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Abstract

Although dysregulated stress biology is becoming increasingly recognized as a key driver of 

lifelong disparities in chronic disease, we presently have no validated biomarkers of toxic stress 

physiology; no biological, behavioral, or cognitive treatments specifically focused on normalizing 

toxic stress processes; and no agreed-upon guidelines for treating stress in the clinic or evaluating 

the efficacy of interventions that seek to reduce toxic stress and improve human functioning. 

We address these critical issues by (a) systematically describing key systems and mechanisms 

that are dysregulated by stress; (b) summarizing indicators, biomarkers, and instruments for 

assessing stress response systems; and (c) highlighting therapeutic approaches that can be used 

to normalize stress-related biopsychosocial functioning. We also present a novel multidisciplinary 

Stress Phenotyping Framework that can bring stress researchers and clinicians one step closer 

to realizing the goal of using precision medicine-based approaches to prevent and treat stress-

associated health problems.
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Introduction

The world is facing highly concerning increases in mental and physical illnesses (Dragioti 

et al., 2022; the lancet, 2020), and a growing body of research points to stress biology as 

a key contributing factor (O’connor et al., 2021). indeed, prolonged, excessive, or repeated 

activation of the stress response, especially during childhood when the brain and immune 

system are still developing, has been called toxic stress (Bucci et al., 2016; National 

Academies of Sciences, 2019). Toxic stress is characterized by the prolonged or extreme 

activation of the stress response and persistent neurologic, endocrine, immune, metabolic 

and genetic regulatory disruptions that lead to poor health outcomes (Brown et al., 2009; 

Gilgoff et al., 2020; Hughes et al., 2017; Mcewen, 2000b; Nelson et al., 2020; Shields & 

Slavich, 2017; Shonkoff et al., 2012; Slavich, 2016, 2020). Advancements in understanding 

the neural mechanisms of chronic conditions such as posttraumatic stress disorder (PTSD) 

are, in turn, paving the way for innovations in assessing and treating toxic stress (Bhushan et 

al., 2020; Kearney & Lanius, 2022; Lanius et al., 2015; Malejko et al., 2017; Manthey et al., 

2021).

Experiences change our biology, which is evident from extensive research on the biology of 

stress (Slavich et al., 2023; Slavich & Cole, 2013). During this process, sensory inputs from 

the internal and external environment influence the activity of the central nervous system, 

and those identified as potentially threatening can lead to changes in physiologic systems 

that manifest as alterations in mood, behavior, and health. Indeed, multidisciplinary studies 

on stress, early life adversity (ELA), and trauma have demonstrated that stress is associated 

with dysregulation in sensorimotor, pain, vestibular, gut-brain axis, arousal and energy, 

reward processing, autonomic nervous system (ANS), hypothalamic-pituitary-adrenal (HPA) 

axis and endocrine, metabolic, immune, cognitive, and relational function (Burke et al., 

2017; Duffy et al., 2018; Eisenberger & Cole, 2012; Lanius et al., 2015; Novick et 

al., 2018; Slavich, 2020; Teicher & Samson, 2016). Clinical tools and emerging research-

based strategies are available for assessing stress-related dysregulations using self-report 

questionnaires, biomarkers, wearable devices, and brain mapping techniques (Reinertsen & 

Clifford, 2018; Shonkoff et al., 2022). These approaches can, in turn, be used in conjunction 

with instruments for assessing stressor exposure (Shields & Slavich, 2017; Slavich et al., 

2019) as well as methods for assessing clinical symptoms.

In the present article, we describe the Stress Phenotyping Framework, a novel 

multidisciplinary conceptual framework centered around stress biology that can inform a 

translational cells-to-solutions approach to assessing and treating toxic stress, which has 

the potential to profoundly improve health outcomes. Whereas the stress literature is often 

simplified in its focus on behavioral (i.e., fight, flight, freeze, and fawn) or physiological 

(i.e., the HPA axis & ANS) responses to stress, human stress biology is much more 

complicated. Simplifying these complex stress response systems may thus be hampering 
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progress in managing toxic stress. A broader systems-based stress assessment and treatment 

approach, in contrast, will improve predictive models and open the door to additional 

therapeutic targets, including more individualized treatment plans (Berens et al., 2017; 

Gilgoff et al., 2022; Lanius et al., 2015; Ortiz et al., 2022; Shonkoff et al., 2022).

To address these issues, this narrative review combines evidence and expertise from a broad 

variety of disciplines to (a) describe top-down and bottom-up mechanistic pathways through 

which stress impacts health, (b) discuss associated biological and behavioral biomarkers 

and assessment tools, and (c) highlight emerging and targeted evidence-based biological, 

psychological, and social therapeutic interventions, in turn providing a multi-disciplinary 

precision medicine approach that can be used in future translational research on the 

prevention and treatment of toxic stress (see tables 1 and 2). First, we define toxic stress and 

describe each of the stress-related systems involved, including their mechanistic pathways, 

potential targeted assessment, and therapeutic strategies. Second, we offer considerations 

for using the Stress Phenotyping Framework in clinical practice. Finally, we provide a call 

to action for researchers and clinicians describing the key advancements that must occur 

to move toward an effective process to diagnose and treat toxic stress. In covering these 

topics, our goal is to highlight assessment tools and therapeutic interventions that can be 

leveraged by researchers and clinicians from various disciplines that are impacted by stress 

biology. These disciplines include, but are not limited to, psychology, psychiatry, social 

work, public health, physical and occupational therapy, neuroscience, neurology, obstetrics 

and gynecology, primary care, cardiology, endocrinology, gastroenterology, and oncology.

Toxic stress and the Stress Phenotyping Framework

Toxic stress is the prolonged or extreme activation of the stress response that leads to 

dysregulation or impairment of at least one stress-related system (Bucci et al., 2016; 

National Academies of Sciences, 2019). Therefore, ELA, Adverse childhood experiences 

(ACEs), big and little “t” trauma in children and adults, and additional stressors such as 

discrimination, racism, and poverty may lead to toxic stress if they cause prolonged or 

extreme activation of the stress response and subsequent dysregulation in one or more 

stress-related systems. As depicted in Figure 1, we present a novel multidisciplinary Stress 

Phenotyping Framework to allow for the integration of research and clinical expertise across 

disciplines, and the bridging of definitional or semantic differences.

Using a framework that considers stress biology and stress-related systems enables 

clinicians to more clearly address both current stressors and internal stress physiology 

(Gilgoff et al., 2022). Such a framework also provides a structure to further test the effects 

of developmental timing, type, duration, severity, and perception of the adverse event(s), 

predictability, tolerance, and sensitization, environmental and biological protective factors, 

and predisposing vulnerabilities across a broader range of systems (see Box 1). Although 

understanding the specific features of external stressors is critical to better understanding 

mechanistic pathways, prevention strategies, and stressor-related interventions (Monroe & 

Slavich, 2016; Slavich, 2016, 2019), herein, we focus on how to assess and address internal 

toxic stress physiology—that is, the internal dysregulation of stress-related systems (vs. the 

stressors that induce such dysregulation).
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Stress-related systems

Below we describe each of the systems impacted by toxic stress – sensorimotor, arousal and 

energy, reward processing, ANS, HPA axis and endocrine processes, immune, cognitive, and 

relational health – to lay the foundation for future research and a stress-biology approach 

to clinical interventions. Using this Stress Phenotyping Framework, a clinician could assess 

and identify which stress-related systems are affected for their client/patient and create 

a case conceptualization plan to provide tailored interventions addressing those specific 

stress-related systems.

Sensorimotor: Somatosensory and pain processing, vestibular balance, 

and gut-brain axis

The sensorimotor system has a bidirectional role in stress that carries warning signals from 

the environment to initiate the stress response, but also provides analgesia and alterations in 

mood in order to respond to the threat (Kearney & Lanius, 2022; Levine, 2015). Sensory 

information is transduced through cranial nerves to the lower and mid brain including the 

inferior and superior colliculi of the mesencephalon, thalamus, periaqueductal gray (PAG), 

and amygdala. Connectivity with the hippocampus and prefrontal cortex allows integration 

of past experience and contextual information to determine subsequent physiologic and 

behavioral responses: fight/flight, tonic immobility, emotional shut down, or pro-social 

behaviors (Kearney & Lanius, 2022; Kozlowska et al., 2015; Maren, 2001; Morena et al., 

2016; Teicher & Samson, 2016).

The pain system is not only important in bringing aversive stimuli to our attention, but also 

integral to the stress response (Eisenberger, 2012; Slavich, 2016; Slavich et al., 2010a). 

In animal studies, fight or flight is associated with non-opioid (i.e., endocannabinoid) 

analgesia with projections blocking pain signals ascending from the spinal cord, whereas 

the freeze response is associated with opioid-mediated analgesia coordinated by the PAG 

and the rostral ventromedial medulla pain circuit (Kozlowska et al., 2015; Lanius et 

al., 2018). The pain system supports the stress response by (a) decreasing pain and, 

thus, increasing physical ability; (b) producing aversion and, thus, increasing motivation 

to respond to the threat; and (c) altering consciousness and increasing dissociative-type 

symptoms. The endocannabinoid system is also involved in memory consolidation in 

highly arousing situations by facilitating the extinction of emotionally aversive memories, 

promoting neurogenesis and synaptic plasticity, and regulating reward (for a review, see 

Morena et al., 2016).

