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Abstract

Stress can influence health throughout the lifespan, yet there is little agreement about what

types and aspects of stress matter most for human health and disease. This is in part because
“stress” is not a monolithic concept but rather, an emergent process that involves interactions
between individual and environmental factors, historical and current events, allostatic states, and
psychological and physiological reactivity. Many of these processes alone have been labeled as
“stress.” Stress science would be further advanced if researchers adopted a common conceptual
model that incorporates epidemiological, affective, and psychophysiological perspectives, with
more precise language for describing stress measures. We articulate an integrative working model,
highlighting how stressor exposures across the life course influence habitual responding and stress
reactivity, and how health behaviors interact with stress. We offer a Stress Typology articulating
timescales for stress measurement — acute, event-based, daily, and chronic — and more precise
language for dimensions of stress measurement.

Keywords

Acute stress; Chronic stress; Daily stress; Emotions; Affect; Appraisals; Motivational states;
Emotional contagion; Measurement; Allostatic load

1. Introduction: Defining the problem

Today, most health researchers agree that stress is critical to human health and aging.
Population-based studies that have measured perception of, or exposure to, stressors have
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documented its effects on health. Stress is tightly linked to psychological well-being, with
stressful events acting as a precursor to many major psychiatric conditions (Cohen et al.,
2007; Hammen, 2005). The costs of morbidity associated with mental health conditions
exceed that of any other diseases (HALE Collaborators, 2016; Whiteford et al., 2013).

There is also now reliable evidence that stress is associated with greater risk of disease,
including cardiovascular disease, hypertension, and infectious disease (Cohen et al., 2007).
A large but disjointed literature shows that stress affects slow-acting biological processes
in the brain and body, accelerating diseases of aging. A deeper understanding of the
mechanistic pathways by which psychosocial stress impacts physiology will lead to critical
advances in both basic science and prevention; however, these advances cannot occur
without better models and measures of stress. To better understand the effects of lifespan
stress on health, ideally one would use prospective measures, starting during youth,

and track people until after 50 years old when disease onset becomes more common.
Fortunately, although diagnosable disease does not occur until later in life, there are several
reliable indices of early damage to regulatory systems, allostatic load (Hwang et al., 2014;
Robertson et al., 2017; Seeman et al., 2001), and cellular aging such as inflammation,
telomere length, and epigenetic clock (Chen et al., 2016; Codd et al., 2013; Emerging Risk
Factors Collaboration et al., 2010; Li et al., 2017; Zhang et al., 2017; Zhou et al., 2016) that
can be measured during mid-life, and serve as markers, risk factors, and likely mechanistic
precursors to disease or early mortality.

Despite widespread agreement that stress is important in the study of health and aging, there
are critical barriers that prevent scientific progress. One major barrier, our focus here, is

the lack of consistency and thoroughness in stress measurement. Measurement of stress is
inherently complex because stress is experienced on multiple levels — social, psychological,
and physiological. Therefore, there are few agreed upon ‘gold standard’ measures. Across
studies, measurement is inconsistent and often superficial, and heterogeneous constructs are
conflated. To improve stress measurement, we need to better articulate our measurement
approaches using a common language of stress, as well as more complex and precise

stress models that take into account the multi-level nature of stress. Here, we present

a stress taxonomy as a step toward providing a common language for measurement,
including dimensions of exposure, responses, and timescales (Appendix 1). We also present
a transdisciplinary model of stress that merges knowledge from both epidemiological and
experimental approaches (Fig. 1).

2. Toward more precise measurement and models of stress

2.1. What is stress, exactly?

There is an almost unbounded set of human experiences that can fall under the umbrella

of ‘stress.” The term stress is frequently used in both scientific circles and colloquially to
refer to a number of different processes that are related but distinctly different. For example,
“stress” is sometimes used to refer to actual life events or situations that happen to a person,
such as losing a job or divorcing a spouse (hereafter “stressors” or “stressor exposures”).
Stress is also used to refer to the cognitive, emotional, and biological reactions that such
situations evoke (“stress responses”).
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The definition of stress partly depends on whom you ask and their main discipline.

For example, economists and social epidemiologists tend to define stressors in terms of
social or economic contexts such as poverty or neighborhood deprivation. In contrast,
psychologists tend to focus on individual level life events such as combat exposure, divorce,
physical abuse, job loss, and daily hassles. Stress responses are assessed at many levels of
analysis including self-reported perceptions and appraisals, affect ratings, patterns of neural
activity, and physiological reactivity. All of these different measures of stressor exposures,
perceptions of stress, and psychological and biological stress responses are at best loosely
related (Mauss et al., 2005). Furthermore, it is unclear which of these measures most
accurately and consistently relate to health outcomes, and this often depends on the cohort
sampled, which health outcomes are measured, and whether the outcomes are short or long
term (Cohen et al., 1997; Rehkopf et al., 2010). There is also lack of consensus about what
the most health-damaging aspects of stress are, which has led to difficulty in moving the
field beyond demonstrating associations between different measures of stress and specific
health outcomes.

Because stress is so broadly defined, it can include antecedent, stimulus, or response.
Hence, any measure tapping an exposure, perception, or biological or neural response can
be labeled a measure of stress. This over-inclusiveness renders the construct of stress, as it
is currently defined, of limited utility. This problem has led some researchers to suggest that
we replace the term with detailed descriptions of stimuli meant to induce arousal (Kagan,
2016). While this specificity could be a helpful way to operationalize laboratory tasks used
to elicit stress responses, it would limit the ability for researchers to integrate findings.

Too much descriptive specificity of stress processes would make it appear as if all studies
are using and measuring heterogeneous tasks and processes, when in fact there are often
core similarities. ldentifying these similarities and describing them with common language
allows for cross-study comparison and accumulated knowledge by looking across studies.

The traditional psychology definition of stress most adopted comes from stress and coping
theory (Lazarus and Folkman, 1984). In this definition, stress occurs when a person
perceives the demands of an environmental stimuli to be greater than their ability to meet,
mitigate, or alter those demands (Lazarus et al., 1985). These perceptions of stress are

not the same construct as trait measures of depressive symptoms or anxiety though there
is some overlap. Trait-level measures of anxiety and depressive symptoms capture more
diffuse individual differences in affective and behavioral experiences, whereas perceived
stress refers to a response to specific conditions (though it can be chronic like anxiety and
depressive symptoms). Perceived stress typically includes several psychological components
of the stress response — feelings of overwhelm, or anxiety, as well as cognitions that
demands outweigh resources, or not having control.

Perceived stress is also different from affect despite the important role negative affect plays
in the conceptualization and measurement of perceived stress. Affective states are a large
umbrella term for all emotional experiences, including emotional reactivity, longer-term
mood states, and dispositional traits. Measures of perceived psychological stress capture a
mix of affective states and cognitions in response to a situation. Researchers have tried to
harmonize across the disparate literatures on acute stress and affective states like emotion
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and motivation in an attempt to understand how affective states shape our health and
well-being (e.g., DeSteno et al., 2013). The overlap of these constructs are so widely
accepted that the axiom in academia—stress is studied in medical schools; emotion is
studied in psychology departments—underscores the similar phenomenology, biology, and
consequences of stress and emotion while highlighting the different goals and approaches to
studying these affective states. Stress research is more typically focused on mental and/or
physical health outcomes, whereas emotion research focuses on antecedents of emotional
states and short-term responses like neural activation, behavioral responses, and decision
making.

Adding complexity to the differences between stress and affect, acute psychological stress
responses are often measured by capturing specific emotional states. This is because
negative emotional responses (fear, anxiety, sadness, anger) to an acute stressor are
considered a core component of an acute stress response. Furthermore, emotions can be
measured acutely and precisely as immediate responses to an eliciting event. Perceptions

of stress can also be captured (e.g. by asking how overwhelmed one is by a task), but

these do not capture the specific emotional experiences elicited by events (which motivate
specific behavioral responses). Instead, they capture a vague construct of general distress
that is less helpful in predicting behavioral and physiological outcomes. Another difference
between perceived stress and negative emotions is the timescales in which they are typically
experienced and measured. Emotions can be experienced and reconciled in milliseconds or
seconds while perceptions of stress can be experienced over hours, weeks, or months. Lastly,
emotions, traditionally, have a more specific eliciting agent. Snakes engender fear; gore
engenders disgust; death brings on sadness. In contrast, acute stress tends to have eliciting
situations that are more naturalistic, often require active responses, and are thus broad and
diffuse in the emotions they may elicit. For example, the most common lab stressor used,
delivering speeches in front of evaluators to elicit social stress, has elements of novelty,
social and performance evaluation, uncontrollability, and negative feedback and engenders a
wide range of emotional responses across individuals.

2.2. Considering multilevel assessment of stress

Another obstacle in stress research is that our typical model of how stress operates is not
precise enough to generate highly predictive models. Stress is multilevel, emergent, and
depends on context. By context, we mean the individual’s biographical context such as their
age and genetic make-up, socio-cultural context such as socio-economic status and cultural
norms, and their history of and current exposure to stress.

Predominant models of stress and health usually start with a potentially stressful event that
typically has a beginning, an end, and is followed by a recovery period. In the typical model,
stress is perceived by the brain, and feelings of distress and negative emotions trigger the
body’s peripheral stress response to select the most appropriate behaviors to best adapt to
the stressor (Cohen et al., 2016). With repeated activation, as seen with recurrent stressor
exposure, these brief physiological reactions are hypothesized to alter biological processes
in the long-term, resulting in cumulative wear and tear on the body (McEwen, 1998). This
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classic linear model of the relationship between stress and health can be put in a multilevel
context that will be both more conceptually complete and predictive.

The linear model of stress where perceived stress and distress are central mediators of health
impact is fitting for understanding immediate responses to an acute stressor. However, this
model does not apply well to understanding the impact of major life events or chronic
stressors that often have no clear end or recovery phase, such as poverty, and thus require
ongoing adaptation. Rather, we need to know the additive and possibly interactive effects of
historical and current stressors.

Decades of stress research have demonstrated that the timescales of stress are important

to take into account. Global measures of perceived stress are helpful to capture recent
perceptions (i.e., over the past month), but do not capture cumulative experiences and are not
often reliably predictive of long term health outcomes. Similarly, specific affective responses
to singular life events or daily stressors do not often have implications for long term health.
However, these responses may be an indicator of how that person usually responds to
stressors, thus providing insight into the person’s general response patterns. Indeed, affective
responses to specific situations can have tremendous value in helping to elucidate a person’s
traitlike vulnerability to the damaging effects of stressor exposure on health. For example,
Almeida and colleagues have identified aspects of daily stress responses that predict health
outcomes. Specifically, either high negative or low positive affect in response to minor daily
stressors, measured each evening over at least a week (interpreted as poor recovery from
daily stress) predicts worse long-term mental and physical health (Mroczek et al., 2015;
Piazza et al., 2013; Sin et al., 2015).

There are inherent limitations to using self-report measures. First, consciously perceived
and self-reported ratings of distress and stress using standard scales explain a limited
amount of variance in physiological stress reactivity and biological outcomes. This poses

a problem given that the mechanistic pathway linking psychological stress to worse health
is hypothesized to be through dysregulated stress reactivity profiles. The lack of association
between self-reported ratings of stress and physiological indicators of stress arousal is
likely due to many factors. First, events are not exclusively experienced through conscious
perception as assumed in basic stress models. Emotional responses are constructed through
iterative processes that incorporate the social world (this point is further described below).

Second, subjective reports of being “stressed” are potentially limited by individuals’
unwillingness or inability to report their veridical stress state. Unwillingness might be due to
not wanting to appear weak or fragile. Inability to report might be due to lack of conscious
perception. Additionally, there is a relative comparison process where one’s subjective
understanding of “stress” is calibrated relative to other adverse aspects of their lives as well
as to the lives of those in their community. Lastly, if an environment is physically dangerous,
or basic resources are especially scarce, a subjective response to “how stressful is your

life” might be met with less affirmation given that the lay understanding of stress does not
necessarily capture physical danger or basic survival.
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There are also cultural factors influencing the expression of feelings of distress, where they
are experienced more in the body than in psychological terms, such as the somatization of
depression in China (Ryder and Chentsova-Dutton, 2012) or among immigrants with low
social resources (Lin et al., 1985). Thus, it is possible that in some cultural groups and
circumstances, self-reports of somatic experiences that are outcomes of stressor exposure,
such as pain or sleep disturbances, or somatic health symptoms such as headaches or
stomachaches, may serve as better indicators of responses to stressor exposure than direct
assessments of feelings or thoughts.

Finally, the association between self-reported stress and biological outcomes might be
weaker due to psychometric differences in how the two concepts are measured — self-reports
using limited Likert-type scaling that are interval responses and biological outcomes that are
typically not linear. For example, there is usually a small correlation between self-reports

of acute stress perception and cortisol reactivity. This should not be surprising given that
cortisol is released in a pulsatile fashion with a pause-dump cycle that would limit the
ability to see linear associations with a truncated ordinal self-report scale. Trait psychosocial
tendencies can predict trait like allostatic responses to a small extent, such as accounting for
variance (less than 5%) in the cortisol awaking response (Boggero et al., 2017), serving as a
piece of the foundation for understanding how stress becomes embedded in long term health.

