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As early as 1904, psychologists studying adolescent 
development referred to it as “a period of storm and 
stress” (Hall, 1904). There has since been consid-
erable critique of stress as the defining feature of 
adolescence, and recently researchers have focused 
on the many assets of adolescents and the oppor-
tunities of this developmental period (National 
Academies of Sciences, Engineering, and Medicine, 
2019). The experience and consequences of stress 
do, however, represent important features of adoles-
cence, as well as early adulthood. While complete 
coverage of the extensive literature on adolescent 
and young adult stress is not possible, we address 
some central questions. Why are adolescence and 
early adulthood stressful periods of life? Are they 
more stressful now than in the past? How do we 
best define and measure adolescent and young adult 
stress? What are some key sources of stress during 
these developmental periods? What are the major 
biological stress response systems of the body, and 
how are they impacted by stress and normative 
developmental change? What are the implications 
of stress, and biological stress responses, for ado-
lescent and young adult health and developmental 
outcomes? What factors moderate the impact of 
stressors on stress biology and youth outcomes? 
How might this knowledge be leveraged by inter-
ventions to reduce adolescent and young adult 
stress and its impacts? While other biological stress 
processes are introduced, the chapter focuses on the 

hypothalamic–pituitary–adrenal (HPA) axis, one of 
the body’s key stress response systems, due to its 
known implications for health and developmental 
outcomes.

ADOLESCENCE AND EARLY 
ADULTHOOD AS PERIODS OF CHANGE 
AND STRESS

The existence of widespread and co-occurring 
changes across adolescence and early adulthood 
creates a period of life that is (on average) subject 
to heightened stress, higher than that experienced 
in middle-aged and older adults (American Psycho-
logical Association, 2019, 2020). The changes of 
adolescence and early adulthood occur in biolog-
ical, cognitive, social, and contextual domains. 
These changes are summarized in detail through-
out the other chapters of this handbook. They 
include the dramatic biological changes of puberty 
that occur in early- to midadolescence, including 
changes in physical characteristics and hormonal 
systems, and changes in brain development that 
occur across adolescence and into early adult-
hood. There are also notable changes in circadian 
rhythms and sleep, with adolescents shifting to 
a more “owl-like” circadian rhythm that predis-
poses them to later bedtimes and waketimes and 
shorter overall sleep hours (Crowley et al., 2018), 
a pattern which extends into early adulthood (Park 
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et al., 2019). Notable social changes also occur, in 
peer relations, family relationships, and romantic 
relationships and sexuality, which are embedded in 
larger contextual changes such as school transitions 
and increasing scholastic, work, and extracurricular 
demands (Steinberg & Morris, 2001). Changing 
cognitive abilities during adolescence occur and 
in turn facilitate the exploration and attainment 
of personal and ethnic identities, a process that 
continues into early adulthood (Umaña-Taylor 
et al., 2014). Young adults experience the added 
demands of culturally expected milestones such as 
exiting the family home, entering higher education 
or workforce settings, attaining financial inde-
pendence, and family formation and childrearing 
(Barlett et al., 2020).

Each generation of adolescents and young adults 
also faces unique challenges associated with coming 
of age in specific places and time periods, charac-
terized by varying economic conditions, changing 
technologies, and particular local, national, and 
global stressors (Lerner et al., 2019). For exam-
ple, we write this chapter in 2020 and early 2021 
during the global pandemic of COVID-19, which is 
resulting in widespread changes in social and eco-
nomic conditions for adolescents and young adults. 
These include isolation from peers and sometimes 
from family, threat of sickness and death of oneself 
and loved ones, and highly disrupted educational 
and economic trajectories. We also write this chap-
ter during times of racial protest and civil unrest, in 
response to the killings of George Floyd, Ahmaud 
Arbery, and Breonna Taylor and in response to the 
2020 U.S. presidential election. Experience of these 
events will likely have profound impacts on the 
current generation of youth. Some of these impacts 
are already emerging, such as in increased levels of 
perceived stress and anger in young adults (Shana-
han et al., 2020).

Adolescence is also associated with dramatic 
increases in depression and anxiety, particularly 
for girls. Existing evidence suggests that depres-
sive symptoms and diagnoses, on average, rise 
throughout early adolescence, peak in mid- to 
late adolescence (15 and 17), and decline steadily 
across early adulthood (Adkins et al., 2009; Moj-
tabai et al., 2016). Girls, individuals of color, and 

low socioeconomic status (SES) youth tend to show 
higher depressive symptoms (Adkins et al., 2009). 
Externalizing symptoms also increase across ado-
lescence, a change that is mostly normative and 
dissipates during early adulthood, but a subgroup 
with earlier and more serious problems have 
issues with externalizing problems into adulthood 
(Dodge et al., 2007). Evidence suggests that stressor 
exposure and biological stress responses play a 
role in developmental increases and disparities in 
depression and externalizing problems (Adam et 
al., 2010; Barlett et al., 2020; Grant et al., 2014). 
When the changes of adolescence and early adult-
hood accumulate within a short period of time, they 
are particularly associated with negative outcomes 
(Simmons et al., 1987), affecting both concurrent 
and subsequent mental and physical health (Adam 
et al., 2011; Raposa et al., 2014).