Emerging research is also linking the stress response with our vestibular system and 

gut-brain axis. the vestibular system detects motion through inner ear organs, orients and 

navigates our bodies in space, engages the ANS and reticular activating system to maintain 

posture and motion, and supports a felt sense of security, grounding, physical and emotional 

safety, and balance (Kearney & Lanius, 2022; Saman et al., 2012; Saman, 2020). Our 

intestinal system is an additional bi-directional interface with our external environment. 

The microbiome provides signals to our lower brain through cranial nerve X (i.e., the 

vagus nerve), as well as tryptophan metabolism and serotonergic neurotransmission. Stress 
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is associated with changes in composition, diversity, and metabolic activity of the gut 

microbiota (Molina-Torres et al., 2019; O’Mahony et al., 2015). In addition, changes in the 

microbiome have been shown to impact HPA axis development in animal model systems 

(O’Mahony et al., 2015).

Repeated activation of the sensorimotor system may lead some individuals to have increased 

sensitivity to pain and “feel too much” Whereas others may become tolerant or numb to pain 

and have “chronic detachment from bodily sensations” (Kearney & Lanius, 2022; Lanius 

et al., 2015). In addition, if threatening stimuli are repeatedly experienced, they can come 

to feel familiar, thus breaking down the ability to detect what is threatening or not (Perry 

& Szalavitz, 2017; Perry & Winfrey, 2021; Young et al., 2016). Chronic detachment and 

numbness is also associated with thrill seeking behavior as a way to engage our salience 

network (see Box 2) and gain access to our inner feelings (Lanius et al., 2015). These 

alterations in sensory processing can lead to feelings of being disconnected from, unsafe 

in, and unable to control one’s own body (Kearney & Lanius, 2022; Van der Kolk, 2015). 

in this way, clinicians can better understand the biological underpinnings of stress-related 

pain disorders, somatization issues, self-harming, and thrill-seeking behaviors, as well as 

aspects of dissociation (in particular derealization and depersonalization), as each of these 

pain-related disorders, issues, and behaviors involve somatosensory, endocannabinoid, and 

endogenous opioid pathways.

Assessment

Numerous self-report assessment tools exist for measuring sensory processing, balance, 

and pain, such as the Sensory Processing Measure (SPM) (Brown et al., 2023), Sensory 

Profile (Dean et al., 2016; Dunn, 1999), Sensory Processing Scale inventory (Schoen et al., 

2017), Dizziness Handicap inventory (DHI) (Zamyslowska-Szmytke et al., 2021), Vestibular 

Activities & Participation (VAP) Questionnaire (Alghwiri et al., 2012), Vertigo Symptom 

Scale (VSS) (wilhelmsen et al., 2008), Pain interference PROMIS short version (Amtmann 

et al., 2010), McHill Pain Questionnaire (Melzack & Raja, 2005), Pain catastrophizing Scale 

(Sullivan et al., 1995), and the Physical & emotional Subjective Units of Discomfort Scales 

(SUDS) (Tanner, 2012). Gross sensorimotor and vestibular alterations can be evaluated 

using physical exam techniques such as gently touching the skin with a pin, cotton swab or 

vibrating tuning fork, nystagmus testing, the head impulse test, the Romberg test, and walk 

heel-to-toe on a straight line. Biomarkers include hair endocannabinoids (Shonkoff et al., 

2022) and lipid extracts of serum or plasma endocannabinoids (Hillard, 2018).

Endogenous opioids are more difficult to measure. Positron Emission tomography (PET) is 

an indirect measure of changes in opioid receptor occupancy using radiolabeled agonists 

(Conway et al., 2022). Sensory processing can also be measured through nerve conduction 

studies (NCS) and functional magnetic resonance imaging (fMRI) (Ahmad & Zakaria, 

2015). In addition, EEG and evoked Reaction Potentials (ERPs) have been shown to 

distinguish children with sensory processing disorders from typically developing children 

with 86% accuracy in a small study (Davies & Gavin, 2007). Wearable devices such 

as smartwatches and activity trackers can measure markers such as heart rate and skin 

conductance in response to daily sensory experiences (Black et al., 2020; Kaski & 
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Seemungal, 2010; Roos & Slavich, 2023). There are also several health technologies such 

as diary apps that can help individuals monitor pain and vestibular symptoms (Martin et al., 

2020), as well as emerging software to access smartphone accelerometers to assess balance 

(Patterson, 2014).

Interventions

Somatic therapies including Sensorimotor Psychotherapy (Ogden & Minton, 2000), Somatic 

experiencing (Kuhfuß et al., 2021), and Sensory Motor Arousal Regulation therapy 

(SMART) (warner et al., 2014) help people become more aware of their somatic sensations, 

increase understanding and tolerance of uncomfortable sensory associations, and link new 

positive sensory experiences with safety and connectedness (Kearney & Lanius, 2022). Eye 

Movement Desensitization & Reprocessing (EMDR) incorporates bilateral visual or tactile 

sensations into the therapy practice and is hypothesized to reprocess the physical sensations, 

emotions, and disturbing images that arise when remembering the traumatic event (Shapiro, 

2014; Wilson et al., 2018). For people with decreased body awareness, techniques such as 

body scan meditation and progressive muscle relaxation may be particularly useful as they 

can increase body awareness and help to associate body sensations with specific emotions. 

These can be important therapeutic interventions in overcoming emotional detachment and 

potentially restoring salience network function (Lanius et al., 2015).

Repetitive, rhythmic, patterned stimuli are soothing and can help re-associate physical 

sensations with safety (Perry, 2009). Play therapy, expressive arts therapy, and animal-

assisted therapy also provide opportunities for somatic, rhythmic, and vestibular sensory 

experiences within the setting of a safe, supportive, nurturing relationship and environment 

(Fisher, 2019). interventions to support skill building and regulation of the vestibular system 

could include occupational therapy, physical therapy, as well as physical activity such 

as yoga, tai chi, Qui-Gong, and adventure-based programs with balance-based activities 

(e.g., walking on logs, climbing rocks). Potential interventions supporting microbiome and 

gut-brain axis health include probiotics, prebiotics, dietary changes, and fecal transplant 

(Molina-Torres et al., 2019).

Medications that target the endocannabinoid and endogenous opioid systems deserve more 

research attention and may improve pain modulation and stress-related symptoms such as 

anxiety, depression, emotional shut down, and dissociation. Kappa receptor antagonists, for 

example, may disrupt dissociative symptoms including depersonalization and derealization 

and are a potential therapeutic target for dynorphin-associated toxic stress responses 

(Carlezon & Krystal, 2016; Lanius et al., 2018). A growing literature is showing the 

anti-inflammatory properties of low dose naltrexone as well as its ability to upregulate 

endogenous opioid signaling and improve pain symptoms associated with fibromyalgia, and 

complex regional pain syndrome (CRPS) (Toljan & Vrooman, 2018; Younger et al., 2014). 

effective pain control and higher morphine doses after trauma have been associated with 

fewer PTSD symptoms and decreased likelihood of developing PTSD (Lanius et al., 2018). 

cannabis use can dampen neuronal firing in the amygdala and increase reactivity of the 

ventro-medial prefrontal cortex (vmPFC) in response to emotional stimuli, and cannabinoid 
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receptor agonists such as nabilone have been shown to reduce nightmares and hyperarousal 

in patients with PTSD (Lanius et al., 2018).

Understanding the mechanistic actions of different psychedelics through the lens of the 

Stress Phenotyping Framework could help identify which psychedelic might be best suited 

for different clinical phenotypes. For example, ketamine, commonly used as an anesthetic 

and analgesic, can facilitate psychotherapy and shows promise for the treatment of PTSD 

(Drozdz et al., 2022; Neuhaus & Slavich, 2022). One mechanism of action for ketamine 

is to act as an N-methyl-D-aspartate receptor (NMDAR) antagonist and decrease central 

pain sensitization (Zhou et al., 2011). Thus, ketamine may prove to be particularly 

useful in treating patients with dysregulation of somatosensory and pain pathways. In 

contrast, methylenedioxymethamphetamine (MDMA) is thought to influence serotonin, 

norepinephrine, cortisol, and oxytocin pathways (Reiff et al., 2020). Therefore, MDMA 

may prove to be more helpful in patients needing stimulation of their arousal and ANS, and 

regulation of their HPA axis and relational systems. (See those systems described below.)

Arousal and energy

Orienting to potential danger, being alert and sensitive to stimuli, and having energy to 

address potential challenges and threats are critical features of the stress response system. 

The superior colliculus receives somatosensory input and sends afferents to oculomotor 

neurons, the reticular formation and motor neurons controlling the eyes, head, and neck, to 

initiate a subconscious orienting response to threatening visual stimuli as well as nurturing 

interpersonal contact (Kearney & Lanius, 2022). The superior colliculus, locus coeruleus, 

and thalamic pulvinar can engage the amygdala and cortical orienting networks without 

conscious awareness to provide a rapid and automatic alert system and initiate arousal and 

vigilance (Liddell et al., 2005).

