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Presentation Overview

1.  Metabolic Health and Pre-Diabetes in 
Delaware

2. The Missing Piece, Timing matters: Sleep 
health and Meal timing

3. Evidence: Resetting the body clock
4. Clinical Implementation in the Diabetes 

Prevention Program (DPP)
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Metabolic Health in Delaware 

4Centers for Disease Control and Prevention, National Center for Chronic Disease Prevention and Health Promotion, Division of Population Health. BRFSS Prevalence & Trends Data 
[online]. 
2025. [accessed Tue, 07 Oct 2025 15:38:12 GMT]. URL: https://www.cdc.gov/brfss/brfssprevalence/.

The Metabolic 
Syndrome

https://www.cdc.gov/brfss/brfssprevalence/


2023: Metabolic Health Markers for 
DE 
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Pre-Diabetes in Delaware

6Centers for Disease Control and Prevention, National Center for Chronic Disease Prevention and Health Promotion, Division of Population Health. BRFSS Prevalence & Trends Data 
[online]. 
2025. [accessed Tue, 07 Oct 2025 15:38:12 GMT]. URL: https://www.cdc.gov/brfss/brfssprevalence/.

Pre-diabete
s is 

under-diagn
osed

https://www.cdc.gov/brfss/brfssprevalence/


Among people with prediabetes, 70% 

at risk of developing type 2 diabetes 

(T2D) within 5–10 years without 

intervention 

Tabak AG, Herder C, Rathmann W, Brunner EJ, Kivimaki M. Prediabetes: A High-risk State for Diabetes Development. Lancet. 2012;379:2279-2290. doi: 
10.1016/S0140-6736(12)60283-9



Diabetes Prevention 
Program (DPP)

• 12-month program
• Weekly sessions in months 
1-4, bi-weekly sessions in 
months 5-6, and monthly 
sessions in months 7-12

reduces the incidence of T2D 
by up to 58% 

Diabetes Prevention Program Research Group. Reduction in the Incidence of Type 2 Diabetes with Lifestyle Intervention or 
Metformin. 

New England Journal of Medicine. 2002;346:393. 



The current reality…
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1 in 3 adults 
have prediabetes

Only 3% of eligible patients 
enroll in 

Diabetes Prevention 
Programs (DPP)

~40-70% DPP participants
 do not achieve 

weight loss targets

~50% ultimately 
develop 

type 2 diabetes

Chakkalakal RJ, Connor LR, Rolando LA, Huang Y, Byrne DW, Awalt BM, et al. Putting the National Diabetes Prevention Program to 
Work: 
Predictors of Achieving Weight-Loss Goals in an Employee Population. Prev Chronic Dis 2019;16:190053.



Current recommendations…. 

Eat at least 5 servings of fruit or vegetables per day.

Get 150 minutes of moderate to vigorous physical 
activity per week.

Sleep 7 to 9 hours per night (adults).



… and the reality

86% 
do not meet fruit and

 vegetable recommendations

(Lee et al 2022; Elgaddal et al 2022; Centers for Disease Control and Prevention, 
2022) 

35% 
do not meet

aerobic activity recommendations  

30% 
do not meet

sleep recommendations
•  



Quantity based health behavior 
recommendations 

 tell us WHAT to do and HOW MUCH to 
do

but overlook WHEN we do it

The Missing Dimension: “Timing“
Any solutions, or central pillars of wellness, 

must have TIMING at its center
 

Necessary, but not sufficient



The Missing Piece, Timing Matters: 
Eating and Sleeping



Chrono-behavioral interventions align the 
timing of treatment 

with our underlying biological rhythms
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Why Meal Timing Matters for Metabolic 
Health

Morning/Early Day Evening/Night
Insulin sensitivity highest Insulin sensitivity decreases

Glucose tolerance is optimal Glucose clearance slows

Metabolic hormones peak Body prepares for rest/repair

Body primed for nutrient 
processing Metabolism shifts for storage mode

Our bodies process food differently throughout the 
day

Delayed Eating

• Prolonged elevated 
blood sugar

• Impaired metabolism

• Disrupted circadian 
rhythms

• Result: metabolic 
dysfunction



Time Restricted Eating 

•Consuming all daily 
calories within a 
consistent 8-10 hour 
window

•No calorie counting

•Aligns eating window 
with endogenous 
circadian rhythm 



Time Restricted Eating Improves Metabolic 
Health 

Wilkinson et al. (2020). Cell Metabolism, 31(1), 
92-104. 

