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Abstract

Timing of energy intake, atemporal dietary pattern, may enhance health. Eating a greater
amount of energy earlier and a smaller amount of energy later in the day, a behavioral circadian
rhythm, may assist with chronoenhancement. Chronoenhancement seeks to enhance entrainment
(synchronization) of biological and behavioral circadian rhythms. In humans, research reports
that eating a greater amount of energy early and a smaller amount of energy later in the day
increases dietary induced thermogenesis, improves cardiometabolic outcomes, and enhances
weight loss. However, little human research has examined if this eating pattern enhances
regularity of biological circadian rhythm. In a randomized controlled 8-week pilot study, the
influence of energy distribution timing on weight loss and regularity of sleep onset and wake
times (marker for biological circadian rhythm) was examined. Within an hypocaloric, three-meal
prescription, participants (n = 8) were assigned to either: 1) Morning: 50%, 30%, and 20% of
kcal at breakfast, lunch, and dinner, respectively; or 2) Evening: 20%, 30%, and 50% of kcal at
breakfast, lunch, and dinner, respectively. Percent weight loss and regularity of sleep onset and
wake times were significantly (p < 0.05) greater for Morning than Evening. To enhance
understanding of the influence of energy distribution timing on health, longer studies conducted
in free-living participants, with dietary intake assessed using time-stamped methods, that include
measures of the circadian timing system are needed. This small review is based upon a
symposium presentation at the Society of the Study of Ingestive Behavior in 2017.
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Highlights
Timing of energy intake, a temporal dietary pattern, may enhance health.
Eating more energy earlier and less energy later in the day may enhance weight loss.

A regular energy distribution pattern may entrain the circadian timing system.



1.1 Introduction

Human nutrition research has traditionally examined the impact of a nutrient, such as a
macro- or micronutrient, or type of food (i.e., fruits and vegetables) on health outcomes.’
Currently, there is greater emphasis on examining dietary patterns, such as eating occasions,
multiple food groups, and/or multiple nutrients, in relation to health outcomes.? Within this
approach, there is also recognition that time of day of consumption may be an important factor in
the relationship between nutrition and health, thus research has started to examine temporal
patterns of intake.'

One temporal pattern that has recently been examined that may affect health is timing of
energy intake, and particularly the distribution of energy intake throughout the day.'*”" National
surveillance data indicate that since the 1970’s the pattern of intake of meals and snacks has
changed over time, with a decrease in the percentage of adults that report eating breakfast,® and
an increase in the number of and amount of energy intake from snacks consumed per day.>®
Furthermore, self-reported time of breakfast shows that it is being consumed later in the day.®
This temporal pattern, a reduction in breakfast consumption, consuming breakfast later in the
day, and more energy consumed from snacks, suggests that the distribution of energy intake in
the day may have shifted such that less energy is being consumed earlier in the day and more
energy is consumed later in the day.

Recent data examining the temporal pattern of energy intake does indicate that adults in
the US appear to be consuming a very small amount of total energy intake earlier in the day. For

example, data from 1999-2004 National Health and Nutrition Examination Survey (NHANES)



show that for the majority of adults, the first and second largest daily consumption event is
occurring after 10 am.* Another study used a smartphone to collect the daily temporal pattern of
energy intake in 156 healthy, free-living participants using digital images.® The time-stamp of
the images allowed the temporal aspect of eating to be examined.® Results indicated that less
than 25% of total energy intake was consumed before noon, while 37.5% of total energy intake
was consumed after 6 pm. These studies indicate that adults are consuming a small percentage
of their total energy early in the day, leaving most of energy intake to occur later in the day.®
This temporal eating pattern is now hypothesized to be problematic for weight management and
cardiovascular health as it may negatively influence the circadian timing system (CTS). 1013
1.2 The circadian timing system, circadian disruption, and health

The CTS provides an intrinsically-generated nearly 24-hour signal that is typically
entrained to the geophysical properties of earth’s rotation, primarily daylight and darkness.'* The
suprachiasmatic nuclei (SCN) in the hypothalamus function as the master clock of the
mammalian CTS, coordinating the sleep-wake cycle, metabolic and hormonal processes, and the
overall temporal organization of physiological processes within the body.>1%111314 The SCN also
coordinates peripheral oscillators located in cells and organs (e.g., lung, liver, etc.), so that
physiological systems function harmoniously. 4314

