Based Health Studies

m - Elissa Epel, PhD & Wendy Berry Mendes, PhD
17 \'\ ~ Department of Psychiatry, UCSF



Outline

1) “Stress” — acute, chronic, toxic: relationship to aging
Multilevel (including exposome)
Lifespan mechanisms (Epel, Mendes, SMN)
Sensitive periods, timing (ELA, daily, chronic)
2) Measurement of stress
Network Toolbox
Examplar: Daily stress appraisal & blood pressure

3) How does stress increase vulnerability to exposures?
When should you measure stress? and How?



Factors explaining susceptibility to
chemical exposure related disease

Intrinsic and Extrinsic Risk Factors for Disease

INTRINSIC

EXTRINSIC

&

housing

O
fast food

(= |

|'n
an i) poverty
air pollution

stress

pre-existing conditions

Default dose-response methods assume a 10-fold difference in response

to chemical exposures between average (healthy) and susceptible humans”.
Varshavsky...Woodruff, 2023, Environmental Health



Triple Jeopardy of Social Inequality
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Morello-Frosch et al., 2011
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Lead Exposure amplifies Stress Reactivity
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Stress as a Potential Modifier of the Impact of Lead Levels on Blood Pressure:
The Normative Aging Study

Junenette L. Peters,” Laura Kubzansky,? Eileen McNeely,” Joel Schwartz,’ Avron Spiro lll,? David Sparrow,?
Robert O. Wright,"* Huiling Nie,"* and Howard Hu4>

140
e
135- o
- 3 ’;’Q@
130 v

SBP (mmHg)

High perceived stress
@® Low perceived stress
- = = Trend (high stress)

— Trend (low stress)

Tibia lead (ug/g)

Figure 1. The relationship between tibia lead and
estimated SBP for those with high self-reported

stress versus those with low self-reported stress. peters et al, 2007



Stress resilience is core to
understanding biological aging

Cellular 42
Resistance
to Stress

. ~ pel & Lithgow, 2014;

Epel, 2020, Aging Research Reviews



The Social Hallmarks of Aging

Low SES

Adverse Life o & o Minority
Events f ﬁ ﬁ Status
Adverse Anveres
Psychological Rahaviors

States

Crimmins, 2020 ARR



The Stress Exposome (partial)

Many biomarkers are associated with these exposures (causal or not)



Multi-level Measurement of “stress”

!

Tier 2: Perceived stress/distress (Self report)

Response to stressors, impact and chronicity
Must be tied closely to the event

Tier 3: Biological Regulatory systems

Steady state set points (allostatic states)
Reactivity (homeostatic capacity)




Lifespan model of stress & aging

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 P logical Responses
Cognitive: Appraisals, UnCoNSCioUs processes
Perseverative cognitions
' Affective: Emotion, motivation, .
Habitual Processes Coping/regulation Allnﬁtatn: Load
Mental filters / o - - Systemic & Cellular
Alostatic States . Anticipation, reactivity, recovery, habituation Brain Architecture

v

Cumulative Stress
Historical and current
stressors

BIOLOGICAL AGING
EARLY DISEASE

Protective Factors
Social, psychological,
behavioral

' Path B: Neural & peripheral effects on stress responses

Health Behaviors

Toxins: Cumulative (lifespan), acute (daily), and persistent risk mechanisms (allostatic load)



Social stress impacts aging biology

(“Hidden Wounds” “Biological Embedding”:
Telomeres, inflammation, epigenetic clock)

Birth

Meta-analyses on telomeres: Hanssen et al, 2017, Lie et al, 2017
Reviews on inflam: Danese et al, 2014; Coelho et al, 2014
Meta-analysis on clock on adult trauma not childhood: Wolf et al, 2018



Impact of stress exposures at life stages:

Disease processes

IN UTERO
CHILDHOOD
ADULTHOOD

OLDER ADULTHOOD

Cumulative but not equal or linear effects!
“Accumulation of risk” and critical periods.
We need to test Interactive effects!



Challenges in stress research
(similar to environmental epidemiology)

 Small relative risks

* Low ‘penetrance’ bt exposure & phenotype
(small effects, and not linear)

* Individual variation in responses (‘resilience’)

* Multi-exposures / multipathway
* Interactions (within exposures, and G X E)
* Lack of specificity of measures of stress, biomarkers

* EXposures vary over time
* Need to measure sensitive periods (latent effects)
* Need indices of cumulative risk (wear/tear)




“Telomeres as sentinels of
exposures”

* NIEH & NIA Telomere Research Network

* In vivo studies: Exposure to polycyclic aromatic
hydrocarbons (PAH), polychlorinated biphenyls
(PCB), pesticides and metallic elements (ME) with
telomere attrition (Houzon et al, 2019)

* Some chemicals (POPS, PFAS) linked to longer TL



Lifespan model of stress, telomere maintenance, and
transmission:

Are there different mechanisms over lifespan?

