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The challenge 

Typical approaches seek to develop and/or 
utilize stress measures (assays) that reliably 
index a person’s stress levels 

These are tremendously useful; e.g., for risk-
stratification  
i.e., they tell you *WHO* is at risk 

 
We are not doing this… 
 
We are primarily interested in *WHEN* a person 
is at risk 

So, a within-person question 
Using repeated measures from daily life 
Ecological momentary assessment and daily diary 
Risk-stratifying moments and days within an individual 



Why stress 
and health 
behaviors? 

Within-person stress response dynamics in 
everyday life shape the naturalistic enactment of 
health behaviors 

Health behaviors don’t ‘just happen’; many micro-
decisions within and across days in everyday life – 
stress may impair those decisions 

 
By understanding and influencing these stress 
response targets, tailored to moments of 
individual risk, we can enhance – at a 
momentary and/or daily level – the probability of 
engaging in positive/desired health behaviors 

Cumulatively, over time, this ‘bends the curve’ and 
leads to better health and well-being 



A Common 
Method 

Identify Mechanism 

Measure Mechanism 

Influence Mechanism 

Mechanism Change Behavior Change 



Identifying Stress Response Targets 

Stress response indicator 
(negative mood, rumination, 

reported stress) 

Reactivity: (initial) response to stressor 

Recovery magnitude: post-stressor elevation 

Recovery duration: time to return to baseline 

Baseline: Some average of NON Event measurements 

Pile-up: repetitions of stress response  
              (Reactivity+Recovery) 

See Smyth et al., 2017, BRAT, in SOBC special issue 

Time   
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Approach to 
Measuring 
Stress 
Response 
Targets 

Overall Goal 
Evaluate the within-person relationship among stress 
response targets and health behaviors:  
 Physical activity  
 Sleep 
 
Approach 
Convergent analysis of five independent data sets from 
diverse samples 
• 3 Ecological Momentary Assessment (EMA) and 2 Daily Diary (DD) 

studies  
• >5000 participants (N range across studies: 117-2022, range of mean 

age: 41-56, range of % female: 51-74)  
• Participants completed momentary surveys 5-14/day for 2-14 days in 

EMA, or an evening survey in DD for 7-14 days 
• Stressors, stress, and indicators of stress response (negative affect, 

perseverative cognition [e.g., rumination, worry]) 
• Device-assessed physical activity data was collected in 2 EMA studies 
• Subsets of sleep variables (reported sleep quality, difficulty falling asleep, 

sleep duration) were collected daily across the 5 studies 
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 EMA & Daily Diary 
 EMA only (Smyth et al., in preparation) 

Note. NA = Negative Affect, PC = Perseverative Cognition. 

Measurement 



Naturally occurring variation in mechanism (stress 
response components) Influencing[a] behaviors 



Everyday stress responses (RRP)  Health Behaviors 
• Everyday stress response components predicted health behavior enactment 

in daily life across multiple studies (“day” and magnitude) 
 

 

 

 

 

 

 

 

 

 

 

 

• Highly heterogeneous effects for pile-up  
• Sub-groups/moderators? 

• Indicator levels (e.g., negative mood, perseverative cognition, perceived stress) unrelated to HB enactment 
• Different stress measures matter for different health behaviors 

• Pile-up of stress is novel conception; “discovered” by our application of SOBC approach to within-person process 
 

Greater 
Physical 
Activity 

Better 
sleep 



Additional nuance in these relationships 
•  Reactivity 
•  (lack of) Recovery 
•  Pile-up 
• Effects vary across the day 
• And by indicator  

• Negative mood [NA], Perseverative Cognition (PC; rumination, worry) 
• And by behavior attributes (e.g., elective versus required activity) 

 

Wake Sleep Time of day 

       
PC >> NA 
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Ongoing and Next Steps 
• Replicating and extending general pattern of results in new study that 

includes physical activity and sleep behaviors over 14 days  
• New sample 
• Enhanced NA and PC indicator measures 
• Gold-standard device assessed naturalistic health behaviors 

• Stress Response Targets Influencing[b] Behaviors 
• Use novel intervention to engage RRPs in order to improve health behavior 

enactment in everyday life 
• We have identified moments with combinations of RRP and NA/PCs predictive of poor 

sleep and physical activity patterns in everyday life 
• Our next step will be to intervene on those moments 

• Just-in-time  Delivered ‘smartly’ when identified stress response risk occurs 
• Adaptive  Content of intervention will change based on contextual needs  



Influence: Developing Just-in-Time     
Interventions to Influence Health Behaviors 

Intervention moment for reactivity + NA 
-May differ depending on time of day, if 
person is at work, etc. 

Intervention moment for recovery + PCs 
-Delivered in moment when detected 
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Intervention moment for reactivity and 
pileup + NA/PCs (third stressor observed) 

-Pileup intervention may supersede 
intervention for reactivity 

RESEARCH AS PART OF UH3 PHASE 

Greater 
Physical 
Activity 

Better 
sleep 
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Contributions to 
advancing a 
mechanisms-focused 
experimental medicine 
approach to behavior 
change 

Advances theory and practice of health behavior 
change 

Stress as a common mechanism; within-person dynamics 
Novel identification of stress response pile-up 
Ecologically valid (“free-range humans”) 

 
Dissemination of findings and measures via 
SOBC Measures Repository and Open Science 
 
General method is transferable to new targets 
and HB outcome 

RRPs: Ambulatory physiology, craving, other indicators 
DVs: Alcohol/substance use, medication adherence, etc. 
Novel intervention methods 
 - Dynamically personalized medicine 
 Interactions with person variables (e.g., genetics) 
 - Deliver the right content at the right time for each person 

 

Final 
Take-home 



Thank you for your attention 



Linking Stress Response Targets to Physical Activity 

Non-stress days relative 
to days with Pile-up, 
had greater activity 
overall 
 
On stress days, greater 
Reactivity and Recovery 
only inconsistently 
related to within-day 
(e.g. next 2 hours) 
device-assessed levels 
of physical activity  
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Linking Stress Response Targets to Physical Activity 

On stress days, 
experiencing pile-up 
reliably predicts lower 
within-day (e.g. next 2 
hours) device-assessed 
levels of physical 
activity  
 
Using indicators alone 
(stress and NA here) 
did not predict activity 
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Linking Stress Response Targets to Daily Sleep 
Non-stress days relative 
to stress days with 
Reactivity, had poorer 
sleep quality, greater 
difficulty falling asleep, 
and (less consistently) 
shorter duration and 
greater sleep latency. 
 
On stress days, larger NA 
reactivity to stressors 
predicted poorer sleep 
quality that night in 2 of 
3 EMA data sets R e a c t iv

ity

R e c o v e ry

P ile
u p :S

tre
s s o r

P Ile
u p :R

e s p o n s e
N A

 

W
it

h
in

-p
e

rs
o

n
 e

ff
e

c
t 

(l
o

w
e

r=
w

o
rs

e
)



R e a c t iv
ity

R e c o v e ry

P ile
u p :S

tre
s s o r

P Ile
u p :R

e s p o n s e
N A

 

W
it

h
in

-p
e

rs
o

n
 e

ff
e

c
t 

(l
o

w
e

r=
w

o
rs

e
)

Linking Stress Response Targets to Daily Sleep 

On stress days, 
recovery in NA 
following stressors 
was not significantly 
related to sleep 
quality in any of the 
data sets 
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Linking Stress Response Targets to Daily Sleep 

On stress days, greater 
Pile-up showed a large 
but inconsistent 
association with 
poorer sleep quality, 
due to high effect 
heterogeneity 
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