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What are we going to learn?

24-hour behavior:
1.What is it?
2.What affects it?
3.How do we improve it?
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What are we going to learn?

24-hour behavior:
1.What is it?
•Definitions
•Recommendations
•Why important

2.What affects it?
3.How do we improve it?



E: stonerl@email.unc.edu
W: unc-cml.weebly.com
RG: researchgate.net/lab/UNC-Cardiometabolic-Lab-Lee-Stoner 

Slide: 5

Definitions

3 behaviors 
1. Physical activity

• LPA: Light
• MVPA: moderate-vigorous (exercise)

2. Sedentary Behavior
3. Sleep
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Definitions

Physical Activity (PA)
• Body movement via muscle action that ↑ energy 
expenditure

Exercise
Planned, structured, repetitive, purposeful 
• Guidelines: 150 mins MVPA per week
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Definitions

Sedentary Behavior (SB)
• V. low intensity behaviors (≤1.5 METS) in a seated, 
reclined, or supine posture

Physical Inactivity
• Not meeting guidelines
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Definitions

Sleep
• The absence of wakefulness and by the loss of 
consciousness of one's surroundings
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1. Physical activity 
• LPA: Light
• MVPA: mod-vig (exercise)

2. SB: Sedentary Behavior
• Transport
• TV (screen time)
• Work / Academic
• Leisure computer
• Other

3. Sleep
• Duration
• Quality
• Efficiency
• Timing
• Social jetlag

Sleep
33% (8 h)

LPA
31% (7.5 h)

SB
34% (8 h)

MVPA
2% (0.5 h)
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What are we going to learn?

24-hour behavior:
1.What is it?
•Definitions
•Recommendations
•Why important

2.What affects it?
3.How do we improve it?
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Recommendations: MVPA

• Frequency
• Mod 5d/w, or 
• Vig 3d/w

• Intensity
• Mod: 40-60% HRR
• Vig 60-90% HRR

• Time
• Mod 30-60 min 
• Vig 20-60 min 

• Type
• Aerobic, involving large muscle 

groups

• Volume
• 500-1000 MET-min/wk

• Progression
• ↑ time during initial phase

• 5-10 min
• Total vol should not >10%
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Recommendations: MVPA

Adults
• 150 min/week of MVPA
• 2-3 days strengths training

Children
• >60min/day mod-vig
• Including

• Muscle/bone Strengthening – 3 days
• https://www.cdc.gov/physicalactivity/basics/children/

https://www.cdc.gov/physicalactivity/basics/children/
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Recommendations: Sedentary

• 2018 PAG: Sit less
• But substitute for what???
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Critical Gap

• Randomized controlled trials (RCTs) needed to:
• Test the efficacy SB reduction strategies 
• Advance mechanistic understanding

Lab/acute studies
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Animal / Laboratory Studies

Commentaries / editorials

Case Report / Series

Case control

Cohort Studies

RCT

Meta-Analysis
Systematic Reviews

Observational

No
Design

Interventional
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Why not?

• Why not tell people to sit less?
• Why not tell people to:
• Exercise more
• Eat better
• Sleep better
• Stop smoking
• …
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Just telling people doesn’t work!

SB more amenable to change
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What are we going to learn?

24-hour behavior:
1.What is it?
•Definitions
•Recommendations
•Why important

2.What affects it?
3.How do we improve it?
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Why important: MVPA

• Musculoskeletal
• Neuromuscular
• Cardiovascular

• Stoner et al. Perspect Public Health. 2016; 136(1):18-20

• Peak physical fitness!
• Booth et al. Compr. Physiol. 2012; 2:1143–211.

• Brain structure
• Linked to motor skills

• Chaddock 2011. J Int Neuro Psych Soc. 2011; 17:975-85
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Why important: MVPA

Am J Prev Med. 2017 Jan;52(1):e25-e31.

Data: NHANES
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• Population:
• 31,000 men, 35-64 years
• Observed: 1949-50

• Annual incidence of CHD
• Drivers: 2.7 per 1,000
• Conductors: 1.9 per 1,000

• Observation: 
• Drivers sat 90% of shift
• Conductors 

ascended/descended 500-
750 steps/day

Story: Jim Morris dies aged 99.5 y
“I was the first person to run on Hampstead 
Heath, in the 1960s. Every Sunday morning…”
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Why important: sedentary

• Biological novel risk 
factor
• Important even if 
meeting MVPA guidelines
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2018 Physical Activity Guidelines 
(PAG) Advisory Committee 

• Level of evidence for an overall 
and dose-response association 
between SB and CVD mortality is 
‘strong’
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ACSM Guidelines
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Why 
important: 
sleep

• Behavioral strategy
• Theories
• Inactivity during danger
• Conserve resources
• Brain plasticity
• Restoration of physiological systems

• Stoner et al. Perspect Public Health.2016;136(1):18-20
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Why important: sleep

• Def: The absence of wakefulness and by the loss of 
consciousness of one's surroundings

• Duration
• Kids: 9-11 hrs
• Adults: 7-9 hrs

• Quality
• Efficiency
• Timing
• Social jetlag
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What are we going to learn?