A direct pathway from the retina carries photic information of environmental light/dark
cycles to the SCN, which serves as the principal zeitgeber (synchronizer) to the CTS.'* Several
nonphotic stimuli have also been shown to serve as zeitgebers, including daily behavioral
patterns of eating.'**® Daily patterns of eating do not completely override the light-dark cycle
input to the SCN, but feeding has been shown to act as a potent zeitgeber of the peripheral

oscillators.2**8 I pattern of eating is not aligned to the output of the SCN, the peripheral



oscillators may be out of phase with the SCN, resulting in internal desynchrony, i.e.,

chronodisruption [CD].**

This type of CD may be thought of as a result of a disconnection of
temporal organization between biological, originating from the SCN, and behavioral circadian
rhythms.>**1® The loss of coordination between biological (SCN) and behavioral circadian
rhythms impacting on peripheral oscillators is related to negative health outcomes, including
obesity and weight gain, metabolic syndrome, cardiovascular disease, cognitive impairment, and
mood disorders.*°

Chronotherapy, a chronobiological-based intervention, can moderate CD.'**° This type
of intervention can focus on adjusting the CTS, and traditionally these interventions have
focused on changing exposure to light or darkness or modifying sleep and wake times, which
influence the SCN. Another approach can target adjustment of behavioral circadian rhythms,
using interventions that change the timing and/or regularity of other misaligned behaviors that
may be influential in synchronizing the peripheral oscillators.'* These interventions can then
enhance the alignment of biological and behavioral circadian rhythms (chronoenhancing),
entraining the SCN and the peripheral oscillators.***® Interventions altering the behavioral
circadian rhythm of eating via moving intake to occur earlier in the day may assist with
entraining the CTS by enhancing synchronization between the peripheral oscillators and the
SCN, improving overall health.
1.3 Timing of energy intake and metabolic and hormonal response

To improve physiological parameters related to cardiometabolic and weight-related
health, timing of energy intake would need to influence cardiometabolic and metabolic response.

Laboratory-based experimental designs do demonstrate an enhanced favorable cardiometabolic

and metabolic response when a greater amount of energy is consumed earlier, rather than later, in



the day.2%2*> Forexample, in a randomized cross-over trial, twenty healthy participants were
randomized to receive the same standard meal, 30% energy from protein, 31% energy from fat,
39% energy from carbohydrates, providing 1168 kcal, on two different days at two different

21

times.“~ On one day, the meal was served at 8 am, and 7 days later, the meal was served at 6 pm,

or vice versa. Dietary induced thermogenesis was significantly greater, and glucose and insulin
response was significantly lower after the morning, as compared to the evening, meal.!
Similarly, another study examined differences in dietary induced thermogenesis when identical
meals, which provided 33.3% of calculated energy needs, were provided at ‘“breakfast” (one hour
after scheduled wake time) and “dinner” (13 hours after scheduled wake time).?? Results
indicated that dietary induced thermogenesis was 44% lower with the evening as compared to the
morning meal, even though the meals were identical in nutrient composition.?? Finally, 10
healthy women participated in a randomized cross-over trial in which after receiving two weeks
of standardized meals, participants completed a 1-day protocol that contained three meals.?® The
three meals were identical in the two conditions; the only difference was the timing of the second
meal. In one condition, the meals were served at 8 am, 1 pm, and 6 pm (Early), while in the
other condition the meals were served at 8 am, 4:30 pm, and 6 pm (Late). Post-prandial glucose
response following the second meal was significantly greater in the Late condition as compared
to the Early condition.?® These studies indicate that eating a greater amount of energy earlier in
the day enhances dietary induced thermogenesis, which can enhance overall energy expenditure,
and improves the glycemic response. This physiological response to eating a greater amount of
energy earlier in the day could enhance outcomes related to weight management and

cardiometabolic health.

