends, and romantic partners. Child
Development, 73, 241-255.
Garber, J., Keiley, M.K., & Martin, N.C. (2002). Developmental trajectories of adolescents’
depressive symptoms: Predictors of change. Journal of Consulting and Clinical
Psychology, 70, 79-95.
Ge, X., Best, K.M., Conger, R.D., & Simons, R.L. (1996). Parenting behaviors and the
occurrence and co-occurrence of adolescent depressive symptoms and conduct problems.
Developmental Psychology, 32, 717-731.
Ge, X., Lorenz, F., Conger, R., Elder, G., & Simons, R. (1994) Trajectories of stressful life
events and depressive symptoms during adolescence. Developmental Psychology, 30,
467-483.
Ge, X., Natsuaki, M., & Conger, R. (2006). Trajectories of depressive symptoms and stressful
life events among male and female adolescents in divorced and nondivorced families.
Development and Psychopathology, 18, 253-273.
George, L.K., & Lynch, S.M. (2003). Race differences in depressive symptoms: A dynamic
perspective on stress exposure and vulnerability. Journal of Health & Social Behavior,
44(3), 353-369.
Giaconia, R.M., Reinherz, H.Z., Paradis, A.D., Hauf Carmola, A.M., & Stashwick, C.K. (2001).
Major depression and drug disorders in adolescence: General and specific impairments in
early adulthood. Journal of the American Academy of Child and Adolescent Psychiatry,

175
40, 1426-1433.
Gipsen de Wied, C.C., Jansen, L.M.C., Duyx, J.H.M., Thijssen, J.H.H., & van Engeland, H.
(2000). Pituitary-adrenal function in adolescent psychiatric patients: impact of depressive
symptoms. Journal of Affective Disorders, 59, 71-76.
Goldberg, L. R. (1992). The development of markers for the Big-Five factor structure.
Psychological Assessment, 4, 26-42.
Goldsmith, S.K., Pellmar, T.C., Kleinman, A.M. & Bunney, W.E. (2002). Reducing suicide: A
national imperative. Washington, DC: National Academy Press.
Goodman, S.H. & Gotlib, I. (1999). Risk for psychopathology in the children of depressed
mothers: A developmental model for understanding mechanisms of transmission.
Psychological Bulletin, 104, 458-490.
Goodyer, I.M., Herbert, J., & Altham, P.M.E. (1998). Adrenal steroid secretion and major
depression in 8-to 16-year-olds, III. Influence of cortisol/DHEA ratio at presentation on
subsequent rates of disappointing life events and persistent major depression.
Psychological Medicine, 28(2), 265-273.
Goodyer, I.M., Herbert, J., Altham, P.M.E., Pearson, J., Secher, P., & Shiers, H.M. (1996).
Adrenal secretion during major depression in 8- to 16-year-olds. I. Altered diurnal
rhythms in salivary cortisol and dehydroepiandrosterone (DHEA) at presentation.
Psychological Medicine, 26, 245-256
Goodyer, I., Herbert, J., Moor, S., & Altham, P. (1991). Cortisol hypersecretion in depressed
school-aged children and adolescents. Psychiatry Research, 37, 237-244.
Goodyer, I.M., Herbert, J., & Tamplin, A. (2003). Psychoendocrine antecedents of persistent

first-episode major depression in adolescents: A community-based longitudinal

176

enquiry. Psychological Medicine, 33, 601-610.
Goodyer, I.M., Herbert, J., Tamplin, A., Altham, P.M. (2000). Recent life events, cortisol,
dehydroepiandorosterone and the onset of major depression in high-risk adolescents.
British Journal of Psychiatry, 177, 499-504.
Goodyer, I.M., Park, R.J., & Herbert, J. (2001). Psychosocial and endocrine features of chronic
first-episode major depression in 8-16 year olds. Biological Psychiatry, 50, 351-357.
Gore, S., & Aseltine, R.H. (2003). Race and ethnic differences in depressed mood following the
transition from high school. Journal of Health and Social Behavior, 44, 370-389.
Gotlib, I.H., Lewinsohn, P.M., & Seeley, J.R. (1998). Consequences of depression during
adolescence: Marital status and marital functioning in early adulthood. Journal of
Abnormal Psychology, 107, 686-690.
Gould, M.S., Greenberg, T., Velting, D.M., & Shaffer, D. (2003). Youth suicide risk and
preventive interventions: A review of the past 10 years. Journal of the American
Academy of Childhood and Adolescent Psychiatry, 42 (4), 386-405.
Granger, D.A., Weisz, J.R., McCracken, J.T., Ikeda, S.C., & Douglas, P. (1996). Reciprocal
influences among adrenocortical activation, psychosocial processes, and the behavioral
adjustment of clinic-referred children. Child Development, 67(6), 3250-3262.
Greenberg, P. E., Kessler, R. C., Birnbaum, H. G., Leong, S. A., Lowe, S. W., Berglund, P. A.,
Corey-Lisle, P. K. (2003). The economic burden of depression in the United States: how
did it change between 1990 and 2000. Journal of Clinical Psychiatry, 64(12), 1465-1475.
Greenberger, E., Chen, C., Tally, S.R., & Dong, Qi. (2000). Family, peer, and individual
correlates of depressive symptomatology among US and Chinese adolescents. Journal of

177
Consulting and Clinical Psychology, 68, 209-219.
Griffith, J.W., Zinbarg, R.E., Craske, M.G., Mineka, S., Rose, R.D., & Sutton, J.M. (2008).
Is neuroticism sufficient to explain the covariation between unipolar mood and
anxiety disorders? Manuscript in preparation.
Gunnar, M. & Donzella, B. (2002). Social regulation of the cortisol levels in early human
development. Psychneuroendocrinology, 27(1-2), 199-220.
Gunnar, M. & Vazquez, D. M. (2001). Low cortisol and a flattening of the expected daytime
rhythm: Potential indices of risk in human development. Development and
Psychopathology, 13(3), 515-538.
Habermas, T., & Bluck, S. (2000). Getting a life: The emergence of the life story in adolescence.
Psychological Bulletin, 126, 748-769.
Hagerty, B.M., & Williams, R.A. (1999). The effects of sense of belonging, social support,
conflict and loneliness on depression. Nursing Research, 48, 215-219.
Haley W. E., Roth D. L., Coleton M. I., Ford G. R., West C. A. C., Collins R. P., Isobe T. L.
(1996). Appraisal, coping, and social support as mediators of well-being in Black and
White family caregivers of patients with Alzheimer's disease. Journal of Consulting and
Clinical Psychology, 64,121-129.
Halligan, S. L., Herbert, J., Goodyer, I. M., & Murray, L. (2004). Exposure to postnatal
depression predicts elevated cortisol in adolescent offspring. Biological Psychiatry,
55(4), 376-381.
Halligan, S. L., Herbert, J., Goodyer, I. M., & Murray, L. (2007). Disturbances in Morning
Cortisol Secretion in Association with Maternal Postnatal Depression Predict

Subsequent Depressive Symptomatology in Adolescents. Biological Psychiatry,

178

62(1), 40-46.
Hällström, T. (1987). The relationships of childhood socio-demographic factors and early
parental loss to major depression in adult life. Acta Psychiatrica Scandinavica, 75 (2),
212–216.
Hammen, C. (1991). Generation of stress in the course of unipolar depression. Journal of
Abnormal Psychology, 100(4), 555-561.
Hammen, C. L., Gordon, D., Burge, D. & Adrian, C. (1987). Maternal affective disorders,
illness, and stress: Risk for children’s psychopathology. American Journal of Psychiatry,
144, 736-741.
Hammen, C., Henry, R., & Daly, S.E. (2000). Depression and sensitization to stressors among
young women as a function of childhood adversity. Journal of Consulting and Clinical
Psychology, 68, 782-787.
Hammen, C.L. & Padesky, C.A. (1977). Sex differences in the expression of depressive
responses on the Beck Depression Inventory. Journal of Abnormal Psychology, 86, 609614.
Hankin, B.L., Abramson, L.Y., Moffitt, T.E., Silva, P.A., McGee, R., & Angell, K.E. (1998).
Development of depression from preadolescence to young adulthood: Emerging gender
differences in a 10-year longitudinal study. Journal of Abnormal Psychology, 107, 128140.
Harris, F.C., & Ammerman R.T. (1986). Depression and suicide in children and adolescents.
Education and Treatment of Children, 9 (4), 334-343.
Harris, K. M., Gordon-Larsen, P., Chantala, K., & Udry, J. R. (2006, January). Longitudinal

179
Trends in Race/Ethnic Disparities in Leading Health Indicators from Adolescence to
Young Adulthood. Archives of Pediatrics & Adolescent Medicine, 160(1), 74-81.
Harris, T. O., Borsanyi, S., Messari, S., Stanford, K., Brown, G. W., Cleary, S. E., Shiers, H. M.,
& Herbert, J. (2000). Morning cortisol as a risk factor for subsequent major depressive
disorder in adult women. British Journal of Psychiatry, 177(6), 505-510.
Harter, S., & Whitesell, N.R. (1996). Multiple pathways to self-reported depression and
psychological adjustment among adolescents. Development and Psychopathology, 8,
761-777.
Hawker, D.S.J., & Boulton, M.J. (2000). Twenty years’ research on peer socialization and
psychosocial maladjustment: A meta-analytic review of cross-sectional studies. Journal
of Child Psychology and Psychiatry, 41 (4), 441-455.
Hawkley, L. & Cacioppo, J. (2002). Loneliness and pathways to disease. Brain,
Behavior and Immunity, 17, S98-S105.
Hawkley, L.C., Masi, C.M., Berry, J.D., & Cacioppo, J.T. (2006). Loneliness is a unique
predictor of age-related differences in systolic blood pressure. Psychology and Aging,
21, 152-164.
Herlitz, J., Wiklund, I., Caidahl, K., Hardford, M., Haglid, M., Karlsson, B.W., et al. (1998).
The feeling of loneliness prior to coronary artery bypass grafting might be a predictor of
short-and long-term postoperative mortality. European Journal of Vascular and
Endovascular Surgery, 16, 120-125.
Hughes, M.E., Waite, L.J., Hawkley, L.C. & Cacioppo, J.T. (2004). A short scale for
measuring loneliness in large surveys: Results from two population-based studies.