INTERGENERATIONAL TRANSMISSION OF SHORT TELOMERES

Adult

Recurrent Psychopathology

Interactive triad (stress, telomeres, PD)
Less neurogenesis in hippocampus

Adolescence:
Common onset of
stress-related

Psychopathology. Multiple tissue telomere shortness
Early Childhood: Short telomeres in blood
Early life adversity Low telomerase in hippocampus

4

Long term effects
(impact stem cell reserves?)

« k.

Initial setting of TL in HSC,
influenced by parent’s genes,
parental TL on gametes

and maternal prenatal stress

b

Epel & Prather, Annual Review of Clinical Psychology, 2018



TELOMERE RESEARCH NETWORK

Home > Resources

TRN Resources

Lab Protocols Reviews & Meta-Analyses

Study Design & Analysis Reporting Guidelines




Considerations for measuring stress:

e “Stress” —can be better operationalized, and well
measured prospectively:

* Exposures & responses (psychological & physiological)

* Multilevel —social environment, behavioral, subjective (daily and
event based)

* Some stressors can be measured retrospectively (Admin data)
* Requires lifecourse model:

* Which types/timing of exposures influence aging trajectories?
Sensitive periods (birth, early, adolescence, pregnancy)
Pregnancy/birth: stressors during pregnancy

ELA must be measured: most consistent effects, may be
“reversed”

Can measure cumulative exposures retrospectively (e.g., STRAIN)
* Biomarkers of aging:

* Transgenerational, recursive contributions to disparities

* Markers vs mechanisms? “etiologic pre-disease mechanisms”
algorithms vs. single measures




Stress Measures User Guide:
Many also have chemical exposures

Stress Domains HRS ELSA SHARE TILDA JSTAR KLoSA CHARLS MHAS CRELES
Stressful life events & traumas X* X* X* X* X X X* X*
Chronic strains X X X X
Job strain/stress X* X* X* X* X*
Discrimination X* X* X*

Social strain and unspportive

. . X* X* X X* X* X* X
relationships
Loneliness X* X* X* xX* X X X X X
Environmental/neighborhood X+ x* X ¥+

disorder and lack of cohesion
*harmonized variable is available (at least one item is comparable across studies)

* A dataset with harmonized stress variables isfreely available with data codebook.
Introductory and advanced webinars are also freely available
e 2024 Summer Institute USC/Stress Network



UCSF University of California, San Francisco National Institute on Aging

STRESS

MEASUREMENT Home About Resources Toolbox Contact Us
NETWORK

Purpose of the Stress Measurement Toolbox

The Stress Measurement Toolbox provides a resource of recommendations of stress measures that researchers can
use as an information source when deciding which stress measures to include in their studies.

We selected experts to write and review papers that describe what aspects of the construct each measure
captures, and highlight unique or important features of each measure. Each entry has been peer-reviewed to
create a balanced review of the literature.

Our Toolbox currently includes a range of psychological measures, physiological measures, and measures under
development, which can be accessed using the buttons below or by downloading_the full PDF here. It should be
noted that stress is often associated with levels of or changes in these physiological measures; however, the
physiological measures should not themselves be taken to indicate the presence or absence of stress.

Psychological Measures Physiological Measures




University of California, San Francisco National Institute on Aging

STRESS

MEASUREMENT Home About Resources Contact Us
NETWORK

Psychological Measures

Financial Strain Relationship Conflict

Appraisals of Acute Stress Cumulative Life Stress Threat Sensitivity

Burnout Daily Stressors Major Life Events Social Isolation Trait Resilience

Disasters and Mental Health Traumatic Life Events

Neighborhood Safety

Beliefs about Stress Stigma, Discrimination

Caregiver Stress Political Stress Subjective Stress Unconcious Stress

Early Life Stress (events)

Climate Stress Early Life Stress (dimensional) Pregnancy Stress Systemic Racism Work Stress




l.@: University Of California, San Francisco About UCSF Search UCSF UCSF Medical Center

Measurement of historical stressors is often possible!
PAST STRESSORS:

Pregnancy stressors

Childhood SES

Early life adversity (ELA)
Traumatic life experiences

Major Life Events (current as well)

CURRENT STRESSORS and RESPONSES:

Neighborhood (deprivation, safety & cohesion)
Perceived stress

Financial strain

Social stress (isolation, loneliness, conflict)
Discrimination

Work stress and burnout




SMN Toolbox Update

® https://www.stressmeasurement.org/measureme
nt-toolbox

® 7 new measures:
®Caregiver stress
®Systemic racism
®Disaster mental health
®ELA dimensions
®Political stress
®*Beliefs about stress
®Climate stress



https://www.stressmeasurement.org/measurement-toolbox

Scaling: MyBPLab app

Capturing

Overview

~2016 started working on an aigorthm to

translate information from an infrared

Bght source into blocd pressure estimates

—Launched MyBPLab app March 2018
embedded oplic sensors on Samsung
phones and watches that utdzed
photoplethysmograph to estimate HR,
HRYV, and blood pressure

—3-week long EMA study

~Participants recelve 3 notices a day

—-Valdated the BP algorithm
(Gordon & Mendes, 2021, PNAS)

- > 233,000 participants enrcled across
two versions of the app (MyBPLab 1.0/2.0)
— > 5 million check-ins