1.4 Timing of energy intake and weight loss



Three observational studies have explored the relationship between timing of energy
intake and weight reduction.®>3* A retrospective observational study, the Adventist Health
Study 2, a relatively healthy North American cohort comprised of over 50,000 adults,
investigated if the timing of when the largest meal of the day was consumed was related to
weight change over 7 years.”> Both the timing of when the largest meal was consumed and
height and weight were self-reported. Compared to participants who reported consuming their
largest meal at dinner, those consuming their largest meal at breakfast experienced a significant
decrease in body mass index (BMI).2® Two prospective observational studies, with participants
from Spain with overweight or obesity, examined whether taking the mid-day meal early or later
in the day was associated with weight loss.®?* One study examined the relationship between meal
timing and weight loss during a 20-week weight loss program,* while the other study examined
excess weight loss over 6 years of follow-up following bariatric surgery.?* In both studies, late
and early lunch eating were defined based on time of lunch, the main meal of the day in Spain,
with early eating consuming lunch prior to 3 pmand later eating consuming lunch after 3 pm.
Late lunch eaters lost significantly less weight than early lunch eaters during the 20 week weight
loss program.® The difference in weight loss between early and late lunch eaters occurred at
week 5 and was maintained during the remaining 15 weeks of the program.® Following bariatric
surgery, those participants who had the poorest weight loss response to the surgery over the 6-
year follow-up had the highest percentage of participants who consumed a late lunch.?* These
observational studies suggest that having the largest or main meal of the day earlier in the day
may enhance reductions in weight.

There is very little experimental research conducted on the relationship between timing of

energy intake and weight loss. Two randomized controlled trials have been conducted in this



area.”>?® Onestudy randomized 42 women with overweight or obesity to one of two hypocaloric
diets (600 kcal/day reduction) over three months.?® In one intervention (G1), participants were
instructed to consume 70% of their energy for breakfast, morning snack, and lunch, and 30% of
their energy for afternoon snack and dinner. In the second intervention (G2) participants were
instructed to consume 55% of their energy for breakfast, morning snack, and lunch, and 45% of
their energy for afternoon snack and dinner. Participants met with a dietitian to assist with
compliance to the prescription. While analyses were not conducted regarding adherence to the
specific goals for eating occasions up to lunch and then after lunch, analyses of breakfast and
dinner from food records indicated a different pattern of intake that matched the prescriptions
(G1: 35% energy and 20% energy for breakfast and dinner, respectively; G2: 30% energy and
45% energy for breakfast and dinner, respectively), but significant differences were not reported.
However G1 did have significantly greater weight loss than G2 (-8.2 +3.0 kg vs -6.5+ 3.4 kg, p
< 0.05). Reduction in homeostasis model assessment—estimated insulin resistance (HOMA-IR)
was significantly greater (p < 0.05) in G1 than G2.

In another study, 93 women with overweight or obesity and metabolic syndrome were
randomized to one of two, 3-month obesity interventions.?® In this investigation, Participants in
both interventions were prescribed a diet containing 1,400 kcal /day and met with a dietitian to
check for compliance during the intervention. In one intervention (Breakfast), participants were
instructed to consume 50% of their energy at breakfast, 36% at lunch, and 14% at dinner. In the
other intervention (Dinner), participants were instructed to consume, 14% of their energy at
breakfast, 36% at lunch, and 50% at dinner. Participants were also provided with times of when
to eat the meals, with breakfast at 6 to 9 am, lunch at 12 to 3 pm, and dinner at6to 9 pm. No

diet results were reported. For weight loss, Breakfast lost significantly more weight than Dinner



(-8.7+1.4kgvs -3.6+1.5kg, p<0.0001). Interestingly, the difference in weight loss between
the two groups became significantly different early in the intervention (week 4) and remained
significantly different throughout the remaining time of the intervention. At 3 months, fasting
glucose, insulin, and HOMA-IR decreased in both groups, but Breakfast decreased to a greater
extent (p < 0.0001) than Dinner in these outcomes. Oral glucose tolerance tests also showed that
at 3 months, both groups had significantly lower glucose and insulin excursions as compared to
baseline, but Breakfast again had a significantly (p < 0.0001) greater reduction in glucose and
insulin excursions from baseline than Dinner (glucose: -22% vs -15%; insulin: -58% vs -30%).