SECULAR TRENDS IN ADOLESCENT 
AND YOUNG ADULT STRESS

Anecdotal evidence (e.g., parent and media reports) 
suggests that adolescent and young adult stress 
has increased over the past 20 years, although 
to our knowledge, no longitudinal data exist on 
secular trends in perceived stress levels for these 
age groups. If we consider depressive symptoms 
and disorders to be proxy markers for stress, there 
is strong evidence that these have increased over 
recent historical time (since approximately 2011), 
with stronger increases for adolescents than young 
adults (Coley et al., 2019; Collishaw & Sellers, 
2020; Keyes et al., 2019; Mojtabai et al., 2016). The 
sources of this secular increase are not well under-
stood: Proposed explanations include increased 
social media exposure (Twenge, 2020), decreased 
sleep hours (Keyes et al., 2019; Patalay & Gage, 
2019), and increased family economic stress or 
income inequality (Coley et al., 2019; Collishaw & 
Sellers, 2020; Kim & Hagquist, 2018). The social 
media explanation has been the subject of consid-
erable challenge (Orben et al., 2019; Uhls et al., 
2017). Better understanding of these trends will 
require repeated measurements of youth stress and 
its sources, informed by clear definition and strong 
measurement.
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STRESS DEFINITION AND 
MEASUREMENT

Stress is a response to an internal or external 
challenge that consists of experiential, contextual, 
emotional, cognitive, and biological components. 
Stress has been defined as “a real or interpreted 
threat to the physiological or psychological integrity 
of an individual that results in physiological and/
or behavioral responses” (McEwen, 2008, as cited 
in McEwen, 2010, p. 11). Most definitions of stress 
encompass at least two elements: (a) a demand, 
challenge, or perturbing force and (b) a response, 
consisting of cognitive, emotional, behavioral, and 
biological elements. Stress experts have called for 
a disaggregation of these two components of the 
stress process (Grant et al., 2003; Monroe, 2008). 
They argue that the word “stressor” should be 
used to refer to the demand or challenge eliciting a 
response, whereas the biological, cognitive, emo-
tional, and behavioral responses should be referred 
to as the “stress response” (Grant et al., 2003). 
Additional stress processes include stress mediators, 
or the psychological and biological pathways by 
which stress exposure affects individual well-being, 
and stress moderators, which are individual and con-
textual factors that modify the strength and direc-
tion of the associations between stress exposure 
and health and developmental outcomes (Grant 
et al., 2003). The broader term “stress” thus refers 
not only to the environmental stressors themselves 
but also to the range of processes set in motion by 
exposure to environmental stressors. As a result, 
“stress research” refers to the body of literature that 
examines environmental stressors as well as recip-
rocal and dynamic processes among stressors, stress 
responses, stress mediators, and stress moderators 
and the health and behavioral outcomes.

Stressor Measurement Approaches in 
Adolescence and Early Adulthood
Even after the components of stress research are 
recognized and defined, key challenges associated 
with appropriately measuring them remain. Mea-
sures of stress exposure or stressors, typically based 
on self-reported life event checklists, have domi-
nated the literature on adolescent and young adult 

stress. These checklists ask youth whether they 
have been exposed to a wide variety of circum-
stances and add up the number of exposures, often 
weighting each event equally (Grant et al., 2020). 
Related inventories include trauma scales, which 
ask youth (typically retrospectively) about expo-
sure to severe or traumatic stressors (Finkelhor et 
al., 2015).

Critiques of checklist-type measures note 
that the impact of events may vary considerably 
depending on circumstances. The death of a grand-
mother, for example, may be extremely stressful 
or only slightly so depending on how involved 
the grandmother had been. These critiques and 
others led to the advent of life stress interviews, in 
which interviewers probe the context surround-
ing the event, giving them the ability to judge the 
degree to which each event is stressful for youth 
(Monroe, 2008). Life stress interviews also differ-
entiate between more acute stressors and chronic, 
ongoing stressors (Grant et al., 2020). Life events 
interviews, however, are resource intensive and 
time consuming to conduct (Grant et al., 2020; 
Monroe, 2008).

Another important direction in stress measure-
ment involves classifying the domains or dimen-
sions of stressors or adversity, such as distinguishing 
between threat and deprivation events (McLaughlin 
et al., 2014), and considering how stressor charac-
teristics such as novelty, unpredictability, chronicity, 
and developmental timing alter appraisals of and 
responses to stressors (Dickerson & Kemeny, 2004; 
Harris & McDade, 2018; Monroe, 2008).

Stressor Measurement Batteries/Inventories. In 
recent work, researchers have worked to construct 
stressor measurement batteries that are efficient 
while maintaining some of the advantages of 
intensive stressor interviews, such as rating sever-
ity and organizing stressor subtypes in ways that 
are theoretically meaningful (Slavich et al., 2019). 
For example, our system distinguishes between 
systemic, major, and minor stressors and examines 
stressor domains of threat, loss and lack, humilia-
tion, and conflict, hypothesizing specific emotional, 
cognitive, physiological, and health and behavioral 
outcomes of each (Grant et al., 2021).
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Ecological Momentary Assessment. Ecological 
momentary assessment (EMA) involves gathering 
repeated short diary self-reports of experiences and 
moods as individuals go about their everyday lives; 
it captures stressors and stress responses in natural-
istic settings (Repetti et al., 2015). Individuals are 
prompted by a device (e.g., tablet or phone app noti-
fication), email, or text message multiple times across 
the day for several days to report on the occurrence 
of and their responses to events. EMA methods 
are highly suitable for adolescent and young adult 
populations (Heron et al., 2017). A related approach 
involves daily diary reporting of stress (Fuligni et al., 
2009). Compared with recall-based questionnaire 
measures, diary measures are thought to minimize 
recall bias and maximize ecological validity (Shiff-
man et al., 2008). EMA and diary stress measures are 
strong correlates and prospective predictors of mood 
disorders (Anderson et al., 2021; Baltasar-Tello et al., 
2018) and of biological stress measures in adoles-
cents and young adults (Adam, 2006; Fuligni et al., 
2009; Sladek et al., 2020).