Arousal can be conceptualized as a spectrum from “excessive sleepiness, cognitive 

dysfunction, and inattention on one side, a wakeful state in the middle, and hypervigilance, 

panic, and psychosis on the other side” (Ross & van Bockstaele, 2020). Our level of arousal 

and energy determine the intensity of our motivational responses that will facilitate behavior 

to preserve and ensure survival (Bradley, 2009). Potential mechanisms by which ELA 

and toxic stress may impact energy, arousal, and sleep include stress-related disruptions 

of our (a) homeostatic sleep drive and circadian rhythm system (Agorastos et al., 2019; 

Agorastos & Olff, 2021; Fuligni et al., 2021; Koch et al., 2017; Radwan et al., 2021); 

(b) gastrointestinal system digestion and processing of glucose and lipids (Tosato et al., 

2020); (c) mitochondrial energy production (glucose and oxygen metabolism, which can 

also lead to oxidative stress) (Bersani et al., 2020; Picard & Mcewen, 2018; Zitkovsky et 

al., 2021); (d) connectivity changes of the salience network, default mode network (see 

Box 2) (Zhang et al., 2022), and reticular activation system function (Thome et al., 2019); 

(e) ANS regulation (see below) (Jerath et al., 2018); and (f) neuronal electrical activity 

recorded as delta, theta, alpha, beta, and gamma waves in order of increasing frequency 

(Jokić-begić & Begić, 2003). Repeated activation of the stress response, put in motion by 

past ACEs and trauma, is associated with dysregulation of the aforementioned mechanisms 

and increases the risk for chronic fatigue syndrome (Heim et al., 2006), sleep problems 
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including increased and decreased sleep as well as nightmares and disruptive nocturnal 

behaviors (e.g., moaning, thrashing, tossing and turning) (Brock et al., 2019; Greenfield et 

al., 2011; Kajeepeta et al., 2015; Sadeh, 1996), and behavioral and mental health problems 

such as depression, anxiety, and bipolar disorder, which all involve arousal dysregulation 

(MacKinnon, 2008).

Assessments

Given the complexity of arousal as a construct, there are numerous potential biomarkers 

including: (a) levels of neurotransmitters such as orexin, catecholamines, gamma 

aminobutyric acid (GABA), glutamate, acetylcholine, serotonin, adenosine (Chellappa & 

Aeschbach, 2022; Linnstaedt et al., 2019), and melatonin (Caumo et al., 2019); (b) markers 

of oxidative stress such as F2 isoprostane (Horn et al., 2019); (c) imaging techniques 

including quantitative electroencephalogram (qEEG), evoked response potentials (ERPs), 

and fMRI; and (d) polysomnography (Fabbri et al., 2021). However, this field of stress 

biomarker research is still in its infancy, and there is a pressing need for additional studies 

to identify the best methods for collecting and analyzing biomarkers to yield clinically 

actionable metrics.

Self-report questionnaires for arousal include the Profile of Mood States arousal subscale 

(Boyle, 1987), Activation-Deactivation Adjective check list (AD ACL) (Thayer, 1986), 

and Self-Assessment Manikin (Bradley & Lang, 1994). common self-reported sleep 

questionnaires include the Pittsburgh Sleep Quality index (PSQI) used to assess overall 

sleep quality, quantity, and disturbances; Epworth Sleepiness Scale (ESS) for assessing 

excessive daytime sleepiness; insomnia Severity index (ISI) to measure severity of insomnia 

symptoms; and STOP-Bang questionnaire for assessing presence of obstructive sleep apnea 

(Chung et al., 2016; Fabbri et al., 2021). Circadian rhythm is commonly measured through 

the Morningness-eveningness Questionnaire (Horne & Ostberg, 1976). Additionally, there 

are many wearable sleep trackers that have yielded promising results (Berryhill et al., 2020). 

in more severe cases, polysomnography (sleep study) can identify alterations in slow wave 

& REM sleep and sleep efficiency as well as other medical conditions such as Obstructive 

Sleep Apnea (Kim & Dimsdale, 2007; Zhang et al., 2019).

Interventions

Neurofeedback is a form of biofeedback using EEG data or blood oxygenation levels 

(functional near infrared spectroscopy or fNIRS) that primarily targets arousal. EEG or 

fNIRS data are used to create images on a computer screen that have been programmed 

to provide positive feedback when the individual is creating the desired brain pattern of 

arousal. Alpha neurofeedback training has been shown to improve anxiety, attention, and 

modulate SN and default mode network (DMN) functional connectivity (Fisher, 2019; 

Lanius et al., 2015). Deep Brain Reorienting (DBR) is an emerging therapy that specifically 

focuses on muscle activation and tension in the neck associated with trauma and is 

hypothesized to integrate past orienting response experiences with current safety (Kearney & 

Lanius, 2022).
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Sleep interventions can include cognitive and behavioral interventions, relaxation 

techniques, physical activity, balanced nutrition as well as medications and supplements 

that target stress-related disruptions (Briguglio et al., 2020; Murawski et al., 2018).When 

possible, it is important to address current stressors that may keep people from being able 

to sleep. Techniques that can increase the feeling of safety include nightlights, weighted 

blankets, or co-sleeping with a trusted adult. Strategies that can calm an overactive arousal 

or ANS include breathing techniques or mindfulness practices (see next section) (Rusch 

et al., 2019). Journaling and creating “to do” lists can help release worries and decrease 

nighttime rumination (Scullin et al., 2018). Light therapy can help reset the circadian rhythm 

and homeostatic sleep drive (Blume et al., 2019). Medications such as melatonin may help 

counter the dysregulation of circadian rhythms in traumatic stress (Agorastos et al., 2020) 

and prazosin may improve PTSD-associated nightmares (Akinsanya et al., 2017; Bhushan et 

al., 2020; De Berardis et al., 2015; George et al., 2016). targeted cognitive-behavior therapy 

for insomnia (CBT-I), considered the gold-standard for insomnia treatment, can also treat 

PTSD-related insomnia, and online and mobile apps (ICBT-I) can be an adequate alternative 

when needed (Muench et al., 2022). tai chi, a moving meditation, can improve sleep, pain, 

and psychological well-being (Raman et al., 2013) and was shown to be non-inferior to 

CBT-I in cancer survivors (Irwin et al., 2014, 2017).

Reward processing

Although ELA and PTSD are associated with disruptions of the reward processing 

pathways, less is known about the relation between the reward processing pathway and 

the acute stress response. Both reward and fear pathways are involved in approach (fight) 

or avoid (flee, freeze) behaviors. in animal models, the PAG, a key structure in the stress 

response, has been shown to project to both dopamine and GABA neurons in the ventral 

tegmental area (VTA), a key structure in the reward processing pathway (Ntamati et 

al., 2018). Mild-to-moderate controllable stressors have been shown to activate dopamine 

release, whereas severe, chronic, unavoidable, and unpredictable stressors tend to inhibit 

dopamine release (Baik, 2020). Neurobiological changes associated with ELA include 

alterations in connectivity between the ventral striatum, VTA, and PFC, VTA morphology, 

dopaminergic and GABAergic signaling and receptor expression, as well as transcription 

factors and epigenetics (Hanson et al., 2021). Behaviorally, ELA has been associated with 

decreased approach motivation and reward responsivity (Hanson et al., 2021; le et al., 

2023; Novick et al., 2018). Blunted reward responsivity may increase reward-seeking and 

thrill-seeking behavior as it takes more reward to induce pleasure. Reward-seeking can be 

an adaptive strategy in high-adversity, resource-scarce environments (Duffy et al., 2018). In 

addition, ACEs & ELA are associated with increased risk for addictions including smoking, 

alcohol, drugs, gambling, and food (Birnie et al., 2020; Hanson et al., 2021; Hendrikse et al., 

2022; Leza et al., 2021; Lokshina et al., 2021; Wiss et al., 2020), which have been described 

as “self-medication” and “self-soothing” coping behaviors in response to emotional pain 

(Schimmenti et al., 2022).
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Assessments

Potential biomarkers for the reward system include dopamine, GABA, and adenosine 

(Deighton et al., 2018; Hanson et al., 2021; Linnstaedt et al., 2019). Testing paradigms 

have been used in research settings to evaluate constructs of reward including reward 

responsiveness, learning, and valuation. Examples of tests include Delay Discounting 

(Lempert et al., 2012), willingness to Pay task (Plassmann et al., 2007), effort expenditure 

for Rewards task (Treadway et al., 2009), and the Go/No-Go task (Korgaonkar et al., 2021). 

In addition, resting state fMRI can help visualize the activity of the insula and salience 

network, as well as analyze the VTA and substantia nigra, and dopaminergic reward regions 

(Herzberg & Gunnar, 2020).

Interventions

Interventions for reward processing dysregulation and addiction using the Stress 

Phenotyping Framework could include (a) providing skills for healthy coping strategies and 

distress tolerance, and (b) offering therapeutic interventions that specifically target reward 

processing pathways (Dutcher, 2023; Garland, 2020; Maté, 2008; Ryan et al., 2022). Dual 

diagnosis treatment therapy recognizes the need for multidisciplinary treatment and is a step 

toward an integrated Stress Phenotyping Framework that treats dysregulation in the reward 

processing system, as well as other stress-related systems. emerging therapies that may be 

specifically helpful in targeting reward processing include meditation (Kjaer et al., 2002), 

Transcranial Magnetic Stimulation (Ryan et al., 2022), positive affect treatment (craske et 

al., 2023), brain training for cognitive reappraisal for cravings (Fisher & Berkman, 2015), 

neurofeedback (Greer et al., 2014), ketamine-assisted psychotherapy (Drozdz et al., 2022), 

and other psychedelic-assisted therapies (Reiff et al., 2020).