At week two in the investigation, participants consumed their meals in a lab setting for
one day, and measures of insulin, glucose, ghrelin, and hunger and fullness were taken
throughout the day.?® Results found that Breakfast had significantly lower (p < 0.05) area under
the curve for glucose, insulin, ghrelin, and hunger, and significantly greater (p < 0.05) area under
the curve for fullness than Dinner.

Results of these observational and experimental investigations indicate that eating a
greater amount of energy earlier in the day may be helpful for weight management. In particular,
during obesity treatment, this eating pattern appears to enhance weight loss, with the effect
occurring early in treatment and maintained over time. While evidence is limited,
cardiometabolic enhancements were found when greater energy intake occurred earlier, as
compared to later, in the day, with these enhancements showing prior to when differences in
weight loss were apparent. While these investigations examined if eating earlier in the day is
helpful for weight management and cardiometabolic health, they did not examine if this eating
pattern assists with entrainment of biological and behavioral circadian rhythms.

1.5 Timing of energy intake, sleep, and weight loss: Pilot study



To better understand if consuming a larger portion of energy earlier and a smaller portion
later in the day is an eating pattern that enhances weight loss via synchronization of biological
and behavioral circadian rhythms, we conducted an 8-week pilot study that examined if the
amount of energy consumed and the time of day it is consumed (behavioral circadian rhythm)
enhanced weight loss and regularity of sleep and wake times (marker for biological circadian
rhythm). In this pilot study, within the context of an 8-week lifestyle intervention for obesity
treatment, two isocaloric, energy distribution patterns were examined. Both energy distribution
patterns instructed participants to consume only three meals per day. One pattern, Morning,
prescribed an energy distribution pattern of 50% of energy in the first meal, 30% in the second
meal, and 20% in the last meal. The second pattern, Evening, prescribed an energy distribution
pattern of 20% in the first meal, 30% in the second meal, and 50% in the last meal. Measures of
diet, via three-day food records, were taken at 0 and 8 weeks to assess behavioral circadian
rhythm. Measures of sleep, via accelerometry, to assess biological circadian rhythm, were taken
at 0 and 8 weeks. Percent weight loss over the course of the 8 weeks was determined. This
study was approved by the Institutional Review Board at the University of Tennessee and was
registered with ClinicalTrials.gov (Identifier: NCT02204735).

1.5.1 Methods

For this pilot, participants were recruited via flyers. Participants were adults who had a
body mass index between 27 and 45 kg/m?, a self-reported daily (weekday and weekend) wake-
up time between 5am and 8 am, and self-reported at least six total hours of sleep > 5 nights per
week. Participants were ineligible if they could not walk at least 2 blocks without stopping; were
participating in a weight loss program and/or taking weight loss medication or lost > 5% of body

weight during the past 6 months; were diagnosed with type 1 or 2 diabetes; had bariatric surgery;



were pregnant, lactating, <6 months post-partum; were on medication to aid in sleep; or were
shift workers/alternative shift workers that work outside of 7 amand 7 pm.

In 2014, a total of 46 participants were phone-screened for eligibility and those
participants who were initially eligible were invited to an in-person orientation, in which
informed consent was obtained by research staff. Eleven potential participants attended the
orientation and signed consents, with eight of these potential participants completing baseline
assessments. These eight participants were randomized, using a random numbers table, to one of
the two tested interventions. Participants were informed of the intervention they were assigned to
at their first intervention session.

Morning and Evening received an 8-week standard lifestyle intervention for obesity,
which consisted of 30-minute weekly, individual meetings, delivered by M.S.- and Ph.D.-level
research staff. In each meeting, participants were weighed, self-monitoring records of diet and
physical activity were reviewed, and a behavioral lesson was presented. Behavioral lessons
covered topics such as self-monitoring, goal setting, stimulus control, pre-planning, and
problem-solving and were based upon previous trials. Participants were instructed to consume
an energy- and fat-restricted diet (1,200-1,500 kcal/day, < 30% kcal from fat). Participants were
instructed to eat a total of three eating occasions each day, with the first occasion to occur within
one hour of awakening and to consume their second and third eating occasions within five or six
hours of their previous occasion. Participants were instructed to have at least one hour prior to
going to sleep with no eating. Participants were instructed to incrementally build up their
physical activity to a goal of 200 min (recommended as 40 min, five days per week) of
moderate-intensity physical activity per week, with no guidance provided regarding what time of

day physical activity should occur.



