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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)




Metabolic Health in Delaware
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Pre-Diabetes in Delaware

DELAWARE HEALTH
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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:



Diabetes Prevention
Program (DPP)

Current DPP Focus

Nutrition

16 sessions

* 12-month program

* Weekly sessions in months
1-4, bi-weekly sessions In
months 5-6, and monthly | .
sessions in months 7-12 bk shaniih

150 min/week goal

reduces the incidence of T2D
by up to 58%

NATIONAL

DIABETES
PREVENTION

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

New Enaland Journal of Medicine. 2002:346:393



The current reality...

1in 3 adults Only 3% of eligible patients ~40-70% DPP participants ~50% ultimately
have prediabetes enroll in do not achieve develop
Diabetes Prevention weight loss targets type 2 diabetes

Programs (DPP)

Chakkalakal RJ, Connor LR, Rolando LA, Huang Y, Byrne DW, Awalt BM, et al. Putting the National Diabetes Prevention Program to 9
Work:
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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).




OH MAN, IT'S THREE
IN THE MORNING. [ SHOULD

|
and the I eall l y REALLY GET OFF THE
COMPUTER AND GO
HEE & To BED-..
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PHYSICAL ACTIVITY IS IMPORTANT

86% 35%

do not meet fruit and do not meet do not meet
vegetable recommendations sleep recommendations

aerobic activity recommendations

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

AN\



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




The Missing Piece, Timing Matters:
Eating and Sleeping




Chrono-behavioral interventions align the
timing of treatment
with our underlying biological rhythms
§ y

Natural Biological Rhythms

Cortisol Melatonin
Morning iy
. Evenin

Glucose Tolerance Alertness

Morning




Why Meal Timing Matters for Metabolic
Health
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Time Restricted Eating

2
*Consuming all daily 2*
calories within a
consistent 8-10 hour
window

*No calorie counting

*Aligns eating window
with endogenous
circadian rhythm




Time Restricted Eating Improves Metabolic
Health

Participants:

« N=19

* >=14 hour eating
window

* Metabolic syndrome _ |

* Intervention: 12 (3 "0/% ¥ Body Weight
weeks of 10h eatin 12 weeks =) ¥ Waist Circumference
window 9 :}gngz::?ait ‘% ¥ Blood Pressure

@
Y B ines ke ¥ LDL Cholesterol

o S|gn|f|cant » Y & ¥ Non-HDL Cholesterol
: o ¥ Hemoglobin A1C
improvements — 3% A Restful Sleep
reduction in

bodyweight, BMI and
% body fat

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



Early Time Restricted Eating: Benefits
Without Weight Los

« SAMPLE: 10 adults with
prediabetes

* INTERVENTION: 8 hour

: : Cardiometabolic Health Inflammation
feeding window, 80% of <y Inflammatory @ @
. ——_ Markers
calories consumed before variston 3| [\ [\ [\ [\ conreor

8 eTRE Cholesterol g
14:00h for 1 week 5 <> Chole: &

Time of Day

Time in
Hyperglycemia

2

“— Glucose
Tolerance

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



So what about
sleep
and sleep timing?



~0ne Third of Adults in Delaware do
Not Get Enough Sleep (<7h)
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NewCastle County Kent County Sussex County

2018 Behavioral Risk Factor Surveillance



What Science Tells Us

Risk of Type 2 Diabetes by Sleep Duration
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Source: Noga et
al. (2024).
Habitual Short
Sleep Duration,

Diet, and
Development of
7-8 hours 6 hours 5 hours 3-4 hours Type 2 Diabetes in
Adults. JAMA
Sleeping <5 hours significantly increases T2D risk Network Open,

7(3), 241147
21

Adjusted for age, sex, BMI, diet, physical activity, and other factors




Evidence Foundation
Sleep extension reduces metabolic risk factors

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

duration by ~1 by 35 minutes/day

hour/day improves reduces blood pressure 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):

insulin sensitivity

Dutil, C., et al. (2024). "Sleep and Insulin Haack, M., et al. (2013). "Increasing Sleep Duration to
Sensitivity in Adolescents at Risk of Type 2 Lower Beat-to-beat Blood Pressure: A Pilot Study." J
Diabetes: The Sleep Manipulation in Adolescents Sleep Res 22(3): 295-304.

Key gap
Need for interventions targeting high-risk populations with prediabetes



“Good sleep health
IS characterized by

Regularit subjective
y satisfaction,
appropriate timing,

Daytime

alertness

adequate duration,
high efficiency, and
sustained alertness
during waking

hours.”

Quality

4

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



What do the guidelines say...