Autonomic nervous system

Sensory information is brought to the amygdala, which detects threat and further signals 

ANS and HPA-axis activation (Kozlowska et al., 2015; Teicher et al., 2016). As the earliest 

actor in the response to threat, the ANS is intricately connected to arousal pathways and 

elicits activation of the stress response through its sympathetic (SNS) and parasympathetic 

(PNS) branches (Elbers et al., 2018; Slavich et al., 2010b). Bidirectional pathways connect 

the ANS with hormonal, cardiovascular, digestive, immune, and inflammatory systems, 

which further mediate physiological stress responses in the body; at the same time, there 

is complex interplay between the ANS and cognitive and emotional centers in the brain 

(Thayer et al., 2009). Under resting conditions, the parasympathetic system predominates, 

eliciting the body’s vital rest, repair, and digest functions. Acute stress triggers a shift in the 

autonomic balance typically characterized by parasympathetic withdrawal and sympathetic 

activation, which, in conjunction with activation of the HPA axis, prepare the body for “fight 

or flight” (Kim et al., 2018).

In animal models, under conditions of extreme threat, concurrent reactivation of the 

parasympathetic system can instead activate a state of bradycardia, hypotension, attentive 

immobility with hypothalamic muscle tone maintained (Kozlowska et al., 2015). In the 

setting of restraint, and perceived inescapable threat, there is tonic immobility associated 

with withdrawal of SNS activity, increased PNS activity, heart rate and blood pressure 
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decrease, and one remains very still with continued hypothalamic controlled muscle tone. 

Ultimately, the increased PNS activity can lead to collapsed immobility (fainting is an 

extreme example) when the associated bradycardia leads to hypoxia and a loss of muscle 

tone (Kozlowska et al., 2015; Lanius et al., 2018; Roelofs & Dayan, 2022).

Autonomic dysregulation is commonly observed in chronic stress studies. In a literature 

review looking at childhood maltreatment, studies suggested a general trend of blunted 

cardiovascular activity in response to stress compared to children who had not been 

maltreated (Young-Southward et al., 2020). Results of sympathetic responses were more 

mixed, with some studies showing sympathetic activation, whereas others showed blunted 

sympathetic responses (Young-Southward et al., 2020). The authors hypothesized that 

differences in ANS responsivity may influence psychopathology risk for maltreated children 

(Young-Southward et al., 2020).

Assessments

Disturbances of ANS activity play a critical role in stress-related conditions; therefore, 

assessing autonomic function is essential for detecting toxic stress. Relevant tests may 

include measures of cardiovascular, adrenergic, cardiovagal, and sudomotor functioning 

(Cheshire et al., 2021). Given the complexity of the ANS, however, a thorough evaluation 

often involves a battery of tests and provocative maneuvers.

Analysis of heart rate variability has recently become the most popular and accessible 

method of testing, now being included in wearable devices (Grégoire et al., 2023). Heart 

rate variability is a measure of the variation between successive heart beats and reflects the 

dynamic interplay between the sympathetic and parasympathetic branches of the ANS. High 

HRV is generally associated greater emotional and physical health, indicating autonomic 

flexibility and adaptability to stress and other energetic demands. On the other hand, reduced 

HRV occurs with age but also due to chronic stress or illness, and has been identified as an 

independent predictor of all-cause mortality (Tsuji et al., 1994).

Other tests of autonomic cardiovascular reflexes include the Valsalva maneuver, deep 

breathing, isometric handgrip test, cold pressor test, active standing (orthostatic), head-up 

tilt test, baroreflex sensitivity testing, and mental arithmetic. Simple measures that reflect 

autonomic function include heart rate, respiratory rate, and blood pressure (Deighton et al., 

2018). Biomarkers that can assess ANS activity include urine and plasma norepinephrine, 

epinephrine, and salivary alpha amylase (Ali & Nater, 2020; Deighton et al., 2018; Djuric et 

al., 2008; Linnstaedt et al., 2019; Wiley et al., 2016; Zygmunt & Stanczyk, 2010).

Interventions

Body-based therapies are a complementary or alternative treatment modality that regulate 

the nervous system through a “bottom-up” approach. Autonomic responsivity is a lower 

brain, automatic, instinctual process that is outside of our conscious awareness, and thus 

harder to target with “top-down” approaches that involve higher level cognitive “thinking 

brain” functions (Perry & Hambrick, 2008). Therefore, bottom-up interventions that involve 

the body may more directly target physiologic stress activation, and facilitate awareness and 

experience of somatic sensations (Kearney & Lanius, 2022).
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Bottom up approaches that help to regulate the body’s physiologic stress response include 

interventions such as heart rate variability biofeedback (e.g., HeartMath) (Fournié et al., 

2021; Lehrer et al., 2020), yoga (Kearney & Lanius, 2022), and somatic sensory-based 

psychotherapies (Kearney & Lanius, 2022) such as Somatic experiencing, Sensorimotor 

Psychotherapy, and Sensory Motor Arousal Regulation therapy (SMART). In addition, 

breathing practices such as prolonged expiratory or coherent breathing can activate 

parasympathetic function, which, over time, helps to increase self-regulatory capacity of 

the ANS (Balban et al., 2023; Kearney et al., 2023; Komori, 2018).

Patients who experience severe symptoms of dysautonomia, including orthostatic 

hypotension or neurocardiogenic syncope, may benefit from pharmacological management 

with beta-blockers or midodrine, a selective peripherally acting alpha-receptor agonist (Raj 

et al., 2009; Thijs & van Dijk, 2006). Arnsten and colleagues (2011) have found that 

alpha-2-adrenergic agonists including clonidine and guanfacine, can balance noradrenaline 

release and functionally increase limbic connectivity with the prefrontal cortex. This is 

an important consideration for children mis-diagnosed with ADHD who actually have 

developmental trauma associated with increased noradrenaline activity and decreased 

prefrontal cortex connectivity (Arnsten & Pliszka, 2011; Bhushan et al., 2020; Neuchat 

et al., 2023; Ortiz et al., 2022).

Hypothalamic-pituitary-adrenal axis and endocrine processes

Stress and ELA impact hormonal and endocrine processes, the most notable of which is 

the HPA axis. in response to a stressor, the amygdala signals the periventricular nucleus of 

the hypothalamus to release corticotropin releasing factor (CRF), which signals the anterior 

pituitary release of adrenocorticotropin hormone (ACTH), resulting in the release of cortisol 

from the adrenal cortex (Berens et al., 2017; Bucci et al., 2016). Whereas the ANS response 

to a potential threat is within milliseconds to seconds, the downstream effects of cortisol are 

apparent on the scale of minutes to days.

Generally, cortisol effects include increasing blood pressure, cardiac output, water excretion, 

blood sugar levels, and appetite (specifically for energy-dense foods such as carbohydrates 

and fats), as well as suppressing sleep, the immune system, reproduction, and growth 

(Sapolsky et al., 2000). Over time, ELA and chronic stress result in altered cortisol 

signaling, including both under and overproduction of cortisol (Figure 2c). The exact 

biological mechanisms that lead to these disparate patterns vary based on sex, stressor type, 

and stressor timing; however, prenatal stress and threat-based ELA are more likely to result 

in hyper-reactivity, whereas severe stress, abuse, and deprivation-based ELA are more likely 

to result in hypo-reactivity (van Bodegom et al., 2017). Although the body will attempt 

to adapt to these conditions through altered gene expression of cortisol receptors, these 

adaptations often result in ineffective and dysregulated HPA axis-mediated stress responses 

and glucocorticoid resistance (Bhushan et al., 2020; Herman et al., 2016; Jarcho et al., 2013; 

Miller et al., 2007; Miller & chen, 2006).

Beyond cortisol dysregulation, ELA and chronic stress are associated with altered metabolic 

hormone signaling as well. Evidence suggests that glucagon-like peptide-1 (GlP-1) and 
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leptin (satiety cueing hormones) and ghrelin (hunger cueing hormone) become altered in 

response to chronic stress, in part due to acute stress responses (Raspopow et al., 2010, 

2014; Tomiyama, 2019; Tomiyama et al., 2012). For example, leptin is released during the 

acute stress response, functioning to curb appetite while organisms manage the stressor at 

hand; over time, however, its release in the absence of satiety can lead to insensitivity to 

leptin, such that organisms begin to eat in the absence of hunger. Indeed, children as young 

as seven years old who have experienced ELA have been found to eat in the absence of 

hunger (Proffitt Leyva et al., 2020). Beyond cortisol and metabolic hormone dysregulation, 

ELA and chronic stress are associated with reduced sex steroid hormones levels (Jasienska 

et al., 2017; Kreuz et al., 1972; O’Brien et al., 2007; Palm-Fischbacher & Ehlert, 2014; 

Retana-Márquez et al., 2003; Schliep et al., 2015), decreasing fertility for both sexes and 

altering women’s ovulatory cycle characteristics.

Assessments

Biomarkers of HPA-axis function include salivary and serum cortisol, diurnal cortisol 

assessments (taken multiple times per day across multiple days), the cortisol awakening 

response, dehydroepiandrosterone (DHEA), ACTH, CRF, arginine vasopressin (AVP), 

calculating a cortisol/DHEA ratio (Ahmed et al., 2023; Deighton et al., 2018; Djuric et 

al., 2008; linnstaedt et al., 2019; Piazza et al., 2010), as well as assessments of hair 

cortisol levels, cortisone, and DHEA (Shonkoff et al., 2022). In laboratory-based research, 

salivary cortisol levels before, during, and after an acute stress task are the gold standard for 

assessing cortisol reactivity, whereas diurnal assessments are more standard for generalized 

HPA axis function assessments. Assessment of hair cortisol levels are an emerging approach 

to better understand circulating levels of cortisol on a longer timescale (i.e., over the last 

few months) as opposed to salivary or serum levels of cortisol, which are more momentary 

assessments.