— Participants from more > 100 countnes
- Cognitive tasks

- Siress reduction/sieep extension
expenments



Stress, Emotions, and Physio in Daily Life

N = 332,716 daily reports from 22,015 participants
Examined in the moment BP and stress and emotion reports

Stress and Blood Pressure Emotions and Blood Pressure
How do daily experiences of How do daily emotional
demands and resources affect experiences affect
BP and HR reactivity? BP and HR reactivity?
Larmands: How avervhelming? Haw much effor s reguered ¥ Uinprediciabddy L-aptured valence and arcwsal In a 2 ¥ 2 grd;, Specific
Resowrces: Do you hawve controd over your day? Do you have the abilities! emotion labeling followsed valence and arousal ratings

resourceshaln?




s stress related to daily blood pressure? It is, but not the best predictor

A better predictor of blood pressure in daily life is the
combination of stress (how demanding/stressful is your life)
relative to your resources (do you have resources to cope)

Gordon & Mendes, PNAS, 2021




Can we create a model of risk (and
preventlon) that incorporates
Ilfespan stress?



	Slide 1:        Why Should I Measure Stress?  Stress Measurement in Population-Based Health Studies  
	Slide 2: Outline 
	Slide 3: Factors explaining susceptibility to chemical exposure related disease
	Slide 4
	Slide 5:  Lead Exposure amplifies Stress Reactivity
	Slide 6
	Slide 7: Stress resilience is core to understanding biological aging
	Slide 8: The Social Hallmarks of Aging
	Slide 9: The Stress Exposome (partial)
	Slide 10: Multi-level Measurement of “stress”
	Slide 11: Lifespan model of stress & aging
	Slide 12: Social stress impacts aging biology  (“Hidden Wounds” “Biological Embedding”: Telomeres, inflammation, epigenetic clock)
	Slide 13: Impact of stress exposures at life stages:
	Slide 14: Challenges in stress research  (similar to environmental epidemiology)
	Slide 15: “Telomeres as sentinels of exposures”
	Slide 18: Lifespan model of stress, telomere maintenance, and transmission:  Are there different mechanisms over lifespan? 
	Slide 19
	Slide 21: Considerations for measuring stress:
	Slide 22
	Slide 23: NIA Networks on Stress & EWB
	Slide 24
	Slide 25
	Slide 26
	Slide 27
	Slide 28
	Slide 29
	Slide 30:        Should I measure Stress ?     What type of stress is most relevant to my outcome?  Can we create a model of risk (and prevention) that incorporates lifespan stress? 




Accessibility Report





		Filename: 

		NIEH Stress & Exposures Webinar_Mendes_Epel.pdf









		Report created by: 

		



		Organization: 

		







[Enter personal and organization information through the Preferences > Identity dialog.]



Summary



The checker found no problems in this document.





		Needs manual check: 2



		Passed manually: 0



		Failed manually: 0



		Skipped: 0



		Passed: 30



		Failed: 0







Detailed Report





		Document





		Rule Name		Status		Description



		Accessibility permission flag		Passed		Accessibility permission flag must be set



		Image-only PDF		Passed		Document is not image-only PDF



		Tagged PDF		Passed		Document is tagged PDF



		Logical Reading Order		Needs manual check		Document structure provides a logical reading order



		Primary language		Passed		Text language is specified



		Title		Passed		Document title is showing in title bar



		Bookmarks		Passed		Bookmarks are present in large documents



		Color contrast		Needs manual check		Document has appropriate color contrast



		Page Content





		Rule Name		Status		Description



		Tagged content		Passed		All page content is tagged



		Tagged annotations		Passed		All annotations are tagged



		Tab order		Passed		Tab order is consistent with structure order



		Character encoding		Passed		Reliable character encoding is provided



		Tagged multimedia		Passed		All multimedia objects are tagged



		Screen flicker		Passed		Page will not cause screen flicker



		Scripts		Passed		No inaccessible scripts



		Timed responses		Passed		Page does not require timed responses



		Navigation links		Passed		Navigation links are not repetitive



		Forms





		Rule Name		Status		Description



		Tagged form fields		Passed		All form fields are tagged



		Field descriptions		Passed		All form fields have description



		Alternate Text





		Rule Name		Status		Description



		Figures alternate text		Passed		Figures require alternate text



		Nested alternate text		Passed		Alternate text that will never be read



		Associated with content		Passed		Alternate text must be associated with some content



		Hides annotation		Passed		Alternate text should not hide annotation



		Other elements alternate text		Passed		Other elements that require alternate text



		Tables





		Rule Name		Status		Description



		Rows		Passed		TR must be a child of Table, THead, TBody, or TFoot



		TH and TD		Passed		TH and TD must be children of TR



		Headers		Passed		Tables should have headers



		Regularity		Passed		Tables must contain the same number of columns in each row and rows in each column



		Summary		Passed		Tables must have a summary



		Lists





		Rule Name		Status		Description



		List items		Passed		LI must be a child of L



		Lbl and LBody		Passed		Lbl and LBody must be children of LI



		Headings





		Rule Name		Status		Description



		Appropriate nesting		Passed		Appropriate nesting










Back to Top