Stress Response Measurement in 
Adolescence and Early Adulthood: 
Biological Approaches
Many research groups, including our own, 
approach the study of adolescent and young adult 
stress by measuring not only stressors but also the 
biological stress response, given that (a) the bio-
logical stress response is an intrinsic part of the 
definition and measurement of stress without which 
our understanding of stress processes is incomplete; 
(b) changes in biological stress are an important 
mechanism by which stressor exposure is linked to 
disease outcomes; (c) biological stress measures go 
beyond self-report to reveal stress impacts of which 
youth may not themselves be aware; (d) measuring 
how strongly various stressors affect biological stress 
responses helps researchers identify which stressors 
most impact the body and brain; (e) policy makers 
and interventionists find biological measures to 
be compelling; and (f) normative developmental 
changes in biological stress systems occur across 
adolescence and into early adulthood, with impli-
cations for changes in emotional and behavioral 
responding.

Multiple stress-sensitive biological stress systems 
have been studied during adolescence and early 
adulthood, including autonomic nervous system 
activity (Fiol-Veny et al., 2018), inflammation 
(Fuligni et al., 2009), and sleep processes (Adam 
et al., 2007). The largest literature, however, is on 
the HPA axis and its primary hormonal product, 
cortisol.

HPA Axis Activity in Adolescence and 
Young Adulthood: Overview of Biology
The HPA axis is an important biological stress sys-
tem to study during adolescence and early adult-
hood because it is one of the primary biological 
stress response systems and is subject to develop-
mental changes over these time periods. In addi-
tion, alterations in HPA axis activity are a plausible 
mechanism linking stressor exposure to behavioral, 
cognitive, and mental and physical health outcomes 
(Pagliaccio & Barch, 2016). Detailed descriptions 
of the neurobiology of the HPA axis are offered 
elsewhere (Sapolsky et al., 2000); here, we briefly 
describe HPA axis activity in the context of the other 
key biological stress response systems.

The two key arms of the mammalian stress 
response system are the sympathetic–adrenal–
medullary (SAM) system and the HPA axis (Gun-
nar & Vazquez, 2015). The SAM system supports 
rapid mobilization and response to stressors, often 
described as fight-or-flight reactions. In contrast, 
the HPA system, through its basal activity and reac-
tivity to stress, supports the efficacy of the SAM. It 
also mobilizes energy resources and counteracts or 
suppresses acute stress effects on the body, includ-
ing its own activation (Sapolsky et al., 2000). The 
cascade of events in the HPA system begins with the 
release of corticotropin-releasing hormone (CRH) 
and vasopressin (VP) from the paraventricular 
nucleus (PVN) in the hypothalamus. CRH and VP 
travel through small blood vesicles to the anterior 
pituitary (AP), where they stimulate the produc-
tion and release of adrenocorticotropic hormone 
(ACTH). Released into general circulation, ACTH 
interacts with receptors on the cortex of the adre-
nal glands to stimulate the production and release 
of glucocorticoids (cortisol in humans, corticoste-
rone in many rodents) into circulation. The HPA 
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axis is under negative feedback control, such that 
increases in glucocorticoids result in inhibition 
of CRH and VP production in the PVN by way of 
glucocorticoid-responsive cells in the hypothala-
mus, hippocampus, and medial prefrontal cortex 
(Sapolsky et al., 2000).

Cortisol functions by interacting with two 
classes of receptors: mineralo- and glucocorticoid 
receptors (MR and GR); both receptors respond to 
cortisol in the brain (de Kloet et al., 1998). MRs are 
high-affinity receptors, binding readily to cortisol, 
whereas GR are low-affinity cortisol receptors, 
typically only binding to cortisol with MRs are 
already occupied. Thus, when cortisol levels are 
low, MRs are activated, while GRs are only acti-
vated when cortisol levels are high, at the peak of 
the circadian cycle or during stress. MRs tend to 
mediate what have been termed permissive effects of 
cortisol, including maintaining the responsiveness 
of neurons to their neurotransmitters, maintaining 
the HPA circadian rhythm, and maintaining blood 
pressure. GRs, on the other hand, mediate most of 
the effects of cortisol reactivity, including helping to 
promote recovery from stress, and affecting learn-
ing and memory of emotional events (Meir Drexler 
& Wolf, 2017). Related to MR and GR activation, 
both chronically low and chronically high levels of 
cortisol are associated with nonoptimal functioning. 
In contrast, moderate basal levels, a clear circa-
dian rhythm, and rapid increases in cortisol levels 
in response to stress followed by a return to basal 
levels tend to be associated with optimal physical 
and behavioral health (Adam et al., 2017; de Kloet 
et al., 2005).