Assessments of metabolic dysregulation include fasting serum levels of metabolic hormones 

(e.g., leptin, ghrelin, GlP-1), along with blood pressure, glucose, hemoglobin A1c, 

insulin resistance, cholesterol levels, high-density lipoprotein, low-density lipoprotein, and 

triglycerides (Deighton et al., 2018; Joung et al., 2014; McEwen, 2015; Tomiyama et al., 

2012; Wiley et al., 2016; Yam et al., 2015; Yousufzai et al., 2018). Further, functional 

assessments, in which blood samples and self-reported hunger assessments are collected 

at baseline and following a personally tailored food intake session, can provide deeper 

insights into how an individual’s metabolic hormones respond to eating, and how changes in 

hormone levels correspond with changes in hunger and satiety.

Interventions

Interventions in this category should focus on stress-reduction strategies that target the HPA 

axis and cortisol production, as cortisol dysregulation has many downstream effects. First, 

external stressors that impact safety must be identified and resolved whenever possible. 

Next, trauma-informed lifestyle interventions—also called “stress busters” by the ACEs 

Aware initiative in California—can generally help regulate the brain-body stress pathways 

(Bhushan et al., 2020; Gilgoff et al., 2020). Supportive relationships, quality sleep, and 

regular physical activity have all been associated with HPA axis regulation (Bhushan et al., 
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2020; Gilgoff et al., 2020), and intervention approaches that incorporate these factors should 

be considered.

Mindfulness and meditation (Koncz et al., 2021; Pascoe et al., 2017), experiencing nature 

(Jones et al., 2021), and psychosocial interventions (Purewal Boparai et al., 2018; Slopen 

et al., 2014) have been shown to help regulate cortisol levels as well. Specifically, 

mindfulness has been shown to improve physiologic markers of stress including cortisol, 

C-reactive protein (CRP), tumor necrosis factor-α (TNF-α), blood pressure, heart rate, 

and triglycerides, and may be particularly helpful for patients with elevated cortisol levels 

(Black & Slavich, 2016; Gilgoff et al., 2022; Koncz et al., 2021; Pascoe et al., 2017). 

Intuitive eating interventions are a promising method of regulating eating behavior in those 

with dysregulated metabolic hormone levels, although further work with a dietician or 

disordered eating specialist may be necessary. MDMA has been shown to increase cortisol 

levels, decrease anxiety, and reduce impaired fear recognition (Dolder et al., 2018), and 

MDMA-assisted psychotherapy has been shown to be efficacious in treating PTSD (Reiff et 

al., 2020).

Immune system

One of the primary ways that stressor exposure impacts health across the lifespan is by 

activating the immune system (Elwenspoek et al., 2017; Furman et al., 2019; Slavich, 2015; 

Slavich & Auerbach, 2018). Maternal stressors impact the immune development of offspring 

in-utero and can result in the development of a th2-biased immune system, along with 

elevated allergic rates of disease (Entringer et al., 2012, 2015; Marques et al., 2013; Suh 

et al., 2017) and accelerated biological aging (Mayer et al., 2023). ELA (experienced ages 

0–8) is also associated with the development of a proinflammatory phenotype (Miller et al., 

2002, 2009; Miller & Chen, 2010) and allergic sensitization (Lendor et al., 2008; Rowe et 

al., 2007) that persists into adulthood and across generations (Chen et al., 2017).

The impacts of ELA on immune function likely occur through multiple mechanistic 

pathways that include neurobiological changes (Brady et al., 2022), epigenetic modifications 

(e.g., increased methylation) (Chen et al., 2019; Danese & Mcewen, 2012; Harb & Renz, 

2015; Miller & Cohen, 2001; Vinkers et al., 2015; wright, 2011), changes in gene expression 

(e.g., upregulated proinflammatory gene expression and downregulated anti-viral gene 

expression) (Miller & Chen, 2006; Slavich et al., 2023; Slavich & Cole, 2013), and changes 

in health behaviors (e.g., engaging in riskier health behaviors which elevate health risks, like 

smoking) (wright, 2011). Acute stress activates the secretion of pro-inflammatory cytokines, 

which further activate the immune response through the stimulation of both systemic acute-

phase proteins (McEwen 2006; Steptoe et al., 2007) and glucocorticoids, which over time, 

can promote the development of glucocorticoid resistance or insensitivity (Miller & Chen, 

2006; Slavich & Irwin, 2014). The low-grade inflammatory state that follows ELA or 

chronic stressor exposure is a risk factor for peripheral immune dysregulation that persists 

throughout the lifespan (Carpenter et al., 2010; Chida et al., 2007; Danese et al., 2007; 

Danese & Lewis, 2017; Kuhlman et al., 2017; Rooks et al., 2012; Wei et al., 2012), 

leading to increased risk of chronic diseases of immune origin (Danese & Lewis, 2017; 

Glaser & Kiecolt-Glaser, 2005; Kuhlman et al., 2017; McEwen, 2006). Further, because 
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the upregulation of inflammation and innate immune function often come at the cost of 

downregulation of anti-viral immune function, those with elevated inflammation are also 

more susceptible to viral disease (Slavich & Cole, 2013).

Assessments

Currently available assessment tools for immune system function that can be used in clinical 

practice include complete blood count with differential to evaluate for eosinophilia, high-

sensitivity CRP, and fibrinogen as markers of general inflammation, total IgE, Aeroallergen 

panel, FeNO as markers of airway inflammation (may be performed by specialist), and 

pulmonary function tests (may be performed by specialist). Research biomarkers include 

interleukins, interferon, TNF-α and its downstream marker soluble TNF-receptor type 2 

(sTNF-R2) (Deighton et al., 2018; Djuric et al., 2008; Linnstaedt et al., 2019). Generally, 

inflammation levels should be assessed at baseline using CRP, or in response to a laboratory-

based stressor using cytokine responses, as cytokine levels change rapidly, whereas CRP 

levels are more stable over time.

Patients with asthma and a history of ELA or chronic stress may not respond as well 

to traditional medications of albuterol and steroids. As such, those who have experienced 

major life stressors may benefit from dexamethasone suppression tests to determine if 

glucocorticoid insensitivity might impact medication efficacy. Although these are clinically 

performed in vivo, in vitro assessments may also prove useful in this context. Moreover, 

researchers may want to assess more than just inflammation levels and might also consider 

using functional immune challenges to assess things like natural killer cell cytotoxicity, 

or phagocytosis capacity of white blood cells, in vitro. this assay enables researchers to 

expose immune cells to tumors or bacterial threats to measure their functional responses 

to challenges, providing a model of how an individual’s immune cells likely behave in 

response to naturally occurring, ecologically valid immune challenges.

Interventions

Often, interventions assessed to regulate or improve inflammation and immune function are 

designed to improve another outcome (e.g., disease symptoms, depression, stress) and use 

inflammation levels as a marker or mediator of these effects. However, several studies have 

shown that stress-mitigation strategies (e.g., mindfulness, meditation, yoga, tai chi) as well 

as psychosocial interventions (e.g., CBT, behavior therapy, mindfulness), and medication 

(e.g., SSRIs) can help normalize immune function (Black & Slavich, 2016; Gilgoff et al., 

2020; Hewson-Bower & Drummond, 2001; Shields et al., 2020; Wang & Young, 2016). 

Positive psychological and behavioral states including positive affect, eudaimonic well-

being (meaning and engagement), physical activity, and sleep have all been demonstrated to 

have beneficial effects on the immune system (Bower et al., 2019).

When the primary goal is to decrease inflammation, anti-inflammatory diets and 

immune modulating supplements including curcumin, ginger, and omega-3 fatty acids 

are encouraged, and may be particularly helpful for people in which ELA and stress 

are leading to increased inflammation (Jalali et al., 2020; Kiecolt-Glaser, 2010; Kiecolt-

Glaser et al., 2014; Morton et al., 2021; Portnoy et al., 2018). Moreover, physical activity 
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can increase immune cell counts and cytokine levels during the activity and decrease 

lymphocytes and antibody response afterwards that, over time, are associated with a general 

anti-inflammatory effect and improved immune function (Gleeson et al., 2011). Additional 

research should be done to evaluate whether higher dosages or additional immune modulator 

medications improve outcomes for patients with elevated inflammation or glucocorticoid 

resistance as a result of stressor exposure (Manka & wechsler, 2018). Until this research 

is conducted, clinicians should consider that patients thought to be non-compliant (i.e., 

those not using medications as prescribed) might instead have decreased receptor sensitivity/

expression for targets of commonly prescribed medications, in turn, causing them to realize 

less benefit from medications, thus decreasing compliance.

Cognitive processes

The increase in catecholamine levels associated with acute stress has been associated 

with shifting resources to the salience network at the expense of the executive control 

network and decreased structural connectivity between the limbic system and prefrontal 

cortex (Arnsten, 2015; Hermans et al., 2014; Weems et al., 2019). As catecholamine levels 

increase, there is an associated decrease in connectivity between the limbic system and the 

prefrontal cortex (Arnsten, 2015; Arnsten & Pliszka, 2011). Initially, this helps to increase 

focus and decrease noise; however, excessive catecholamine release leads to increasing 

disconnection with the prefrontal cortex (Arnsten, 2015, 2015; Arnsten & Pliszka, 2011). 

The resulting behavioral response has been colloquially called “flipping your lid,” which 

is beneficial for quick, instinctual, survival responses during imminent danger, and can be 

contrasted with slower, planning strategies.

