1duosnuey Joyiny 1duosnuen Joyiny 1duosnuey Joyiny

1duosnuey Joyiny

Author manuscript
Sleep Health. Author manuscript; available in PMC 2022 June 01.

-, HHS Public Access
«

Published in final edited form as:
Sleep Health. 2021 June ; 7(3): 339-344. doi:10.1016/j.sleh.2021.01.001.

Meal timing relative to DLMO: Associations with BMI and Body
Fat

Elizabeth Culnan?, Kathryn J. Reid?, Phyllis C. Zee?, Stephanie J. Crowley3, Kelly G. Baron*

1Sleep Disorders Service and Research Center, Department of Psychiatry and Behavioral
Sciences, Rush University Medical Center

2Center for Circadian and Sleep Medicine, Department of Neurology, Feinberg School of
Medicine, Northwestern University, Chicago, IL

3Biological Rhythms Research Laboratory, Department of Psychiatry and Behavioral Sciences,
Rush University Medical Center

“Department of Family and Preventative Medicine, University of Utah

Abstract

Background: Timing of eating relative to the dim light melatonin onset (DLMO) may serve as a
modifiable risk factor for adverse cardiometabolic outcomes. The primary aim of this study was to
examine whether the timing of eating relative to DLMO is associated with BMI, body fat, and diet
in healthy adults without the confound of sleep deprivation.

Methods: Healthy men and women (N = 97), ages 18-50, with a habitual sleep duration of > 6.5
hours and < 8.5 hours completed 7 days of actigraphy and daily sleep and food diaries.
Participants underwent a DXA scan and blood draws to assess DLMO in the clinical research unit.

Results: A shorter duration between DLMO and the average clock time of the last meal (last
meal-DLMO) was related to a higher number of meals consumed, 6= .25, SE, = .06, p< .001,
longer feeding duration, 6= .84, SE, = .06, p< .001, greater carbohydrate intake, 6= 9.08, SE; =
3.55, p=.01, and greater sugar intake, b=4.73, SE; = 1.83, p=.01. Last meal-DLMO was not
associated with BMI in the full sample; however, among those with later DLMO (after 10:30pm)
last meal-DLMO was related to higher BMI, b=.92, SE;=.36, p=.02.

Conclusion: These results suggest that timing of last meal relative to DLMO may serve as a
marker of circadian misalignment and that eating the last meal closer to DLMO may negatively
impact dietary habits.
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Obesity represents a growing public health concern, as the prevalence in the United States is
estimated to have reached 36.5% [1]. An emerging area of interest is how meal timing
relates to cardiometabolic outcomes, although existing studies have focused on the clock
timing of feeding and results have been mixed [2-5]. If meal timing is related to outcomes
such as obesity, it is a modifiable risk factor, and thus, crucial to study further.

The mismatch between meal timing and intrinsic circadian rhythms (a form of circadian
misalignment) may link late eating to diet and weight outcomes. Circadian misalignment has
previously been associated with adverse metabolic outcomes [6]; however, much of the
research examining the impact of circadian misalignment on health has focused on mis-
timed sleep in relation to the intrinsic circadian rhythm and only one prior study has
examined meal timing in relation to objective markers of circadian rhythms. In this study,
McHill and colleagues found that participants with a diurnal rhythm of calorie consumption
closer to the onset of endogenous melatonin marked by the Dim Light Melatonin Onset
(DLMO) had higher BMIs and increased body fat percentage [7]. Additionally, those who
consumed a greater percentage of calories within 4 hours of the DLMO and sleep onset had
significantly higher percentages of body fat. These findings are limited as the study utilized
a convenience sample of college students, and therefore, cannot be generalized.

We sought to extend these previous findings to assess whether eating at a later biological
time impacts health in a sample of healthy adults. More specifically, the goal of this study is
to evaluate whether the timing of eating relative to biological time is associated with BMI,
body fat, and diet quality in a sample of healthy adults with average and late sleep timing
practices who were free of depression and short sleep duration. We hypothesized that meal
timing closer to DLMO (e.g. eating at a later biological time) would be associated with
higher BMI, greater body fat, higher total caloric intake, greater meal frequency and worse
dietary quality. Exploratory post-hoc analyses were conducted, stratifying the sample into
two groups by time of DLMO to determine whether these relationships differed based on
DLMO time. Given that DLMO is a variable that can be costly to measure, we also
examined the associations between last meal relative to sleep midpoint and BMI, body fat,
and diet quality. We hypothesized that results of the analyses examining the relationship
between timing of eating relative to biological time and BMI, body fat, and diet quality
would be comparable to the results of analyses examining the relationship between timing of
eating relative to the sleep midpoint and BMI, body fat, and diet quality.
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Methods