Cortisol Reactivity. In humans, short-term cor-
tisol increases in response to acute stressors (called 
cortisol reactivity) can be observed in both labo-
ratory and naturalistic settings, with cortisol levels 
peaking in blood approximately 15 minutes after, 
and in saliva approximately 20 minutes after, the 
onset of the stressor. Acute stress-related elevations 
in cortisol in blood serve key functions, mobilizing 
and directing energy resources, boosting immune 

1Other research groups have established different segmentation strategies for the diurnal cortisol rhythm; the shared aim across research groups is to 
best identify the components of diurnal regulation of cortisol that are most affected by stress and most related to current and subsequent health and 
behavioral functioning.

functioning, and focusing cognition and memory, all 
serving to help the organism deal with the stressor 
at hand and be prepared for similar stressors in the 
future (Sapolsky et al., 2000). After stressor offset, 
cortisol levels take approximately 1 hour to decline 
to basal levels; if the stressor continues, cortisol 
levels remain elevated above typical basal levels.

Circadian or Diurnal Rhythm of Cortisol. The 
typical circadian pattern of cortisol in humans is 
characterized by high levels at waking, a surge in 
the 30 to 40 minutes after waking, a decline across 
the waking day to low bedtime levels, and a rise in 
cortisol levels overnight to return to high levels by 
waking the next day (Adam & Kumari, 2009). Most 
naturalistic human research focuses on the diurnal 
portion of this rhythm, measured during the waking 
day, for practical reasons (not wanting to interrupt 
sleep). For measurement purposes, the diurnal 
cortisol rhythm is typically decomposed into several 
components that are only mildly to moderately 
correlated and relate differentially to stressors and 
to health and developmental outcomes (Adam & 
Kumari, 2009). The rate of decline in cortisol from 
waking to bedtime is known as the diurnal cortisol 
slope; the surge in cortisol after waking is called the 
cortisol awakening response (CAR); and the total 
or average cortisol level measured by taking the 
area under the curve of all of the cortisol measures 
across the waking day is known as total diurnal 
cortisol or the area under the curve (AUC; Adam & 
Kumari, 2009).1 While the CAR is stress responsive, 
it also reflects an acute response to the biological 
act of awakening; it is controlled by mechanisms 
beyond the typical HPA axis hormonal cascade 
(Clow et al., 2010).

Cortisol Collection Methods and 
Covariates
Much of the literature on cortisol levels in ado-
lescence and young adulthood relies on measures 
of cortisol from small samples of saliva, with col-
lections timed to capture the complex dynamic of 
acute cortisol reactivity or diurnal changes. Cortisol 
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can also be assayed from other biological samples, 
including urine, plasma, and most recently, hair 
(Stalder et al., 2017). Measurement of hair corti-
sol is increasingly popular given that it: (a) only 
requires one sample, at any time of day, rather than 
repeated samples across multiple times of day and 
(b) provides an integrated, average level of cortisol 
that is thought to reflect aggregated exposure to 
stress over several months. This is both a strength 
and the primary weakness of hair cortisol measures: 
Hair cortisol does not allow assessment of acute 
stress impacts or diurnal variation in cortisol. Typ-
ically, less severe stressors will be detected through 
changes in diurnal cortisol rhythm more easily than 
they will be detected in hair cortisol. For chronic 
stress, however, when stressors are hypothesized to 
be sufficiently severe to affect average level of corti-
sol, hair cortisol is a good option. In meta-analytic 
evidence, ongoing chronic stressors are reflected in 
significantly elevated hair cortisol levels; more minor 
perceived stress and past stress were not significantly 
associated with hair cortisol (Stalder et al., 2017). 
There is also some evidence that past chronic or 
traumatic stress is associated with significantly lower 
hair cortisol levels (Stalder et al., 2017).

With both salivary and hair cortisol measure-
ment, it is important to be aware of, measure, and 
statistically covary the effects of influencing and 
confounding variables such as sampling compli-
ance, gender, health behaviors, body mass index 
(BMI), age and pubertal stage, and medication 
use (Adam & Kumari, 2009; Stalder et al., 2017). 
Important variation in cortisol also occurs by race/
ethnicity, which is strongly driven by exposure of 
minoritized ethnic and racial groups to higher levels 
of stress, especially ethnic and racial discrimination 
(Adam et al., 2015). Next, we describe normative 
developmental changes in the HPA axis and then 
how acute and chronic stressors in adolescence and 
early adulthood affect the acute response and diur-
nal rhythm of cortisol.

Developmental Changes in HPA Axis 
Functioning in Adolescence and Early 
Adulthood
The HPA axis shows developmental changes during 
adolescence, with studies showing increases with 

age and pubertal stage in basal levels of cortisol 
and in cortisol reactivity to stressors (Adam, 2006; 
Gunnar, Wewerka, et al., 2009; Lupien et al., 
2009; Stroud et al., 2009). For example, Stroud 
et al. (2009) observed significantly larger corti-
sol increases in response to lab-based stressors 
with increasing pubertal stage. Developmental 
changes have also been observed in the sensitiv-
ity of negative feedback mechanisms and other 
glucocorticoid-sensitive target tissues in the brain. 
For example, in animal models, researchers have 
observed increases in the density and sensitivity of 
glucocorticoid receptors in the brain in early adoles-
cence, particularly in the prefrontal cortex (Lupien 
et al., 2009; McCormick et al., 2010).