24-hour behavior:
1.What is it?
2.What affects it? it?
•Covid
• Beyond

3.How do we improve it?
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What affects it: COVID

• Quarantining
• Social restrictions
• Altered work / school practices
• Frontline workers – longer/altered shifts

• ↑ screen time
• Lack of separation leisure vs. work



E: stonerl@email.unc.edu
W: unc-cml.weebly.com
RG: researchgate.net/lab/UNC-Cardiometabolic-Lab-Lee-Stoner 

Slide: 34

Changes: physical activity

• Adults
• COVID: 

• ↓2,000 steps/day across nations (USA, UK, France, Australia) 
• Karageorghis et al. BMC Public Health. 2021 May 27;21(1):988

• Children
• Prior to COVID:  

• 10% children (5-17 yr) met guidelines
• Bates et al. Children. 2020 Sep 16;7(9):138.

• COVID: 
• 3.6% kids (5-11 yr)  
• 2.6% of adolescents (12-17 yr)

• Bates et al. Children. 2020 Sep 16;7(9):138.
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Changes: sedentary

• Adults
• Prior to COVID: 

• sit ~8 hr/day 
• COVID: 

• ↑
• Likely at the expense of LPA and MVPA

• Zieff et al. Transl Behav Med. 2021 Apr 7;11(3):826-831

• Children
• Prior to COVID: ~50% >2 hr screen time 
• COVID: ↑ 20-66%

• Bates et al. Children. 2020 Sep 16;7(9):138.
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Changes: sleep

• Adults
• COVID: 

• ~40% of pop. (across 14 countries) report sleep problems
• 75% for COVID patients

• Jahrami et al. J Clin Sleep Med. 2021 Feb 1;17(2):299-313

• Children
• COVID: 

• ↑ sleep
• ↑ unscheduled sleep

• Bates et al. Children. 2020 Sep 16;7(9):138.



What are we going to learn?

24-hour behavior:
1.What is it?
2.What affects it?
•Covid
• Beyond

3.How do we improve it?
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What affects it: Beyond

• New normal?
• ↑ remote work?
• ↑ schooling?

• Long-term 
healthcare?



What are we going to learn?

24-hour behavior:
1.What is it?
2.What affects it?
3.How do we improve it?
•Adults
•Children
• Special populations
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How do we improve it?

PROXIMAL OUTCOMES

Interrupt Behavior

E.g., coronary 
heart disease

E.g., diabetesImplementation
E.g., demand, acceptability, 

practicality, integration

Moderators
E.g., race, sex, socio-economic

Behavioral Factors

INTERVENTION DISTAL OUTCOMES

ss

Inter-
Individual

Physical 
Environment

Intra-
Individual

Category Outcome Strategy

In
tra

-
In

di
vi

du
al Attitude Overcome 

barriers
Motivational 
interviewing

Self-Efficacy Monitor Self-
monitoring

In
te

r-
In

di
vi

du
al Social 

Norms
Perceived 
positive Modeling

Social 
Support

Perceives 
support

Mobilizing 
networks

Ph
ys

ic
al

 
En
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ro

n. Accessibility Awareness Education

Safety Perceived 
safe Facilitation
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What are we going to learn?

24-hour behavior:
1.What is it?
2.What affects it?
3.How do we improve it?
•Adults
•Children
• Special populations
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What are we going to learn?

24-hour behavior:
1.What is it?
2.What affects it?
3.How do we improve it?
•Children
•Adults
• Special populations
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Clinical Populations

• E.g., Type II Diabetes
• High CVD risk
• Different sitting mechanisms
• Control of glycemia therapeutic target

• Particularly hyperglycemic spikes
• Occur after large meals
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Special Populations

• E.g., spinal cord injured
• Special considerations for breaking-up sitting 
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COVID-19 & Minority Health

Table 1. Case, Hospitalization, and Death Rate Ratios by Race/Ethnicity
Rate ratios compared to
Non-Hispanic persons

American Indian* Non-Hispanic Black Hispanic

Cases 1.8x 1.4x 1.7x
Hospitalizations 4.0x 3.7x 4.1x
Death 2.6x 2.8x 2.8x
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What did we learn?

24-hour behavior:
1.What is it?
2.What affects it?
3.How do we improve it?
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Reading list

• Physical activity
• ACSM Position Stands

• http://www.acsm.org/access-public-information/position-stands

• Sedentary behavior
• WHO Guidelines on PA/SB (new!!)

• https://www.who.int/publications/i/item/9789240015128

• Sleep
• NSF – COVID

• https://www.sleepfoundation.org/sleep-guidelines-covid-19-
isolation

• NSF – Sleep Hygiene
• https://www.sleepfoundation.org/sleep-hygiene/healthy-sleep-tips

http://www.acsm.org/access-public-information/position-stands
https://www.who.int/publications/i/item/9789240015128
https://www.sleepfoundation.org/sleep-guidelines-covid-19-isolation
https://www.sleepfoundation.org/sleep-hygiene/healthy-sleep-tips
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Questions?
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