Furthermore, growing research shows that stressor exposure alone has different effects
depending on one’s neurobiological predisposition to be vulnerable to stress. High
vulnerability does not just confer risk but also confers benefits and thriving in response

to supportive environments (differential susceptibility). The interaction between a person’s
biological and historical context and acute stress responses are pivotal for uncovering how
stressor exposures influence long-term health (Boyce, 2016). There have also been rapid
advances in the basic science of stress processes, which have helped to unpack the cognitive
and affective response components, and links to neural and peripheral physiological
responses. For example, we know that within a day, there are emergent influences that shape
acute stress processes — phenomena such as stress contagion that are not mediated through
conscious perception (Palumbo et al., 2017; Thorson et al., 2017). Stress models can be
improved by taking into account the reciprocal relationship between individual-level factors
such as age and personality, the context of the person’s life (including socio-economic
status and historical stressor exposures), habitual responses such as baseline allostatic
physiological states and mental filters, acute stress processes, and the neural and peripheral
responses to stressors, as shown in Fig. 1 and described below.

2.3. Toward an integrative model of lifespan stress and health

We present a model of stress and health that suggests how individual and environmental
contextual factors and stress processes interact over the lifespan to shape biological aging
and disease, shown in Fig. 1. First, there are contextual factor s that shape an individual’s
vulnerability or resilience to stress. These include individual-level factors such as genetic
and developmental contexts, and environmental factors such as the socio-economic and
cultural contexts. One’s cultural and socio-economic context provides the framework from
which experiences are interpreted and assigned meaning (Worthman, 2010), and thus
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influence the extent to which an event will be appraised as threatening or as challenging
(Folkman et al., 1986). The person also experiences stressors within the context of their
own life experiences, including past exposure to stressful events and past or current
experience of chronic stress. An important factor missing in many models of stress is
cumulative stress exposure, which includes historical factors and current stress experiences.
Having a severe history of stressor exposures (traumatic stress in particular, especially

if experienced in childhood) or being under current chronic stress greatly impacts the
likelihood of being exposed to more frequent stressors (life events and daily hassles), and
of developing maladaptive acute stress responses. Contextual factors and cumulative stress,
together with protective factors, shape how people habitually view events and respond to
stressors affectively and physiologically.

Protective factors— typically malleable social, psychological, and behavioral traits —
influence one’s resilience to stress. For example, protective factors include supportive
family structures and maintenance of a physically active lifestyle that allows one to
withstand or bounce back from stress (Cacioppo et al., 2002). In the next part of the

figure, we introduce habitual processes. Habitual processes include mental filters and
allostatic states. Mental filters are the lens from which we see the world. Cognitive biases
(e.g., pessimistic expectations of the future) and allostatic states are the basal level of
functioning of regulatory systems. The context of one’s life greatly influences these habitual
processes. In cases of excessive historical exposure to stressful life events, one’s mental
filter is prone to habitually amplify cognitive and emotional responses to stressful stimuli
leading to exaggerated threat appraisals, and prolonged, blunted, or otherwise dysregulated
physiological reactivity.

Modern views of development of emotional and stress responses view the brain as a
‘prediction machine’ where appraisals of events are shaped in part by one’s personal
memory bank of what to expect as well as from the current stimuli (Barrett and Simmons,
2015). For illustration, early childhood adversity is associated with alterations in social,
cognitive and behavioral processes in daily life including greater threat appraisal, difficulty
regulating emotions, and ineffective social behaviors (Repetti et al., 2002) all of which are
associated with alterations in stress physiology (Woody and Szechtman, 2011).

There are several examples of altered basal states. These trait-like responses, response
stereotypy, include both habitual arousal patterns that stems from various sources (genetic,
historical exposure to stress, or engagement in health maintaining behaviors) or altered trait
like reactivity. There can be either low or high basal cortisol, as found in depression, trauma
exposure, or chronically high social strain (Friedman et al., 2012; Bernard et al., 2017;
McEwen, 1998). Some people tend to be high cortisol reactors over time even when exposed
to the same stressors, without habituating (Kirschbaum et al., 1995; Schommer et al., 2003).
Some individuals do not have the usual dips in blood pressure at night, and in some studies
these nondippers have greater exposure to trauma or low social support (Mellman et al.,
2009; Stepnowsky et al., 2004; Ulmer et al., 2013).

When there is a history of chronic or traumatic stress, there are changes to the neural brain
architecture for stress responding — typically amygdala volume enlarges, hippocampal
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volume decreases, and there is greater connectivity promoting exaggerated responses with
poor recovery (Fig. 1, Path A). There are also changes to systemic and cellular markers of
allostatic load, as detailed in Part 7. These neural pathways for stress become more primed
and prepared for future stress, in turn leading to one’s resting allostasis geared toward higher
maladaptive patterns of reactivity, defined below as patterns that cause more damage than
protection (Fig. 1, Path B) promoting a feed forward cycle.

We can take a close-up lens to examine the acute stress processes that unfold momentarily
in response to a stressor. Within a day, we respond to internal stressors (such as anticipation
and rumination about potential or past stressors), as well as unfolding events. Acute

stress processes including cognitive, affective, and biological responses evoked by an acute
stressor is, theoretically, a critical nexus in characterizing and explaining lifespan stress and
effects on aging.

Psychological responses include cognitive processes of appraisal, and perseverative
cognitions (anticipation and rumination) that are associated with allostatic states and
reactivity. Affective responses include emotional responses, motivational states, and then
efforts to manage the affective and physiological arousal —emotion regulation strategies
and coping efforts. Post stressor rumination appears to be a particularly important stress
process that may prolong cortisol activation during stress recovery, altering allostatic states
(Gianferante et al., 2014; Ottaviani et al., 2016; Verkuil et al., 2009). These responses are
further described in Part 5.

The acute stress response involves multisystem physiological responses, which are
interdependent responses between neural pathways and the autonomic, neuroendocrine, and
immune systems (McEwen, 2007). While most aspects of the acute response are protective,
there are certain profiles of response that are more prone to damage than protection, likely
because the response does not adequately match the demands of the situation. We call these
response profiles maladaptive stress responses. The dominant theory of how stress exposure
‘gets under the skin’ to impact long term health is that repeated physiological reactivity
coupled with maladaptive responses to those repeated hits lead to allostatic load over time.
Maladaptive response profiles can take multiple forms: heightened anticipation prior to an
event, heightened reactivity to an event, prolonged recovery after the event is over, and lack
of habituation which can be defined as both lack of effective adaptation to the event as it is
occurring or lack of effective adaption to the same event after repeatedly experiencing the
same event on different occasions.

The basic premise underlying the identification of these maladaptive profiles is that an acute
response that activates and then shuts off quickly does not harm the body. These systems are
dynamic, responding quickly to the environment in order to meet our needs, and at the most
basic level — to keep us safe physically and psychologically. However, these same systems
and the associated responses can be harmful if the responses are sustained or slow to return
to baseline. This is because it requires extra physiological effort, causing wear and tear over
time, or alternatively because it represents a physiological system that cannot respond as
quickly or nimbly as is needed to effectively cope with environmental demands. Prospective
evidence linking maladaptive acute stress response profiles to disease risk remains limited.
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The most well studied association between stress reactivity and disease outcomes has

been cardiovascular reactivity and future cardiovascular disease. A meta-analysis of studies
examining cardiovascular reactivity to acute mental stress and future cardiovascular disease
found that greater reactivity and poorer recovery from stress were associated with worse
cardiovascular health at subsequent study visits, though the effect sizes were small (e.g.
probability of incident hypertension increased by ~23%, hazard ratio: 1.23, for individuals
with greater compared to weaker stress reactivity; Chida and Steptoe, 2010). Past models
and research on acute reactivity and health have been overly simplified, assuming that ‘high
reactors’ are the individuals more likely to get disease. The relationship between stress
reactivity and disease risk is likely more complex and influenced by factors researchers have
not consistently or thoroughly examined. In the following section we describe what will
likely be a highly promising focus in psychological science stress research — the invisible
emergent influences on stress reactivity that ultimately determine if acute stress responses
will be maladaptive and lead to disease.

Allostatic load is defined as the perturbation of several physiological systems toward
consistently high or low or non-adaptive states even when stressors remit, whose combined
perturbations lead to wear and tear on the body. Altered stress reactivity appears to play an
important role in the development of psychiatric disorders (Ehlert et al., 2001) as well as
cardiovascular disease (Phillips et al., 2013; Lovallo, 2011; Treiber et al., 2003). However,
reactivity alone is a weak predictor of outcomes. This may be because of a lack of focus on
defining the specifically malignant aspects of a stress response. Mounting a stress response
is in itself a healthy and adaptive physiological response, and more attention must be paid to
differentiating between the adaptive function of a “stress” response (such as energizing when
energy is needed to act), and responses that are damaging.

These maladaptive stress processes can be applied to both physiological states and affective
responses, and the two of these interact and synergize eachother. There is prolonged
anticipation of future events, elevation of affective states such as anxiety and worry, or
physiological states of vigilant preparedness, reflected in autonomic nervous system and
neuroendocrine arousal. There is also exaggerated, or underactive peak reactivity, that
reflect a mismatch to the demands of the situation — potentially in combination with delayed
stress recovery Over time, there is overreacting repeatedly to the same minor stressor — lack
of habituation.

Health behaviors play a role in each part of the model. Health behaviors have a direct

role contributing to allostatic states and load, and also interact with stress exposure and
stress responses. As proposed elsewhere (Umberson et al., 2008; Mezuk et al., 2013), the
experience of lifespan stressors may shape the selection and engagement of poor health
behaviors. These behaviors, in the short term, dampen the psychological experience of stress
and the physiological stress responses while, in the long-term, may potentially damage
physiological functioning. For example, consuming high sugar beverages (Tryon et al.,
2015), smoking (Wardle et al., 2011) and alcohol intake (Stephens and Wand, 2012) can
dampen the physiological stress response in the short run, but are clearly damaging to

health if maintained over the lifespan. Healthy behaviors, on the other hand, dampen the
negative consequences of the repeated acute psychological and physiological stress response
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(Puterman and Epel, 2012). For example, while rumination prolongs the hypothalamic
pituitary adrenal (HPA) axis response to an acute stressor in sedentary adults, it has no such
effect on those with a healthy lifestyle (Puterman et al., 2011). A bout of exercise on any day
can dampen the affective response to stressors (Puterman et al., 2017), perhaps protecting
from stress related depression and disease (Piazza et al., 2013; Charles et al., 2013). For a
fuller picture, daily health behaviors must be included in studies that aim to understand the
effects of stress.

Invisible emergent influences on stress reactivity

Reactivity is often thought of as an invariant or stable response over time. Indeed, the
reason reactivity is interesting in stress-health research is that it can be predictive of
future health outcomes. However, these predictive studies are infrequent. Part of the reason
that cortisol reactivity, for example, may not be predictive of long term outcomes is that
reactivity is highly influenced by many contextual factors relevant to the current situation
and to a person’s psychological state at that time — thus, it is influenced by both conscious
and unconscious influences. Therefore, we briefly review the non-conscious influences on
reactivity, so that researchers using reactivity paradigms can be aware of these influences
to minimize them or capitalize on them. A more nuanced understanding of the influences
on emotional and physiological acute stress reactivity may lead to better interventions and
prediction of health and disease spans.

Reported stress perceptions (e.g., cognitive appraisals, emotional responses) result from a
highly constructed emergent process. Although they are critical to measure, we also now
know that these states cannot be reported with high accuracy, as they are difficult to identify.
Reported stress is associated with autonomic reactivity with small relationships around r =
.20 (Mendes et al., 2008). There are individual differences in over or under perception, and,
as described below, personality and processes such as goals, affective style, interoception
and aging may play a role. Emotional states are constructed not as a linear function of the
level of objective stress present, but also with input from one’s bodily state (e.qg., if they have
had caffeine, bodily posture and positions), and external stimuli.

Internal influences include signals emanating from the body that shape stress responses and
include but are not limited to bottom-up processes such as afferent information signaled
through proprioceptive cues, like body position, microbiome imbalances, interoceptive
sensitivity and accuracy, and individual and developmental differences in response
stereotypy (Cowan et al., 2017). Although much (if not most) information regarding stress
context is assessed via explicit or implicit perception, there is also evidence that bottom up
influences can shape affective experiences. In one notable study, for example, manipulated
supine versus upright body position affected prefrontal cortical asymmetry measured
through electroencephalogram (Harmon-Jones and Peterson, 2009). When individuals are
in an approach-motivated state (similar to challenge) they tend to have more left frontal
cortical activation (Koslov et al., 2011). Harmon-Jones and Peterson randomly assigned
participants to be fully supine or upright while being insulted by a confederate. As anger
is primarily an approach-oriented state, the upright participants showed greater shifts in
left frontal cortical activation from a resting state, but supine participants did not show left
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shifting asymmetry. Presumably the supine body position blunted the approach oriented
response providing intriguing evidence that bottom up influences, like body positions, can
subtly influence the downstream neural and physiologic responses of affective states, which
are a central component of the stress response.