Participants

This is a secondary analysis of a study designed to evaluate the role of circadian timing with
BMI, body fat, and obesity related behaviors [8]. The protocol for the study was approved
by the Northwestern University Institutional Review Board (IRB# 55383) and all
participants completed written informed consent prior to participation in this study.
Participants included healthy men and women, ages 18-50 years with habitual sleep
duration = 6.5 hours and < 8.5 hours. Exclusionary criteria included: high risk or presence of
obstructive sleep apnea, insomnia, restless legs syndrome as assessed by the screening
questionnaires and/or home sleep monitoring, history of cognitive or other neurological
disorders, presence of any major psychiatric disorder, current alcohol or substance abuse as
assessed by the Structured Clinical Interview for the DSM-1V Axis | Disorders [9], history
of or concurrent unstable or serious medical illness (cancer, diabetes or cardiovascular
disease), current use of psychoactive medications including antidepressants, anxiolytics,
neuroleptics, anticonvulsants, hypnotics, stimulants, or beta blockers, shift work or travel
over 2 time zones in the past 6 months, caffeine >300 mg per day, smoking, pregnancy or the
desire to become pregnant during the study period or inability to read and write in English.

Procedure

A full description of the procedures are reported elsewhere [8]. Briefly, participants
completed screening for study criteria via questionnaires, 7 days of actigraphy, and 1 night
home apnea monitoring. After screening, participants were scheduled for a 1 night overnight
in the clinical research unit (CRU). Participants completed 7 days of actigraphy, as well as
daily sleep and food diaries prior to the CRU session. At the overnight laboratory session,
participants completed a dual energy X-ray absorptiometry (DXA) scan to measure body fat.
Then blood samples were taken every 30 min from Circadian Time (CT; where 0 is normal
wake time) 11 to CT 18 to assess DLMO. Participants were discharged in the morning after
breakfast.

Measures

Demographics: Participants reported their age, sex, race, ethnicity, income, employment
and marital status on a study-specific demographic questionnaire.

Obstructive sleep apnea risk: Participants completed an overnight screening at home
using a portable sleep apnea screening device (ApneaLink, Resmed Inc. Poway, CA).
Participants who had an Apnea Hypopnea Index >5 on the Apnea Link recording were
excluded from the study.

Sleep: Sleep/wake patterns were estimated using 7 days of wrist actigraphy using the
Actiwatch Spectrum (Philips/Respironics, Inc, Bend, OR). Actiwatches were worn on the
non-dominant wrist and set with 30 second epoch length and medium sensitivity.
Actigraphic sleep parameters (sleep onset, sleep offset, and sleep duration) were calculated
using Actiware-Sleep 6.0 software with default settings. In order to be included in analyses,
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participants needed at least 5 days of valid actigraphy data. Average sleep midpoint (middle
time point between sleep onset and sleep offset) was calculated from actigraphy data.

Circadian timing (DLMO): Plasma melatonin levels were assayed using a commercially
available radioimmunoassay for the in-vitro diagnostic quantitative determination of
melatonin from IBL (IBL International GmbH, Hamburg, Germany). Dim light melatonin
onset was determined using 2 SD above the baseline + 15% of the 3 highest values [10].

Body Mass index: Body Mass Index (kg/m?) was calculated using measurements from
the laboratory session: height measured at admission by nursing and weight taken in light
clothing, without eating or drinking after the morning void.

Body fat and body fat distribution: Body fat was measured using DXA on a whole
body Hologic scanner (Version 13.1). Body fat values were calculated for total body fat
mass, trunk fat mass, android and gynoid regions using automated calculations provided by
Hologic. Values were calculated for total body fat % and the gynoid/android ratio (a measure
of central adiposity).