Participants randomized to Morning were instructed to consume 50% of their energy
intake in their first meal, 30% in their second meal, and 20% in their meal (i.e., for 1200
kcal/day, 600 kcal in the first meal, 360 kcal in the second meal, and 240 kcal in the third meal).
Evening was instructed to consume 20% of their energy intake in their first meal, 30% in their
second meal, and 50% in the third meal. Participants were provided with sample meal plans
meeting their intervention prescription.

Measures were collected at 0 and 8 weeks, unless otherwise described, by trained
research assistants blinded to randomization assignment. Overall energy intake and meal energy
intake was assessed by 3-day (2 weekdays and 1 weekend) food records. Eating occasions were
participant defined. Nutrition Data System for Research (NDS-R) software developed by the
Nutrition Coordinating Center, University of Minnesota, Minneapolis, Minnesota was used to
determine energy intake.

At 0 weeks, self-reported measures on risk of self-apnea (STOP BANG) *" and sleep
quality (Women’s Health Initiative Insomnia Rating Scale [WHIIRS]) ** were collected. Data on
basic sleep quality and overall amount of sleep obtained was collected using the SenseWear®
armband from BodyMedia®. Participants were instructed to wear the armband for 23 hours a
day for each of the 7-day period assessments at O and 8 weeks. The body monitoring system of
the SenseWear® armband continuously records skin temperature, Galvanic skin response, and
metabolic equivalent values. The SenseWear® has been shown to be a reliable measurement for
total sleep time in both individuals with and without obstructive sleep apnea,?® and a valid and
reliable measure of total sleep time and sleep efficiency in adolescents.®® The armband reports
total minutes of lying down and total minutes wake/sleep during the lying down time, allowing

sleep efficiency to be calculated. Mean minutes of sleep per 24 hours and mean sleep efficiency



was calculated from the 7 days of measures. Participants completed a sleep diary during the
seven days that the armband was worn. Sleep onset and wake times from the diary, which were
compared to output from the SenseWear® armband, were used to quantify sleep regularity.
Regularity was calculated using guidelines from the Social Rhythm Metric.'>*® A score of 0 to 7
was calculated to assess the mean regularity of sleep onset and wake times. Regularity was
defined as the number of times sleep onset and wake times occurred within the same 45 min each
day during the assessed week. A score of O indicates none of the scored events occurred within
the same 45 min period during the week (no regularity), while 7 represents all scored events
occurred within the same 45 min period during the week (perfect regularity). The Social Rhythm
Metric has been found to be a valid and reliable measure of rhythms.**® In addition to
measuring sleep, the armband measured moderate- to vigorous-intensity physical activity
minutes. !

Weight was assessed by an electronic scale, and height was assessed using a stadiometer,
using standard procedures, with participants wearing light clothing, without shoes. Weight was
measured weekly, while height was measured at baseline only. Percent weight loss was
calculated from baseline weight.

Adherence to the intervention was evaluated by attendance to sessions and mean weekly
compliance to the dietary prescriptions in regards to timing of meal intake and amount consumed
at meals from self-monitoring forms. Each week, one random day was selected from the self-
monitoring records to review and meals that were consumed within one hour of their designated
prescription time were counted as being consumed at the correct time and meals that were + 50
kcal of their energy goals were counted as being the correct size.

Baseline characteristics between the two interventions were examined for differences



using chi-square and independent t-tests for nominal/ordinal data and interval data, respectively.
Mixed analyses of variance, with intervention as the between-subjects factor and time as the
within-subjects factor, were used to examine differences between the interventions across time
for all variables except percent weight loss, which was analyzed with an independent t-test. For
mixed analyses of variance, significant interactions were followed with post hoc pairwise
comparisons using Bonferroni corrections to determine were differences occurred. Greenhouse-
Geisser corrections were used when appropriate for repeated measures to adjust for sphericity.
Attendance and compliance to energy distribution timing prescriptions were examined with
independent t-tests. Analyses were conducted using SPSS 23.0 (SPSS, Inc). Alpha-level was set
at 0.05.
1.5.2 Results

Eight women (53.1 + 6.4 years, 36.0 + 2.4 kg/m?, 75% non-Hispanic Whites — see Table
1) were randomized to Morning or Evening (no significant differences occurred between the two
interventions in demographic, and baseline diet, sleep, physical activity, or anthropometric
variables). Self-report measure of risk of sleep-apnea indicate low to intermediate risk,?’ and
self-report measure of sleep quality is below the cut-off considered to indicate poor quality.?