Research on Aging, 26, 655-672.

180

Jacks, D.E., Sowash, J., Anning, J., McGloughlin, T., & Andres, F. (2002). Effect of exercise at
three exercise intensities on salivary cortisol. Journal of Strength and Conditioning
Research, 16 (2), 286-289.
Jacobson, D.E. (1986). Types and timing of social support. Journal of Health and Social
Behavior, 27, 250-164.
Jencks, C. & Phillips, M. (1999). Aptitude or achievement: Why do test scores predict
educational attainment and earnings? In Learning and Earning: How Schools
Matter, S.Mayer and P. Peterson, (Eds.) Washington, D.C.: Brookings Institution
Press.
Joyner, K., & Udry, R. (2000). You don’t bring me anything but down: Adolescent romance and
depression. Journal of Health and Social Behavior, 41, 369-391.
Kaltsas, G. A. & Chrousos, G.P. (2007). The neuroendocrinology of stress. In Handbook of
Psychophysiology, J. Cacioppo, L. Tassinary, and G. Bernston, (Eds.) Cambridge
University Press.
Kaplan, H.S., & Lancaster, L.B. (2003). An evolutionary and ecological analysis of human
fertility, mating patterns and parental investment. In Offspring: Fertility Behavior in
Biodemographic Perspective. K.W. Wachter and R.A. Bulatao (eds.) National Research
Council: Washington, D.C.: National Academies Press, Pp 170-223.
Kauffman, J., Martin, A., King, R.A., & Charney, D. (2001). Are child-, adolescent-, and adultonset depression one and the same disorder? Biological Psychiatry, 49 (12), 980-1001.
Kessler, R.C., Berglund, P., Demler, O., Jin, R., Koretz, D., Merikangas, K.R., Rush,
A.J., Walter, E.E., & Wang, P.S. (2003). The epidemiology of major depressive

181
disorder: Results from the national comorbidity survey replication (NCS-R). JAMA, 289,
3095-3105.
Kessler, R.C., Berglund, P., Demler, O., Jin, R., Merikangas, K.R., & Walters, E.E. (2005).
Lifetime prevalence and age-of-onset distributions of the DSM-IV disorders in the
National Comorbidity Survey and Replication. Archives of General Psychiatry, 62, 593602.
Kessler, R.C., McGonagle, K.A., Swartz, M., Blazer, D.G. et al. (1993). Sex and depression in
the National Comorbidity Survey: I. Lifetime prevalence, chronicity, and recurrence.
Journal of Affective Disorders, 29, 85-96.
Kirschbaum, C., & Hellhammer, D. (1989). Salivary Cortisol in psychobiological research: an
overview. Neuropsychobiology, 22 (3), 150-169.
Kirschbaum, C., & Hellhammer, D.H. (1994). Salivary cortisol in psychoneuro-endocrine
research: recent developments and applications. Psychoneuroendocrinology, 19, 313-333
Kirschbaum, C., Wust, S., & Hellhammer, D. (1992). Consistent sex differences in cortisol
responses to psychological stress. Psychosomatic Medicine, 54, 648–657.
Klimes-Dougan, B., Hastings, P. D., Granger, D. A., Usher, B. A., & Zahn-Waxler, C. (2001).
Adrenocortical activity in at-risk and normally developing adolescents: Individual
differences in salivary cortisol basal levels, diurnal variation, and responses to social
challenges. Development and Psychopathology, 13, 695-719.
Kovacs, M. (1989). Affective disorders in children and adolescents. American Psychologist, 44,
209-215.
Kovacs, M., Feinberg, T.L., Crouse-Novak, M.A., Paulauskas, S.L., & Finkelstein, R. (1984).

Depressive disorders in childhood. I. A longitudinal prospective study of

182

characteristics and recovery. Archives of General Psychiatry, 41 (3), 229-237.
Krull, J.L., & MacKinnon, D.P., 2001. Multilevel modeling of individual and group level
mediated effects. Multivariate Behavioral Research, 36(2), 249-277.
Kudielka, B.M., Broderick, J.E., & Kirschbaum, C. (2003). Compliance with saliva sampling
protocols: Electronic monitoring reveals invalid cortisol daytime profiles in noncompliant
subjects. Psychosomatic medicine, 65, 313-319.
Kudielka, B. M., & Kirschbaum, C. (2003). Awakening cortisol responses are influenced by
health status and awakening time but not by menstrual cycle phase.
Psychoneuroendocrinology, 28(1), 35-47.
Kutcher, S., Malkin, D., Silverberg, J., Marton, P., Williamson, P., Malkin, A., Szalai, J., &
Katic, M. (1991). Nocturnal cortisol, thyroid stimulating hormone and growth hormone
secretory profiles in depressed adolescents. Journal of the American Academy of Child &
Adolescent Psychiatry, 30, 407-414.
Larson, R.W. (1990). The solitary side of life: An examination of the time people spend alone
from childhood to old age. Developmental Review, 10, 155-183.
Lewinsohn, P.M., Roberts, R.E., Seeley, J.R., Rohde, P., Gotlib, I.H., & Hops, H. (1994).
Adolescent psychopathology: II. Psychosocial risk factors for depression. Journal of
Abnormal Psychology, 103, 302-315.
Lewinsohn, P.M., Clarke, G.N., Seeley, J.R., & Rohde, P. (1994). Major depression in
community adolescents: Age at onset, episode duration, and time to recurrence. Journal
of the American Academy of Child & Adolescent Psychiatry, 33(6), 809-818.
Lovallo, W.R., Whitsett, T.L., Al’absi, M., Sung, B.H., Vincent, A.S., & Wilson, M.F. (2005).

183
Caffeine stimulation of cortisol secretion across the waking hours in relation to caffeine
intake levels. Psychosomatic Medicine, 67, 734-739.
Luby, J.L., Heffelfinger, A., Mrakotsky, C., Brown, K., Hessler, M., & Spitznagel, E. (2003).
Alterations in stress cortisol reactivity in depressed preschoolers relative to psychiatric
and no-disorder comparison groups. Archives of General Psychiatry, 60, 1248-1255.
McEwen, B.S. (1998). Protective and damaging effects of stress mediators. New England
Journal of Medicine, 338 (3), 171-179.
McKenry, P.C., Browne, D.H., Kotch, J.B., & Symons, M.J. (1989). Mediators of depression
among low-income, adolescent mothers of infants: A longitudinal perspective. Journal
of Youth and Adolescence, 19(4), 327-347.
Meadows, S.O., Brown, J.S., & Elder, G.H. (2006). Depressive symptoms, stress and support:
Gendered trajectories from adolescence to young adulthood. Journal of Youth and
Adolescence, 35(1), 89-99.
Meikle, A.W., Stringham, J.D., Woodward, M.G. and Bishop, D.T. (1988). Heritability of
variation of plasma cortisol levels. Metabolism, 37, pp. 514–517.
Meulenberg, P.M., Ross, H.A., Swinkels, L.M., & Benraad, T.J. (1987). The effect of oral
contraceptives on plasma-free and salivary cortisol and cortisone. Clinica chimica acta,
165 (2-3), 379-385.
Mirowsky, J. & Ross, C.E. (1990). Control or defense? Depression and the sense of control over
good and bad outcomes. Journal of Health and Social Behavior, 31, 71-86.
Monroe, S.M., Rohde, P., Seeley, J.R., & Lewinsohn, P.M. (1999). Life events and depression
in adolescence: Relationship loss as a prospective risk factor for first onset of major

depressive disorder. Journal of Abnormal Psychology, 108, 606-614.

184

Mor, N., Doane, L.D., Adam, E.K., Mineka, S., Zinbarg, R., Griffith, J., Waters, A., & Nazarian,
M. (2008). Within-Day Associations of Negative Affect and Self-Focused Attention in
Depression and Anxiety: A Diary Study. Manuscript under Review.
Mor, N., & Winquist, J. (2002). Self-focused attention and negative affect: A meta-analysis.
Psychological Bulletin, 128, 638-662.
Newcomb, M.D., & Bentler, P.M. (1986). Loneliness and social support. Personality and Social
Psychology Bulletin, 12 (4), 520-535.
Newman, D.L., Moffitt, T.E., Caspi, A., Magdol, L., Silva, P.A., & Stanton, W.R. (1996).
Psychiatric disorder in a birth cohort of young adults: prevalence, comorbidity, clinical
significance, and new case incidence from ages 11 to 21. Journal of Consulting and
Clinical Psychology, 64, 552-562.
Nicolson, N.A. (1992). Stress, coping and cortisol dynamics in daily life. In: M.W. de
Vries, (Ed.) , The Experience of Psychopathology: Investigating Mental Disorders in
Their Natural Settings. Cambridge University Press, pp. 219–232.
Nolen-Hoeksema, S., & Ahrens, C. (2002). Age differences and similarities in the correlates of
depressive symptoms. Psychology and Aging, 17, 115-124.
Ostrove, J.M., Adler, N.E., Kuppermann, M., & Washington, A.E. (2000). Objective and
subjective assessments of socioeconomic status and their relationship to self-related
health in an ethnically diverse sample of pregnant women. Health Psychology, 19, 613618.
Ozment, J. M., & Lester, D. (2001). Helplessness, locus of control, and psychological health.
Journal of Social Psychology, 141, 205-207.