External influences are features in the environment that shape stress responses. Some
situational features that shape stress responses are obvious — information that an
environment is unsafe or unpredictable would be perceived as more stressful or threatening
— but some features are less obvious. For example, social environments can signal safety

or danger via subtle information communicated by conspecifics. Emotion research has
studied the concept of emotion contagion for decades with the idea being that a person’s
emotional state can emanate from them via voice, facial expression, posture, and behavior
and influence those around them (Hatfield et al., 1994). Similarly, acute stress can be
“caught” without explicit information and manifested in a physiologic change. In one study;,
mothers of 12-14 month infants were randomly assigned to experience a standardized
laboratory stressor (TSST) or a non-stressful control condition in a separate room from their
infant. When the mother and infant were reunited and the infants were placed directly on
the mothers’ laps, infants of stressed mothers showed an immediate increase in sympathetic
nervous system activation compared to a resting baseline, whereas infants of non-stressed
mothers did not show an increase (Waters et al., 2014). Furthermore, mothers and infants
from the stress condition showed greater physiologic covariation — a mirroring of the rise
and fall of the sympathetic nervous system for the rest of the experiment — compared

to mothers and infants from the non-stress condition. This study was then replicated and
extended to test the role of touch in stress contagion and in addition to replicating the initial
effect, it was also observed that only infants who were placed on the mothers’ laps showed
stress contagion. When the infants were placed in a high chair right next to the mothers the
infants did not show any evidence of stress contagion (Waters et al., 2017). These studies
underscore how effortlessly stress can be transmitted from one person to another.

3. Dimensions of stressor exposure and response for transdisciplinary

stress science

While any lifespan model of stress and health will necessarily be complex, including
some unmeasurable components, there are several easily measureable aspects of stressor
exposures and responses. These include historical exposures, current exposures and
responses across different time scales. In Appendix 1, we present a taxonomy of terms
(the “Stress Typology’) as a first step toward providing a common language, including
descriptive dimensions of exposure and responses to stress. The purpose of this tool is

to highlight the important conceptual dimensions of stress relevant to the study of health
and well-being. Researchers describing any type of psychological stress should use this

as a reference guide for how to describe the stressor exposure and response, as well as

a tool during study development to make sure key aspects of the stressor of interest are
being captured. Using consistent language when describing the aspects of stress and its
measurement — and using a theoretical lens to do so — is important for building a cumulative
science of stress and harmonizing around critical theoretical dimensions. For example, the
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seminal meta-analysis by Dickerson and Kemeny (2004) evaluated more than 200 studies
and identified that social-evaluative threat was the key ingredient for situations that elicit
cortisol increases. Few other conceptual dimensions of stress have been identified as being
essential in understanding and explaining the impact of stress on health and well-being.

The most important distinction identified in the Typology is between stressor exposure
(“stressors™) and psychological responses to the stressor. Often these two concepts are
confused or conceptualized as overlapping. It is essential for researchers to state whether
the form of stress being referred to is the exposure to the stressful event or stimulus,

or the responseto it, which we define as the person’s subjective cognitive appraisal,
emotional response, and behavioral response to the event or stimulus (physiological
reactivity, while technically part of a stress response, is not included in the typology). In

the following sections we describe characteristics of stressor exposure and stress response
that are important to consider conceptually and methodologically. These are the components
included in the Stress Typology.

3.1. Stressor exposure characteristics

3.1.1. Timescale—One of the most defining characteristics of a stressor is duration.
Here we describe four timescales—acute stressors, daily events, life events, and chronic
stressors. Acute stressors are intense short-term exposures. These are typically examined
under standardized laboratory conditions but can be examined as naturally occurring events,
with lower granularity due to limitations of measurement in the field. Examining the
response trajectory of one acute stressor using a magnifying glass in real time over minutes
allows us to examine an individual’s stress response kinetics, anticipation, peak reactivity,
habituation, recovery, and regulation processes. A subset of people have stereotyped
maladaptive ‘stress signatures’ (habitual patterns of over-responding to acute stressors) that
may lead to allostatic load and early disease over time (McEwen, 1998).

There is some stability in daily emotional stress responses, at least in midlife, and these may
weaken with age (Sliwinski et al., 2009). The variance in people’s *stress signatures’ is in
part embedded in a person’s historical and current context (Fig. 1). There are many factors
that influence daily reactivity. For example, EMA studies have shown that anticipation of
stressors leads to more negative affect (Neubauer et al., 2017) as well as greater cortisol
reactivity both on the morning of anticipation and during the stressor (Wetherell et al.,
2015). Rumination also prolongs reactivity. Rumination predicts greater cortisol reactivity in
response to an acute stressor, and higher cortisol that evening (Zoccola and Dickerson, 2015;
Puterman et al., 2010). Inducing rumination after a stressor leads to greater vasoconstriction
and prolonged blood pressure recovery (Ottaviani et al., 2017). In contrast, mindful
acceptance training can lead to less exaggerated cortisol and blood pressure reactivity
responses to a standardized stressor (Lindsay et al., 2018). Acute stressors are described in
detail in Part 5.

Daily events, sometimes called “daily hassles,” are the more minor hassles that happen
frequently such as rushing, arguments, deadlines, and child care strains. When someone
faces the same daily stressors frequently, whether the actual event or just threat of the event,
this can be considered a type of chronic stressor. In turn, to understand how chronic stress
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emerges at a daily level, we can examine the daily lives and daily stressful events of those
under chronic stress.

Life events are time-limited and episodic in nature, such as getting into an accident, being
laid off, being broken up with, or receiving a life-threatening diagnosis. Life events can be
events that seem positive on the surface but are in fact quite demanding such as getting
promoted at work or getting married. These circumstances occur in a specific moment in
time, with an identifiable onset. Although the actual event can be relatively brief, events can
have varying long-term consequences, depending on the nature of the event and its sequelae,
especially in relation to initiating chronic stressors. Traumatic events are life events that are
particularly severe in that they clearly threaten the physical and/or psychological safety of
the individual or those close to them. Examples are witnessing or experiencing violence,
the death of a loved one, experiencing abuse, or experiencing a natural disaster. A greater
number of traumatic events across the lifespan is associated with worse self-reported health,
greater health care utilization, functional disability, arthritis, greater number of acute and
chronic illnesses, and mortality (Gawronski et al., 2014; Keyes et al., 2013; Krause et al.,
2004; Rosengren et al., 2004). Experiencing trauma in childhood is particularly deleterious
for health; there is strong evidence that early childhood adversity is associated with higher
rates of illness in adulthood including cancer, depression, cognitive decline, and premature
mortality (Brown et al., 1995; Kelly-Irving et al., 2013; Barnes et al., 2012; Montez and
Hayward, 2014).

Chronic stressors, sometimes called “chronic difficulties,” are stressors that are present for
longer periods of time and include circumstances such as caregiving, being unemployed,
living in a dangerous neighborhood, financial strain, or being in a conflictual relationship.
Specific life events like losing a job can initiate chronic stressors, such as persistent financial
difficulties, although this is not always the case. Likewise, specific chronic stressors, such

as living in an unsafe neighborhood, can give rise to different life events, such as being

a victim of crime, but again, this is not always the case (Brown and Harris, 1978). The
criteria for the duration of a situation for a chronic stressor vary greatly. The Life Events
and Difficulties Scale (LEDS; Brown and Harris, 1978) uses only 4 weeks as a cut off for a
chronic difficulty. We suggest that a situation should be ongoing for at least six months to be
considered chronic, although longer periods (one year or more) will lead to a more stringent
criteria for whether a chronic stressor might have long term health effects.

Chronic stress can be defined in other ways besides quantifying duration. For example,
Pearlin (1989) defines chronic stressors as “relatively enduring problems, conflicts, and
threats that many people face in their daily lives” (p. 245). Hobfoll (2001) proposes a

model of stress where frequent stressors deplete one’s resources more quickly. When a daily
stressor stems from the same ongoing situation, this is conceptualized as a form of chronic
stress. Empirical evidence shows that chronic stress in this form is associated with high
negative and low positive daily affect (Koffer et al., 2016).

The different timescales are nested within each other as depicted in Fig. 2. Although chronic
stress, life events, and daily stressors can occur randomly, in general, people’s stress levels
at each of these timescales is greatly influenced by the social context of their lives. In
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other words, if you are already experiencing a chronic stressor (such as financial strain,

job insecurity, or being a caregiver), you are more likely to report a greater number of

daily stressors and greater general perceived stress at any timepoint (as demonstrated below
with a caregiver sample). Furthermore, on a monthly basis, those under chronic stress will
also report more frequent or severe major life events, and greater peaks of perceived stress
responses during those times, greater variability, and greater mean perceived stress over
time. In sum, being under chronic stress puts you at greater risk for experiencing a greater
number and more severe life events and daily hassles, and reporting greater perceived stress
at any given moment.

3.1.2. Developmental life stages: In utero, childhood, adulthood, and
cumulative stressors—A second characteristic of stressor exposures is the life period

in which the stressor exposure occurred. Stressors occur at any time of life, beginning with
in utero, a critical period. The impact on mental and physical health depends partly on

the developmental phase (Andersen and Teicher, 2008; Masten and Narayan, 2010). Stress
during fetal development has imprinting effects on adult mental and physical health (Barker,
2004; Van den Bergh et al., 2017). Early childhood is another critical period (Lupien et

al., 2009). Severe stress (chronic or traumatic stressors) in childhood is associated with
vulnerability to psychological and physical illness in adulthood, including depression, lung
disease, heart disease, diabetes, cancer, and premature mortality (Anda et al., 2009; Danese
and Baldwin, 2017; Danese et al., 2007; Felitti et al., 1998; Jacobs and Bovasso, 2000;
Kelly-Irving et al., 2013; Koupil et al., 2009; Rich-Edwards et al., 2010; Wegman and
Stetler, 2009). Most of the research in this area has focused on the long-term impact of
severe forms of early adversity, such as physical or sexual abuse, though less severe and
more common forms of early adversity such as disrupted parent-child relationships have also
been associated with worse health in adulthood (Russek and Schwartz, 1997). The pathway
from early life stress to disease development may be mediated by early changes in neural
pathways regulating stress, such as amygdala connectivity (e.g., Tottenham et al., 2010),
biological pathways such as chronic inflammation in adulthood (Slopen et al., 2010; Surtees
et al., 2003; Danese et al., 2007) and telomere shortening (Hanssen et al., 2017; Ridout et
al., 2017), cognitive and affective processes (Pechtel and Pizzagalli, 2011), and behavioral
proclivities (Miller et al., 2011).

The majority of research thus far has focused on differentiating childhood from adulthood
experiences of stressful life events and chronic stressors, though researchers are now focused
on identifying smaller units of time that are important in a developmental context (e.g.,
puberty) during which the body may be more susceptible to stressors (Heim and Binder,
2012). Late adulthood stressors are also important in that people have lower homeostatic
capacity, physiological resilience, as well as less coupling between their internal and
external stimuli (Mendes, 2010 described in Section 6.3).

Summing up exposures from across the lifetime is theoretically important and allows us to
test the importance of a linear dose response model. It may also be that those with early
adversity are more impacted by later life events, a double hit model, although there is little
research so far testing this. Most studies examining links between lifespan stressors and
health have relied on trauma checklists which often do not capture major stressors that are
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not considered traumatic, such as moving, the breakup of a relationship, or getting fired
from a job, and it is not clear how important these stressful but normative life events are.

A life course perspective can help us understand both cumulative stressors as well as
whether one event will have a severe impact. The life course perspective takes into account
the examination of individuals over time, their social roles, historical and cultural contexts,
and biologically sensitive critical periods. It can help us understand the typically greater
adverse events in those of low socio-economic status, starting from childhood. Social
disadvantage leads to a cumulative disadvantage and helps explain certain events such

as unplanned teen pregnancy, which is a result of many differences in opportunities and
decisions over time, rather than being a singular event (Elder, 1998). In turn that event
makes other events more likely, such as dropping out of school and economic hardship.

Social role stress becomes particularly important in mid to older life, when people are
engaged in work, parenting, and multiple social roles, before aging related diseases or
disabilities take their toll, and these work roles can have positive effects on health. While
role strain can occur with too many social roles, in general, having many work and social
roles predicts better mental and physical health (Nordenmark, 2004). Retirement can have
positive or negative effects on health, depending in part on whether it is forced or voluntary,
and the subjective meaning of retirement for the person (Moen, 1996).

When considering how much impact stressful life events have on health, events have
different effects at different developmental periods of life. There are sensitive periods
when people are biologically more vulnerable to stressors. There are also socially sensitive
developmental periods. The impact of stressful events may also depend on the timing of
the event in one’s life course, and whether or not it is normative at that time in life, vs. a
violation of normative experiences. For example, retirement and caregiving in later years do
not violate expectations of aging and thus may be easier to adjust to, whereas caregiving
for a special needs child as a young or midlife parent often violates expectations. Midlife
is a time characterized by high career and social demands with which chronic caregiving
responsibilities conflict. For similar reasons, loss of a spouse and natural disasters have
bigger impacts on people in midlife than older age (Bonanno and Kaltman, 1999).

3.1.3. Stress assessment window—The third characteristic of stressor exposure is
the assessment window, meaning the timeframe of the tool being used (e.g., retrospective
reporting on past two weeks, or a current momentary assessment) and the proximity of the
assessment to the stressor exposure (e.g., number of minutes from stimuli, or number of
years since traumatic event).