Changes in diet are shown in Table 2. Energy intake significantly decreased from O to 8
weeks (1812 + 373 kcal/day vs 1433 + 331,d =1.07, F (1,6) =6.01, p = 0.049), with no
significant differences between the interventions. In regards to patterns of intake, the number of
eating occasions decreased significantly from 0 to 8 weeks (4.5 + 1.2 occasions/day vs 3.1 + 0.6
occasions/day, d =1.5, F (1,6) = 27.5, p = 0.002), with no significant differences between the
interventions. Additionally, how energy was distributed throughout the day changed over the

course of the intervention, with Breakfast showing the greatest percent of energy intake



Table 1. Demographic characteristics of Morning and Evening

Age? (yrs)
Body mass index? (kg/m?)

Morning

(n=4)

51.0 + 5.9, 45-59

35.7 + 4.8, 32-43

Evening
(n=4)
55.3 + 6.9, 45-59

36.3 + 2.5, 34-40

Women (%) 100.0 100.0
Race (%)
White 100.0 50.0
Black 0.0 50.0
Hispanic (%) 0.0 0.0
STOP BANG? 23+1.0,1-3 3.3+13,2-5
WHIIRS? 6.8 + 2.6, 3-9 6.3 +2.6,4-10

Moderate- to vigorous 0.43 +0.22, 0.16-0.64 0.23 +0.13, 0.40-0.33
physical activity? (hrs/day)
®Reported in M + SD, Minimum value-Maximum value. WHIIRS = Women’s Health Initiative

Insomnia Rating Scale.

occurring in the first meal of the day and the smallest percent of energy intake occurring in the
last meal of the day at 8 weeks, and Dinner showing the smallest percent of energy intake
occurring in the first meal of the day, with the second and third meals being larger than the first
meal, but similar in percent of energy take, at 8 weeks. There was a significant interaction (F

(1,6) = 23.7, p = 0.003) for percent of energy intake at the first meal, with Breakfast consuming a



significantly greater (F (1,6) = 56.2, p <0.001) percentage of energy in the first meal than Dinner
at 8 weeks (d = 5.3).

In regards to how the three meals were spaced during the day, there was a significant
decrease in hours from self-reported awake time and the first meal from 0 to 8 weeks, with no
significant differences between the interventions (1.39 + 0.35hrs vs 0.89 +0.45hrs, d=1.2, F
(1,6) = 14.5, p =0.009). A significant increase in hours between meal 1 and meal 2 from 0 to 8
weeks occurred, with no significant difference between the interventions (4.45 + 0.87 hrs vs 5.28
+0.82hrs, d=0.9, F (1,6) = 7.3, p=0.036). Nosignificant change in hours between meal 2 and
meal 3 occurred from 0 to 8 weeks (5.66 + 0.63 hrs vs 5.08 + 0.52 hrs, d = 1.0, F (1,6) =5.59, p
= 0.056). A significant increase in hours from the last eating occasion to self-reported sleep onset
occurred from 0 to 8 weeks, with no significant difference between the interventions (3.27 + 1.51
hrs vs 3.98 + 0.84 hrs, d = 0.6, F (1,6) = 8.1, p = 0.029).

Taken together, these results show that the two groups differed in their energy
distribution timing, with Breakfast consuming a greater proportion of energy earlier in the day
and Evening consuming a greater proportion of energy later in the day. Also, in both
interventions the eating pattern shifted in which eating started closer to awakening in the
morning, with a longer period of no eating prior to sleep onset. Eating occasions also occurred
approximately every 5 hours when awake.