185
Parker, G. & Roy, K. (2001). Adolescent depression: a review. Australian and New
Zealand Journal of Psychiatry 35 (5), 572–580.
Patrons, K.R., Samuels, J.F., Mesick, E.K., & Anthony, J.C. (1990). An epidemiological
investigation of potential risk factors for suicide attempts. Social Psychiatry and
Psychiatric Epidemiology, 25 (4), 193-199.
Pearlin, L.I. (1989). The sociological study of stress. Journal of Health and Social Behavior, 30,
241-256.
Peeters, F., Nicolson, N.A., & Berkhof, J. (2003). Cortisol responses to daily events in major
depressive disorder. Psychosomatic Medicine, 65, 836-841.
Peeters, F., Nicolson, N.A., & Berkhof, J. (2004). Levels and variability of daily life cortisol
secretion in major depression. Psychiatry Research, 126, 1-13.
Peeters, F., Nicolson, N.A., Berkhof, J., Delespaul, P., deVries, M. (2003). Effects of daily
events on mood states in major depressive disorder. Journal of Abnormal Psychology,
112(2), 203-211.
Penninx, B.W., van Tilburg, T., Kriegsman, D.M., Deeg, D.J., Boeke, A.J., & van Eijk, J.T.
(1997). Effects of social support and personal coping resources on mortality in older
age: The Longitudinal Aging Study Amsterdam. American Journal of Epidemiology,
146, 510-519.
Peplau, L. & Perlman, D. (1982). Perspective on loneliness. In L.A. Peplau & D. Perlman (Eds),
Loneliness: A sourcebook of current theory, research and therapy. New York: Wiley.
Petronis, K.R., Samuels, J.F., Moscicki, E.K., Anthony, J.C. (1990). An epidemiological
investigation of potential risk factors for suicide attempts. Social Psychiatry and

Psychiatric Epidemiology, 25, 193-199.

186

Polk, D.E., Cohen, S., Doyle, W.J., Skoner, D.P., & Kirschbaum, C. (2005). State and trait
affect as predictors of salivary cortisol in healthy adults. Psychoneuroendocrinology
30(3), 261-272.
Pressman, S.D., Cohen, S., Miller, G.E., Barkin, A., Rabin, B.S., & Treanor, J.J. (2006).
Loneliness, social network size and immune response to influenza vaccination in college
freshmen. Health Psychology, 24(3), 297-306.
Prince, M.J., Harwood, R.H., Blizard, R.A., Thomas, A., & Mann, A.H. (2000). Social support
deficits, loneliness and life events as risk factors for depression in old age. Psychological
Medicine, 27 (2), 323-32.
Prinstein, M.J., & Aikens, J.W. (2004). Cognitive moderators of the longitudinal association
between peer rejection and adolescent depressive symptoms. Journal of Abnormal Child
Psychology, 32, 147-158.
Pruessner, J.C., Gaab, J., Hellhammer, D.H., Lintz, D., Schommer, N., &Kirschbaum, C. (1997).
Increasing correlations between personality traits and cortisol stress responses obtained
by data aggregation. Psychoneuroendocrinology, 22 (8), 615-625.
Pruessner, J.C., Hellhammer, D.H., & Kirschbaum, C. (1999). Psychosomatic Medicine, 61,
197-204.
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.
Pullen, L. M., Modcrin-McCarthy, M. A. & Graf, E. V. (2000). Adolescent depression:
Important facts that matter. Journal of Child and Adolescent Psychiatric Nursing,

187
3, 69–75.
Radloff, L.S. (1977). The CES-D scale: A self-report depression scale for research in the general
population. Applied Psychological Measurement, 3, 385-401.
Rao, U., Dahl, R.E., Ryan, N.D., Birmaher, B., Williamson, D.E., Giles, D.E., et al. (1996). The
relationship between longitudinal clinical course and sleep and cortisol changes in
adolescent depression. Biological Psychiatry, 40, 474-484.
Rao, U., Hammen, C., & Daley, S.E. (1999). Continuity of depression during the transition to
adulthood: A 5-year longitudinal study of young women. Journal of the American
Academy of Child and Adolescent Psychiatry, 38, 908-915.
Rao, U., McCracken, J.T., Lutchmansingh, P., Edwards, C. & Poland, R.E. (1997).
Electroencephalographic sleep and urinary free cortisol in adolescent depression: a
preliminary report of changes from episode to recovery. Biological Psychiatry, 41, 369373.
Rao, U., Ryan, N.D., Birmaher, B., Dahl, R.E., Williamson, D.E., Kaufman, J., Rao, R., &
Nelson, B.(1995). Unipolar depression in adolescents: clinical outcome in adulthood.
Journal of the American Academy of Child and Adolescent Psychiatry, 34, 566-578.
Raudenbush, S. W. (2001). Comparing personal trajectories and drawing causal inferences from
longitudinal data. Annual Review of Psychology, 52, 501-525.
Raudenbush, S. W. & Bryk, A. S. (2002). Hierarchical linear models: Application and data
analysis methods. Thousand Oaks, CA: Sage Publications.
Reinherz, H.Z., Giaconia, R.M., Carmola Hauf, A.M., Wasserman, M.S., & Silverman, A.B.
(1999). Major depression in the transition to adulthood: Risks and impairments. Journal

of Abnormal Psychology, 108, 500-510.

188

Reinherz, H.Z., Giaconia, R.M., Pakiz, B., Silverman, A.B., Frost, A.K., & Lefkowitz, E.S.
(1993). Psychosocial risks for major depression in late adolescence: a longitudinal
community study. Journal of the American Academy of Child and Adolescent
Psychiatry, 32, 1155-1164.
Reinherz, H.Z., Paradis, A.D., Stashwish, R., Fitzmaurice, C.K., & Garrett, K. (2003).
Childhood and adolescent predictors of major depression in the transition to adulthood.
American Journal of Psychiatry, 160, 2141-2147.
Reis, H.T., Collins, W.A., & Berscheid, E. (2000). The relationship context of human behavior
and development. Psychological Bulletin, 126, 844-872.
Repetti, R. L., Taylor, S.E., & Seeman, T.E. (2002). Risky families: family social environments
and the mental and physical health of offspring. Psychological Bulletin, 128, 330-366.
Roberts, R.E., Andrews, J.A., Lewinsohn, P.M., & Hops, H. (1990). Assessment of depression
in adolescents using the Center for Epidemiologic Studies Depression Scale.
Psychological Assessment: A Journal of Consulting and Clinical Psychology, 2, 122-128.
Roberts, R.E., Roberts, C.R., & Chen, Y.R. (1997). Ethnocultural differences in prevalence of
adolescent depression. American Journal of Community Psychology, 25(1), 95-110.
Robertson, J.F. & Simons, R.L. (1989). Family factors, self-esteem, and adolescent depression.
Journal of Marriage and the Family, 51(1), 125-138.
Rogosa, D.R., Brandt, D., & Zimowski, M. (1982). A growth curve approach to the
measurement of change. Psychological Bulletin, 90, 726-748.
Rogosa, D.R., & Willett, J.B. (1983). Demonstrating the reliability of the difference score in the
measurement of change. Journal of Education Measurement, 20(4), 335-343.

189
Rokach, A. (2001). Perceived causes of loneliness in adulthood. Journal of Social Behavior and
Personality, 15, 67-84.
Rook, K.S. (2001). Emotional health and positive versus negative social exchanges: A daily
diary analysis. Applied Developmental Science, 5, 86-97.
Rotenberg, K. (1994). Loneliness and interpersonal trust. Journal of Social and Clinical
Psychology, 13, 152-173.
Rushton, J.L., Forcier, M., & Schectman, R.M. (2002). Epidemiology of depressive symptoms
in the National Longitudinal Study of Adolescent Health. Journal of the American
Academy of Child and Adolescent Psychiatry, 41, 199-205.
Russell, D. Peplau, L.A. & Cutrona, C.E. (1980). The revised UCLA loneliness scale:
Concurrent and discriminant validity evidence. Journal of Personality and Social
Psychology, 39, 472-480.
Rutter, Michael. (1996). Transitions and turning points in developmental psychopathology: As
applied to the age span between childhood and mid-adulthood. International
Journal of Behavioral Development, 19, 603-626.
Ryan, N.D., Williamson, D.E., Iyengar, S., Orvaschel, H., Reich, T., Dahl, R.E., & Puig-Antich,
J. (1992). A secular increase in child and adolescent onset affective disorder. Journal of
the American Academy of Child and Adolescent Psychiatry, 31, 600-605.
Salmon, G., James, A., & Smith, D.M. (1998). Bullying in schools: self reported anxiety,
depression, and self esteem in secondary school children. British Medical Journal, 317
(3), 924-925.
Saucier, G. (1994). Mini-Markers: A brief version of Goldberg's unipolar Big-Five markers.