Participants:
• N=19
• >=14 hour eating 

window
• Metabolic syndrome
• Intervention: 12 

weeks of 10h eating 
window

• Significant 
improvements – 3% 
reduction in 
bodyweight, BMI and 
% body fat



Early Time Restricted Eating: Benefits 
Without Weight Loss

Bruno et al. (2024). iScience, 27(12), 
111501.

• SAMPLE: 10 adults with 
prediabetes

• INTERVENTION: 8 hour 
feeding window, 80% of 
calories consumed before 
14:00h for 1 week



So what about 
sleep 
and sleep timing?



~One Third of Adults in Delaware do 
Not Get Enough Sleep (<7h)

%

2018 Behavioral Risk Factor Surveillance 
System 



What Science Tells Us

21

Source: Noga et 
al. (2024). 
Habitual Short 
Sleep Duration, 
Diet, and 
Development of 
Type 2 Diabetes in 
Adults. JAMA 
Network Open, 
7(3), e241147



Evidence Foundation
Sleep extension reduces metabolic risk factors 
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Key gap
Need for interventions targeting high-risk populations with prediabetes 

Increasing sleep 

duration by ~1 

hour/day improves 

insulin sensitivity
Dutil, C., et al. (2024). "Sleep and Insulin 

Sensitivity in Adolescents at Risk of Type 2 
Diabetes: The Sleep Manipulation in Adolescents 
at Risk of Type 2 Diabetes Randomized Crossover 

Study." Sleep 47(5).

Increasing sleep duration 

by 35 minutes/day 

reduces blood pressure 

Haack, M., et al. (2013). "Increasing Sleep Duration to 
Lower Beat-to-beat Blood Pressure: A Pilot Study." J 

Sleep Res 22(3): 295-304.

Increasing sleep 
duration by 21 min to 
1.4 hour/day reduces 

unhealthy food cravings 
and caloric intake

Tasali, E., et al. (2022). "Effect of Sleep Extension 
on Objectively Assessed Energy Intake Among 
Adults With Overweight in Real-life Settings: A 

Randomized Clinical Trial." JAMA Intern Med 182(4): 
365-374.



Buysse, D. J. (2014). "Sleep health: can we define it? Does it matter?" Sleep 37(1): 9-17.

•

“Good sleep health 
is characterized by 

subjective 
satisfaction, 

appropriate timing, 
adequate duration, 
high efficiency, and 
sustained alertness 

during waking 
hours.”

Duration

Quality

TimingDaytime 
alertness

Regularit
y
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 What do the guidelines say…

Lloyd-Jones, D. M., et al. (2022). "Life's Essential 8: 
Updating and Enhancing the American Heart 

Association's Construct of Cardiovascular Health: A 
Presidential Advisory From the American Heart 

Association." Circulation 146(5): e18-e43.

.
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What do the guidelines say…..

Davies, M. J., et al. (2022). "Management of Hyperglycemia in Type 2 Diabetes, 2022. A Consensus Report by the American Diabetes Association (ADA) and the European Association 
for the Study of Diabetes (EASD)." Diabetes care 45(11): 2753-2786.



Evidence Foundation
Sleep health goes beyond duration
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High variability in sleep 

duration blunts weight 

loss in behavioral 

interventions
Papandreou, C., et al. (2020). "High Sleep 
Variability Predicts a Blunted Weight Loss 

Response and Short Sleep Duration a Reduced 
Decrease in Waist Circumference in the 

PREDIMED-Plus Trial." Int J Obes (Lond) 44(2): 
330-339.