Dietary Intake: Participants completed 7 days of written food diaries during the week
before the laboratory assessment. All participants were required to have tracked intake for at
least two week days and one weekend day for their data to be included. On the food diaries,
participants recorded time, location, type of food, amount consumed and a description of
each component including brands and restaurant names. During the laboratory session, study
staff reviewed food diaries with participants and queried for missing data. We calculated the
average meal timing (including last meal) using all 7 days of data. The total caloric intake
was calculated using a random sample of 3 days (2 work/school days, 1 free day). Caloric
intake and macronutrients were analyzed using the Food Processor software (ESHA, Inc,
Salem, OR). Total daily caloric intake, grams of protein, fat, sugar, and carbohydrates each
day was computed and averaged. Midpoint of caloric intake was calculated as the average
time when 50% of calories had been consumed. Meal frequency was calculated as the
number of eating occasions each day, with an eating occasion defined as >50 calories
consumed >30 minutes after the previous meal or snack. Feeding duration was calculated as
the average duration of time between the first meal and the last meal.

Meal timing relative to biological time: We calculated two measures of meal timing
relative to DLMO: (1) the duration between DLMO and the average clock time of the last
meal (last meal-DLMO); and (2) the duration between the average clock time of each
participant’s midpoint of caloric intake and DLMO (caloric midpoint-DLMO). We selected
the first measure of last meal-DLMO in an attempt to capture a meal that may have been
consumed when energy expenditure was at its lowest [11], and when diet-induced
thermogenesis is lower [12, 13, 14]. Additionally, prior research has examined the last meal
relative to measures of sleep timing [15], but it has yet to be assessed in comparison to a
measure of circadian timing. Caloric midpoint-DLMO was selected as an additional measure
of meal timing relative to DLMO, to replicate the findings of McHill and colleagues [7].
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Meal timing relative to the sleep midpoint.—The midpoint of sleep has been
correlated with DLMO [16], and may be a more clinically relevant variable, given the high
cost of assessing DLMO. Thus, we calculated a variable of the average duration between the
last meal and the midpoint of sleep (last meal-sleep midpoint).

Data Analysis Plan

Results

Participants

Preliminary analyses (means, SD, and frequencies) were computed to characterize the study
sample. Descriptive analyses (correlations, t-tests, ANOVA) were conducted to examine
relationships between demographics with meal timing. A series of multiple linear regression
analyses with the meal timing variables (last meal-DLMO and caloric midpoint-DLMO) as
predictor variables and BMI, body fat, and diet variables as outcomes were used to assess
our primary aims. Regression models controlled for age, sex, and sleep duration. Models
examining dietary variables also controlled for BMI. Post-hoc exploratory stratified analyses
were conducted among groups with earlier or later DLMO (DLMO earlier or later than
10:30 pm) to examine group differences in the relationships between meal timing and diet,
and BMI/body fat. To create the two groups DLMO was divided into earlier and later using a
median split. These groups were created, as earlier or later DLMO may be reflective of two
distinct groups. Additionally, regression analyses with last meal-sleep midpoint as predictor
variables and BMI, body fat, and diet variables as outcomes were run.

For all data, outliers that were greater than 3 SDs from the mean were removed from the
analyses. One outlier was removed for all analyses and three additional outliers were
removed for analyses examining carbohydrate, protein, and sugar intake. We conducted
sensitivity analyses with and without the outliers, and results were similar. Therefore we are
presenting the analyses without outliers.

Table 1 reports participant characteristics for the entire sample, as well as participants
stratified into earlier and later DLMO groups. The final sample was comprised of 97
participants. On average, participants were 26.78 (SD = 7.25) years of age and there were
more female participants (62.9%) than male (37.1%). Participants were primarily White
(62.9%). Average BMI was in the normal range (M = 24.05; SD = 4.58). Participants had an
average sleep onset time of 12:47 am (SD = 1:22), wake time of 8:05 am (SD = 1:16), and
sleep duration of 443.71 minutes (SD = 50.45). DLMO ranged from 7:30 pm — 4:00 am,
with an average of 10:37 pm (SD = 1:28). Participants reported consuming breakfast at 9:22
am (SD = 1:22) and reported consuming their last meal at 8:26 pm (SD = 1:53). There was
an average of —2:07 hrs (SD = 2:09) between the last meal and DLMO. Very few
participants (9.2%) ate their last meal after DLMO.