Sleep outcomes are shown in Table 3. For sleep, there were no significant changes in
hours of sleep from 0 to 8 weeks (6.37 + 0.77 hrs vs 6.85 +0.87 hrs, d =0.5,F (1,6) =3.9p =
0.097). At 0 weeks, mean sleep time for Morning was 23:31 hrmin (range: 22:56 hrmin - 2341
hromin) and Evening was 00:10 hr:min (range: 23:50 hrmin - 00:55 hrmin). At 0 weeks, mean

wake time for Morning was 06:04 hrmin (range: 05:47 hrmin - 06:15 hrmin) and Evening was



Table 2. Dietary intake of Morning and Evening at 0 and 8 weeks®
Morning
(n=4)
Energy (kcal/day)”
0 weeks 1849 + 141, 1660-1973
8 weeks 1423 + 156, 1209-1570
Number of eating occasions per day”
0 weeks 4.9+0.8,4.0-6.0
8 weeks 3.0+0.0, 3.0-3.0
First meal percent of daily energy®
0 weeks 155+6.7,7.7-22.4
8 weeks 44.5+6.7",39.0-54.2
Second meal percent of daily energy
0 weeks 22.4+8.7,12.0-30.6
8 weeks 30.3 +4.4,24.6-34.5
Third meal percent of daily energy
0 weeks 36.7 + 8.3, 30.1-48.6
8 weeks 25.0+4.9,21.2-32.0
Time from awakening to first meal (hrs)®
0 weeks 1.19+0.33,0.82-1.42
8 weeks 0.95 + 0.46, 0.56-1.58
Time from first to second meal (hrs)®
0 weeks 4.82 +0.26, 4.47-5.07

8 weeks 5.03+0.79, 3.91-5.78

Evening

(n=4)

1776 + 550, 1000-2172

1544 + 568, 939-1772

4.1+15,3.0-63

3.3+1.0,27-4.7

21.4 + 8.7, 13.6-33.2

143+45",8.9-18.3

33.9+14.9,17.0-41.7

41.3 +18.8, 26.7-57.9

35.3 +17.5,20.2-50.5

42.0 +10.0, 32.1-52.1

1.59 + 0.28, 1.42-2.00

0.82 + 0.50, 0.31-1.33

4.08 + 1.15,3.17-5.75

5.53 + 0.88, 4.26-6.50



Time from second to third meal (hrs)

0 weeks 550+0.71,4.88-6.45 5.83+0.59, 5.31-6.51
8 weeks 5.40 + 0.29,5.00-5.67  4.76 + 0.52, 4.04-5.17
Time from last eating occasion to sleep
(hrs)°

2.71+0.55,1.95-3.25 3.84 +2.04,1.61-6.33
0 weeks

3.93+0.51,3.22-4.44 ~ 4.03 +1.18, 2.52-5.08
8 weeks

Reported in M + SD, Minimum value-Maximum Value, °Significant main effect of time (p <

0.05), “Significant interaction (p < 0.05). “Significantly different (p < 0.001).

06:40 hrmin (range: 05:20 hrmin - 07:30 hr:min). At 8 weeks, mean sleep time for Morning
was 23:20 hrmin (range: 22:56 hrmin —23:41 hrmin) and Evening was 23:22 hrmin (range:
22:13 hrmin —00:26 hrmin). At 8 weeks mean wake time for Morning was 06:12 hrmin
(range: 05:49 hrmin —06:36 hrmin) and Evening was 06:47 hrmin (range: 06:16 hrmin —
07:00 hrmin). There was a significant interaction (F (1,6) = 8.6, p <0.026) for sleep efficiency,
however posthoc comparisons did not show a significant difference between Morning and
Evening at 8 weeks or a significant difference between 0 and 8 weeks for either intervention.
There was also a significant interaction (F (1,6) = 6.4, p = 0.045) for sleep onset and awakening
regularity, with Morning have significantly greater (F (1,6) = 6.8, p = 0.04) regularity than

Evening at 8 weeks (d = 1.8).