Journal of Personality Assessment, 63(3), 506-516.

190

Savin-Williams, R.C., & Berndt, T.J. (1990). Friendship and peer relations. In S. Feldman and
G.R.Elliott (Eds.), At the threshold: The developing adolescent. Cambridge, MA:
Harvard University Press.
Schneiders,J., Nicolson, N., Berkhof, J., Feron, F., van Os, J., & deVries, M. (2006). Mood
Reactivity to Daily Negative Events in Early Adolescence: Relationship to Risk for
Psychopathology. Developmental Psychology, 42, 543.
Schildkraut, J., Myers, R., Cupples, L. Kiely, K. & Kannel, W.B. (1989). Coronary risk
associated with age and sex of parental heart disease in the Framingham Study. American
Journal of Cardiology, 64 ,pp. 555–559.
Schmeelk-Cone, K.H. & Zimmerman, M.A. (2003). Longitudinal analysis of stress in
African American youth: Predictors and outcomes of stress trajectories. Journal of Youth
and Adolescence, 32, 419-430.
Schneiders, J., Nicolson, N.A., Berkhof, J., Sulon, J., Feron, F.J., van Os, J., de Vries, M.
(2005). Salivary cortisol secretion in relation to daily experience in early
adolescence. Under review.
Schulz, P., Kirschbaum, C., Pruessner, J., Hellhammer, D.(1998). Increased free cortisol
secretion after awakening in chronically stressed individuals due to work overload. Stress
Medicine 14, 91–97.
Schwartz, E.B., Granger, D.A., Susman, E.J., Gunnar, M.R., & Laird, B. (1998). Assessing
salivary cortisol in studies of child development. Child Development, 69(6), 1503-1513.
Schwartz, J., Kaslow, N., Seeley, J., Lewinsohn, P. (2000). Psychological, cognitive and
interpersonal correlates of attributional change in adolescents. Journal of Clinical Child

191
Psychology, 29, 188-198.
Segrin, C. (1998). Interpersonal communication problems associated with depression and
loneliness. In P.A. Andersen & L.K. Guerrero (Ed.s), Handbook of communication and
emotion: Research, theory, applications and contexts. San Diego, CA: Academic Press.
Seligman, M. E. P. (1975). Helplessness. San Francisco: W. H. Freeman.
Shaver, P.R. & Brennan, K.A. (1991). Measures of depression and loneliness. In J.P. Robinson
and P.R. Shaver (Ed.s), Measures of social psychological attitudes. San Diego, CA:
Academic Press.
Sheeber, L., Hops, H., Alpert, A., Davis, B., & Andrews, J. (1997). Family support and conflict:
Prospective relations to adolescent depression. Journal of Abnormal Child Psychology,
25 (4), 333-344.
Singer, J. D. (1998). Using SAS PROC MIXED to fit multilevel models, hierarchical models,
and individual growth models. Journal of Educational and Behavioral Statistics, 24, 323355.
Singer, J.D., & Willett, J.B. (2003). Applied longitudinal data analysis: Modeling change and
event occurrence. Oxford: Oxford University Press.
Skre, I., Onstad, S., Torgersen, S., & Kringlen, E. (1991). High inter rater reliability for the
structured clinical interview for DSM-III-R axis I (SCID-I). Acta Psychiatrica
Scandinavica, 84 (2), 167-173.
Slesnick, N., & Waldron, H.B. (1997). Interpersonal problem-solving interactions of depressed
adolescents and their parents. Journal of Family Psychology, 11, 234-245.
Smyth, J., Ockenfels, M., Gorin, A., Catley, D., Porter, L., Kirschbaum, C., Hellhammer,

D. & Stone, A. (1997). Diurnal cycles of cortisol: Relation to psychosocial factors

192

and upper respiratory symptom report. Psychoneuroendocrinology, 22, 89-105.
Smyth, J., Ockenfels, M.C., Porter, L., Kirschbaum, C., Hellhammer, D.H. & Stone, A.A. (1998).
Stressors and mood measured on a momentary basis are associated with salivary cortisol
secretion. Psychneuroendocrinology, 23(4), 353-370.
Stephan, E., Faeth, M., & Lamm, H. (1988). Loneliness as related to various personality and
environmental measures: Research with the German adaptation of the UCLA Loneliness
Scale. Social Behavior and Personality, 16, 169-174.
Steptoe, A., Owne, N., Kunz-Ebrecht, S.R., & Brydon, L. (2004). Loneliness and
neuroendocrine, cardiovascular, and inflammatory stress responses in middle-aged men
and women. Psychoneuroendocrinology, 29, 593-611.
Steptoe,A. & Cropley, M. (2000). Job strain and anger expression predict early morning
elevations in salivary cortisol. Psychosomatic Medicine 62, 286-292.
Steptoe, A., Wardel, J. & Marmot, M. (2005). Positive affect and health-related
neuroendocrine, cardiovascular, and inflammatory processes. Proceedings of the
National Academy of Sciences, 102 (18), 6508-6512.
Strickland, P.L., Deakin, J.F.W., Percival, C., Dixon, J., Gater, R.A., & Goldberg, D.P. (2002).
Bio-social origins of depression in the community. Interactions between social adversity,
cortisol and serotonin neurotransmission. British Journal of Psychiatry, 180, 168-173.
Stryker, S., & Burke, P.J. (2000). The past, present, and future of an identity theory. Social
Psychology Quarterly, 63, 284-297.
Sutton, J., Mineka, S., Zinbarg, R. E., Griffith, J. W., & Craske, M. G. (2008). The relative
relationships of cognitive, personality, and life stress variables with depressive and

193
anxious symptoms. Manuscript under review.
Synman, M.V., Poggenpoel, M., & Myburgh C. (2003). Young adolescent girls’ experience of
non-clinical depression. Education, 124, 269-288.
Tafet, G. & Bernadini, R. (2003). Psychoneuroendocrinological links between chronic stress and
depression. Progress in Neuro-Psychopharmacology and Biological Psychiatry, 27, 893903.
Thase, M.E., R. Jindal, and R.H. Howland, Biological aspects of depression, in Handbook of
depression I.H. Gotlib and C.L. Hammen, Editors. 2002, Guilford: New York. p. 192218.
Twenge, J., & Nolen-Hoeksema, S. (2002). Age, gender, race, socioeconomic stats, and birth
cohort differences in the Children’s Depression Inventory: A meta-analysis. Journal of
Abnormal Psychology, 111, 578-588.
Uchino, B., Cacioppo, J., & Kiecolt-Glaser, J. (1996). The relationship between social support
and psychological processes: A review with emphasis on underlying mechanisms and
implications for health. Psychological Bulletin, 119, 488-531.
Udry, J. R. (2003). The National Longitudinal Study of Adolescent Health (Add Health), Waves
I & II, 1994–1996; Wave III, 2001–2002 [machine-readable data file and
documentation]. Chapel Hill, NC: Carolina Population Center, University of North
Carolina at Chapel Hill.
Üstun, T. B., Ayuso-Mateos, J. L., Chatterji, S., Mathers, C., & Murray, C. J. L. (2004).
Global burden of depressive disorders in the year 2000. British Journal of Psychiatry,
184(5), 386-392.

van Eck, M., Berkhof, H., Nicolson, N., & Sulon, J. (1996). The effects of perceived stress,

194

traits, mood states, and stressful daily events on salivary cortisol. Psychosomatic
Medicine, 58, 447-458.
van Praag, H.M. (2004). Can stress cause depression? Progress in NeuroPsychopharmacology and Biological Psychiatry, 28, 891-907.
Weissman, M.M., Wolk, S., Goldstein, R.B., Moreau, D., Adams, P., Greenwald, S., Klier, C.M.,
Ryan, N.D., Dahl, R.E., & Wickramaratne, P. (1999). Depressed adolescents grow up.
Journal of the American Medical Association, 281, 1707-1713.
Wilkinson, R.B. (2004). The role of parental and peer attachment in the psychological health
and self-esteem of adolescence. Journal of Youth and Adolescence, 33, 479-493.
Williams, J.B., Gibbon, M., First, M.B., Spitzer, R.L., Davies, M., Borus, J., et al. (1992). The
structured clinical interview for DSM-III-R (SCID).II. multisite test-retest reliability.
Archives of General Psychiatry, 49 (8), 630-636.
Wüst, S., Federenko, I., Hellhammer, D. H., & Kirschbaum, C. (2000). Genetic factors,
perceived chronic stress, and the free cortisol response to awakening.
Psychoneuroendocrinology, 25, 707-720.
Yehuda, R., Teicher, M.H., Trestman, R.L., Levengood, R.A. & Siever, L.J. (1996). Cortisol
regulation in posttraumatic stress disorder and major depression: A chronobiological
analysis. Biological Psychiatry, 40 (2), 79-88.
Youniss, J. & Smollar, J. (1985). Adolescent Relations with Mothers, Fathers and Friends.
Chicago: University of Chicago Press.
Young, J.F., Berenson, K., Cohen, P., & Garica, J. (2005). The role of parent and peer support in
predicting adolescent depression: A longitudinal community study. Journal of Research

195
on Adolescence, 15(4), 407-423.
Zinbarg, R. E., Mineka, S., Craske, M. G., Sutton, J., Griffith, J. W., Rose, R., Nazarian, M., &
Waters, A. (2008). Cross-sectional associations among emotional disorders, neuroticism
and cognitive vulnerability: Cognitive vulnerabilities as non-specific but important facets
of neuroticism. Manuscript under review.