Thus, adolescent development involves 
increased glucocorticoid levels and reactivity, 
ongoing changes to glucocorticoid-sensitive brain 
regions, and potentially increased impacts of glu-
cocorticoids through increased receptor density 
and sensitivity. This has led researchers to conclude 
that “similar to the neonatal period of ontogeny, 
adolescence may also be a sensitive period for the 
programming effects of stressors on the central 
nervous system” (McCormick et al., 2010, p. 73). 
Indeed, recent research suggests that adolescence, 
and puberty in particular, may serve as a period for 
reprogramming of the effects of early (prepubertal) 
life stress on biology and behavior (Gunnar et al., 
2019; King et al., 2017).

There is little evidence regarding developmen-
tal changes in cortisol in early adulthood; the one 
study we are aware of compared basal cortisol 
levels across age cohorts from infancy through older 
adulthood, finding that cortisol levels increase from 
age 5 through age 30 then remain stable until older 
adulthood, when they increase again (R. Miller 
et al., 2016). We are not aware of similar studies 
examining age-related changes in cortisol reactivity 
from adolescence through early adulthood. Due 
to ongoing maturation of prefrontal regions of the 
brain that help to regulate emotional reactivity in 
early adulthood (Kelly et al., 2009), it is reasonable 
to suggest that the cortisol stress response may also 
be more strongly regulated in early adulthood than 
in adolescence, but considerably more research is 
needed on this topic.
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ACUTE AND CHRONIC STRESSORS AND 
HPA AXIS ACTIVITY IN ADOLESCENCE 
AND EARLY ADULTHOOD

A complete review of all studies linking stressors to 
basal cortisol and acute cortisol reactivity in ado-
lescence and early adulthood is not possible here; 
instead, we summarize and organize this literature. 
It is helpful to note that stress–cortisol associations 
are observed over multiple time scales—moments, 
days, months, years, and over ontogeny (Adam, 
2012)—and that these associations vary with 
stressor chronicity and the timing of measurement 
poststressor (e.g., acute vs. chronic stressors elicit 
different, sometimes opposite, cortisol responses; 
G. E. Miller et al., 2007). Theory and some evidence 
suggest that cortisol reactivity and basal cortisol 
shift from being elevated to being suppressed as 
stressors increase in chronicity and with increased 
time since stressor exposure (G. E. Miller et al., 
2007; Trickett et al., 2010).

Acute Stress and HPA Axis Reactivity 
in Adolescence and Early Adulthood
As noted earlier, cortisol increases above basal levels 
in response to stress; cortisol reactivity to stress in 
adolescents and young adults has been shown in 
both lab-based and naturalistic settings. Lab-based 
studies examine cortisol increases in response to an 
imposed stressor (such as a public speaking task; 
Gunnar, Talge, & Herrera, 2009), whereas naturalis-
tic studies examine cortisol responsivity to momen-
tary negative affect or everyday stressors (Adam, 
2006). In lab-based studies, stressors involving 
social-evaluative threat (fear of negative social evalu-
ation) are a potent activator of cortisol, particularly 
for adolescents (Gunnar, Talge, & Herrera, 2009; 
Stroud et al., 2009); this stressor remains powerful 
in early adulthood (Dickerson & Kemeny, 2004).

Similar patterns are also seen in naturalistic 
studies of adolescent and young adult HPA axis 
reactivity, mostly using EMA or diary methods. 
Experiences of sadness, loneliness, and social iso-
lation emerge as key acute activators of cortisol for 
youth in everyday settings (Adam, 2006; Doane & 
Adam, 2010; Matias et al., 2011). The prominence 
of perceived negative social judgement and social 

exclusion as activators of the HPA axis in youth 
should not come as a surprise, given the key impor-
tance of social (especially peer) relationships in the 
lives of adolescents and young adults. Youth cortisol 
also responds to experiences of anger (Adam, 
2006) and perceived stress (Sladek et al., 2016) in 
daily life.

The CAR is sometimes also viewed as an acute 
HPA axis response, intended to prepare the individ-
ual for the demands of the day by providing a boost 
of energy and mental alertness calibrated to daily 
demands (Stalder et al., 2010). In adolescents and 
young adults, the CAR has been found to increase 
in response to prior-day stressors such as loneliness 
(Doane & Adam, 2010) and is higher on days with 
greater perceived upcoming demands (Stalder et 
al., 2010). Additional research in adolescents and 
young adults suggests the CAR may respond to 
social contexts and excessive demands more broadly 
as opposed to being tied only to stressful daily expe-
riences (Doane et al., 2018; Sladek & Doane, 2015; 
Sladek et al., 2020).

Chronic Stress and HPA Axis Activity 
in Adolescence and Early Adulthood
A wide range of chronic stressors experienced 
during childhood and adolescence have been 
examined in relation to adolescent and young adult 
HPA axis activity. Here we focus on relatively severe 
chronic stressors, giving a bird’s-eye view sum-
mary of each, primarily based on recent systematic 
reviews and meta-analyses (incorporating prenatal 
exposures is beyond the scope of this review).