Circulation

AHA PRESIDENTIAL ADVISORY

Life’s Essential 8: Updating and Enhancing

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

Donald M. Lloyd-Jones, MD, ScM, FAHA, Chair; Norrina B. Allen, PhD, MPH, FAHA; Cheryl AM. Anderson, PhD, MPH, MS, FAHA;
ac x ker, PhD, MA, FAHA;
: tsky, MD Aarma Perak, MD, MS, FAHA; Garima Sharma, MD;
Wayne Rosamond, PhD, MS, FAHA; on behalf of the American Heart Association

Lloyd-Jones, D. M., et al. (2022). "Life's Essential 8:

Updating and Enhancing the American Heart

Association's Construct of Cardiovascular Health: A

NYU |MEYERS Presidential Advisory From the American Heart
Association." Circulation 146(5): e18-e43.

&

Life’s .
Essential

SLEEP HEALTH AS A NEW COMPONENT
OF CVH

Sleep is a foundational element of human bioclogy and
a requirement for life.™ Sleep is defined as “a naturally
recurring, reversib ate of perceptual disengagement,
reduced conscioust y, 2 al-
though its functions wide ranging and affect nearly

SINIT30INT ONY

SINIWILVIS WIINND

Numerous epidemiological
ual sleep as a risk fac-
sequent research
has explored potential mechanisms,*~® including impli-
cations for cardiometabolic health.
h of the existing research has focused on sleep
t should be ) healt

tion-level studies have shown that inappropriate sleep
duration (either shorter or longer than ideal) is associ-



What do the guidelines say

SITTING/BREAKING UP PROLONGED SITTING SWEATING (MODERATE-TO-VIGOROUS ACTIVITY)

Limit sitting. Breaking up prolonged sitting (every 30 min) with short «  Encourage =150 min/week of moderate-intensity physical activity
reqgular bouts of slow walking/simple resistance exercises can i ) {i.e., uses large muscle groups, rhythmic in nature) OR =75 mén/
improve glucose metabolism. ; : week vigorous-intensity activity spread over =3 daysiweek,
SITTING/BREAKING UP | .5 ¢ X with no more than 2 consecutive rla;\'sAof nactivity.
PROLONGED SITTING 3 = Supplement with two to three resistance,
. ; flexibility, and/or balance sessions.
g B - Aslittie as 30 min/week of moderate-
STEPPING intensity physical activity improves
An increase of only 500 metabolic profiles
steps/day is associated
with 2-9% decreased
risk of cardiovascular
morbidity and all- Physical function/frailty/
cause martality sarcopenia
A 5-to &-min brisk
intensity walk per
day equates to ~£ years'
greater life expectancy. STEPPING

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)

« The frailty phenatype in
type 2 diabetes is unigue,
often encompassing
obesity alongsice physical
frailty, at an earlier age.
The ability of people
I with type Z diabetes

to undertake simple
SLEEP l functional exercises in
Aim for consistent, middle- age is similar to that
uninterrupted sleep, § n those over a decade older.
aven on weekencs

Melanie J. Davies, Vanita R. Aroda, Billy S. Collins, Robert A. Gabbay, Jennifer Green,
Nisa M. Maruthur, Sylvia E. Rosas, Stefano Del Prato, Chantal Mathieu, Geltrude Mingrone,
Peter Rossing, Tsvetalina Tankova, Apostolos Tsapas, and John B. Buse

Quantity - Long (=8 h)

and shorl (<& h} steep ;

durations negalively

impact HbA, . i STRENGTHENING
Quality - Irregular steep resalls S U
I poorer glycemic levels, likely Resistance exercise (L., any activity that
influenced by the increased prevaience of uses the person’s own body weight or works

Imsomnia, obstractive sleep apnea. and restless against a resistance) also impraves insulin sensitivity
leg syrdrome in people with type 2 diabetes and glucose levels; activities like tai chi and yoga also

Chronetype - Evening chronetypes (ie. night owl: ge to bed late encompass elements of flexibility and balance.
ard get up l2te) may be more susceptible o mactivity and poerer glyvcenic levels

L ooty e, Eaiy e So e oea v oo

NYU|MEYERS

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

High variability in sleep Each one-hour delay in Later sleep times &
- : ' hronot re link
duration blunts weight bedtime corresponded to chronotype are linked
o . . . .
[ a 2.23% reduction in with poor diets and
T o weight loss. dietary habits.
Papandreou, C., et al. (2020). "High Sleep
Variability Predicts a Blunted Weight Loss
Response and Short Sleep Duration a Reduced Barnadas-Sole, C., et al. (2021). "Late Bedtime is Baron, K. G, et al. (2011). "Role of Sleep
Decrease in Waist Gircumference in the Associated with Lower Weight Loss in Patients Timing in Caloric Intake and BMI." Obesity
PREDIMED-Plus Trial.” Int J Obes (Lond) 44(2): with Severe Obesity after Sleeve Gastrectomy." Int (Silver Spring. Md.) 19(7): 1374-1381.
e J Obes (Lond) 45(9): 1967-1975. Malone, S. K., et al. (2016). "Characteristics

Associated with Sleep Duration, Chronot



What Patients Tell Us

Hafner, M., et al. (2023). The Societal and Economic Burden of Insomnia in Adults: An International Study. Santa Monica, CA, RAND

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.