APPENDIX A

196

197

Appendix A Table 1
Log Transformed Depression Scale from Age Determined Spline and Time Varying Parent Relationships (N = 9803)
Variable

Coefficient

SE

t

p

1.176

0.056

21.900

0.000

Female, γ01

0.115

0.007

16.770

0.000

Black, γ02

0.007

0.009

0.770

0.137

Hispanic, γ03

0.013

0.012

1.100

0.272

Asian, γ04

0.034

0.009

3.590

0.000

American Indian, γ05

-0.001

0.008

-0.120

0.901

Other Race, γ06

0.014

0.011

1.240

0.216

High Parent Education, γ07

-0.007

0.008

-0.830

0.405

Low Parent Education, γ08

0.038

0.009

4.310

0.000

IQ Score, γ09

-0.104

0.009

-11.450

0.000

Married, γ010

0.007

0.007

1.000

0.319

US Born, γ011

0.006

0.008

0.820

0.415

Body Mass Index, γ012

-0.006

0.012

-0.520

0.605

General Health, γ013

-0.135

0.008

-16.500

0.000

0.004

0.005

0.780

0.435

Female, γ11

0.005

0.003

1.560

0.119

Black, γ12

-0.009

0.004

-2.110

0.035

Hispanic, γ13

0.001

0.005

0.130

0.893

Asian, γ14

0.002

0.004

0.440

0.663

American Indian, γ15

-0.005

0.003

-1.490

0.136

Other Race, γ16

-0.008

0.005

-1.780

0.074

Level 1 Intercept, β0
Intercept, γ00

Age Below 17, β1
Intercept, γ10
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Appendix A Table 1 con't
Variable

Coefficient

SE

t

p

High Parent Education, γ17

0.003

0.003

0.970

0.331

Low Parent Education, γ18

0.010

0.004

2.560

0.011

IQ Score, γ19

0.013

0.004

3.340

0.000

Married, γ110

0.003

0.024

0.140

0.887

US Born, γ111

0.002

0.003

0.460

0.643

Body Mass Index, γ112

-0.009

0.005

-1.740

0.080

General Health, γ113

0.005

0.003

1.370

0.171

-0.037

0.002

-17.340

0.000

Female, γ21

-0.005

0.002

-3.150

0.002

Black, γ22

0.003

0.002

1.590

0.112

Hispanic, γ23

0.001

0.003

0.520

0.602

Asian, γ24

0.001

0.002

0.450

0.656

American Indian, γ25

0.003

0.002

1.510

0.132

Other Race, γ26

0.002

0.002

0.670

0.504

High Parent Education, γ27

0.002

0.002

0.910

0.364

Low Parent Education, γ28

-0.007

0.002

-3.940

0.000

IQ Score, γ29

0.003

0.002

1.330

0.182

Married, γ210

-0.001

0.001

-0.790

0.429

US Born, γ211

0.002

0.002

1.490

0.137

Body Mass Index, γ212

0.000

0.003

0.180

0.855

General Health, γ213

0.009

0.002

1.490

0.137

Age Above 17, β2
Intercept, γ20
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Variable

Coefficient

SE

t

p

-0.244

0.042

-5.770

0.000

Female, γ31

-0.020

0.005

-4.250

0.000

Black, γ32

-0.012

0.006

-2.040

0.041

Hispanic, γ33

-0.007

0.007

-1.070

0.284

Asian, γ34

0.001

0.006

0.200

0.824

American Indian, γ35

0.005

0.004

1.180

0.239

Other Race, γ36

0.017

0.007

2.640

0.008

High Parent Education, γ37

-0.005

0.005

-0.960

0.338

Low Parent Education, γ38

0.014

0.005

2.630

0.009

IQ Score, γ39

0.002

0.005

3.330

0.001

Married, γ310

0.007

0.003

2.450

0.014

US Born, γ311

-0.004

0.005

-0.900

0.367

Body Mass Index, γ312

0.016

0.007

2.240

0.025

General Health, γ313

-0.009

0.005

-2.000

0.046

-0.109

0.043

-2.560

0.010

Female, γ21

0.006

0.005

1.280

0.202

Black, γ22

0.018

0.005

3.570

0.000

Hispanic, γ23

0.008

0.007

1.170

0.243

Asian, γ24

0.010

0.007

1.380

0.168

American Indian, γ25

0.019

0.005

0.390

0.694

Other Race, γ26

-0.005

0.007

-0.730

0.463

High Parent Education, γ27

-0.009

0.005

-1.720

0.086

Low Parent Education, γ28

0.000

0.005

-0.060

0.955

Mom Relationship Quality, β3
Intercept, γ30

Dad Relationship Quality, β4
Intercept, γ20
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Variable

Coefficient

SE

t

p

IQ Score, γ29

-0.024

0.005

-4.420

0.000

Married, γ210

0.004

0.004

0.850

0.394

US Born, γ211

0.004

0.005

0.720

0.469

Body Mass Index, γ212

-0.009

0.007

-1.280

0.202

General Health, γ213

0.013

0.005

2.780

0.006
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Appendix A. Table 2
Growth and Change in Depressive Symptoms Predicted by Changes in Parental Relationship Quality (N = 9803)
Variable

Coefficient

SE

t

p

1.678

0.011

147.180

0.000

Mom I, γ01

-0.134

0.006

-22.370

0.000

Dad I, γ02

-0.077

0.006

-12.540

0.000

Female, γ03

0.091

0.006

14.900

0.000

Black, γ04

0.007

0.007

1.070

0.284

Hispanic, γ05

0.013

0.008

1.650

0.099

Asian, γ06

0.042

0.006

6.960

0.000

American Indian, γ07

0.014

0.006

2.280

0.023

Other Race, γ08

0.016

0.008

2.040

0.041

Age Below 17, γ09

0.028

0.004

6.310

0.000

Age Above 17, γ010

-0.004

0.014

-0.280

0.779

High Parent Education, γ011

-0.018

0.006

-2.730

0.006

Low Parent Education, γ012

0.010

0.007

1.460

0.144

IQ Score, γ013

-0.130

0.007

-18.550

0.000

Married, γ014

0.002

0.004

0.420

0.673

USBorn, γ015

0.015

0.006

2.390

0.017

Body Mass Index, γ016

0.024

0.010

2.550

0.011

General Health Wave I, γ017

-0.095

0.005

-18.520

0.000

Wave II, β1
Intercept, γ10

-0.006

0.015

-0.420

0.677

Mom II-I, γ11

-0.104

0.009

-11.740

0.000

Dad II-I, γ12

-0.064

0.010

-6.280

0.000

Level 1 Intercept, β0
Intercept, γ00
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Variable

Coefficient

SE

t

p

MomI, γ13

0.003

0.008

0.400

0.692

DadI, γ14

-0.013

0.008

-1.770

0.077

Female, γ15

0.012

0.007

1.690

0.092

Black, γ16

0.002

0.008

0.250

0.804

Hispanic, γ17

0.003

0.010

0.360

0.718

Asian, γ18

0.004

0.007

0.050

0.965

American Indian, γ19

-0.005

0.007

-0.790

0.430

Other Race, γ110

0.008

0.009

0.910

0.364

High Parent Education, γ111

0.002

0.008

0.280

0.782

Low Parent Education, γ112

0.001

0.008

0.100

0.920

IQ Score, γ113

0.009

0.008

1.080

0.281

Age Below 17, γ113

-0.003

0.007

-0.380

0.707

Age Above 17, γ114

-0.012

0.016

-0.760

0.447

Married Wave II, γ115

0.026

0.008

3.270

0.001

US Born, γ116

-0.008

0.007

-1.110

0.269

Body Mass Index, γ117

-0.021

0.011

-1.890

0.058

General Health Wave I, γ118

-0.037

0.009

-4.370

0.000

Wave III, β2
Intercept, γ20

0.092

0.029

3.180

0.002

Mom II-I, γ21

-0.005

0.011

-0.430

0.667

Dad II-I, γ22

0.015

0.013

1.150

0.252

MomIII-II, γ23

-0.084

0.010

-8.370

0.000

DadIII-II, γ24

-0.048

0.011

-4.310

0.000

MomI, γ25

0.016

0.009

1.760

0.078
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Variable

Coefficient

SE

t

p

DadI, γ26

-0.002

0.009

-0.210

0.836

Married III, γ27

-0.016

0.006

-2.770

0.006

Female, γ28

-0.037

0.008

-4.390

0.000

Black, γ29

0.014

0.009

1.560

0.119

Hispanic, γ210

-0.020

0.011

-1.800

0.072

Asian, γ211

-0.007

0.008

-0.860

0.392

American Indian, γ212

-0.003

0.008

-0.350

0.730

Other Race, γ213

0.000

0.011

-0.040

0.967

High Parent Education, γ214

0.025

0.009

2.830

0.005

Low Parent Education, γ215

-0.005

0.009

-0.580

0.565

IQ Score, γ216

0.040

0.010

4.100

0.000

Age Above 17, γ217

-0.001

0.011

-0.130

0.899

USBorn, γ218

0.005

0.008

0.560

0.573

Body Mass Index, γ219

-0.022

0.013

-1.660

0.096

General Health Wave III, γ220

-0.234

0.015

-15.740

0.000

Youth Education Level, γ221

-0.099

0.022

-4.400

0.000
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Appendix A Table 3.
10-Item CES-D Depressive Symptoms (assesses symptoms in last week)

Measures

Notes on Measure

You were bothered by things that don't usually bother you
You felt that you could not shake the blues
You felt like you were just as good as other people

reverse coded

You had trouble keeping your mind on what you were doing
You felt depressed
You felt that you were too tired to do things
You were happy

reverse coded, "sad" in Wave III

You enjoyed life
You felt that people disliked you
You cried frequently

refers to last 12 months in WIII
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Appendix A Table 4
Parental Relationship Quality Items

Measures

How close do you feel to your {MOTHER/ADOPTIVE MOTHER/
STEPMOTHER/ FOSTER MOTHER/etc.}?
How much do you think she cares about you?
Most of the time, your mother is warm and loving toward you?
Overall, you are satisfied with your relationship with your mother?
How close do you feel to your {FATHER/ADOPTIVE FATHER/
FATHER/ STEPFATHER/FOSTER FATHER/etc.}?
How much do you think he cares about you?
Most of the time, your father is warm and loving toward you?
Overall, you are satisfied with your relationship with your father?