Maltreatment. Studies linking maltreatment or 
abuse during childhood or adolescence with HPA 
axis activity reveal complex associations, including 
both hypo- and hypercortisolism and flatter diurnal 
cortisol rhythms. Importantly, a meta-analysis of 27 
studies showed no overall effect of maltreatment on 
the CAR or cortisol slope but did find evidence of 
lower waking cortisol levels for clinic-referred sam-
ples, suggesting the presence of hypocortisolism, 
especially for more severe cases of maltreatment 
(Bernard et al., 2017). Similar conclusions were 
drawn from a recent study utilizing hair cortisol 
(White et al., 2017). In this study, maltreatment 
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history (especially chronic maltreatment and 
neglect) was associated with significantly lower 
hair cortisol levels for children over the age of 9.69 
years, with effects growing stronger with pubertal 
development. An additional study found that sexual 
abuse in childhood was associated with an initial 
significant elevation of cortisol in adolescence, fol-
lowed by a progressive cortisol reduction into early 
adulthood (Trickett et al., 2010).

Bullying. In a recent systematic review of the liter-
ature on peer victimization and cortisol in children 
and adolescents, peer victimization was consistently 
associated with blunted cortisol reactivity and a 
flatter diurnal cortisol slope (Kliewer et al., 2019). 
Flatter diurnal cortisol slopes and reduced reactivity 
are both signs of hypocortisolism that are evident 
among bullied children as young as 12 years of age 
(Ouellet-Morin et al., 2011). Altered HPA axis func-
tioning associated with bullying has also been linked 
to poor health outcomes (Knack et al., 2011).

Low Socioeconomic Status. An early review 
including both adolescent and adult studies con-
cluded that SES was not consistently associated 
with higher or lower cortisol but did reveal associ-
ations between low SES and flatter diurnal cortisol 
slopes (Dowd et al., 2009), a conclusion supported 
by subsequent research (Desantis et al., 2015). 
Low SES experienced in adolescence has also been 
associated with a higher CAR in adulthood, even if 
SES increased in adulthood, suggesting a possible 
adolescent sensitive period effect (Gustafsson et 
al., 2010).

Violence Exposure. Although acute exposure 
to violence in adolescence is associated with a 
higher CAR (Heissel, Sharkey, et al., 2018), chronic 
exposure to violence has been associated with lower 
subsequent cortisol reactivity, for boys only (Peckins 
et al., 2012). Similarly, chronic violence exposure 
in adolescence and early adulthood predicts lower 
cortisol reactivity in adulthood, particularly in men 
with low paternal support (Aiyer et al., 2014).

Discrimination. Studies of discrimination 
(unfair treatment according to race, gender, sexual 

orientation, or other group memberships) in youth 
have found higher discrimination to be associated 
with stronger acute cortisol reactivity (Doane & 
Zeiders, 2014), higher overall cortisol (Huynh et 
al., 2016; Zeiders et al., 2012), and a flatter diurnal 
cortisol slope (Huynh et al., 2016; Zeiders et al., 
2014). In our longitudinal study, racial discrimi-
nation in early adolescence and early adulthood 
predicted flatter cortisol slopes and lower cortisol 
levels in adulthood, and racial discrimination expe-
rienced during adolescence had a stronger effect on 
adult cortisol than racial discrimination during early 
adulthood (Adam et al., 2015). At a more macro-
structural level, lesbian, gay, and bisexual youth 
who lived between the ages of 10 and 18 in states 
with high levels of structural stigma (state laws and 
institutional practices that constrain nonheterosex-
ual youth) evidenced blunted cortisol reactivity as 
young adults (Hatzenbuehler & McLaughlin, 2014).

Academic Stress. Although acute exposure to 
academic stress is associated with elevated corti-
sol, particularly when performance matters, such 
as during high-stakes tests (Heissel, Adam, et al., 
2018), less evidence exists on whether and how 
chronic academic demands are associated with 
cortisol in adolescents and young adults. In one 
study of college students, hair cortisol levels were 
significantly higher during the academic term than 
the summer, and exposure to stressful events, par-
ticularly academic demands, negative evaluation, 
and social rejection helped to explain academic year 
cortisol elevations (Stetler & Guinn, 2020).

Chronic Stress and Cortisol: Unifying 
Themes. Across these various forms of chronic 
stress, several themes emerge. First, as first 
described in review articles (Gunnar & Vazquez, 
2001; G. E. Miller et al., 2007; Susman, 2006), past 
chronic stress, particularly of a traumatic nature, 
tends to be associated with flatter diurnal cortisol 
rhythms, lower overall cortisol levels, and a lower 
CAR, whereas current chronic stress (e.g., current 
academic stress) tends to be associated with cortisol 
elevations. According to the attenuation hypothesis 
and related theories, a move from elevated corti-
sol (hypercortisolism) in the face of current and 
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ongoing stress to hypocortisolism (low cortisol, 
with a weaker diurnal rhythm and lower CAR) 
occurs with the passage of time with repeated and 
chronic exposure to stressors, remaining even after 
stressor offset (Adam et al., 2017; Trickett et al., 
2010). Whether this shift serves a functional pur-
pose (e.g., protecting the brain from frequently or 
chronically elevated glucocorticoids) or is the result 
of wear and tear on neuroregulatory mechanisms 
due to overuse (a pattern called allostatic load; 
McEwen, 2008) remains to be firmly established. 
Second, many of the chronic stressors discussed 
here that are found to have long-term impacts on 
cortisol tend to involve themes of neglect, loss, 
negative social evaluation, and social exclusion—all 
threats to the social self. Additional longitudinal 
studies are needed to observe the unfolding of the 
proposed attenuation over time and to gain a better 
understanding of the functional purpose served 
by this attenuation. Additional studies should also 
continue to identify the durations, severities, and 
psychological dimensions of stressors that relate to 
various patterns of HPA axis activity.