Relationships between demographics, DLMO, and meal timing

Greater age was associated with shorter duration between last meal and DLMO (r= .23, p
=.05). Last meal-DLMO was not associated with sex, race, ethnicity, or education level.
Caloric midpoint-DLMO was not associated with age, race, ethnicity, or education level.
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Primary Analyses: Last meal-DLMO

BMI and Body Fat.—Multiple regression analysis revealed that neither measure of meal
timing relative to DLMO (last meal-DLMO or caloric midpoint-DLMO) was associated with
BMI, body fat percentage, or Android/Gynoid fat ratio when controlling for age, sex, and
sleep duration (see Table 2).

Eating Patterns.—Last meal-DLMO was not related to total caloric intake, when
controlling for age, sex, sleep duration, and BMI. However, consuming the last meal closer
to DLMO (i.e., eating at a later biological time) was related to consuming a greater number
of meals, b= .25, SE; =.06, p<.001 and having a longer feeding duration, 6= .84, SE,

= .06, p<.001, when controlling for age, sex, sleep duration, and BMI. Caloric midpoint-
DLMO was not related to total caloric intake, feeding duration, or mean number of meals
when controlling for age, sex, sleep duration, and BMI.

Diet.—Eating the last meal closer to DLMO was associated with greater carbohydrate
intake, 6= 9.08, SE; = 3.55, p=.01, and greater sugar intake, b= 4.73, SE; = 1.83, p= .01,
when controlling for age, sex, sleep duration, and BMI. There were no relationships between
last meal-DLMO and protein, fat, or fiber intake. Caloric midpoint-DLMO was not
associated with intake of carbohydrates, sugar, protein, fat, or fiber.

Exploratory Analyses
Earlier vs Later DLMO.

BMI and Body Fat.: In those with a later DLMO, eating the last meal closer to DLMO was
associated with a higher BMI, 6= .92, SE;,=.36, p=.02, but this was not the case in those
with an earlier DLMO, when controlling for sex, age, and sleep duration (see Figure 1). Last
meal-DLMO was not related to body fat percentage or Android/Gynoid fat ratio in either
group. Caloric midpoint-DLMO was not associated with BMI, body fat percentage, or
Android/Gynoid fat ratio in those with earlier or later DLMO.

Eating patterns.: Last meal-DLMO was not related to total caloric intake, when controlling
for age, sex, sleep duration, and BMI in either those with earlier or later DLMO. Eating the
last meal closer to DLMO was significantly associated with greater mean number of meals
among participants with later DLMOs, 6= .36, SE, = .11, p=.01, but not those with earlier
DLMOs. A longer feeding duration was related to eating the last meal closer to DLMO
among both those with earlier DLMOs, b= .97, SE;, = .09, p <.001, and those with later
DLMOs, b= .83, SEp=.13, p<.001. Caloric midpoint-DLMO was not related to total
caloric intake, feeding duration, or mean number of meals when controlling for age, sex,
sleep duration, and BMI in either those with earlier or later DLMO.

Last meal-Sleep Midpoint.

BMI and Body Fat.: Multiple regression analysis revealed that meal timing relative to the
midpoint of sleep (last meal-Sleep Midpoint) was not associated with BMI, body fat
percentage, or Android/Gynoid fat ratio when controlling for age, sex, and sleep duration.
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Eating Patterns.: Eating the last meal closer to the sleep midpoint was associated with
greater total caloric intake when controlling for age, sex, sleep duration and BMI, 6=91.3,
SE,=31.6, p=.005. Similarly, eating the last meal closer to the sleep midpoint was related
to consuming a greater number of meals, 6= .3, SE, = .1, p<.001, and having a longer
feeding duration, 6=.9, SE; = .1, p<.001 when controlling for age, sex, sleep duration, and
BMI.

Eating the last meal closer to the sleep midpoint was associated with greater carbohydrate
intake, 6= 12.3, SE, = 3.5, p=.001, greater fat intake, 6= 3.7, SE, = 1.7, p= .03, greater
fiber intake, b=4.9, SE;= 2.2, p= .03, and greater sugar intake, 6=6.1, SE;= 1.8, p=.001
when controlling for age, sex, sleep duration, and BMI. It was not associated with protein
consumption.

Earlier vs Later DLMO.

BMI and Body Fat.: Last meal-midpoint of sleep was not related to BMI, body fat
percentage, or Android/Gynoid fat ratio in those with later or earlier DLMO when
controlling for age, sex, and sleep duration.