3.2. Stress response characteristics

The second category of the Stress Typology is the psychological and behavioral responses
to the stressor. Stress responses include global stress appraisals about one’s life and not
specifically about a stressor (often measured with the Perceived Stress Scale; Cohen et al.,
1983), subjective psychological stress within a specific life domain (such as work stress),
and responses to specific stimuli or events (i.e. motivational states, emotional responses,
cognitive appraisals, behavioral coping strategies, emotion regulation, and perseverative
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cognitions). These responses may be the most proximal determinants for engaging in healthy
or unhealthy behaviors to seek relief from a stressor.

Stress is not a singular construct wherein stressors of different types have similar effects

on health. Rather, stress research has shown that some types of stressors are particularly
deleterious. Additionally, different situations can evoke distinct social and psychological
responses. These include, for example, feelings of interpersonal loss, physical threat, a threat
to one’s social standing, social humiliation, entrapment, change in one’s social roles, or
blocked opportunities. Early research focused on identifying stressors that cause substantial
upheaval or changein one’s life (Holmes and Rahe, 1967). Other work has focused on the
degree of controllability that different stressors possess (Maier and Watkins, 2005). A third
tradition has focused on the extent to which different stressors lead to upheaval or disruption
of a person’s goals, plans, and aspirations for the future (Brown and Harris, 1978). A fourth
tradition has focused on the extent to which life stressors, typically traumatic events, violate
a person’s worldview—such as that the world is benevolent, predictable, and meaningful
(Janoff-Bulman, 1992; Silver and Updegraff, 2013).

Stress responses can be closely examined using standardized lab stressors. Lab stressors,
while not naturalistic, are invaluable tools because they allow us to manipulate and
understand contextual effects as well as physiological, cognitive, and affective responses
as they unfold during a stressor. They also reveal whether an individual has an embedded
exaggerated or blunted stress response. Catching the onset of a stressor in the field is
difficult. Technological innovations that utilize ecological momentary assessment (EMA)
and bio-sensing tools will allow the capture of both psychological and physiological states,
and passive contextual data throughout the day. Importantly, however, these measures will
have limited ability to capture stress trajectories until they can capture the onset, peak, and
recovery parameters of responses to daily events. A further description of acute stressor
tasks and responses is presented in Section 6.

3.3. Example: From chronic stressor to momentary stress responses

Earlier we presented and defined several ‘types’ of stressors (e.g., chronic and acute
stressors); these different types of stressors interact, and it is likely the interaction that
explains the pathway from stress to health detriments. We offer an example of the interaction
of stressor type by looking at a sample that is defined by caregiver status. Caregiving for an
ill or disabled family member is a model often used in chronic stress research. Caregiving
is stressful because it requires daily, and sometimes moment-by-moment, intense caring for
someone else who may have difficulty managing physical, behavioral, and cognitive needs,
which at the same time limits time for self-care and paid work. If one has few financial
resources, common stressful events may have a bigger impact. Caregivers tend to have high
rates of anxiety and depression and poor physical health. We have studied the life events,
daily stressors and perceived stress responses of caregiving mothers of children with an
autism spectrum disorder (a chronic stressor) and mothers of neurotypical children over 3
weeks, each week separated by nine months. This included roughly 180 women, described
elsewhere (Catalino et al., 2017; Felder et al., 2017).
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First of all, the caregivers reported much higher global perceived life stress (Cohen et al.,
1983) over the prior month at study baseline, [mean=21.9 for caregivers (SD=4.7) vs. 15.7
for controls (SD=4.4), p < .0001, a large effect d=1.36] and this magnitude of discrepancy
persisted over the years they were studied. Caregivers also reported a greater number of
stressful life events in the past year compared to controls. A greater number of stressful
events in the previous year was associated with greater levels of perceived stress over the
past month (r=0.39, p < .0001).

When shifting to examining daily stress, we can assess whether a well-defined chronic
stressor (caregiving) predicted more daily stressful events. Daily stressors were coded

as absent or as a very minor hassle (“non-stressor day”) or moderate/major daily event
(“stressor-day”) each day for the 21 days. Caregivers had greater frequency of moderate
daily stressors (51% vs. 42%, T=2.74, p < .007). Extrapolating to over a year, this would
lead to 35 more days with a moderately stressful event per year, roughly an extra month

of moderately or highly stressful days, compared to controls. Both controls and caregivers
reported higher nightly perceived stress on the days they had a significant stressor, with
caregivers showing higher levels than controls (Caregivers: 1.92, SD=.83; Controls: 1.21,
SD=.62, T=6.55, p <.0001, a large effect where d=.98). Caregivers also had larger increases
from their baseline perceived stress levels on non-stressor days even though they had a
relatively high baseline (baseline levels: Caregivers: 1.42 SD=.68; Controls 0.88, SD=.51;
T=5.96 p <.0001). As shown, the mean perceived stress level on a high stressor day for
controls was similar to the mean nightly stress level on a low stressor day for caregivers.
Relatedly, in a separate study of acute stress responses to a laboratory social evaluative
stressor, we found that caregivers had greater appraisals of threat than controls (O’Donovan
et al., 2012b). This suggests that exposure to the context of chronic stress of caregiving may
shift one’s mental filter to appraise even non-caregiving situations as carrying greater threat
(requiring more demands and having fewer resources).

This example demonstrates that the context of the person’s life — in this case being exposed
to a chronic stressor — shapes the number of significant daily stressors, as well as the
emotional reactivity and recovery from those stressors. This is not just significant to the
psychological wellbeing of the caregivers, because such an increase in number of daily
stressors may help explain the greater systemic inflammation in caregivers compared to
controls (Gouin et al., 2012). In sum, chronic exposures, daily events, and perceived stress
responses are interrelated, and together they give us a view of one’s stress landscape, from
macro to micro scale.

4. Chronic psychological stress and cumulative life stressors

Chronic stressors have an important place in stress science. There is a strong relationship
between experiencing chronic stress and health-related outcomes, including biomarkers of
disease, early disease conditions, and in some cases, mortality. The chronicity of a stressor —
the length of time the event and its aftermath continue for — is a major factor determining the
extent of its effects on health. Furthermore, chronic stress acts as a background or contextual
layer for which individuals encounter other types of stressors (daily hassles, acute events),
increasing the likelihood that they will not have the resources to cope as efficiently with
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the additional stressors (see Fig. 2). For example, individuals who live in neighborhoods in
which they feel unsafe have to be ‘on guard’ all the time in order to stay alert and aware of
their environment.

There are many reasons someone may be under chronic stress. Decades of stress research
have examined the impact of a wide range of difficult and demanding experiences,
referring to these experiences with different terminology such as chronic strain, ongoing
stressors, and chronic stress. We use the term chronic stress to mean any experience

that is demanding and distressing nearly every day for 6 months or more. We reviewed

the literature linking chronic stress to health outcomes and identified types of chronic
stressors that have extensive evidence linking them to disease and mortality. These types
are: neighborhood environment, financial strain, interpersonal stress (i.e., loneliness, social
isolation, relationship conflict, & discrimination), work stress, and caregiving. In Appendix
2, we list exemplar studies linking these experiences of chronic stress to physical health
outcomes, pulling from epidemiological studies and meta-analytic evidence when possible.
We present only positive findings in the table and have selected representative studies rather
than presenting a complete review of all relevant research.

A particularly important type of chronic stressor is one that is interpersonal in nature.

There is an abundance of work suggesting that social interpersonal stressors are particularly
harmful for health, given the fundamental motivation for humans to form and maintain
close social bonds (Baumeister and Leary, 1995; Gilbert, 1992; Slavich et al., 2010a).
Interpersonal stressors are amongst the strongest predictors of emotional distress, systemic
inflammation, poor health, and survival (e.g., Brown et al., 1995; House et al., 1988;
Kendler et al., 2003; Miller et al., 2009; Sheets and Craighead, 2014). Interestingly, social
stressors that involve an element of rejection (feeling excluded from a social group) have

a notably large impact on future depression (Slavich et al., 2014; Slavich et al., 2009) and
inflammatory biology (Murphy et al., 2015, 2013). The primary social stressors found to

be associated with worse health are social isolation, loneliness, relationship conflict, and
discrimination. Links between these chronic stressors and health are outlined in Appendix 2.

Financial strain is another important chronic stressor as level of financial resources are
known to predict health, across the socio-economic (SES) gradient. Results from the
nationally representative Health and Retirement Study (HRS) show that lower SES during
both childhood and adulthood predict worse self-rated health, greater chronic conditions in
later life (Luo and Waite, 2005), and increased mortality (Galobardes et al., 2004; Nandi et
al., 2014). In addition to measuring objective resources by SES indices, it is important to
measure perceived financial strain, which is a relative measure and can exist at any level of
SES. In HRS, perceived financial strain predicted earlier disability (Matthews et al., 2005)
and increased mortality independent of education and income (Szanton et al., 2008).

Exposure to these chronic stressors is important but equally important is the psychological
response to the stressor. One example of this basic principle has been demonstrated by
research on caregivers. Caring for someone who is disabled or chronically ill is difficult,

and can have detrimental effects on the caregiver’s mental and physical health. Informal
caregivers are at increased risk for health problems compared to age-matched non-caregivers
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(Pinquart and Sérensen, 2003; Vitaliano et al., 2003). Mere exposure to caregiving is
predictive of some negative outcomes, particularly because it tends to be ongoing for many
years, but the distress associated with caregiving is often more predictive. For example, in a
classic study on caregiving stress, older adults were followed over five years. Those caring
for a partner with a condition did not have higher mortality than control non-caregivers,

but of caregivers, those who reported high distress from caregiving had 63% higher
mortality (Schulz and Beach, 1999). In another study of younger maternal caregivers, when
compared to age-matched controls, the two groups had similar telomere length and oxidative
stress. However, greater perceptions of global perceived stress among the caregivers was
associated with a worse biomarker profile (Epel et al., 2004). To measure chronic stress
well, characteristics of the stressor (e.g. duration, severity, controllability) and how someone
responds to the situation (e.g. affective and cognitive responses) need to be measured. These
measurement components are outlined further in the Appendix 1.

Most of the chronic stress measures included in epidemiological studies capture current
experiences within selected life domains and therefore miss past experiences and cumulative
experiences across the lifespan. Cumulative lifetime stressor exposure is important as several
theoretical models suggest that the impact of stress accumulates over time, with greater
exposure leading to more health problems. However, cumulative life stress is time intensive
and burdensome to measure and thus has not been captured in most epidemiological studies.
Furthermore, the validity of retrospective measures is inherently an issue, and childhood
trauma questionnaires have been examined in this regard. Studies directly comparing
retrospective and prospective reports of adverse childhood experiences have found slight

to fair agreement rates (reviewed in Newbury et al., 2018, Reuben et al., 2016).

Self-reports of lifetime stressors, including childhood traumas, are typically assessed many
years after their occurrence, introducing biases such as forgetting or infantile amnesia,
inaccuracy regarding the timing of events, or mood-congruent memory that result in
underreporting of childhood adversity estimates (reviewed in Hardt and Rutter, 2004).

On the other hand, prospective measures of childhood adversity may be limited due to
under-reporting of respondents/caregivers or under-detection by agencies (Hardt and Rultter,
2004). Overall, prospective measures show better psychometric properties and prospective
cohort studies are clearly of advantage. Despite the limitations of retrospective measures

of historical life stress exposure, studies relying on retrospective reports of cumulative

life stress have been illuminating in showing that lifetime stressor exposure negatively
affects health-related processes and outcomes, including autonomic nervous system activity
(Lampert et al., 2016), systemic inflammatory activity (O’Donovan et al., 2012a), brain
structure (Ansell et al., 2012) and function (Seo et al., 2014), rates of alcohol use (Lloyd and
Turner, 2008), and physical and mental health status (Stults-Kolehmainen and Sinha, 2014;
Turner and Lloyd, 1995). In the Health and Retirement study, a retrospective measure of life
events across the lifespan has been examined and childhood versus later life stressors have
been compared. When broken down by life period, childhood adversity had a significant
effect on proinflammatory gene expression (Levine et al., 2015), as well as telomere length
(Puterman et al., 2016), both potential mechanisms of disease development.
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To address the need to capture a stressor exposure across the lifespan without lengthy
in-person interviews, an automated, computer-based interview method was developed. The
Stress and Adversity Inventory (STRAIN) is an online system that measures a person’s
lifetime exposure to 55 types of acute and chronic stressors that may affect health (Slavich
and Shields, 2018). The stressors that are assessed cover all major life domains (e.g., health,
relationships, education, work, and finances) and focus on experiences that have a moderate
baserate in adolescent and adult populations. Cumulative life stress measured with the
STRAIN has so far been associated with worse health, including poor self-reported physical
health (Toussaint et al., 2016), impaired cognitive functioning (Goldfarb et al., 2017; Shields
etal., 2017), and greater cancer-related depression and fatigue (Bower et al., 2014; Dooley
etal., 2017).