Appendix A Table 5. Dummy Coding

Wave 1
Wave 2
Wave 3

Wave I Dummy
0
0
0

Wave II Dummy
0
1
1

Wave III Dummy
0
0
1
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Appendix B Table 1.
Cortisol predicted from CAR and Time of Day (N=315)
Variable

Coefficient

SE

t

p

-1.167

0.028

-41.202

0.000

0.473

0.035

13.526

0.000

-0.138

0.008

-18.120

0.000

0.002

0.000

3.977

0.000

SD

Variance Component

df

Chi Square

p

0.171
0.133
0.030

0.029
0.018
0.001

534
534
534

533.538
427.930
708.988

>.500
>.500
0.000

0.627

0.394

0.352
0.351
0.087
0.005

0.124
0.123
0.008
0.000

309
309
309
309

605.032
473.861
541.919
556.953

0.000
0.000
0.000
0.000

Level 1 Intercept, Π0
Intercept, γ000
CAR, Π1
Intercept, γ100
TimeSinceWaking, Π2
Intercept, γ200
TimeSinceWaking2, Π3
Intercept, γ300
Random Effect
Level 2 Intercept ρ0
CAR Slope ρ1
TimeSinceWaking ρ2
Level 1 Intercept

ε

Level 3
Intercept1 and Intercept2 υ00
CAR Slope υ10
TimeSinceWaking υ20
TimeSinceWaking2 υ30
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Appendix B Table 2.
Cortisol predicted from CAR, Time of Day, and Covariates (N=315)
Variable

Coefficient

SE

t

p

Intercept, γ000

-1.167

0.027

-42.939

0.000

Birth Control Use, γ001

0.167

0.086

1.957

0.051

Gender, γ002

-0.200

0.071

-2.843

0.005

Black, γ003

-0.189

0.098

-1.922

0.055

Hispanic, γ004

-0.144

0.076

-1.897

0.058

Asian/PacificIslander, γ005

-0.067

0.131

-0.508

0.611

Multiple/OtherRace, γ006

0.024

0.064

0.369

0.712

Caffeine, γ007

0.006

0.030

0.197

0.844

Nicotine, γ008

-0.011

0.033

-0.318

0.750

Age, γ009

-0.061

0.059

-1.043

0.298

Time Between Assess, γ0010

-0.023

0.024

-0.936

0.350

Hours of Sleep, γ0011

0.054

0.028

1.965

0.050

Time Alone, γ0012

-0.039

0.025

-1.543

0.124

Black*Male, γ0013

0.185

0.186

0.994

0.322

Level 2 Waketime, β01

0.027

0.048

0.367

0.764

Intercept, γ100

0.472

0.034

13.959

0.000

Birth Control Use, γ101

-0.071

0.103

-6.930

0.489

Gender, γ102

-0.237

0.073

-3.274

0.002

Black, γ103

-0.256

0.117

-2.198

0.029

Hispanic, γ104

0.000

0.102

0.000

0.909

Level 1 Intercept, Π0

CAR slope, Π1
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Appendix B Table 2 (con't)
Variable

Coefficient

SE

t

p

Asian/PacificIslander, γ105

-0.378

0.222

-1.703

0.089

Multiple/Other Race, γ106

-0.139

0.088

-1.590

0.113

Caffeine, γ107

-0.107

0.032

-3.384

0.001

Nicotine, γ108

0.002

0.028

0.084

0.934

Age, γ109

0.157

0.093

1.691

0.091

Time Between Assess, γ1010

-0.014

0.042

-0.337

0.736

Hours of Sleep, γ1011

-0.012

0.032

-0.373

0.709

Time Alone, γ1012

0.016

0.037

0.418

0.676

Black*Male, γ1013

0.334

0.241

1.384

0.168

-0.107

0.114

-0.924

0.348

Intercept, γ200

-0.138

0.007

-18.390

0.000

Birth Control Use, γ201

0.012

0.010

1.173

0.242

Gender, γ202

0.001

0.007

0.101

0.920

Black, γ203

0.030

0.011

2.678

0.008

Hispanic, γ204

0.015

0.008

1.902

0.058

Asian/PacificIslander, γ205

-0.007

0.013

-0.558

0.577

Multiple/Other Race, γ206

-0.001

0.008

-0.209

0.835

Caffeine, γ207

0.004

0.003

1.389

0.166

Nicotine, γ208

0.005

0.004

1.312

0.191

Age, γ209

0.010

0.007

1.377

0.169

Waketime, γ2010

-0.002

0.003

-0.736

0.462

Level 2 Waketime, β11
TimeSinceWaking slope, Π2
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Appendix B Table 2 (con't)
Variable

Coefficient

SE

t

p

Hours of Sleep, γ2011

-0.006

0.003

-2.209

0.028

Time Alone, γ2012

0.004

0.003

1.248

0.213

Black*Male, γ2013

0.025

0.025

0.979

0.329

0.002

0.000

4.013

0.000

SD

Variance Component

df

Chi Square

p

0.179
0.032

0.032
0.001

534
534

533.498
709.122

>.500
0.000

0.660

0.435

0.317
0.304
0.084
0.005

0.101
0.092
0.007
0.000

296
296
296
309

546.207
440.804
529.936
557.369

0.000
0.000
0.000
0.000

TimeSinceWaking2 slope, Π3
Random Effect
Level 2 Intercept ρ0
TimeSinceWaking ρ2
Level 1 Intercept

ε

Level 3
Intercept1 and Intercept2 υ00
CAR Slope υ10
TimeSinceWaking υ20
TimeSinceWaking2 υ30

#
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Appendix B Table 3.
Psychopathology and Cortisol AUC: Mediated by Life Stress or Momentary Emotion? (N=315)

Model 1
Variable

Coefficient

Model 2
SE

Coefficient

Model 3
SE

Coefficient

SE

Neuroticism

.430

1.302

.593

1.328

.300

1.427

Male * Neuroticism

-.475

2.256

-.510

2.268

-.749

2.306

Percentage of time alone

.979

.935

1.025

.938

.928

.947

Birth Control Use

2.985

3.243

2.483

3.320

2.424

3.402

Caffeine Use

-.344

.903

-.310

.905

-.395

.917

Nicotine Use

.985

.887

.979

.908

.930

.920

-2.663**

1.010

-2.741**

1.022

-2.823**

1.036

4.949

3.000

4.921

3.015

5.133

3.108

Time between interview and cortisol assessment

-.073**

.015

-.072**

.016

-.074**

.016

Age at cortisol assessment

-1.724

2.425

-2.166

2.468

-2.227

2.488

-6.629**

2.200

-6.568**

2.207

-7.002**

2.270

Black race

1.714

3.508

1.815

3.555

1.749

3.630

Hispanic race

1.859

2.555

1.944

2.575

2.095

2.620

Asian/Pacific Islander race

.534

3.986

.563

4.025

.925

4.090

Multiple/other race

-.621

2.469

-.608

2.49

-.593

2.520

Black race * Gender

8.652

7.472

9.057

7.532

9.992

7.679

Past Major Depressive Disorder

3.252

2.435

3.170

2.541

3.322

2.554

Past Anxiety Disorder

5.530

6.039

5.970

6.067

6.178

6.246

Recent Major Depressive Disorder

.768

4.841

1.216

4.945

1.758

5.027

Recent Anxiety Disorder

-.137

3.261

-.244

3.271

.063

3.299

Recent CoMorbid MDD and Anxiety

-2.298

5.300

-2.283

5.548

-.952

5.673

Chronic Life Stress

-.766

1.004

-.950

1.034

Episodic Life Stress

.766

.994

.947

1.009

Momentary Sad-Lonely Emotion Factor

-1.492

2.866

Momentary Positive-Social Emotion Factor

-.424

2.712

Momentary Hard Working Emotion Factor

-3.062

2.668

Momentary Sleepy Tired Emotion Factor

-.514

2.120

Momentary Nervous Stressed Emotion Factor

2.613

3.330

130.195

42.56

Average wake-up time
Presence of other mood disorder

Gender (Male = 1)

Constant

118.242**
R² = .166

41.34

125.690**
R² = .169

42.081

R² = .177

Note: * p<.05, ** p<.01. Also controlling for Race, Gender, Caffeine, Nicotine, Waketime, Hours of Sleep, Age,
birth contol use, presence of other mood disorder in the past and in the present, Neuroticism and other Momentary Emotion Factors
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Appendix B Table 4.
Psychopathology and Cortisol Evening Levels: Mediated by Life Stress or Momentary Emotion? (N=327)