Moderators of the Effects of Stressors 
on HPA Axis Activity
Many factors have been found to modify (either 
accentuate or attenuate) the impact of stressors 
on adolescent and young adult HPA axis activity. 
These include (a) genetic polymorphisms relevant to 
stress perception and HPA axis functioning, such as 
serotonin transporter and HPA axis polymorphisms 
(Starr et al., 2019); (b) the presence of social (adult 
and peer) support (Aiyer et al., 2014; Doane & 
Zeiders, 2014); (c) individual coping strategies such 
as problem solving and engagement coping (Gilbert 
et al., 2017; Sladek et al., 2016); and (d) for youth of 
color, ethnic identity and cultural values and compe-
tencies (Gonzales et al., 2018; Sladek et al., 2019).

ADOLESCENT AND YOUNG ADULT 
STRESS, HPA AXIS ACTIVITY, AND 
DEVELOPMENTAL OUTCOMES

In comprehensive reviews of the extant stress 
literature, clear and consistent links have been 
found between increased adolescent stress exposure 

and a wide range of current and subsequent men-
tal health outcomes (Grant et al., 2014), physical 
health outcomes (Wickrama et al., 2015), and 
academic performance (Lupien et al., 2007). Many 
studies have also established links between ado-
lescent stress exposure and negative outcomes in 
early adulthood, in particular (Doom et al., 2017; 
Wickrama et al., 2015). Fewer studies have assessed 
both stress exposure and developmental outcomes 
during early adulthood, but there is evidence that 
stressors prospectively predict negative outcomes 
during this period (Collins et al., 2014; Ewing et al., 
2019; Hatzenbuehler et al., 2014). What evidence is 
there that altered HPA axis activity may play a role 
in mediating associations between stress exposure 
and mental health, physical health, and academic 
outcomes in adolescence and early adulthood?

Stress and Mental Health Outcomes in 
Adolescence and Early Adulthood
Extensive cross-sectional evidence has linked 
increased stressor exposure (Hammen, 2005) and 
altered HPA axis activity to depression (Adam et al., 
2017), but very few prospective longitudinal studies 
exist (Adam et al., 2010, 2017). In one such study, 
the CAR, both directly and in interaction with 
interpersonal life stress, was found to predict later 
depression and anxiety in adolescents and young 
adults (Adam et al., 2010, 2014). To our knowl-
edge, however, no studies of adolescents or young 
adults have formally tested cortisol as a mediator of 
the association between stress exposure and depres-
sion (Pagliaccio & Barch, 2016). Some mediational 
evidence does exist for externalizing disorders: 
In one study mentioned earlier, the association 
between maltreatment and externalizing disorders 
was partially mediated by low cortisol levels (White 
et al., 2017).

Stress and Physical Health Outcomes 
in Adolescence and Early Adulthood
Adolescent stress has been linked to self-reported 
adolescent health (Slavich et al., 2019) as well as 
to the biological precursors of disease (e.g., ele-
vated cholesterol, blood pressure, inflammation) 
in adolescence (Ehrlich et al., 2016; Fuligni et al., 
2009). Adolescent stress has also been related to 



Adam et al.

46

self-reported general health and to specific disease 
outcomes in adulthood, such as cardiovascular 
disease and metabolic syndrome (Adam et al., 2011; 
Ehrlich et al., 2016; Farrell et al., 2017). In addition, 
alterations in HPA axis activity have been associated 
with a wide range of physical health outcomes. In 
meta-analytic research on a range of age groups 
including adolescents and young adults, a flatter 
diurnal cortisol slope was found to predict worse 
outcomes for five out of six types of physical health 
outcomes examined (Adam et al., 2017). However, 
very little research examines the full mediational 
pathway from stress exposure to HPA axis activity 
to health. One study in young adults did so, finding 
perceived stress to predict health complaints by way 
of alterations (an elevation and flattening) of the 
diurnal cortisol rhythm (Lovell et al., 2011).

Stress and Cognitive and Academic 
Outcomes in Adolescence and Early 
Adulthood
Stress is also relevant for understanding academic 
and other human capital outcomes in youth—
evidence from both animal models and humans 
reveal connections between stress exposure, HPA 
axis activity, and cognitive and academic perfor-
mance (Levy et al., 2016; Lupien et al., 2001, 
2007; Shankar & Park, 2016). Generally speaking, 
associations between stress exposure, cortisol, and 
cognitive performance tend to follow an inverse 
U-shaped curve, with optimal performance occur-
ring at moderate levels of stress-related arousal 
and moderate increases in cortisol; studies in both 
adolescents and young adults have demonstrated 
this pattern (Gabrys et al., 2019; Heissel, Adam, et 
al., 2018). In one policy-relevant example, students 
with moderate cortisol elevations on the mornings 
of high-stakes tests (as compared with weeks with 
no tests or lower stakes tests) showed the best test 
performance (Heissel, Adam, et al., 2018).