5. What makes stress stressful? The role of stress appraisals

There is great variability in individual responses to stressors. One key component of

both psychological and physiological responses to potentially stressful events or stimuli is
cognitive appraisals (see Fig. 3). Appraisals are people’s evaluative judgment of the situation
or event that is influenced by individual-level and environmental factors. There are several
types of stress appraisals that have been identified to influence acute stress reactivity, and
fewer that have been identified to shape responses to chronic stress. Classic dimensions
from animal and human research that shape acute stress reactivity include evaluations of the
situation as novel, unpredictable, and uncontrollable (Mason, 1968). Other stress appraisals
that offer potential insight into links between stressor exposure, reactivity, and aging include
appraisals of the stressor as a threat vs. a challenge, and threats to one’s physical safety or to
one’s ego/social sense of self.

The idea that some types of stress responses might be beneficial or adaptive has a long
history in stress research. Lazarus and Folkman’s (1984) theory of stress and coping
provided the critical extension to this idea by offering that there were not simply types of
situations that were associated with benign or maladaptive stress, but rather the perception,
or appraisal, that determines the positive or negative impact of the stressor. Psychological
states of challenge compared to threat have been conceptualized as a relative ratio between
the demands of a situation — the psychological or physical danger present, the uncertainty
or novelty of a situation, and the required effort — and the personal resources to cope—
individual and dispositional styles, social support, and knowledge and abilities (Blascovich
and Mendes, 2000). A situation can be demanding because the stakes are high, it is

novel, and requires effort to do well, but to the extent that someone has experience (more
familiarity), feels supported, has well-honed abilities, or is knowledgeable about the topic,
they can off-set the demands. As a heuristic, to the extent that demands exceed resources,
a threat state is expected, whereas when resources meet or exceed demands a challenge
state is anticipated. Importantly, these psychological states have been linked to distinct
affective, motivational, neuroendocrine, autonomic, and behavioral responses — with threat
appraisals being associated with more maladaptive/harmful reactivity patterns (Blascovich
and Mendes, 2000; Jamieson et al., 2017). Furthermore, threat appraisals in the context of
an acute laboratory stressor have been associated with indices of cellular aging, including
shorter telomere length (O’Donovan et al., 2012b). This distinction between threat and
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challenge offers a way for researchers to interpret how the same stressor might be harmful
for some but not all people, and that some stressors might in fact be beneficial (Sapolsky,
2015; Seery et al., 2010). Additionally, threat and challenge appraisals are an important and
powerful area of stress research given that appraisals are modifiable (Jamieson et al., 2012)
and thus provide a potential target for intervention.

Another cognitive appraisal that has been identified as ‘toxic’ across a variety of stressor
types is feeling unsafe (both physically and psychologically). Threats to physical survival
and safety have been shown to dysregulate the HPA axis and other physiological systems

in animals and humans (Sapolsky et al., 2000). Threats in the daily environment likely
influence biological functioning. Evidence to support this point include studies showing
that subjective appraisals of neighborhood safety and disorder (e.g., vandalism, theft) are
associated with flatter daily diurnal cortisol slopes (Do et al., 2011; Karb et al., 2012)

and accelerated cellular aging, even after adjusting for demographic and socioeconomic
characteristics (Park et al., 2015). Similarly, threats to the social self, including negative
social evaluation and threats to one’s social status, elicit strong emotional, physiological,
and behavioral responses. Negative social evaluation (social-evaluative threat) in the context
of an uncontrollable performance acute stress task is a particularly powerful HPA axis
activator (Dickerson and Kemeny, 2004). Negative social evaluation also elicits autonomic
nervous system activation, proinflammatory cytokine increases, and self-reported negative
affect (Akinola and Mendes, 2008; Bosch et al., 2009; Dickerson et al., 2009). Similarly,
perceived threats to one’s social status, including lower subjective standing in the general
community and perceived inequality in important life domains (in respect to work, home and
family life) have been associated with biological dysregulation (Seeman et al., 2014).

In sum, appraisal processes critically shape an individual’s response to acute stress.
Appraisals of threat to an individual’s physical and social integrity may be particularly
salient in shaping physiological responses to acute stress, and likely play a prominent role in
aging-related processes and diseases. The importance of appraisals in responses to chronic
stressors has received significantly less attention. Importantly, there are also stress appraisals
that have beneficial effects on health, or on the ability to endure the stressor, such as seeing a
stressor as beneficial (benefit finding) or meaningful (Moskowitz et al., 2007).

stress: Specificity of conditions, responses, and reactivity

Chronic stress is often characterized as an oppressive, unremitting long-term aversive state
that can accumulate and lead to poor psychological and physical health. In contrast, acute
stress occurs over a shorter period of time and typically has a relatively clear start and end
point. In general, chronic stress occurs on a time scale of weeks, months and potentially
years, whereas acute stress occurs over minutes and maybe hours. Although repeated acute
stressors experienced over a long period of time (days, weeks, months) might become
chronic stressors — for example a discriminatory work environment where every day a
superior is disparaging toward an employee — acute stressors differ from chronic stressors
in many critical aspects. Here we review how acute stress is conceptualized, the affective,
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cognitive, and developmental factors that modulate acute stress, the biology underlying
acute stress responses, the short and long term consequences, and how acute and chronic
stress influence one another.

6.1. Characteristics of the acute stressor

Acute stress is characterized by the occurrence of a specific eliciting event. This event

can be an identifiable, punctate situation, like a job interview or public talk, or something
more diffuse like a first date. The responses to the event flow through conscious processes,
like appraisals, and also through unconscious processes that exert influences on the brain
and body without explicit awareness (Bechara et al., 1997; Blascovich and Mendes, 2000;
Critchley, 2005). The stressor type, how the stressor is coped with or regulated, and
contextual factors, determine the immediate physiologic response, as well as the behavioral
and long-term consequences.

One feature that is important is whether the event is active or passive (Blascovich and
Tomaka, 1996; Lawler et al., 1976). Active events are defined as evocative situations

that require an instrumental response. In a laboratory setting, active stressors include
spontaneous speeches, reaction time tasks, or evaluated mental arithmetic. In real world
settings, active stressors include events such as job interviews, public speaking, test taking,
work and relationship-related discussions. Passive stressors are evocative situations that

are experienced without any instrumental response requirement. In a laboratory setting
passive stressors include watching disturbing films or experiencing an unavoidable shock.
In real world settings, passive stressors include events like watching a loved one experience
something difficult, having dental work performed, or waiting for test results. The active/
passive distinction is important for interpreting the physiologic responses stemming from
the event, and for interpreting the coping strategies engaged. In active stressors mobilizing
metabolic energy to devote to the task at hand could be viewed as functional, whereas in
passive tasks recruitment of metabolic energy is less likely to serve a functional purpose and
ultimately could be more health damaging. For example, Obrist (1981) argued that attempts
to cope with passive stressors, such as inevitable pain, could exacerbate painful experiences
by creating greater muscle tension. lwata and LeDoux (1988) found that when rats were
conditioned to expect an electric shock, their physiological responses changed based on
whether they were unrestrained (and escape was presumably possible) versus restrained
(with no possibility of escape). Unrestrained compared to restrained rats showed greater
sympathetic arousal and lower blood pressure reactivity prior to an electric shock, consistent
with the idea that greater SNS activation provides more oxygenated blood to the periphery
to enhance flight, which would be adaptive in the unrestrained condition. Thus, for human
stress measurement interpretation, it is critical to understand the context of the stressor, and
the possible functions of the response. It cannot be assumed that physiologic arousal or
activation in response to an acute stressor is health damaging.

Controllability is also an important feature of the stressor and can alter appraisals of the
event and responses to it. In a meta-analysis of cortisol reactivity, tasks coded as motivated
performance situations (i.e., active tasks) were associated with a significant cortisol increase
only when they were also coded as uncontrollable and not when the task was coded as
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controllable (Byron et al., 2010). These authors defined uncontrollability as situations when
“behavioral responses could not appreciably affect outcomes.” Thus, situations where people
receive false feedback (negative feedback that is untethered to performance) or experiences
of discrimination in which one is rejected for some characteristic of themselves for which
they have no control (e.g. sex, race/ethnicity), are expected to engender more negative acute
stress responses than when stressors are controllable.

The metabolic demand required during a stressor needs to be considered to interpret the
physiologic consequences. Some acute stress tasks inherently require metabolic demand that
by itself activates physiological responses. Therefore, the changes in physiologic responses
might be a combination of the metabolic demands and the psychological state induced by
the stressor. In some situations the metabolic demand is obvious. For example, standing
versus sitting during a speech delivery task differentially affects blood pressure given that
sitting blood pressure is lower than standing blood pressure. Further, mentally preparing

to give a speech versus delivering a speech differentially affects respiration and heart rate
variability.

Some metabolic demands of the task are less obvious yet can influence physiology and
obscure the extent to which the psychological state of stress is affecting physiologic
changes. For example, greater cognitive effort increases blood pressure and heart rate
responses in a linear, monotonic manner (Wright and Kirby, 2001). To the extent that a
stressor is more cognitively demanding than other tasks, or difficult for some people and not
others, it might differentially increase blood pressure and heart rate responses not because
of the experience of stress, but because the task is more cognitively difficult. Cortisol levels
also increase during more cognitively demanding tasks (Lovallo and Thomas, 2000). Thus,
all changes in “stress physiology” cannot be interpreted as due to the psychological state

of stress, they might be due to the more mundane or distinct features of the task like body
position, physical movement, effort, motivation, or cognitive processing.

6.2. Varieties of acute stress responses

Acute stress is often measured by examining short term changes in physiology with the
general principle being that events or psychological states that increase arousal can be
characterized as “stress.” This is an over-simplification given that changes in psychological
and physiologic functioning support behavior, and in situations in which the stressor is
active, recruitment of metabolic resources are often necessary to meet the situational
demands. Indeed, what we consider the two primary physiological “stress systems” —

the sympathetic adrenal medullary and the hypothalamic pituitary adrenal cortical axes —
are associated with many psychological states including positive and negative emotion,
cognitive effort, and approach and avoidant motivational states. Thus, examining acute
psychological or physiologic responses and assuming that changes from a baseline or resting
state indicate that a person is feeling “stressed” is problematic. Instead, considering the
task demands, examining the profile of the responses, temporal aspects related to response,
and habituation and recovery, provides a more comprehensive portrait of the acute stress
response.
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6.2.1. Profiles of responses: Challenge and threat—How the body and mind
respond to a stressor can have short and long-term consequences on behavior and health.
One way to begin to differentiate stress types and stress responses physiologically is

to consider the profile of responses across systems. Several theories have attempted

to differentiate acute stress responses into broad categories of beneficial and harmful
responses (e.g. Dienstbier, 1989; Frankenhaeuser, 1986; Henry, 1986). One theory that
integrates Dienstbier’s “physiological toughness” theory and Lazarus and Folkman’s stress
appraisal theory in the context of acute stressful situations, is the biopsychosocial model

of challenge and threat (for a review see Blascovich and Mendes, 2010). In this model,

both challenge and threat states occur during acute “stressful” situations; however, the states
differ in their antecedent appraisal processes and subsequent downstream cardiovascular
reactivity. For example, as reviewed earlier, challenge states occur when individuals appraise
their resources as exceeding the demands of the task, whereas threat states occur when
situational demands are perceived to exceed resources (as described in Part 5 above). These
responses are considered profiles because there are multiple physiologic responses—one
single physiologic response is insufficient—the theory makes predictions regarding both the
direction and the relative intensity of the response, and there are specific expectations of

the temporal nature of the responses. Specifically, even though both states are characterized
by sympathetic nervous system activation, challenge is characterized by increases from

a resting state in cardiac output (CO, the total volume of oxygenated blood the heart

pumps in a minute) and decreases in total peripheral resistance (TPR)—uvasodilation. Threat
is characterized by little or no increase in CO and increases in TPR—vasoconstriction.
Challenge states have quick SNS responses and habituate during a task, whereas threat
states have slower rise in SNS upon exposure to the task and SNS tends to stay elevated

for a longer portion of the task. Furthermore, in some contexts, SNS activation is greater

in challenge than threat states, consistent with Dienstbier’s idea of physiological toughness,
which suggests that larger increases in SNS activation to novel situations is related to
effective coping and better performance (see also Jamieson et al., 2010).

Research has identified benefits of challenge states compared to threat states in cognitive
performance, emotional responses, and health. For example, challenge, relative to threat,
states have been associated with better decision-making (Kassam et al., 2009), higher
perceived social standing (Scheepers et al., 2012), more approach-oriented behavior, and
increased positive affect (Mendes et al., 2008). Larger increases in sympathetic activation
(commonly measured using changes in ventricle contractility, a relatively pure measure of
sympathetic activation, or changes in catecholamine levels such as epinephrine) also tend to
produce better performance in physical and cognitive tasks. For example, students preparing
to take the GRE were assigned to either a stress reappraisal manipulation, which encouraged
participants to interpret their physiological arousal during test-taking as a beneficial
response that would enhance cognitive performance or a no-instruction control condition.
Reappraisal participants exhibited a larger increase in sympathetic activation (measured
with salivary alpha amylase) immediately before taking a practice GRE and performed
better at the math exam than those who were assigned to the control condition. Indeed,
consistent with the challenge and threat framework, the greater the SNS increase the better
the math performance (see also Dienstbier, 1989, for additional examples). Furthermore,
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the reappraisal participants, compared to control, earned higher GRE exam scores when
they took the actual test in the following months (Jamieson et al., 2010). Indeed, Dientsbier
in reviewing decades of arousal and cognitive performance (test-taking) data concluded
“despite the high difficulty level...these data indicate no curvilinear relations; naturally
evoked peripheral catecholamines never seem to be too high for optimal performance” (page
86). These relationships are consistent with the physical activity literature where higher
activation is associated with better performance with little evidence of a U-shaped relation.