Each one-hour delay in 

bedtime corresponded to 

a 2.23% reduction in 

weight loss. 

Barnadas-Sole, C., et al. (2021). "Late Bedtime is 
Associated with Lower Weight Loss in Patients 

with Severe Obesity after Sleeve Gastrectomy." Int 
J Obes (Lond) 45(9): 1967-1975.

Later sleep times & 

chronotype are linked 

with poor diets and 

dietary habits.

Baron, K. G., et al. (2011). "Role of Sleep 
Timing in Caloric Intake and BMI." Obesity 

(Silver Spring, Md.) 19(7): 1374-1381.
Malone, S. K., et al. (2016). "Characteristics 
Associated with Sleep Duration, Chronotype, 

and Social Jet Lag in Adolescents." J Sch 
Nurs 32(2): 120-131.



What Patients Tell Us
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Sleep affects their daily functioningThe average person would trade about 14 percent of their annual salary, or about $7,700 in the United States, to be insomnia free 

Poor sleep impacts their ability to manage health behaviorsAdults with diabetes perceive more barriers to adopting healthy sleep habits than adults without diabetes

Hafner, M., et al. (2023). The Societal and Economic Burden of Insomnia in Adults: An International Study. Santa Monica, CA, RAND Corporation.
Vezina-Im, L. A., et al. (2023). "Beliefs about Healthy Sleep Habits in Adults with Diabetes Compared to Adults without Diabetes: A Reasoned Action 

Approach Elicitation Study." Sleep Sci 16(1): 14-28.
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Evidence Foundation
Why sleep matters for the DPP
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Both short sleep duration and poor 

sleep quality predict ~ 5% less 

weight loss in behavioral 

interventions
Kline, C. E., et al. (Sleep). "0176 Short Sleep Duration and Poor Sleep 

Quality Predict Blunted Weight Loss in a Behavioral Weight Loss 
Intervention." 2020 43: A70.

Poor sleep health places adults at 

risk for failing to lose weight

Kline, C. E., et al. (2021). "The Association Between Sleep Health and 
Weight Change during a 12-month Behavioral Weight Loss 

Intervention." Int J Obes (Lond) 45(3): 639-649.



Sleep and Meal Timing: Two Sides of the Same Circadian Coin



31

Evidence:
Resetting the Body Clock



Our Approach
Systematic Sleep Time Extension

32

Assessment
Stimulus Control
Sleep Hygiene
Sleep Matching

Sleep Matching Sleep Maintenance

Weeks 1-3 Weeks 4-11 Week 12



Systematic Sleep Time Extension and 
Smoking Cessation

33

Smokers randomized to the 
sleep health intervention had 
higher quit rates than 
general health intervention  
participants in week 12.

Patterson, F., et al. (2020). "Efficacy of a Sleep Health Intervention to Optimize Standard Smoking Cessation Treatment Response: Results from a Pilot Randomized Controlled 
Trial." Journal of Smoking Cessation 15(2): 113-117.



Sleep Time Extension in Adults with Prediabetes and Short 
Sleep Duration

Lifestyle Group
(n = 95)

Interventions Received:

✓ Diet Content

✓ Physical Activity Content

✓ Daily Sleep Diaries

Additional Modules:

•Stress Management

•Stay Motivated

•Coping with Triggers

Lifestyle + Sleep Group
(n = 98)

Interventions Received:

✓ Diet Content

✓ Physical Activity Content

✓ Daily Sleep Diaries

Key Intervention:

•Systematic Sleep Time Intervention



Sleep Intervention Study: Preliminary Findings
8-Week Lifestyle vs. Lifestyle + Sleep Health Intervention • N=193

✓ Both Groups Improved

🕐 Sleep Duration

LIFESTYLE

+26
minutes

LIFESTYLE + SLEEP

+19
minutes

p<.001 for both groups

✨ Sleep Quality & Daytime Sleepiness

Significant improvements in both groups
Quality: p=.027 (L) & p<.001 (L+S) | Sleepiness: Both p<.01