In the context of prolonged adversity, however, repeated activation of the salience network 

(SN) (see Box 2) and limbic systems may lead to altered connectivity within the 

SN, DMN and central executive network (CEN). this may contribute to disruptions in 

cognitive functioning including learning, memory and executive function, attention-deficit 

hyperactivity disorder (ADHD), developmental delay, learning problems, dementia, and 

memory impairment (Burke et al., 2011; Fenster et al., 2018; Hughes et al., 2017; Lanius, 

2015; Lund et al., 2020; McEwen, 2000b, 2007; Nelson et al., 2020; Ortiz et al., 2022). 

When a child is in “survival mode”, higher cognitive functions such as planning, focus, or 

top-down impulse control may not develop as robustly over time (Zelazo, 2020). in addition, 

experiencing childhood adversity and traumatic stress have been associated with disruptions 

in higher-level, abstract patterns of thinking such as (a) distorted cognitions (e.g., “I am 

unlovable,” “the world is dangerous,” and “I’ll never fit in,”: Slavich et al., 2023), (b) 

rumination (repetitive thinking or dwelling on negative cognitions) (Peters et al., 2019), and 

(c) alterations in the sense of life-meaning and life-purpose (Hill et al., 2018).

Memory

Stress impairs multiple types of memory, including working memory, declarative memory, 

and fear conditioning, leading to a wide variety of memory-related symptoms from intense, 

intrusive memories to profound amnesia (Kim & Diamond, 2002; Shields et al., 2017). 

Distinct neurobiological processes underlie declarative memory (Kim & Diamond, 2002; 
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Tottenham & Sheridan, 2009), working memory (D’Esposito & Postle, 2015), and fear 

conditioning (Maren, 2001), and the timing and dosing of stress hormones may impact 

memory acquisition and storage (Tottenham & Sheridan, 2009). These effects, in turn, could 

potentially explain how an individual may have difficulty consciously recalling a threatening 

event [that could have happened to themselves or an ancestor (Dias & Ressler, 2014)] but 

could still have an intact, lower-brain-mediated fear response to an unconscious, conditioned 

stimuli.

Dissociation

Dissociation involves alterations in consciousness and occurs along a continuum of 

symptoms ranging from daydreaming and “spacing out” during mundane, routine tasks 

to depersonalization (“feeling outside of or as if you do not belong to your own body”), 

derealization (“feeling as though things around you are strange or unfamiliar”), and identity 

disturbances. Similar to animal models of tonic immobility, dissociation appears to involve 

the amygdala, hypothalamus, and ventrolateral-PAG leading to decreased SNS and increased 

PNS signaling and release of endogenous opioids (lanius et al., 2018). Moreover, emerging 

research is finding that dissociative subtype of PTSD (PSTD-DS) is associated with 

increased connectivity between the vmPFC, the amygdala, and the PAG consistent with 

top-down, overmodulation of fear processing and reduced fight/flight type responses (Lanius 

et al., 2018, 2015).

Assessments

A full cognitive assessment could easily take over an hour and would involve a detailed 

history and physical exam (for a review, see Kipps & Hodges, 2005). Quick, but incomplete, 

cognitive rating scales include the mini mental state examination (MMSE) (Tombaugh & 

Mcintyre, 1992), the mental test score (MTS) (Hodkinson, 1972), and the Addenbrooke’s 

cognitive examination Revised (ACE-R) (Mioshi et al., 2006). A formal neuropsychological 

assessment involves multiple mental tasks to test general ability, memory, language, 

visuospatial, and executive function (Kipps & Hodges, 2005), but may not be sensitive 

enough to detect subtle, impactful decrements in cognitive functioning. CNS vital Signs 

provides comprehensive, computer-based neurocognitive testing and has been used in both 

clinical and research settings (Gualtieri & Johnson, 2006). Moreover, the NIH toolbox 

provides a variety of free, validated neuro-behavioral measurements (NIH Toolbox, 2023).

There are now several consumer-based wearable devices and mobile applications that 

measure eye movement, attention, concentration, memory, response time, and visual 

processing, as well as tracking symptoms (Moore et al., 2017; Peake et al., 2018). Moreover, 

commercial headbands and eyewear (with sensors embedded in the ear bridges) using EEG 

signals and near infrared spectroscopy technology are available to measure brain patterns 

at home; however, further research on their validity is needed (Peake et al., 2018). Finally, 

imaging tools including fMRI, qEEG, and fNIRS can be used to identify connectivity 

patterns and arousal states that contribute to cognitive functioning (Lanius et al., 2015; 

Schaal et al., 2019; Teicher & Samson, 2016).
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Interventions

Evidence-based interventions that use top-down approaches (i.e., involving our “thinking 

brain” and improving cognitive control over our behavioral responses) include trauma-

Focused cognitive Behavioral therapy (TF-CBT) (Kar, 2011; Lorenc et al., 2020; Ramirez 

de Arellano et al., 2014), Dialectical Behavior therapy (DBT) (Bohus et al., 2020), and 

Prolonged exposure therapy (Powers et al., 2010). A systematic review of fMRI findings 

with PTSD therapies including TF-CBT, EMDR (only one combined study with TF-CBT), 

and exposure therapies found a suggestion of increased activation in the medial PFC and 

rostral anterior cingulate cortex after therapy and no convincing evidence of amygdala 

changes (Manthey et al., 2021). Another review found that successful psychotherapy of 

PTSD across various therapy types (e.g., CBT, EDR, exposure therapy, mindfulness) 

was associated with decreased amygdala and insula activity, and increased dACC and 

hippocampal activity suggesting “regained top-down control” (Malejko et al., 2017). 

Another review found that both EMDR and TF-CBT deactivated the amygdala and activated 

the hippocampus, mPFC, and ACC, and, in addition, EMDR showed more deactivation of 

insula and hindbrain regions (Pierce & Black, 2023).

Research suggests that the neurons that process fear acquisition and recovery are different 

than the neurons that are used for fear extinction (Lacagnina et al., 2019). Therefore, 

exposure therapy may create new neuronal pathways that suppress or circumvent the fear 

memory; however, the original fear memory may still be encoded in other parts of the 

hippocampus and may be re-activated at a later time (Lacagnina et al., 2019). This raises 

the question as to whether other therapies, such as the bottom-up approaches described 

earlier, could “rewrite or delete” the original fear encoding and may thus be important 

complimentary interventions.

In addition to psychosocial interventions, lifestyle approaches and brain training programs 

can also improve cognitive function. Physical activity is associated with increased 

hippocampal perfusion, volume, neurogenesis, and synaptic plasticity (Erickson et al., 2011; 

Firth et al., 2018; Kandola et al., 2016; li et al., 2017), and further research could evaluate 

the role of physical activity in reversing hippocampal changes associated with ELA. In 

addition, brain training is an emerging intervention that can help people practice needed or 

lagging skills and strengthen specific brain circuits (Lanius et al., 2015; Nouchi et al., 2013; 

Scionti et al., 2019).

Attachment and relational health

On a societal level, supportive social networks are critical to our survival, especially during 

times of threat (Slavich et al., 2022). Social threats such as social evaluation, rejection, 

devaluation, and exclusion have been shown to strongly induce the stress response (Slavich, 

2020, 2022; Slavich et al., 2023). Studies in children and adults have found that supportive 

relationships and interpersonal touch can boost oxytocin production, reduce cortisol levels 

and sympathetic arousal, improve immune function, and decrease the risk for heart disease 

(Afifi et al., 2011; Grewen et al., 2005; Holt-Lunstad et al., 2010; Slopen et al., 2014; 

Uchino et al., 2012).
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On an individual level, however, the impact of social relationships can be more complex. 

Attachment describes the early emotional bond between an infant and their caregiver 

that establishes foundational safety and trust within relationship. A secure attachment 

pattern is established when an infant’s arousal elicits a reliable, attuned response from 

their caregiver. As the infant experiences trust that their needs will be met, their level 

of arousal diminishes, and they begin to develop the biological patterning of stress 

tolerance through emotional and physiological regulation. In the absence of caregiver 

nurturing, however, physiological arousal persists and the capacity for self-regulation fails 

to develop. This insecure attachment pattern can amount to emotional and behavioral 

problems, a fundamental distrust in others, and a pathway to psychopathology (Cooke et 

al., 2019). Emerging research suggests that attachment style also moderates an individual’s 

vulnerability for developing stress-related conditions. Whereas secure attachment exerts a 

protective effect (Turunen et al., 2014), insecure or disorganized attachment increases the 

risk of developing traumatic stress conditions following a life-threatening event (Besser & 

Neria, 2012).

The neural underpinnings of these behavioral attachment styles are complex and involve 

many of the systems described above. The amygdala, ANS, and reward system allow for 

protective hypervigilance as well as motivation and reward from relational attachment 

(Feldman, 2015). Oxytocin, produced in the hypothalamus, supports empathy, social 

connectedness and neuroplasticity for parental learning and bonding (Heinrichs et al., 2009). 

Cortical networks further contribute to mentalization, empathy, and emotion regulation 

(Feldman, 2015). Therefore, our hypothesis is that attachment issues could arise from 

different patterns of system dysregulation. For example, one person may struggle in 

relationships due to ANS dysregulation and a corresponding sense of fear and felt sense 

of lack of safety in relationships, whereas another person may have hypothalamic oxytocin 

dysregulation. Yet, a third person may have dysregulation in both systems as well as 

a disorganized cognitive system leading to struggles with top-down cortical emotion 

regulation. These different possibilities highlight the importance of considering attachment 

patterns as well as stress-related systems in the assessment and treatment of stress and 

trauma-related conditions.