Although the mechanisms through which long term health benefits of challenge have not
yet been specified, there is cross sectional and longitudinal data suggesting that benign
challenge responses may accumulate over time to produce more positive health outcomes. In
the Framingham Heart Study sample of more than 1500 participants (Jefferson et al., 2010),
higher levels of cardiac output, one of the primary cardiovascular determinants of challenge
states, was associated with increased cognitive processing speed in older adulthood. These
researchers speculated that increased oxygenated blood produced by the heart may have
long-term protective effects in the brain.

In our own data on response to a standardized stressor in healthy women, we have observed
moderate correlations between cardiovascular reactivity during an acute stressful laboratory
task and telomerase — an enzyme that adds telomeric DNA to shortened telomeres — among
female caregivers (AV=58) (study described elsewhere (Epel et al., 2006). Higher levels of
basal telomerase were associated with greater increases in CO during speech and math tasks
(A CO: speech g = .37, £2.23, p<.05; math p = .42, £=2.88, p<.01) and lower TPR (A
TPR: speech B = -.38, £-2.48, p<.05; math p = —.36, £-2.30, p < .05). These data point
to the intriguing, albeit preliminary, suggestion that repeated threat reactivity during acute
stress might speed biological aging.

Lastly, psychological and physiological profiles of threat and challenge may have
implications for behavior change. Acute stress reactivity profiles may lead to latent
behavioral tendencies. For example, motivational states of engagement should facilitate
proactive behaviors (like exercise), whereas motivational states of inhibition may lead to
more passive coping such as eating or substance abuse to modulate negative emotions.

6.2.2. Temporal trajectories of acute physiologic responses—In addition to
considering the magnitude of a specific measure of physiologic activation to acute stress, it
is also important to consider that marker’s temporal trajectory during the stressor (Fig. 4).
We build on a very similar model proposed by McEwen (1998) which focused on responses
to repeated events and, implicitly, on HPA axis activation. Here we focus on autonomic
nervous system arousal within the context of a single event, though the current figure and
McEwen’s seminal figure have much overlap.

The acute reactivity approach to understanding health outcomes makes assumptions
regarding how affective experiences bring about acute changes (reactivity) in biological
systems, which might accumulate over time to induce excessive wear and tear on biological
health via allostatic load (McEwen, 1998). Scholars who use this approach typically expose
participants to standardized tasks like watching videos, giving evaluated speeches, and
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engaging in social interactions that activate physiologic changes, and interpret the profile

of the resulting activation as maladaptive or harmful to health. In the simplest case, the
“reactivity hypothesis” examines physiologic changes from a resting state to an activated
state with the assumption that the greater the activation, the more harmful the physiological
response would be if experienced repeatedly. For example, in a study in which women
described being unjustly accused of shoplifting, African American women who reported
experiencing past discrimination had greater diastolic blood pressure than African American
women who reported little experiences of prior discrimination in their lives (Guyll et al.,
2001). The authors of this work interpreted the findings as showing that “discrimination
may act as a stressor that adversely affects cardiovascular health and that the effect may be
mediated by pathogenic events associated with physiologic reactivity” (p. 322). Although
the general reactivity hypothesis is intriguing, it likely cannot yield the full story on how
acute reactivity affects health. For example, in this same paper European American women
completing the same “discrimination” task showed /argerblood pressure reactivity than
African American women. Thus, reactivity might be part of the pathway from affective
experiences to health outcomes, but the simple interpretation that greater reactivity in the lab
provides a snapshot of typical reactivity in daily life is not sufficient.

Intensity of reactivity provides an initial picture of how individuals respond, but examining
a more dynamic profile over time may provide a more comprehensive understanding.

Fig. 4 presents four trajectory profiles of reactivity (c.f. McEwen, 1998). A maladaptive

(or unhealthy) response in anticipatory reactions would be characterized by a heightened
response prior to the onset of an event (top left graph). As depicted in Fig. 4, anticipatory
responses might create more wear and tear on the system because of the lengthened
reactivity that precedes an event. This could be a function of having negative expectations
for a social interaction, test, or job interview, which might be reflected in increased vigilance
or anxiety. These negative expectations might be especially harmful when transitioning to
new environments.

Unhealthy psychological and physiologic responses can also be characterized by the lack of
recovery once a stressor is over. As depicted in the upper right graph, whereas “healthy”
reactivity is characterized by a return to baseline levels once a stressor is over, an unhealthy
response would show a continued elevation in reactivity once the stressor has ended.
Rumination, in particular, has been implicated in poor post-stress recovery (Brosschot et
al., 2005).

When responding to a novel event, a typical psychological and physiologic response would
include an initial strong activation that coordinates metabolic systems to contend with the
task at hand, and also fairly quick habituation (represented by the blue line), which has
been labeled a “physiologically tough” response (Dienstbier, 1989). In contrast, a lack of
habituation during a stressor (bottom left graph) might reflect an inflexibility of the system
to quickly adapt, which may also ultimately create excessive wear and tear. To the extent
that some individuals are hyper-vigilant during a task either due to stigmatized status or
individual differences like fear of evaluation or rejection-sensitivity, they might show less
habituation to a stress task. Also, profiles don’t occur in isolation and individuals can have
any combination of the profiles such as lack of habituation and recovery (bottom right
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graph) with the assumption that the combination of unhealthy trajectories may be additively
pathologic, but we are unaware of any data on this specific question.

Finally, although we have focused primarily on trajectory of physiologic responses to acute
stress this approach could be easily adapted to encompass psychological reactions (e.g.,
affective responses). Anticipation, for example, can be characterized psychologically as
worry, whereas blunted recovery indicates rumination or preservative thinking. Lastly, strong
activation physiologically could index alertness or engagement, whereas weaker or blunted
activation might be construed as disengagement or loss of motivation.

6.3. Sex and aging effects on acute stress physiology

There are important sex differences in acute stress responses. First, there are reliable sex
differences in resting cardiovascular system functioning. For example, women exhibit higher
basal heart rate at rest while men exhibit higher blood pressure at rest. Differences in

resting cardiovascular functioning can influence the interpretation of the reactivity of these
parameters. Additionally, there tends to be activation differences between men and women
with men showing greater overall changes in peripheral physiological responses (Blascovich
and Tomaka, 1996). However, many main effects of sex are reduced, if not eliminated,

once BMI is controlled. Further, men and women do not reliably show differences in
patterning of physiologic responses during acute stress, so there is little evidence that there
are sex differences in general approach versus avoidant (challenge versus threat) physiologic
patterns (Mendes et al., 2008; Kassam et al., 2009; Jamieson et al., 2012).

Associations between psychological states (mind) and physiologic responses (body) are not
static across the life course. Some of the changes across the life span are due directly to
developmental and aging processes. In early life, afferent and efferent projections are still
developing compared to the other end of the life stage when neuropathy, decay, and loss

of flexibility affects mind-body relations. In addition to these direct physical changes, old
age (typically 65 and older) can be associated with a loss of interoception—the ability

to detect internal changes—and proprioception—ability to detect static and dynamic body
positioning. The ability to quickly and accurately detect bodily states decreases as we

age, and may result in a type of dissociation between top-down and bottom-up processing
affecting both awareness of physiologic activation as well as the ability to effectively down-
regulate responses. This mind-body dissociation has been noted for decades and led Jung to
conclude that “emotions become more cognitive in older age.”

Much of modern stress research assumes there are reliable mindbody connections—that
acute stress responses influence bodily responses, and vice versa, that the biological milieu
can shape psychological stress reactions. Aging has dramatic effects on our brains and
bodies. Though there is a great deal of individual variation, cognitive declines such as
deterioration in short term memory, reaction times, and attention can occur even in the
absence of neurological diseases (e.g., Levy, 1994). In the body, loss of muscle mass,
deficiencies of growth hormones, hardening of the vasculature, and blunted activation
reduces the flexibility of responding to different environmental demands (e.g., Epel et

al., 2007; Matthews, 2005). Age related changes may also influence the relations between
perception and physiological response. Proprioception and interoception both decline with

Front Neuroendocrinol. Author manuscript; available in PMC 2019 January 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Epel et al.

Page 28

old age. Using a heart beat detection paradigm with participants ranging in age from 22 to
63, older subjects showed poorer detection of their heart beats than younger and middle aged
adults, and the overall bivariate correlation between age and accurate heart beat detection
was /=—.49 and /=—.45 at two time points (Khalsa et al., 2009). Proprioception declines are
well documented (Goble et al., 2009).

Declines in interoception and proprioception are not the only dramatic physiological change
that occurs in aging that are relevant for acute stress. As people age there is tremendous
blunting of key physiological systems, like SNS responses. For example, Levenson and
colleagues observed lower heart rate responses for anger, fear, and sadness in older adults
compared to younger adults during a directed facial action task (Levenson et al., 1991). In
some cases younger adults have twice as large SNS increases as older adults (a finding that
mirrors physical exercise).

Importantly, in research with older adults, anger manipulations did not engender increases

in peripheral (finger) skin temperature as has been observed in younger adults (Levenson
etal., 1991). One possibility underlying this lack of change could be that the flexibility

of the vasculature—is affected by neuropathy that occurs with aging and the extremities
(arms, hands, legs, feet) tend to be affected first. However, it is important to note that the
flexibility of the vasculature is compromised in an asymmetrical form with age—vessels can
still constrict easily but are harder to dilate. A psychological interpretation of this finding

is that older adults are better able to modulate responses to negative stimuli, especially

short term ones. These enhanced regulatory processes are related to better emotional well-
being (Charles, 2010). Importantly, though, this theoretical perspective also underscores
that older adults have greater difficulties recovering from adverse experiences and these
homeostatic regulatory processes could lead to more health damaging responses to sustained
or especially intense negative affective experiences. Therefore, stress states associated with
more approach-orientation may be compromised earlier than states of threat and withdrawal,
which might become the default response in older age.

Evidence of declines in sensory perception of the body as we age, and how this decline can
interrupt the mind-body connection, has been used as evidence of maturational dualism, a
phenomenon that suggests that the bodily changes that co-occur with the aging process can
influence the experience of affective states (Mendes, 2010). For older adults, acute stressors
may be experienced in the mind (and brain) but not be embodied in the same way as in
younger adults. The weakening of the mind-body connection in older adulthood is primarily
due to a loss of peripheral perception and blunted physiological reactivity, and may blunt the
ability to use internal states to guide decisions and behavior.

There are intriguing clues in the literature regarding how the loss of mind-body connections
in older age may influence acute stress responses. For example, one study examined the
somatic marker hypothesis in older adults (Denburg et al., 2005). In previous papers,
Damasio and his colleagues (e.g., Bechara et al., 1997) described the somatic marker
hypothesis, which suggested that bodily states outside of conscious awareness could
influence behavior. To examine this hypothesis, participants (brain damaged and control)
were presented with four decks of cards with various gains and losses associated with

Front Neuroendocrinol. Author manuscript; available in PMC 2019 January 24.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Epel et al.

Page 29

the cards. Two of the decks resulted in overall losses—Ilarge gains, but large losses as well
—whereas the other two decks resulted in smaller gains, but smaller losses. They found

that as participants turned over cards from the various decks, changes in skin conductance
(activity in the eccrine gland, indicating sympathetic activation innervated by acetylcholine)
co-occurred with choices from the riskier decks. Importantly, these bodily changes preceded
conscious reporting of which decks were risky by approximately 40 trials. Thus, the somatic
marker hypothesis claims that bodily changes can indicate psychological or mental states
prior to conscious reporting. In this original article, normal participants were compared to
patients with ventral medial lesions. While normal participants consciously reported which
decks were risky by about the 40th trial, lesion patients were not able to learn this pattern.

In the extension of this earlier study with older adults, similar to the studies on patients
with VM lesions, they did not show preferences for the advantageous decks across five
trials (or 100 cards; Denburg et al., 2005). When examining individual responses, the
authors reported that among the younger group, 37 out of 40 participants eventually picked
from the advantaged deck; among the older group, only 15 out of 40 showed this same
“unimpaired” pattern. The remaining older participants either showed more preference for
the disadvantaged deck or no preference. There are at least two possible interpretations

of these data in light of the ideas presented here: (1) similar to Levenson’s data, older
participants had blunted physiological responses during the task, which limited the ability
to sense internal states vis-a-vis the somatic marker hypothesis, or (2) the SNS response
was intact and as strong as that experienced by younger participants, but the ability to
sense the bodily changes—interoceptive awareness—was diminished (Khalsa et al., 2009).
Of course another possibility is that the lack of choice of the advantageous decks was due to
a combination of blunted reactivity and loss of interoception.

An implication of aging effects on physiology is that older individuals may have to rely
more on the external environment to determine their internal states. This is consistent

with Carstensen’s socioemotional selectivity theory (Carstensen, 2006), which describes

a positivity effect in older adults including a shifting away from negative stimuli toward
more positive stimuli, and favoring positive and avoiding negative emotions. Although
speculative, an implication of this theory is that older participants would be more susceptible
to suggestions of an affective state since they might have to rely more on their external world
to provide information about their internal states. Although theory and evidence suggest that
environmental cues can strongly influence affective states and meaning (Barrett, 2009), the
loss of exquisite ability to detect internal states may make older participants more sensitive
to environmental cues in determining their stress responses.