Evolutionary Perspectives on Stress, 
HPA Axis Activity, and Developmental 
Outcomes
In response to acute stress, short-term and moder-
ate HPA axis activation is frequently noted as func-
tional, contributing to individual’s abilities to cope 

with the stressor at hand, through a combination of 
increased arousal, physical energy, and sharpened 
cognition for stress-relevant stimuli (Sapolsky et 
al., 2000). More chronic alterations in HPA axis 
activity are often framed as pathogenic in much of 
the HPA axis literature (Ellis & Del Giudice, 2014). 
By contrast, a set of theoretical models emerging 
from anthropology and developmental science 
argues that even chronic-stress-related alterations in 
HPA axis activity, and the behavioral and cognitive 
consequences thereof, represent functional adapta-
tions that prepare the individual for their expected 
environment (Belsky et al., 2007; Del Giudice et 
al., 2011; Ellis & Boyce, 2008). These models 
identify different patterns of HPA axis functioning, 
link them to differing developmental environments 
and patterns of developmental growth (e.g., timing 
of puberty) and behavior (e.g., risk taking, sexual 
behavior, social withdrawal), and interpret them 
using evolutionary/functional frameworks.

INTERVENTIONS TO REDUCE 
ADOLESCENT AND YOUNG ADULT 
STRESS AND ITS IMPACTS ON STRESS 
BIOLOGY

Our growing understanding of how and in what 
ways environmental experiences contribute to HPA 
axis alterations over time has led to a small but 
important wave of studies in which researchers 
are experimentally modifying exposures to stress-
ors or resources in order to examine impacts on 
youth stress biology and developmental outcomes. 
These studies serve two positive purposes: (a) They 
employ strategies that may improve the lives of 
adolescents and young adults, and (b) when con-
ducted as randomized control trials, they provide 
causal evidence for the role of stress reduction (or 
improvements in resources) in the regulation of 
stress biology and improvements in stress-related 
developmental outcomes.

Several intervention studies targeting regulation 
of adolescent stress and stress biology have shown 
promising results. A preventive intervention offered 
following the death of a parent (Luecken et al., 
2010) resulted in treated adolescents showing an 
increase in average cortisol levels relative to control 
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youth during a conflict discussion task 6 years after 
participation. Treatment youth also reported lower 
externalizing problems, suggesting lower incidence 
of the attenuated cortisol/elevated mental health 
symptoms profile that might otherwise follow from 
experiencing the death of a parent at a young age. In 
addition, a school-based behavioral-stress-education 
program was found to decrease cortisol levels and 
depressive symptomatology in adolescents making 
the transition to high school, with effect sizes on the 
order of 0.3 SD for youth high in anger at baseline 
(Lupien et al., 2013). A meditation intervention 
conducted with adolescents outside the school 
context also found lower average cortisol after 2 to 
4 months of meditation intervention, with effects 
ranging from 0.75 SD to 1.25 SD (MacLean et al., 
1997). Finally, our own group is currently examin-
ing the effects of promoting a strong ethnic identity 
on adolescent HPA axis activity and well-being 
(Adam et al., 2020).

FUTURE DIRECTIONS IN ADOLESCENT 
AND YOUNG ADULT STRESS RESEARCH 
AND CONCLUSIONS

Although a strong foundation of research exists 
for understanding stress and its effects in adoles-
cence and early adulthood, additional research is 
needed. We argue that precise conceptualization, 
measurement, and modeling of both stressors 
and stress biology are needed to best understand 
the key sources and impacts of stress in adoles-
cence and early adulthood. Also needed are both 
repeated cross-sectional and longitudinal research 
on changes in stressor exposure, perceived stress, 
and indicators of stress biology and stress-related 
disorders by age, developmental stage, and cohort; 
such data will allow us to better reveal the extent to 
which there are both developmental changes and 
secular trends in stressors, stress responses, and the 
consequences of stress. Currently, most conclusions 
regarding developmental trends and secular changes 
in stressors and stress biology are pieced together 
from multiple studies with varying methodologies. 
Research on developmental changes (or continu-
ities) in stressor exposure and stress biology from 
adolescence through early adulthood is particularly 

lacking. Research on stressors and stress responses 
in early adulthood relies heavily on studies of col-
lege students; representative data on young adults 
are needed in order to best characterize stressor 
exposure and stress responses during this develop-
mental period. Systematic reviews specifically focus-
ing on factors affecting HPA axis activity during the 
early adult period are also lacking. Finally, addi-
tional intervention work that attempts to reduce 
adolescent or young adult stressor exposure or 
helps youth to better regulate their biological stress 
responses will help to provide additional causal 
evidence on how stress affects adolescent and young 
adult well-being.

Overall, the study of adolescent and young 
adult stress provides an important window on how 
adolescents’ and young adults’ ontogenetic devel-
opment, as well as their multiple and interacting 
developmental contexts, affect biology and behavior 
in ways that matter for both current functioning 
and long-term health and well-being. As a result, 
this research provides important insights on where, 
when, and how to intervene to reduce adolescent 
and young adult stress exposures and experiences to 
appropriate levels, and how to promote the positive 
regulation of stress biology and help to ensure that 
adolescence and early adulthood are experienced as 
times not only of stress but also of thriving.
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