Assessments

Although many clinicians may inquire about relational health, the assessment of social 

connection or attachment is not routinely performed outside research settings. The formal 

assessment of attachment style in children is intensive (Health UK, 2015). However, Hazan 

& Shaver (1987) developed a simple tool for measuring attachment in adults called the 

Relationships Questionnaire (Bartholomew & Horowitz, 1991; Hazan & Shaver, 1987). 

Other tools that assess for relational health are available and may be used in clinical 

or research settings. These include the Berkman-Syme Social Network index (Berkman 

& Syme, 1979), loneliness Questionnaire (Ebesutani et al., 2012), Toronto empathy 

Questionnaire (Spreng, 2009), Revised Dyadic Adjustment Scale (Busby et al., 1995), 

Medical Outcomes Study (MOS) Social Support Survey (Sherbourne & Stewart, 1991), 

and convoy circles of Support (Antonucci et al., 2014; Fuller et al., 2020).
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In addition, the National institutes of Health has developed a toolset that assesses emotional 

support, which can help identify people who may benefit from stronger social supports 

(NIH, 2022). The Neurosequential Model of therapeutics provides a computer-based 

platform to assess relational health and adversity throughout the client/patient’s life as well 

as current neurologic and physiologic function (Perry, 2001, 2013, 2020; Perry & Dobson, 

2013). Finally, potential biomarkers of attachment and relational health include oxytocin 

and vasopressin (Baracz et al., 2020; Heinrichs et al., 2009; Meyer-Lindenberg et al., 2011; 

Toepfer et al., 2017).

Interventions

Safe, supportive, nurturing relationships are foundational for healthy brain development 

and an essential part of healing after a stressful or traumatic experience (Center on the 

Developing child at Harvard University, 2016; Garner & Yogman, 2021). Prevention of 

ELA by promoting safe stable nurturing relationships and environments is also critical 

for reducing risk for lifelong mental and physical health problems (Shonkoff et al., 2021; 

Shonkoff et al., 2012; Watson et al., 2023). When working with children with trauma or 

attachment wounding, it is essential to also work with caregivers. Supporting parents and 

caregivers with tools for self-regulation, parent education, and strengths-based approaches 

have been associated with increased parental warmth and attunement, decreased harsh 

or physical parenting practices, and the prevention of intergenerational transmission of 

adversity (Bellis et al., 2017; Bhushan et al., 2020; Jaffee et al., 2013; Marie-Mitchell & 

Kostolansky, 2019; Schofield et al., 2013).

Attachment patterns can heal, healthy relationship skills can be learned, and opportunities 

to develop trusting and safe relationships can be built over time (Bellis et al., 2017, 2018; 

Chiang et al., 2018). Individual therapy can help people build relational skills and be a 

model for a safe and trusting relationship. Moreover, psychoanalytic approaches including 

Attachment-based therapy, transference-focused therapy, interpersonal Psychotherapy, 

internal Family Systems therapy, and mentalization-based treatments can provide a secure 

base, support the processing of past relational experiences, can be tailored to client 

attachment style and increase attachment security if properly used (Berry & Danquah, 2016; 

Lucero et al., 2018; Slade & Holmes, 2019). There are also many dyadic therapies that 

help to heal child-caregiver relationships, including Parent child interaction therapy (Luby 

et al., 2020), child Parent Psychotherapy (Lieberman et al., 2006; Lieberman et al., 2005), 

and collaborative & Proactive Solutions (Greene & Winkler, 2019; Mulraney et al., 2022). 

For couples, emotionally Focused therapy & integrative Behavioral couples therapy have 

been shown to reduce distress between couples (Doss et al., 2022). Recent research has also 

evaluated the use of oxytocin as a therapeutic intervention (Baldi et al., 2021). In addition, 

MDMA is known to increase oxytocin levels, interpersonal trust, and compassion for self 

and others and has been successfully used in MDMA-assisted psychotherapy to treat PTSD 

(Reiff et al., 2020).
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Considerations for clinical practice and further research

Considered together, the literatures synthesized above provide the empirical basis for our 

Stress Phenotyping Framework, which we hope will enable researchers and clinician to 

better study, and intervene on, biological stress dynamics that harm health. In the clinical 

context, for example, if a patient with a history of ELA presenting with headaches and 

depression were to go to a traditional primary care clinician, the headaches would be treated 

with ibuprofen or a triptan, and the depression would be treated with an anti-depressant and 

referral to a mental health specialist. If this patient were to connect with a mental health 

therapist, the therapist would perform a symptoms-based, self-report assessment, diagnose 

using the DSM-V (a symptoms-based diagnosis model), and provide one or more of the 

treatment modalities for which they have received certification training. In contrast, use of 

our Stress Phenotyping Framework would encourage medical and mental health providers 

to assess across stress-related systems using self-report as well as health technology and 

biomarkers. continuing the example introduced above, a provider may then learn that the 

patient has dysregulation in the following stress-related systems: (a) sensorimotor associated 

with hyper-sensitivity to pain and increased muscle tension, (b) ANS with reduced HRV, 

(c) HPA axis with a blunted diurnal cortisol curve, (d) immune system with elevated CRP 

levels, and (e) relational with an avoidant attachment style. Interventions that target specific 

biopsychosocial mechanisms could then be combined and layered in a modular fashion to 

target stress-related dysfunction in a multilevel and efficient manner.

The Stress Phenotyping Framework integrates and expands upon several approaches 

that have been put forth by clinical psychologists, psychiatrists, and neuroscientists 

including processed-based therapy (Hofmann & Hayes, 2019), the Neurosequential Model 

of therapeutics (NMT) (Perry, 2006, 2009, 2020), brain plasticity-based therapeutics 

(Merzenich et al., 2014), and precision psychiatry (Mengelkoch et al., 2023; Williams, 

2016). Process-based approaches aim to deconstruct manualized evidence-based cognitive 

behavioral therapies into their active ingredients to formularize personalized treatment 

plans for a given patient. Similarly, NMT, brain plasticity-based therapeutics, and Precision 

Psychiatry aim to provide personalized treatment plans by specifically targeting the 

underlying neurobiological disruption.

The Stress Phenotyping Framework builds on these concepts offering a highly integrative 

biopsychosocial approach that brings together the fields of medicine, mental health, 

neuroscience, and behavioral health to provide a shared, integrated, precision medicine 

approach to assessment, Treatment, and research for stress-related conditions. Further, the 

Stress Phenotyping Framework provides a neurobiological and physiologic approach to 

improve mental and physical health care for conditions impacted by stress physiology such 

as anxiety, depression, suicidality, bipolar disorder, asthma, diabetes, obesity, chronic pain 

syndromes, substance misuse, and heart disease. For example, for the patient described 

above, a clinician could teach breathing and grounding techniques to regulate the ANS 

and discuss the possibility of adopting anti-inflammatory diets and taking supplements 

such as omega-3 fatty acids and curcumin to help normalize their stress biology. Using 

motivational interviewing and patient-centered care, the clinician could discuss additional 

evidence-based stress-mitigation strategies including ways to engage their natural support 
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system, become more physically active, practice mindfulness and progressive muscle 

relaxation, and experience nature (Bhushan et al., 2020; Gilgoff et al., 2020, 2022).

Further discussions with the patient could address the sequencing of different psychosocial 

therapies or identifying a single therapy that addresses multiple dimensions. For example, 

deep brain reorienting may help resolve the muscle tension associated with ELA, although 

additional research is needed to evaluate whether it can regulate other stress-related systems. 

Additional, bottom-up approaches to consider include Somatic experiencing, and Sensory 

Motor Arousal Regulation therapy, EMDR, or HRV-based biofeedback. Finally, first-line 

psychotherapies such as CBT, interpersonal Psychotherapy (IPT), or Psychodynamic 

psychotherapy may address some but not all of the stress-related systems. Therefore, we 

view the Stress Phenotyping Framework as critical for the integration of these additional 

treatment modalities into stress research, but also patient case conceptualizations and 

treatment plans.

A few key advancements must occur to move toward an effective process to diagnose and 

treat toxic stress. First, clinicians and researchers across disciplines must recognize the 

impact that stress, trauma, and adversity have on both mental and physical health. We need 

to move beyond a symptom-based approach and toward a multidisciplinary, stress-biology 

approach that identifies and treats underlying physiologic dysregulation in sensorimotor, 

arousal and energy, reward processing, ANS, HPA axis, endocrine, metabolic, immune, 

cognitive, and relational function. Each of these systems is a potential area for dysregulation, 

sensitization or tolerance, and an opportunity for targeted intervention (see Figures 1 and 2).

Second, as stress biology awareness builds, we must advance our diagnostic tools. 

In addition to improving the reliability and validity of individual tools, much more 

research and clinical validation work needs to be done to streamline and simplify an 

assessment strategy that can assess all the key biopsychosocial systems involved while not 

overwhelming the patient or provider. Although we described many assessment tools and 

biomarkers here, we strongly recommend a shift toward challenge-based assessments of 

stress-related dysregulation to investigate their functional dynamics, as opposed to their 

basal, unchallenged state. Such assessments would be similar to a stress-exercise test 

performed by a cardiologist.