Model 1
Variable

Neuroticism

Coefficient

Model 2
SE

Coefficient

Model 3
SE

Coefficient

SE

-.104

.071

-.093

.072

-.140+

.077

.423**

.122

.413**

.123

.402**

.123

.015

.051

.013

.051

.001

.051

.458**

.175

.484

.179

.467

.182

Caffeine Use

.078

.05

.076

.050

.068

.050

Nicotine Use

.015

.048

.026

.049

.017

.049

Average wake-up time

.031

.055

.025

.055

.020

.055

Presence of other mood disorder

.002

.162

.016

.163

.047

.166

Time between interview and cortisol assessment

-.001

.001

-.001

.001

-.001

.001

Age at cortisol assessment

.081

.132

0.084

0.134

.087

.137

-.278*

.119

-.272*

.119

-.292*

.122

Black race

.231

.190

.261

.192

.271

.194

Hispanic race

.209

.138

.225

.139

.251

.140

Asian/Pacific Islander race

-.281

.215

-.252

.218

-.198

.219

Multiple/other race

-.103

.133

-.086

.135

-.092

.135

Black race * Gender

.933*

.404

.892

.407

.911*

.411

Past Major Depressive Disorder

.336*

.133

.376**

.138

.396**

.138

Past Anxiety Disorder

.252

.326

.242

.328

.174

.334

Recent Major Depressive Disorder

.039

.262

.089

.267

.115

.269

Recent Anxiety Disorder

-.206

.176

-.199

.177

-.195

.177

Recent CoMorbid MDD and Anxiety

.252

.287

.343

.300

.409

.304

Chronic Life Stress

-.040

.054

-.070

.055

Episodic Life Stress

-.035

.054

-.027

.054

Momentary Sad-Lonely Emotion Factor

.062

.154

Momentary Positive-Social Emotion Factor

-.077

.145

Momentary Hard Working Emotion Factor

-.203

.143

Momentary Sleepy Tired Emotion Factor

-.163

.114

Momentary Nervous Stressed Emotion Factor

.253

.179

3.372

2.293

Male * Neuroticism
Percentage of time alone
Birth Control Use

Gender (Male = 1)

Constant

3.086
R² = .173

2.248

3.003
R² = .176

2.289

R² = .200

Note: * p<.05, ** p<.01. Also controlling for Race, Gender, Caffeine, Nicotine, Waketime, Hours of Sleep, Age,
birth contol use, presence of other mood disorder in the past and in the present, Neuroticism and other Momentary Emotion Factors
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Appendix C Table 1.
Distribution of Cortisol and Variance Components (N=108)
Variable

Coefficient

SE

t

p

-1.821

0.044

-40.616

0.000

SD

Variance Component

df

Chi Square

p

100

56.174

0.450

100

176.811

0.000

Level 1 Intercept, Π0
Intercept, γ000
Random Effect
Level 2 Intercept

ρ0

0.020

0.000

Level 1 Intercept

ε

1.040

1.102

0.293

0.086

Level 3
Intercept1 and Intercept2 υ00
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Appendix C Table 2.
Cortisol predicted from CRTA and Time of Day (N=108)
Variable

Coefficient

SE

t

p

-1.320

0.055

-23.950

0.000

0.493

0.064

7.750

0.000

-0.090

0.020

-5.340

0.000

0.000

0.001

-0.050

0.958

SD

Variance Component

df

Chi Square

p

0.110
0.050
0.057
0.004

0.011
0.002
0.003
0.000

67
67
67
67

73.590
95.690
52.910
98.900

0.271
0.012
>.500
0.007

0.627

0.394

0.366
0.096
0.260
0.005

0.133
0.009
0.068
0.000

93
93
93
93

157.820
137.210
106.600
133.200

0.000
0.002
0.159
0.004

Level 1 Intercept, Π0
Intercept, γ000
CAR, Π1
Intercept, γ100
TimeSinceWaking, Π2
Intercept, γ200
TimeSinceWaking2, Π3
Intercept, γ300
Random Effect
Level 2 Intercept ρ0
CAR Slope ρ1
TimeSinceWaking ρ2
TimeSinceWaking2 ρ3
Level 1 Intercept

ε

Level 3
Intercept1 and Intercept2 υ00
CAR Slope υ10
TimeSinceWaking υ20
TimeSinceWaking2 υ30
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Appendix C Table 3.
Cortisol predicted from CAR, Time of Day, and Covariates (N=108)
Variable

Coefficient

SE

t

p

-1.347

0.054

-24.743

0.000

Level 2 WakeupComp, β01

0.077

0.065

1.181

0.238

Level 2 NervousStress, β02

-0.104

0.052

-1.991

0.046

Level 2 SadLonely, β03

-0.025

0.062

-0.399

0.689

Level 2 Lag SadLonely, β04

-0.103

0.074

-1.393

0.164

0.508

0.058

8.636

0.000

Level 2 CARComp, β11

-0.148

0.104

-1.413

0.158

Level 2 NervousStress, β12

0.121

0.094

1.281

0.201

Level 2 SadLonely, β13

0.068

0.109

0.621

0.534

Level 2 Lag SadLonely, β14

0.244

0.111

2.197

0.028

-0.089

0.015

-5.741

0.000

0.000

0.001

-0.126

0.900

-0.004

0.054

-0.081

0.936

0.024

0.025

0.951

0.344

Level 1 Intercept, Π0
Intercept, γ000

CAR slope, Π1
Intercept, γ100

TimeSinceWaking slope, Π2
Intercept, γ200
TimeSinceWaking2 slope, Π3
Intercept, γ300
Sad-Lonely Factor Slope, Π4
Intercept, γ400
Stress Level Slope, Π5
Intercept, γ500
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Appendix C Table 3 (con't)
Random Effect
Level 2 TWakeDay2
Level 1 Intercept

ρ3

ε

Level 3
Intercept1 and Intercept2 υ00
CAR Slope υ10
TimeSinceWaking υ20
TimeSinceWaking2 υ30
SadLonely Factor υ40
Stress Level υ50

SD

Variance Component

df

Chi Square

p

0.002

0.000

88

125.978

0.005

0.618

0.382

0.380
0.089
0.265
0.004
0.242
0.077

0.144
0.008
0.070
0.000
0.058
0.005

89
89
89
89
89
89

113.734
149.008
90.495
120.136
99.800
89.890

0.039
0.000
0.436
0.016
0.204
0.454
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Appendix C Table 4.
Cortisol predicted from CAR, Time of Day,Momentary and Previous Day Loneliness
and Covariates (N=108)
Variable

Coefficient

SE

t

p

Intercept, γ000

-1.358

0.054

-25.600

0.000

Birth Control Use, γ001

-0.113

0.131

-0.861

0.391

Gender, γ002

-0.190

0.141

-1.350

0.180

Black, γ003

-0.166

0.119

-1.400

0.165

Hispanic, γ004

0.068

0.236

0.289

0.773

Multiple/OtherRace, γ005

-0.199

0.143

-1.403

0.164

Caffeine, γ006

0.243

0.449

0.542

0.589

Nicotine, γ007

0.433

0.809

0.536

0.593

Follicular, γ008

0.135

0.127

1.066

0.290

Level 2 WakeupComp, β01

0.043

0.067

0.637

0.524

Level 2 NervousStress, β02

-0.118

0.052

-2.272

0.023

Level 2 SadLonely, β03

-0.062

0.062

-1.001

0.314

Level 2 Lag SadLonely, β04

-0.117

0.075

-1.568

0.117

Intercept, γ100

0.497

0.059

8.372

0.000

Birth Control Use, γ101

-0.025

0.176

-0.145

0.886

Gender, γ102

-0.207

0.125

-1.655

0.100

Black, γ103

-0.063

0.166

-0.384

0.702

Hispanic, γ104

-0.210

0.195

-1.103

0.273

Multiple/Other Race, γ105

0.057

0.174

0.327

0.744

Level 1 Intercept, Π0

CAR slope, Π1
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Appendix C Table 4 (con't)
Variable

Coefficient

SE

t

p

Caffeine, γ106

-0.140

0.406

-0.348

0.728

Nicotine, γ107

-0.970

0.589

-1.649

0.102

Follicular, γ108

-0.062

0.151

-0.432

0.674

Level 2 CARComp, β11

-0.122

0.106

-1.152

0.250

Level 2 NervousStress, β12

0.094

0.097

0.970

0.333

Level 2 SadLonely, β13

0.069

0.114

0.614

0.539

Level 2 Lag SadLonely, β14

0.258

0.115

2.251

0.025

Intercept, γ200

-0.093

0.015

-6.241

0.000

Birth Control Use, γ201

0.046

0.039

1.162

0.249

Gender, γ202

0.020

0.041

0.503

0.616

Black, γ203

-0.021

0.049

-0.434

0.665

Hispanic, γ204

-0.055

0.082

-0.670

0.504

Multiple/Other Race, γ205

-0.043

0.031

-1.420

0.159

Caffeine, γ206

0.034

0.115

0.294

0.769

Nicotine, γ207

-0.288

0.191

-1.507

0.125

Follicular, γ208

-0.036

0.035

-1.043

0.300

Intercept, γ300

-0.001

0.001

0.505

0.583

Birth Control Use, γ301

-0.002

0.002

-0.813

0.419

Gender, γ302

-0.001

0.002

-0.653

0.515

Black, γ303

0.004

0.003

1.460

0.160

Hispanic, γ304

0.004

0.004

1.645

0.103

TimeSinceWaking slope, Π2

TimeSinceWaking2 slope, Π3
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Appendix C Table 4 (con't)
Variable