There are also psychological and social aspects of aging that influence how we perceive
and respond to stress exposures. One of the drivers of these changes is that as we age,

our motivations, goals, and behaviors adapt to match the new circumstances of our life.

For example, the Selection, Optimization, and Compensation model proposed by Baltes and
Baltes (1990) describes that in order to cope with changes during aging such as loss of
resources and physical function, people tend to maximize their strengths and compensate
for losses. They select new realistic goals that add purpose to life, and there is a shift in
goals from growth, in young adulthood, to maintenance or prevention in older adulthood.
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This shift is related to better well-being (Ebner et al., 2006). Another adaptation of aging

is to shift one’s environment to match needs, weeding out negative situations and people,
which leads to more positive affect (Charles and Carstensen, 2010). Furthermore, our social
networks decrease in size, because we reduce the number of superficial social connections.
This leads to an overall more positive emotional tone from close personal relationships
(English and Carstensen, 2014). Stressor exposures are also interpreted differently at
different points in our life course since one’s developmental stage changes the meaning and
expectations of life events (Pearlin, 1989). For example, being forced to retire because of
problems with physical functioning is likely to have a less negative impact at age 80 (when
this event is an expected life course transition) than being forced to leave the workforce
because of a physical decline at age 40.

6.4. Life stressors shape acute stress reactivity

Stress reactivity profiles alone are not deterministic as they are largely influenced by recent
and situational factors related to the stressor. However, certain reactivity profiles may
reflect an embedded history of stress, serving as a phenotypic signature of exposure. This
can be determined by measuring both history and current reactivity. Integrating historical
stress and acute stress processes should help us to better understand how stress impacts
aging-related processes and chronic diseases of aging. There is a disparate body of studies
showing that types of chronic stressors or current life events can shape acute reactivity
profiles. For example, a quantitative review of 30 years of research showed that general life
stress was associated with worse cardiovascular (heart rate and blood pressure) recovery
from acute stress (Chida and Hamer, 2008). Meta-analytic and descriptive reviews show
that chronic stress is associated with elevated long-term cortisol secretion (Stalder et al.,
2017; Staufenbiel et al., 2013), with stressor duration and recency since stressor onset
being important factors in shaping basal cortisol levels (Miller et al., 2007). However,
greater levels of chronic stress conversely can dampen cardiovascular and neuroendocrine
responses to acute stress (Matthews et al., 2001). Furthermore, in response to acute stress
tasks, a history of childhood adversity has been associated with a blunted cortisol response
(Carpenter et al., 2011), autonomic responses indicative of threat appraisal (McLaughlin et
al., 2014a), and greater inflammatory reactivity (reviewed in Fagundes et al., 2013).

These findings underscore the need for a more comprehensive model of stress that takes into
account historical and current stress, as well as current reactivity across different regulatory
systems, to understand one’s risk profile for disease and interpret reactivity patterns. There
is a robust dynamic interplay between different time scales of stress (early life stress,
chronic stressors, life events, and acute stressors) and thus we should predict and interpret
acute stress reactivity profiles in the context of these important historical and contextual
factors. Information across the different time scales will provide us with a more nuanced
understanding of what differentiates a healthy acute stress response from a burnt-out or
disengaged one.
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Moderators of resilience and vulnerability

There is growing acceptance that stressors confer risk for disease outcomes (Cohen et al.,
2007), but there is tremendous individual variability in how vulnerable or resilient one is

to stress. An unexpected story is that most people are resilient in the face of major trauma
— possibly up to 80% returning to previous levels of psychological functioning (Bonanno
etal., 2011; Donoho et al., 2017) although the exact percentage is debated (Infurna and
Luthar, 2016). Moderators are critical in tracing how and for whom chronic stress confers
biological risk, and may explain variability in aging trajectories (Bherer et al., 2013). Here
we briefly highlight known moderators of the stress—health relationship because a careful
characterization of vulnerability and resilience processes is beyond the scope of this article,
covered elsewhere (Bonanno and Diminich, 2013; Southwick et al., 2005).

There are known resilience factors for an adaptive acute stress response. Personality traits
and individual differences align in expected directions with experiencing threat or challenge
during acute stress episodes. People who believe more strongly in a just world, individuals
with high, stable self-esteem (Seery et al., 2004), and socially connected individuals
(Cacioppo et al., 2002) typically exhibit cardiovascular reactivity consistent with challenge
states during acute stressful tasks more than individuals who score lower on these constructs.
Individual differences in resting neurological activity have also been linked to challenge
and threat states. Specifically, individuals with higher left, relative to right, frontal cortical
activity (a neurological pattern previously linked to positive affect and well-being) were
more likely to respond to acute stress with challenge appraisals and challenge reactivity
(higher CO and lower TPR; Koslov et al., 2011), suggesting a direct relationship between
resting neurological activity and cardiovascular reactivity during acute stress. Additionally,
there is emerging evidence that physically active adults have healthier acute stress responses
than those who are sedentary. For example, physically inactive adults who ruminated

after an acute laboratory stressor were found to have prolonged cortisol responses with
delayed recovery whereas those who were physically active recovered as efficiently as low
ruminating adults (Puterman et al., 2011).

Stress effects may have little impact on people who have high levels of resources, and

high levels of social support in particular (Southwick et al., 2016). Social support has long
been identified as a critical buffer to the deleterious effects of sustained stress (Cohen

and Willis, 1985). The positive impact of perceived social support (the perception that
support from others is available and satisfying; Gottlieb and Bergen, 2010) on health has
received considerable empirical evidence. Social support is suggested to be associated with
a healthier and more resilient “‘biological profile’ (Uchino, 2006), which may help the
person mount an adaptive psychological and physiological response to stressors. Constructs
related to social support such as loneliness and social isolation have been linked to stress-
related physiological systems including neural, cardiovascular, immune, and neuroendocrine
functioning (Cohen, 2004; Taylor et al., 2006). For example, loneliness predicts earlier
mortality (Holt-Lunstad et al., 2015), and is associated with less salutary profiles of cortisol
and inflammatory responses to acute stress (Cacioppo et al., 2015; Eisenberger et al.,

2017; Hawkley and Cacioppo, 2010). There are likely many other positive dispositional
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factors that modulate the experience of stress, such as mindfulness, that need to be further
explicated.

8. Biological impact of chronic stress on the brain, periphery, and future

experiences of stress

Repeated acute stressors, life events, chronic stressors, and cumulative life stressors
contribute to disease through complex pathways, where the brain serves as the central
mediator of the stress response. The brain is a ‘prediction machine’ that bases its emerging
appraisals of stressors on both external stimuli as well as on one’s personal memory bank
of what to expect (Barrett and Simmons, 2015). A history of feeling or being threatened
might shift the appraisal of a current stimulus to more of a threat than challenge appraisal.
The brain then plays a fundamental role in regulating the psychological, physiological, and
behavioral responses to the stimuli. Further, it dynamically responds to internal stimuli that
facilitates adaptation. The brain is more than a mediator, however, since accumulated stress
directly and meaningfully impacts neural functioning and structure. Exposure to chronic
stress and major life events, especially during sensitive developmental periods, can result in
alterations in neural function and structure, thus shaping future affective and physiological
stress responses.

Where does stress live in the brain? The neural stress response is not localized in any
particular area but rather reflected in intrinsic neural networks that change and adapt

to demands, both external and internal. An example of this is seen with autonomic
nervous system responses to stress. Human neuroimaging studies demonstrate that the
distribution of neural networks in brain areas involved in visceral control — such as the
medial and orbital prefrontal cortex, anterior cingulate cortex (ACC), insula, amygdala,
thalamus, and hippocampus among others — regulate autonomic nervous system functioning
to coordinate hemodynamics and immune system response to external stimuli including
stress (Critchley et al., 2011; Gianaros and Wager, 2015). For example, research from
Gianaros and colleagues demonstrates that stress-evoked increases in blood pressure are
associated with a number of functional changes in neural activation, including increased
medial prefrontal cortex and periaqueductal grey activity, the latter of which is a critical
subcortical region responsible for autonomic regulation (reviewed in Gianaros and Wager,
2015). This finding is consistent with animal research showing that the mPFC plays a
causal role in stress-related cardiovascular reactivity (Resstel and Corréa, 2006). In addition,
neural responses to social rejection in the dACC and anterior insula predict individuals’
inflammatory reactivity to social stress (Slavich et al., 2010b). Given the longstanding
evidence that sustained and exaggerated cardiovascular and inflammatory stress responses
confer risk for cardiovascular disease processes (Chida and Steptoe, 2010), advances in
mapping the neural regions activated by stress may lead to more precise predictions about
who is vulnerable to stress-related disease.

Exposure to traumatic stressors, particularly when they occur early in life (e.g., prenatal,
childhood), appears to affect the brain in important ways (Lupien et al., 2009; McLaughlin
et al., 2014b), including how the brain perceives and reacts to future threats and
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stressors. There is consistent evidence that early trauma exposure is associated with

smaller hippocampal volume in adulthood (Teicher et al., 2012) and alterations in amygdala-
dependent emotional processing, marked by increased threat sensitivity (McCrory et al.,
2011). Additionally, early life trauma is linked to less cortical thickness of the prefrontal
cortex (Hanson et al., 2010), and in a sample of adolescents exposed to child abuse,

a reduction in resting state connectivity between the amygdala and ventral medial PFC
(Herringa et al., 2013). In this sample of adolescents, reduced connectivity mediated the link
between child abuse exposure and internalizing symptoms, including depression and anxiety.
Altered neural development caused by early adversity may also lead to worse physical health
in adulthood through pathways that lead to elevated peripheral inflammation (Chiang et al.,
2015).

While historical stressor exposure, such as early life trauma, can leave an indelible mark

on the brain, chronic stress and cumulative stressor exposure during adulthood also produce
changes to brain function and structures. Higher cumulative adversity has been associated
with reduced gray matter in the several areas within the prefrontal cortex, including the
mPFC, anterior cingulate, and insula (Ansell et al., 2012). Higher scores on global perceived
stress have been associated with reduced white matter in the PFC (Moreno et al., 2017).

In a prospective cohort study of postmenopausal women, higher scores on perceived stress,
averaged over nearly two decades, predicted smaller hippocampal grey matter (Gianaros

et al., 2007). This latter finding is important because the hippocampus is replete with
glucocorticoid receptors and thus renders the hippocampus at risk for atrophy when exposed
to the high doses of glucocorticoids observed in response to prolonged stress in animal
models (McEwen, 1999; Sapolsky, 1999), as well as excitatory amino acid neurotransmitters
and other endogenous mediators (McEwen and Gianaros, 2011). Inflammatory processes,
which are consistently upregulated during periods of acute and prolonged stress (Marsland
et al., 2017; Segerstrom and Miller, 2004) are also implicated in signaling the brain in ways
relevant to the processing of stressors. For example, endotoxin administration, a well-known
inflammatory challenge, resulted in an exaggerated amygdala response to social stress when
compared to those who received the placebo (Muscatell et al., 2009).

The neural responses to stress do not appear to be uniform between men and women, though
there are few fMRI stress studies that study sex differences. In a small study employing

an acute laboratory stressor, men showed increased activation in the prefrontal cortex while
women displayed elevated activity in limbic regions, including the ventral striatum and
cingulate (Wang et al., 2007). In terms of structural changes due to stress, childhood trauma
may impact the hippocampal volume of males more than females (reviewed in Tiwari and
Gonzalez, 2018) and may enlarge amygdala and decrease connectivity of salience hubs
such as the dACC in females more than males (Helpman et al., 2017). Animal studies

have delineated some of the mechanisms of sex differences. For example, in rats, chronic
restraint stress leads to dendritic atrophy of the hippocampus more so in male rats than
female rats (Galea et al., 1997). Sex steroids, which have a myriad of effects on neurons
and glial cells, and various stress response systems, help explain these differential effects
(McEwen and Milner, 2017). Sex differences in acute stress responses and stress-related
psychiatric disorders are well established, require further study, and should be included in
the development of prevention and treatment strategies (Gobinath et al., 2017).
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Together these findings suggest that high levels of cumulative life stress, especially
experienced early in life, shape stress related neural pathways and brain architecture (Fig.
1, Path A), and these alter how people perceive and respond to potentially stressful stimuli
(Fig. 1, Path B). Sustained and exaggerated stress responses likely result in feed forward
mechanisms, with important implications for allostatic load and disease risk.

9. Conclusion

In order to advance our understanding of how stress influences trajectories of aging and
health, stress must be measured /n context. Context includes individual and environmental
factors, personal histories of stressor exposure (stress in childhood in particular but also
cumulative life stress), current chronic stressors, and existing protective factors. Examining
the impact of a single stressor exposure without measuring the contextual factors in which
a person is experiencing the stressor limits the predictive ability: The historical context
influences the habitual responses to stress that ultimately determine whether it will have
cumulative effects, contributing to allostatic load and early disease. Traditional models of
stimulus-response framework are useful for seeing and studying individual components
of the stress process, but these tend to be linear and limited to measures of conscious
explicit recall. To advance health research, we need to examine and describe context along
with stressor exposures and stress responses, taking into account (both analytically and
theoretically) the recursive and multilevel processes that link stress to health as described
in Fig. 1. It is difficult to understand a person’s risk for stress-related disease with only
life history self-report, or only a reactivity measure. However, looking at these in tandem
may help us uncover who is at highest risk for stress related disease. Relying only on
retrospective measures for landmark events will also lead to a limited and possibly biased
view of stress effects and stress resilience. We need longitudinal studies, and ideally
transgenerational studies, that collect social, individual, and physiological indices of well-
being over time, as well as health behaviors.