★ Lifestyle + Sleep 
Extra Benefits

⏰ Earlier Sleep Timing

Sleep onset advanced by

~15 minutes
INTERVENTION GROUP ONLY

📊 Better Sleep Regularity

Sleep Regularity Index increased

INTERVENTION GROUP ONLY

🏆 Superior Between-Group Results
Significantly greater reduction in daytime sleepiness
ANCOVA: p<.001, η²=0.120



Sleep results – both groups improved!
Preliminary Findings
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Either intervention—Lifestyle (with 
behavioral self-monitoring) or Lifestyle + 
Sleep (with systematic extension)—can 
improve sleep duration, quality, and 
sleepiness
Lifestyle + Sleep (with systematic 
extension)—can improve sleep timing and 
sleep regularity also



Weight loss results – both groups succeeded
Preliminary Findings

37

Both groups significantly 
reduced body weight 
from pre- to 
post-intervention, but 
difference between 
groups was not 
significantly different.
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Preliminary Findings

Extending sleep 
duration improves 
weight loss

Shifting sleep times 
earlier improves weight 
loss



The unexpected finding – 
what mattered for weight loss

39

Clinical insight 
Improvements in sleep health, whether achieved through 
structured interventions or self-monitoring, may improve 

efficacy 
of established lifestyle programs like DPP

The question
Can we deliberately improve sleep to enhance DPP outcomes?



Clinical Implementation in the 
Diabetes Prevention Program 

40



Integration strategies for clinical practice: SLEEP
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Quick Clinical Questions
How many hours of sleep do you get on average?
What time do you usually go to bed and wake up?

Do you go to bed and wake up the same time 7 days/week? If not, what is the earliest 
and latest bedtime during a typical week. 

How often does poor sleep affect your daily activities?
Do you have trouble falling or staying asleep?

Red Flags 
<7 hours sleep
Late bedtime 

Irregular schedule 
Frequent daytime fatigue

 Impact on daily functioning



Integration strategies for clinical practice: TRE
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Quick Clinical Questions
What time do you typically eat your first meal?

What time is your last meal or snack of the day?
How many hours pass between first and last eating?

Do you eat late-night snacks? How often?
Do you eat within 3 hours of bedtime?

Red Flags 
Eating Window >12-14 hours

Regular late night eating (after 8-9pm)
Eating within 3 hours of bedtime

Skipping breakfast but eating late dinners
 Irregular eating patterns day-to-day



Why Enhanced DPP Matters
Addressing barriers and maximizing outcomes

⚠
Current Challenges

📉 Limited DPP enrollment & completion
Only 3% of eligible patients enroll

😓 Patients struggle with traditional approaches

🔍 Need for enhanced prevention options

󰞯 Minimal Provider Burden

✓ Builds on existing DPP infrastructure

✓ Uses established lifestyle coaches

💪 Enhanced Patient Outcomes

✓ Targets multiple metabolic pathways

✓ Addresses underlying physiological mechanisms

💡 Enhanced DPP = Practical solutions that work for both providers and patients



Key take-away messages
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Circadian behaviors are modifiable in adults with prediabetes 
Sleep: both self-monitoring and systematic extension work
Meal-timing: 10-12h eating windows align with circadian rhythms
Improvements across multiple dimensions possible

Timing interventions may enhance DPP success 
Sleep and meal timing improvements associated with weight 
loss
Reduces depression and fatigue—key barriers to lifestyle 
change
Timing and regularity matter, not just duration

Multiple implementation pathways exist 
Lower intensity: Sleep/eating diaries with self-monitoring
Higher intensity: Systematic sleep time extension + TRE
Choose based on patient needs and clinic resources

Timing and regularity matter, not just duration
When you sleep AND when you eat influence metabolism 
Earlier timing for both sleep and eating optimizes results
Addressing timing of sleep and eating target circadian health 
mechanisms



Thank you!
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