Third, although we mainly focused our intervention recommendations on those with a 

growing or solid evidence base, we also need to test additional innovative and scalable 

interventions that can improve stress-related dysregulation across systems. Finally, although 

those with access to health-care and resources are already reaping the benefit of these 

innovative new treatment options, we must ensure that treatments are designed for, and made 

accessible to, those who have limited resources and healthcare access, but who would stand 

to benefit the most from these treatments. Moreover, policymakers must ensure that such 

assessments and interventions are covered benefits either through traditional fee-for-service 

health insurance policies or through value based care.
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Conclusion

In conclusion, with increases in life expectancy over the past century, people today are much 

more likely to die from preventable, stress-related conditions such as suicide and depression, 

heart disease, and cancer than their counterparts were a hundred years ago. Indeed, nine out 

of ten deaths in the United States today are caused in part by stressors that disrupt social and 

biological functioning and lead to striking health disparities (Bhushan et al., 2020). Despite 

this fact, we presently do not have intervention solutions that are affordable, scalable, or 

effective enough to address this critical societal health problem.

Moreover, although there is a large literature demonstrating links between ELA, toxic 

stress, and poor health outcomes, there are no agreed-upon guidelines for diagnosing toxic 

stress, deploying therapeutic interventions, or evaluating treatment efficacy. in addition, 

current assessment tools and interventions are largely siloed without integration between 

mental health, physical health, and neuroscience. In mental health, diagnoses are based on 

symptoms rather than underlying neurobiology, and in clinical medicine, stress physiology 

is largely ignored. Each of the systems described herein provides an opportunity for further 

research on potential therapeutic targets and measures of intervention efficacy to profoundly 

improve health outcomes. A stress biology approach can inform both “bottom up” and 

“top down” intervention approaches to get to the core: what works for whom and in what 

order (Perry, 2020; Perry & Dobson, 2013). It also explicitly calls out relational health and 

attachment as key elements of a comprehensive assessment and intervention approach to 

toxic stress. With the help of big data techniques such as artificial intelligence and machine 

learning, a stress biology approach provides a multidisciplinary path toward developing 

novel biomarkers for detecting toxic stress and identifying toxic stress phenotypes to 

improve predictive models of future disease risk (see Figure 2). This framework can also 

expand the therapeutic targets considered, and lead to prevention and intervention strategies 

that improve overall precision and efficacy in clinical care.
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Box 1

Although stress behavior is often described as fight, flight, freeze, or affiliate, there 

is a broad heterogeneity in cellular-level responses and associated health outcomes. 

Below are additional multidisciplinary considerations and areas for further research 

that are beyond the scope of this review. The Stress Phenotyping Framework provides 

a comprehensive approach to evaluating how each of the factors below impact stress-

related systems on a mechanistic level as well as providing clear next steps for prevention 

and treatment.

1. Developmental timing of stressor exposure matters. Adversity experienced 

at different stages of brain development will have different long-term impacts 

on later neurologic function (Agorastos et al., 2019; Perry, 2001, 2009; Perry 

& Hambrick, 2008; Teicher et al., 2022). (For an overview, see Nelson & 

Gabard-Durnam, 2020.)

2. Further exploring predictability, tolerance, and sensitization may help 

explain some of the discrepancies in stress research. Although predictable 

and controllable adverse events have been shown to have less severe impacts 

and are more likely to induce tolerance (i.e., higher “doses” of stress 

would be needed to activate the system), uncontrollable or unpredictable 

adversity may be more likely to lead to sensitization over time (i.e., lower 

“doses” of adversity can “trigger” the stress system) (Herman, 2013; Perry & 

Pollard, 1998; Radley & Herman, 2022). Indeed, whereas some studies have 

found that child maltreatment is associated with augmented HPA axis and 

autonomic responses, other studies have found blunted responses (Teicher et 

al., 2022).

3. The principles of neuroplasticity explain how chronic stressors and repetition 

of the stress response can further strengthen survival neural circuitry at the 

expense of other critical processes, such as executive functioning skills. (For a 

comprehensive review, see Merzenich et al., 2014.)

4. The type, duration, severity, and perception of stressors can influence 

which system is activated and how quickly the systems subsequently 

normalize. Although we all share the same basic components of the stress 

response, research suggests that different stress-related systems may get 

preferentially activated or deactivated based on aspects of the stressor itself, 

as well as how it is appraised (e.g., as a challenge vs. threat) (Kemeny, 2003).

5. It may be more helpful to frame the biological consequences of early life 

stress as adaptations rather than “damage” (Radley & Herman, 2022; 

Teicher et al., 2022). Chronic stress and ELA have been shown to confer 

long-term neurobiological adaptations with or without associated overt 
psychopathology, and that “resilient” asymptomatic individuals may be 

compensating through other neurobiological mechanisms (Ohashi et al., 2019; 

Teicher et al., 2022). The concepts of allostatic load and weathering have 

been used to describe this long-term wear and tear from chronic stress (Chae 
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et al., 2020; Danese & McEwen, 2012; Shields & Slavich, 2017). (for an 

overview, see Radley & Herman, 2022.)

6. Research suggests that there are important sex differences in stress biology 

(Slavich & Sacher, 2019). For example, studies have found greater differences 

in corpus clausum and hippocampus in maltreated males vs. females (Teicher 

et al., 2022). (For a comprehensive review, see Bath, 2020.)

7. Studies find that connectivity patterns, biomarkers, and behaviors are 

dependent on the state of arousal a person is currently in when tested or 

tasked (Lanius et al., 2018; Perry et al., 1995; Young et al., 2018). These 

state-dependent patterns can become traits over time as they are practiced 

and neuroplastically embedded in neural connectivity patterns. (For a clinical 

review, see Perry et al., 1995.)

8. In addition to the above considerations, environmental and biological 
protective factors and predisposing vulnerabilities can contribute to the 

long-term impacts of ELA and chronic stress (Boyce, 2016; Epel et al., 

2018; Garner & Yogman, 2021). (For a review of differential susceptibilities, 

see Boyce, 2016, and for a review of risk and protective factors for child 

maltreatment, see Austin et al., 2020.)
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Box 2

Research on PTSD (vs. psychiatric control participants) is finding altered activity and 

connectivity within the Salience Network (SN) Default Mode Network (DMN), and 
Central Executive Network (CEN), demonstrating the interconnectedness across neural 

systems (Kearney & Lanius, 2022; Lanius et al., 2015). The SN detects salient stimuli 

including threats, facilitates switching between the DMN and CEN, and includes the 

amygdala, insula, dorsal anterior cingulate cortex. The DMN is active at rest, supports 

self-referential thinking, and includes the posterior cingulate cortex, ventromedial 

prefrontal cortex, and the medial temporal lobe (including hippocampus). The Central 

Executive Network is active during a task, supports cognitive control of emotions, 

and includes the dorsolateral prefrontal cortex (Akiki et al., 2017; Lanius et al., 2015; 

Menon, 2011; Zhang et al., 2022). PTSD is generally associated with increased activity 

and intrinsic connectivity within the SN associated with a low threshold for perceived 

saliency and difficulty modulating DMN and CEN activity. However, emerging research 

is finding that the dissociative subtype of PTSD is associated with decreased insula 

activation and SN activity along with impaired DMN activity associated with numbing, 

emotional detachment, depersonalization, and derealization (Lanius, 2018). This research 

further highlights the need to elucidate how the brain decides which system to activate in 

response to stimuli and the mechanisms by which it does so.

Gilgoff et al. Page 50

Stress. Author manuscript; available in PMC 2024 July 03.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Figure 1. 
The Stress Phenotyping Framework.

Ax, example assessments; Tx, example treatments; GI, gastrointestinal; Ot, occupational 

therapy; EMDR, eye Movement Desensitization reprocessing; LDN, low dose naltrexone; 

qEEG, quantitative electroencephalogram; CBT-I, Cognitive Behavioral therapy for 

Insomnia; TMS, transcranial Magnetic Stimulation; HR, heart rate; RR, respiratory rate; 

BP, blood pressure; HRV, heart rate variability; DHEA, dehydroepiandrosterone: HgbA1c, 

hemoglobin A1c; CBC with diff, complete blood count with differential; hsCRP, high-

sensitivity c-reactive protein; EF, executive function; TF-CBT, trauma-Focused Cognitive 

Behavioral therapy; DBT, Dialectical Behavior therapy
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Figure 2. 
The Stress Phenotyping Framework and the potential for identifying stress phenotypes. 

(A) Commonly used stress response cluster model. Stress reactivity clusters are often 

simplified to reactive or blunted and focus on ANS and HPA axis reactivity. This model 

can be very helpful in the clinical encounter to quickly describe complex processes to 

clients and patients. However, people likely differ in their stress reactivity across systems 

and may need a broader assessment and treatment strategy. (B) The Stress Phenotyping 

Framework. Within each of the stress-related systems described in this narrative review, 

an individual could have a reactive (↑), blunted (↓), disorganized (bi-directional arrow), or 

well-regulated (~) stress response. We suggest that clinicians can provide more targeted 

interventions by identifying individual differences across different stress-related systems. In 

addition, we hypothesize that future research can identify clinically distinct stress-response 

clusters or “stress phenotypes” that could further predict health behaviors and disease risks 
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and provide an opportunity to advance therapeutic interventions. (C) Potential patterns of 

cortisol reactivity to acute stress (adapted from McEwen, 2000a, 2000b, 2006). This graph 

depicts an example of differential regulation of HPA-axis reactivity. Mapping the patterns 

of dysregulation for all stress-related systems following ELA and chronic stress may better 

inform classification of common stress phenotypes and targeted therapeutic interventions.
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