Coefficient

SE

t

p

Multiple/Other Race, γ305

0.004

0.002

1.950

0.054

Caffeine, γ306

-0.013

0.007

-1.790

0.076

Nicotine, γ307

0.025

0.008

3.257

0.002

Follicular, γ307

0.003

0.002

1.618

0.109

Intercept, γ400

-0.012

0.049

-0.240

0.609

Birth Control Use, γ401

-0.233

0.141

-1.649

0.102

Gender, γ402

-0.052

0.127

-0.406

0.686

Black, γ403

0.058

0.103

0.562

0.575

Hispanic, γ404

-0.215

0.210

-1.021

0.310

Multiple/Other Race, γ405

-0.473

0.153

-3.089

0.003

Caffeine, γ406

-0.166

0.264

-0.632

0.529

Nicotine, γ407

0.867

0.489

1.749

0.083

Follicular, γ407

-0.133

0.091

-1.464

0.146

Intercept, γ500

0.027

0.024

1.133

0.260

Birth Control Use, γ501

-0.038

0.079

-0.486

0.628

Gender, γ502

-0.078

0.055

-1.418

0.159

Black, γ503

-0.047

0.061

-0.779

0.438

Hispanic, γ504

0.071

0.058

1.229

0.222

Multiple/Other Race, γ505

-0.185

0.082

-2.257

0.026

Caffeine, γ506

-0.279

0.169

-1.645

0.103

Sad-Lonely Factor Slope, Π4

Stress Level Slope, Π5
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Appendix C Table 4 (con't)
Variable

Coefficient

SE

t

p

Nicotine, γ507

0.175

0.278

0.631

0.529

Follicular, γ508

-0.007

0.066

-0.119

0.906

SD

Variance Component

df

Chi Square

p

0.002

0.000

88.000

1041.950

0.000

0.618

0.382

0.361
0.239
0.087
0.004
0.191
0.049

0.131
0.157
0.008
0.000
0.027
0.002

83.000
83.000
83.000
83.000
83.000
83.000

103.880
135.450
142.250
119.473
90.790
197.580

0.060
0.000
0.000
0.006
0.261
0.000

Random Effect
imeSinceWaking2 ρ0
Level 1 Intercept

ε

Level 3
Intercept1 and Intercept2 υ00
CAR Slope υ10
TimeSinceWaking υ20
TimeSinceWaking2 υ30
SadLonely Factor υ40
Stress Level υ50
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Appendix C Table 5.
Cortisol predicted from CAR, Time of Day,Momentary,Previous Day and Average Day Loneliness,
Trait Loneliness , Stress Levels and Covariates (N=108)
Variable

Coefficient

SE

t

p

Intercept, γ000

-1.357

0.050

-27.104

0.000

Birth Control Use, γ001

-0.117

0.138

-0.850

0.398

Gender, γ002

-0.132

0.137

-0.963

0.338

Black, γ003

-0.104

0.144

-0.721

0.473

Hispanic, γ004

0.236

0.215

1.099

0.275

Multiple/OtherRace, γ005

-0.259

0.149

-1.736

0.085

Caffeine, γ006

-0.010

0.448

-0.024

0.981

Nicotine, γ007

0.636

0.579

1.097

0.276

Follicular Stage, γ008

0.131

0.141

0.932

0.354

Trait Loneliness, γ009

-0.060

0.033

-1.775

0.079

Major Depression, γ0010

-0.300

0.295

-1.017

0.312

Relationship Stress, γ0011

-0.145

0.131

-1.113

0.269

Level 2 WakeupComp, β01

0.020

0.069

0.286

0.775

Level 2 NervousStress, β02

0.011

0.065

0.165

0.870

Level 2 SadLonely, β03

-0.099

0.074

-1.328

0.186

Level 2 Lag SadLonely, β04

-0.114

0.067

-1.695

0.091

Intercept, γ100

0.512

0.061

8.291

0.000

Birth Control Use, γ101

0.043

0.162

0.265

0.791

Gender, γ102

-0.157

0.162

-0.968

0.336

Level 1 Intercept, Π0

CAR slope, Π1
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Appendix C Table 5 (con't)
Variable

Coefficient

SE

t

p

Black, γ103

-0.105

0.168

-0.624

0.534

Hispanic, γ104

-0.282

0.248

-1.136

0.259

Multiple/Other Race, γ105

0.053

0.179

0.295

0.768

Caffeine, γ106

0.375

0.621

0.604

0.547

Nicotine, γ107

-1.022

0.673

-1.519

0.132

Follicular Stage, γ108

0.017

0.169

0.104

0.918

Trait Loneliness, γ109

0.015

0.038

0.381

0.703

Major Depression, γ1010

0.316

0.339

0.930

0.355

Relationship Stress, γ1011

0.018

0.158

0.114

0.910

Level 2 CARComp, β11

-0.100

0.108

-0.924

0.357

Level 2 NervousStress, β12

-0.094

0.126

-0.745

0.457

Level 2 SadLonely, β13

0.104

0.129

0.744

0.457

Level 2 Lag SadLonely, β14

0.245

0.118

2.050

0.043

Intercept, γ200

-0.090

0.011

-6.235

0.000

Birth Control Use, γ201

0.058

0.037

1.542

0.126

Gender, γ202

-0.002

0.039

-0.040

0.968

Black, γ203

-0.037

0.039

-0.945

0.347

Hispanic, γ204

-0.098

0.064

-1.531

0.129

Multiple/Other Race, γ205

-0.022

0.039

-0.573

0.568

Caffeine, γ206

0.143

0.122

1.160

0.247

Nicotine, γ207

-0.303

0.161

-1.880

0.063

Follicular Stage, γ208

-0.031

0.038

-0.813

0.419

#

TimeSinceWaking slope, Π2
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Appendix C Table 5 (con't)
Variable

Coefficient

SE

t

p

Trait Loneliness, γ209

0.019

0.009

1.991

0.049

Major Depression, γ2010

0.187

0.086

2.173

0.032

Relationship Stress, γ2011

0.023

0.037

0.612

0.542

Intercept, γ300

-0.001

0.001

0.183

0.577

Birth Control Use, γ301

-0.002

0.002

-1.924

0.057

Gender, γ302

0.002

0.003

0.890

0.376

Black, γ303

0.004

0.002

-0.738

0.462

Hispanic, γ304

0.005

0.004

1.273

0.206

Multiple/Other Race, γ305

0.004

0.002

1.879

0.063

Caffeine, γ306

-0.006

0.007

-0.914

0.363

Nicotine, γ307

0.025

0.007

3.514

0.001

Follicular Stage, γ308

0.004

0.002

1.972

0.051

Trait Loneliness, γ309

-0.001

0.001

-2.553

0.013

Major Depression, γ3010

-0.007

0.005

-1.323

0.189

Relationship Stress, γ3011

-0.002

0.002

-0.877

0.383

Intercept, γ400

0.037

0.053

0.692

0.490

Birth Control Use, γ401

-0.264

0.125

-2.113

0.037

Gender, γ402

-0.044

0.139

-0.317

0.752

Black, γ403

0.017

0.142

0.123

0.903

Hispanic, γ404

-0.142

0.203

-0.704

0.483

Multiple/Other Race, γ405

-0.457

0.170

-2.686

0.009

TimeSinceWaking2 slope, Π3

Sad-Lonely Factor Slope, Π4
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Appendix C Table 5 (con't)
Variable

Coefficient

SE

t

p

Caffeine, γ406

-0.055

0.414

-0.135

0.893

Nicotine, γ407

0.738

0.716

1.032

0.305

Follicular Stage, γ408

-0.118

0.129

-0.917

0.362

Trait Loneliness, γ409

-0.061

0.029

-2.094

0.039

Major Depression, γ4010

-0.227

0.199

-1.137

0.259

Relationship Stress, γ4011

0.237

0.133

2.016

0.046

Intercept, γ500

0.018

0.027

0.663

0.509

Birth Control Use, γ501

-0.035

0.069

-0.519

0.604

Gender, γ502

-0.085

0.076

-1.127

0.263

Black, γ503

-0.015

0.074

-0.204

0.839

Hispanic, γ504

0.081

0.108

0.747

0.457

Multiple/Other Race, γ505

-0.193

0.081

-2.381

0.019

Caffeine, γ506

-0.368

0.256

-1.432

0.155

Nicotine, γ507

0.128

0.314

0.407

0.684

Follicular, γ508

-0.039

0.074

-0.525

0.600

Trait Loneliness, γ509

0.008

0.018

0.470

0.639

Major Depression, γ5010

-0.210

0.141

-1.499

0.137

Relationship Stress, γ5011

0.015

0.071

0.208

0.836

SD

Variance Component

df

Chi Square

p

0.002

0.000

91

144.540

0.000

0.613

0.376

0.337
0.233
0.071

0.113
0.050
0.005

82
82
82

105.654
130.606
147.540

0.029
0.000
0.000

Stress Level Slope, Π5

Random Effect
Level 2 TWakeDay2
Level 1 Intercept

ρ3

ε

Level 3
Intercept1 and Intercept2 υ00
CAR Slope υ10
TimeSinceWaking υ20