Careful measurement of stress processes is essential to propelling stress science forward.
This begins with choosing a stress measure from a theoretical, or at least conceptual lens,
and that appropriately fits the research question. For example, asking someone if they

help a family member with activities of daily living may mean you are able to group

them as a caregiver or not, but it does not mean you can make assumptions that they are
‘chronically stressed’ since you have not asked them about their levels of subjective distress
from caregiving. The Stress Typology should be used to guide decisions and descriptions
of stress measures. Importantly, the Typology provides a list of the psychosocial features
that characterize stressor exposures, highlighting the need to identify and describe these
(i.e. physical threat/danger, social status threat, humiliation, and role change/disruption).
Identifying these features of the stressor should lead to insights into mechanisms by which
the stressor impacts psychological responses and physiology and enhance the ability to
harmonize across multiple stressors that might not be identical, but share common features
(e.g., acute political instability and unsafe neighborhoods both share a commaon core of
physical threat/danger). We do not yet know all the key attributes that make a stressor toxic.
It is likely the Typology is missing key components that must be measured, and that some
subjective components may not in fact be important. Much work is to be done in refining
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existing, and developing new stress measurement tools. For example, a recent study showed
that metrics of language (particularly lower output and words than self reported measures of
stress, suggesting that unconscious/behavioral measures have a potentially large unexplored
role in tapping individual differences related to poor health (Mehl et al., 2017).

Future research will also need to focus on cultural validation of existing stress measures.
Furthermore, better measurement of profiles of acute stress reactivity (e.g., threat vs.
challenge, recovery) may lead to interventions more targeted toward stress resilience and
promoting healthy behaviors. The next generation of research will embrace a systems
perspective — one that incorporates a person’s life history and context into hypotheses

about how stressor exposures influence health, as well as protective and damaging health
behaviors — which directly impact allostatic load and brain health. We now have the benefit
of rich measures of daily stress through ecological momentary assessments using technology
to obtain both psychological and physiological responses and detailed profiles of stressor
exposures and social/physical contexts. Future research will also have an even more granular
lens, with the ability to measure stress responses as they unfold in the moment. With

these new measurement techniques we can better assess stressor exposures and responses,
including recovery speed, at multiple levels of analysis. We can build models that encompass
better measurement of lifespan exposures and responses, as well as short term or acute

stress responses. In addition, with more specific measures and predictive models, we can lay
the foundation for individual and social interventions, and policies, that are geared toward
promoting the wellbeing and healthspan of our aging society.

Acknowledgement

The Stress Measurement Network has the goal to promote better theory and measurement of stress to deepen our
understanding of stress processes and healthy aging. This paper is based partly on past meetings of the Network
and we are grateful to our many colleagues who contributed to these discussions, and especially grateful to Lisbeth
Nielsen, Ph.D., Division of Behavioral and Social Research, NIA, who has spearheaded this effort, both within
NIA and across NIH. We are grateful to Lis Nielsen and Bruce McEwen for their impactful insights and comments
on this manuscript. We are also grateful to Tom Kamarck, Ph.D., who helped develop an earlier version of the
Stress Typology. This work was supported by the National Institutes of Health [NIA R24 AG048024, “Advancing
Psychosocial & Biobehavioral Stress Measurement to Understanding Aging”].

Appendix 1.: Stress typology for stress measurement

A. Stressor exposure characteristics

Stressor exposure characteristics include the timescale of the stressor, the life period in
which it occurs, and the assessment window of the measurement tool used. These can be
either objectively recorded or self-reported by the participant.

A.1l. Timescale

1 Acute Stressors: These are short term exposures under either naturalistic or
standardized laboratory conditions.

2. Daily Events/Hassles: These are the moreminor hassles that happen frequently,
such as rushing, arguments, deadlines, and child caregiving strains.
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Life Events: These are stressful events that are event-based — meaning they
are episodic in nature, and have an identifiable onset — such as getting into an
accident, being laid off, being broken up with, or receiving a life-threatening
diagnosis. Traumatic events are a special category of life events in which
physical and/or psychological safety is threatened.

Chronic Stressors: Stressors that are identified by participants, interviewer, or
external raters as being demanding, distressing, and ongoing (e.g., 6 months or
more).

In utero: Exposure to maternal stress and associated hormones that traverse the
umbilical cord and modify the resting allostatic state and response signatures
prenatally.

Childhood: Childhood is typically defined up to age 18 years old, though some
measures focus on early childhood such as before age 5.

Adulthood: Exposures that occur at 18 years or older.

Lifespan/Cumulative: Measures that ask about exposures during childhood and
adulthood. This can be measured cross-sectionally with retrospective measures,
or this can be calculated from prospective studies that take measures over time.

A.3. Assessment window

1.

Measurement timeframe.

a. Current rating (usually captures in-the-moment reports, can also be
reporting on the past 10 min, past hour, etc.)

b. Daily ratings (typically given at the end of day, reporting on the day)
C. Retrospective periods of more than a day (week, month, year, lifetime)

Proximity of assessment to stressor exposure. This more typically applies

to objective assessments since subjective assessments are harder to recall
retrospectively. The proximity of the assessment to the event can be current or
retrospective. It can be assessed as a continuous variable, such as the number of
minutes or years between when the exposure occurred and when it was assessed.

A.4. Stressor attributes

1

Duration: Captured in measurement units such as minutes, days, months, or
years.

Severity: Measured on a continuous scale, from low-to-high severity, that can be
rated by others or self-rated.

Controllability: Measured on a continuous scale by others or self-rated. Tasks
can also be defined as controllable (giving a speech) or uncontrollable (cold-
pressor test) by task design.
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Life domain: Life domains are specific areas of life that stress can exist

within such as Education, Work, Reproductive Health, Housing, Money, Crime,
Legal, Health, Intimate Relationships, Friend Relationships, Children, Death,
Possessions. Stressors can cross and affect multiple domains.

Target of stressor: This identifies who the stressor targets and can include the
self, close-others such as family and friends, or the participants’ community.

Potential of the stressor to elicit potentially harmful emotional responses: There
are qualities inherent to some stressors that lead to feelings of social threat

or shame that are associated with worse adjustment outcomes. These stressor
qualities include interpersonal loss, physical threat/danger, social status threat,
humiliation, entrapment, and role change/disruption.

B. Psychological and behavioral responses to specific stimuli or events

Responses to stressful stimuli or a an acute event include appraisals and perceptions of the
situation, as well as affective, emotional, and cognitive responses to it. Measures of trait
affect are not included as these are not context-specific and thus we do not consider them
stress responses, however, momentary emotional responses are considered a component of
the stress response.

1

Global subjective stress: This is often measured with the Perceived Stress Scale,
and thought of when we colloquially say we are “feeling stressed.”

Subjective stress within a life domain: These measures typically include both
extent of exposures (existence of stressor, to frequency of experience) as well
as subjective ratings of how much distress the situation causes. Examples

of common domains include neighborhood environment, financial resources
and strain, work strain, unemployment, and social/interpersonal stress such as
caregiver, loneliness, isolation, relationship strain, and discrimination.

Subjective and behavioral responses to specific stimuli.

a. Motivational states (e.g. approach and avoidance, which can be
measured with subjective and behavioral indicators)

b. Emotional responses (negative and positive affect ratings and specific
emotions in response to stimuli)

C. Cognitive appraisals (threat vs. challenge appraisals, loss appraisals,
threats to safety, lack of controllability)

d. Behavioral coping (e.g. behaviors such as smoking, overeating, and
strategies such as seeking support)

e Emotion regulation (e.g. cognitive re-appraisal, situation modification,
response modulation, emotion focused coping)

f. Perseverative cognition (e.g. worry, rumination)
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Typology Legend: An essential distinction in studying stress is whether the form of stress
being referred to is the exposure to the stressful event or stimulus (A), or the response to

the it (B), which we define as the person’s subjective psychological appraisal, emotional,
and cognitive response to the event or stimulus. Below are dimensions of stressors and stress
responses to promote unified descriptions across studies and fields.

Appendix 2.

Chronic stressors and physical health outcomes

Chronic Construct/ Outcomes Studies Citations®
stressor Measure
Neighborhood Feeling unsafe in ~ Chronic health conditions Midlife in the Robinette et al. (2016)

environment

Financial strain

Interpersonal
stress

Work stress &
burnout

one’s
neighborhood

Lack of
neighborhood
cohesion

Adult SES

Child SES

Financial strain

Social isolation

Loneliness

Relationship
conflict

Discrimination

Job strain

10 years later—respiratory
problems, cancer,
autoimmune disorders,
digestive problems, pain,
infections, cardiovascular
conditions, sleep problems

Self-rated physical health,
physical symptoms

All-cause mortality; health
outcomes (self-rated health,
functional limitations,
chronic conditions,
depressive symptoms,
self-rated memory, and
cognitive functioning
scores)

Cause-specific mortality;
health outcomes (self-
rated health, functional
limitations, chronic
conditions, depressive
symptoms, self-rated
memory, and cognitive
functioning scores)

Earlier disability; mortality
(independent of education
and income)

Increased morbidity;
physical and mental health;
functional status

Mortality; functional
limitations; depressive
symptoms

Self-reported physical and
mental health

Mortality; metabolic health

High blood pressure;
the metabolic syndrome;
Coronary heart disease

United States
(MIDUS) study

MIDUS

Health and
Retirement Study
(HRS)

HRS

Women’s Health
and Aging Study
(WHAS)

English
Longitudinal
Study of Ageing
(ELSA);
Whitehall 11 Study

HRS: ELSA

Whitehall 11 Study

Study of Women’s
Health Across the
Nation (SWAN);
Chicago Health
and Aging Project

HRS; Whitehall 11
Study
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Murayama et al. (2012),
Robinette et al. (2013)

Luo and Waite (2005),
Nandi et al. (2014)

Galobardes et al. (2004),
Luo and Waite (2005)

Matthews et al. (2005),
Szanton et al. (2008)

Hakulinen et al. (2016),
Holt-Lunstad et al.
(2015), Shankar et al.
(2017), Smith et al.
(2018)

Holt-Lunstad et al.
(2015), Luo et al. (2012),
Shankar et al. (2017))

Hakulinen et al. (2016)

Beatty et al. (2014),
Barnes et al. (2008),
Moody et al. (2018)

Chandola et al. (2006),
Mezuk et al. (2011),
Heikkila et al. (2013)
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Chronic Construct/ Outcomes Studies Citations®
stressor Measure
Burnout The common cold; type Ahola and Hakanen
2 diabetes; cardiovascular (2007), Melamed et al.
disease (2006), Mohren et al.
(2003)

Caregiving Mortality; cognitive HRS Capistrant et al. (2014),
decline; dementia; Pinquart and Sdrensen
cardiovascular disease (2003), Vitaliano et al.

(2003), Fonareva and
Oken (2014), Oken et
al. (2011), Norton et al.
(2010)

a _ L . .
These are exemplar citations of selected positive findings and do not represent a full literature review.
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Transdisciplinary model of stress: Integrating contextual, historical, habitual, and acute stress processes

Path A: Chronic stress effects on the brain and body

Daily Stressors

Contextual Factors
Individual: Genetic,
Developmental Acute Stress Processes

Environmental: Socio-

economic, cultural Psychological Responses
Cognitive: Appraisals, unconscious processes

Perseverative cognitions
Affective: Emotion, motivation,
Habitual Processes Coping/regulation
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behavioral

Path B: Neural & peripheral effects on stress responses

Fig. 1.

This figure presents a transdisciplinary model that describes “stress” as a set of interactive
and emergent processes. The figure illustrates that stressors are experienced within the
context of a person’s life, represented by the contextual factors in the blue triangle.

These contextual factors include individual-level characteristics such as personality and
demographic factors, the environment in which one lives, current and past stressor
exposures, and protective factors; all of which combine to determine the baseline allostatic
state of physiological regulation, and the lens through which stressors are perceived

and assigned meaning. Contextual factors and habitual processes together influence
psychological and physiological responses to acute and daily stressors. These responses,
if dysregulated, are thought to lead to allostatic load and ultimately biological aging and
early disease.
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From chronic stress to life events, daily stress, and momentary stress responses
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1 Life event
+ Daily stressor

This figure describes how different time scales of stressor exposure — months, daily,
momentary — are nested within each other. In short, chronic stressor exposure shapes how an

individual perceives daily or acute stressors.
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Factors that influence the recursive relationship between acute stress and
physiologic responses
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Fig. 3.
This figure shows that stressor context, cognitive factors, developmental stage, and

individual differences including historical stress influence one’s physiological response to an
acute stressor.
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Fig. 4.
Acute reactivity profiles associated with vulnerability.
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