Current DPP Focus

a Nutrition

16 sessions

i e
F’\i;:.,-' ?.-;!(,a! ““L.(.»Z.[\X(IL}/

150 min/week goal

Behavioral Support
Group sessions

THE GAP

_>.

Sleep’s Critical Impact

Glucose Control
Poor sleep

Insulin Sensitivity
Sleep loss — insulin resistance

Appetite Regulation

Disrupted hunger hormones

Weight Management

Poor sleep — weight gain

Inflammation
Sleep deprivation — 1 inflammation

Time to Bridge the Gap: Integrate Sleep into DPP




Evidence Foundation
Why sleep matters for the DPP

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
Ouality Predi od aight | o in 2 Behaviorg ht | 0

Poor sleep health places adults at

risk for failing to lose weight

Kling, 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

["Reset Your Body Clock" by Optimizing BOTH Behaviors)

Synergistic Effect
<€ >

Sleep [Circadian ] Meal

Timing Alignment Timing
o R o =
Both Are: s When Misaligned:
* Powerful circadian behaviors * Disrupted sleep quality
* Signal body's internal clock * Irregular eating patterns
* Influence metabolic hormones * Increased disease risk
. w - -

v Earlier sleep onset + earlier eating window = circadian alignment
v Regular schedules + consistent windows = stronger rhythms
v Adequate sleep duration + appropriate fasting window = metabolic benefits
v Finish eating 3+ hours before bedtime = better sleep




Evidence

Resetting the Body Clock

NYU|MEYERS




Our Approach
Systematic Sleep Time Extension

Assessment
Stimulus Control
Sleep Hygiene
Sleep Matching

Sleep Matching Sleep Maintenance

J . J -

Weeks 1-3 Weeks 4-11 Week 12



Systematic Sleep Time Extension and
Smoking Cessation

| a0R=128 || aOR-138 ’ aOR=6.88' || aOR=210
95% CI: 0.24-6.95 || 95% CI. 0.30-7.07 || 95% Cl: 1.40-56.52 || 95% CI: 0.40-10.69

- Smokers randomized to the
sleep health intervention had
higher quit rates than
general health intervention

participants in week 12.

Fig. 1. Carbon monaxide verified (<5 ppm) 7-day

point prevalence abstinence (%) among partici-

pants randomized to the GH control and SH

intervention conditions. aOR, adjusted odds
¢ (Week 4 Week 7 Week 12 End of Tredtment (Week 15 ratio, models adjusted for age, sex, education,
and baseline Fagerstrom test for cigarette
dependence. *P< 0.05.

W SH Intervention (n=16)

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) Lifestyle + Sleep Group

(n = 98)
Interventions Received:

Interventions Received:
v Diet Content

v Diet Content
v Physical Activity Content

v Physical Activity Content
v Daily Sleep Diaries

v Daily Sleep Diaries
Additional Modules:

*Stress Management Key Intervention:

«Stay Motivated «Systematic Sleep Time Intervention

*Coping with Triggers




Sleep Intervention Study

8-Week Lifestyle vs. Lifestyle + Sleep Health Intervention « N=193

‘ Both Groups Improved

Sleep Duration

LIFESTYLE LIFESTYLE + SLEEP
minutes minutes

p<.001 for both groups

f ~ 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

11l Better Sleep Regularity

Sleep Regularity Index increased

INTERVENTION GROUP ONLY

r

.

T Superior Between-Group Results

Significantly greater reduction in daytime sleepiness
ANCOVA: p<.001, n>=0.120




Sleep results — both groups improved!
Preliminary Findings

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

£ weioht Loss resuts Both groups significantly
reduced body weight
from pre- to
post-intervention, but
difference between
groups was not
kg ‘~ significantly different.

kg




Change in Sleep Duration (minutes)

5
o

w
o

N
(=)

—_
(=)

o

Change in Sleep Duration from Pre- to Post-
intervention by Weight Groups (N=124)

Preliminary Findings

[IWeight Loss < 2.5% [[]Weight Loss = 2.5%

Change in Sleep Onset Time from Pre- to Post-
intervention by Weight Groups (N=124)

o

Shifting sleep times
earlier improves weight
loss

-
o

N
o

w
o

Extending sleep
duration improves
weight loss

| |Weight Loss < 2.5% I Weight Loss = 2.5% Change in Sleep Midpoint Time from Pre- to Post-
intervention by Weight Groups (N=124)

Change in Sleep Onset Time (minutes)
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The unexpected finding -
what mattered for weight loss

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



Inteqgration strateqies for clinical practice: SLEEP

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?

o Red Flags
<7 hours sleep
Late bedtime
Irregular schedule

Frequent daytime fatigue
Impact on daily functioning




Integration strategies for clinical practice: TRE

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

-4 Minimal Provider Burden

v/ Builds on existing DPP infrastructure

v/ Uses established lifestyle coaches

<
7

v/ Targets multiple metabolic pathways

v/ Addresses underlying physiological mechanisms

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




Key take-away messages

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
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

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
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