Table 3. Sleep measures for Morning and Evening at 0 and 8 weeks®

Sleep (hrs)
0 weeks
8 weeks
Percent sleep efficiency”
0 weeks
8 weeks
Sleep regularity”
0 weeks

8 weeks

Morning

(n=4)

5.97 +0.38, 5.67-6.52

6.51 + 0.73, 5.61-6.96

79.2 +9.8% 67.4-91.1

83.3 + 7.1%,73.7-90.7

5.0+1.1,4.0-65

5.6+0.9",4.5-6.5

Evening

(n=4)

6.87 + 0.84, 6.06-8.00

7.18 + 0.96, 6.25-8.26

85.7 + 4.9%,79.7-90.5

81.4 + 6.6", 72.5-87.3

43+1.0,3.0-5.0

3.9+1.0,25-50

*Reported in M + SD, Minimum value-Maximum Value "Significant interaction (p < 0.05). *Not

signficantly different (p > 0.05). “Significantly different (p < 0.05).

Percent weight loss for each intervention by week is shown in Figure 1. There was a
significant difference (t (6) = 3.4, p = 0.014) between the interventions in percent weight loss at
8 weeks with Morning showing a greater decrease in percent weight loss than Evening (-8.9 +

1.4% vs -4.8+ 1.3%, d = 3.0).
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Figure 1. Percent weight loss by week for Morning and Evening.
Interventions were signficantly different at 8 weeks (p < 0.05).

Daily hours of moderate- to vigorous-intensity physical activity did not significantly
change from 0 to 8 weeks (0.33 + 0.20 hrs/day vs 0.40 + 0.38 hrs/day, d =0.2, F (1,6) = 0.6, p =
0.476), with no significant differences between interventions. There were no differences in the
interventions in regards to attendance (Morning: 8.0 + 0.0, Evening: 7.8 + 0.5,t(6) = 1.00, p =
0.356), and number of meals per day compliant to meal timing goals (Morning: 2.6 + 0.4,
Evening: 2.4 +0.4,t(6) =0.919, p = 0.394), and number of meals per day compliant to meal size
goals (Morning 2.2 +0.2, Evening: 2.1 + 0.1, t (6) = 0.870, p = 0.418).

The results from this pilot study indicate that during a brief lifestyle intervention, an
eating pattern in which a greater percentage of energy is consumed earlier in the day, as
compared to an eating pattern in which a greater percentage of energy is consumed later in the
day, enhanced sleep onset and awakening regularity. This may suggest an improvement of
synchronization of behavioral and biological circadian rhythms. Furthermore, this potentially

chronoenhancing eating pattern dramatically increased percent weight loss (this pilot study found



percent weight loss was enhanced by > 80%). However, it is important to underscore limitations
of this pilot study. Asthe sample is all women and middle-aged, menopausal status may
influence outcomes and this information was not collected from participants. The sample size is
very small, which may hamper ability to detect baseline difference between the interventions,
and significant findings are found only in areas with very large effect sizes. Dietary intake and
sleep diaries are self-reported (sleep diaries were compared to SenseWear® armband output),
and a biomarker of biological circadian timing was not collected.

1.6 Conclusion

A temporal pattern of energy intake, energy distribution timing, is a newly identified
dietary pattern that appears to impact health outcomes. In particular, consuming a greater
amount of energy earlier in the day and a smaller amount of energy later in the day appears to
improve cardiovascular health, enhance dietary induced thermogenesis, and increase weight loss.
These improvements may be due to greater entrainment of the CTS, in which the
synchronization of biological and behavioral circadian rhythms are improved.

As this area of research is in its infancy, with few studies conducted in free-living
participants, several areas of research are needed to better understand how timing of energy
intake influences health outcomes and the mechanisms of action. Intervention studies conducted
with larger samples over longer time periods are needed. Importantly, within these studies, to
better ascertain timing of energy intake, dietary assessment should incorporate methodologies,
other than self-report, that help measure amount and time of energy intake. This may involve the
use of technology, such as digital imaging, accelerometry (i.e., bite counter), and/or continuous
blood glucose monitoring, as these methods can time stamp eating occasions and potentially help

with quantifying size of the eating occasions. Additionally, along with measures of behavioral



circadian rhythms, studies should measure biological markers of circadian rhythm, such as

morning-evening cortisol difference, daily profile of wrist temperature, and dim-light melatonin

onset. Finally, the moderating influence of chronotype on compliance to this type of prescription

and weight loss should be examined. These types of investigation will provide greater insight

into the ability of participants to implement and maintain this type of dietary pattern over time,

its influence on health outcomes, and its effect on CTS entrainment.
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