Eating Patterns.: In those with a later DLMO, eating the last meal closer to the midpoint of
sleep was associated with greater caloric intake, 6= 173.2, SE, = 72.8, p= .02, but this was
not the case in those with an earlier DLMO, when controlling for sex, age, sleep duration,
and BMI. Eating the last meal closer to the midpoint of sleep was associated with greater
number of meals in both earlier, 6= .26, SE; = .08, p=.002, and later, 6= .45, SE,= .11, p
<.001, DLMO groups when controlling for sex, age, sleep duration, and BMI.

Discussion

The goal of this study was to examine the relationships between the timing of food intake in
relation to internal biological time (e.g., meal timing relative to a circadian marker, DLMO)
and BMI, body fat percentage, and eating patterns (e.g., caloric intake; feeding duration) in a
sample of adults with average and late sleep timing, who were free of depression and short
sleep duration. Results demonstrated that each biological hour later the last meal was
consumed was related to consuming .25 more meals and was related to an increase in
feeding duration of .85 hours across the day. Additionally, each biological hour later the last
meal was consumed was associated with a 9 gram increase in carbohydrate consumption and
5 gram increase in sugar consumption, despite not being associated with a greater total
caloric intake. Biological timing of the caloric midpoint was not associated with any of our
outcome measures.

Later biological timing of the last meal was also related to increased feeding duration
(resulting in a shorter overnight fasting duration) and consuming a greater number of meals.
This is similar to the results of previous research, demonstrating that consuming the last
meal closer to sleep onset was related to increased caloric intake through increased meal
frequency [15]. Eating the last meal at a later biological time may also negatively impact
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BMI or body composition over time, given the circadian variation of resting energy
expenditure [11] and the fact that diet-induced thermogenesis is lower at later circadian
times [12, 13, 14]. Over time, this also may impact the ability to lose weight. For instance,
Garaulet and colleagues engaged participants in a weight loss intervention and found that
those individuals who ate lunch after 3:00 PM lost less weight when compared to those who
ate earlier, although energy intake, dietary composition, energy expenditure, and physical
activity were similar between the two groups [17]. Similarly, Gill and Panda explored
feeding duration (time between first and last eating episode) as a potential mechanism for
weight status [18]. Although no relationships between feeding duration and BMI were found
at baseline, a subset of participants with a BMI of >25 and a feeding duration of >14 hours
per day were asked to restrict feeding duration to 10-12 hours per day. Participants were not
instructed to alter caloric or macronutrient intake, yet this change in feeding duration
resulted in an average decrease in caloric intake of 20.26%.

Additionally, these results are similar to those found in this sample in a prior analysis; phase
angle (sleep onset time relative to DLMO, a marker of circadian alignment) was related to
consuming a greater number of meals [8]. Given this, it may be that timing of last meal
relative to DLMO serves as a similar marker of circadian misalignment. Future studies that
seek to examine the relationships between biological timing of intake, body composition,
and eating patterns over longer periods of time may be warranted.

Later biological timing of the last meal was also associated with greater carbohydrate intake
and greater sugar intake, even when controlling for sleep duration. Foods high in sugar and
carbohydrates are often calorically dense, and eating more of these foods over time may
result in weight gain [19]. Greater sugar intake and higher glycemic load from refined
carbohydrates have also been associated with increased cardiovascular disease mortality [20]
and coronary heart disease [21], thus attending to biological timing of intake may improve
cardiovascular health through these avenues as well. The mechanism between increased
intake of carbohydrates and sugar when eating the last meal at a later biological time is
unclear. It may be that it is more difficult to make healthy choices during a later circadian
time of day. To our knowledge, no studies have examined the relationship between circadian
timing and decision-making processes surrounding food choice. A third variable, such as
chronotype, may also be contributing to this relationship. A recent study that found that
evening chronotype was related to having higher odds of not meeting the American Heart
Association’s dietary recommendations when compared to those who are neutral or morning
type [22], likely due to the commonly found association between eveningness and worse
health behaviors.

Later biological timing of the last meal was not related to measures of BMI or body
composition in our full sample, which is in contrast to what was found by McHill and
colleagues [7]. This may be due to differences within the study samples. For instance,
participants in McHill’s study were younger, had a later sleep onset, reported a shorter
average total sleep time, and later average DLMO. Given these group differences and our
null findings, we split our sample into those with earlier and later DLMO. Those in the
group with later DLMO ate their last meal an average of 3:11 prior to DLMO, whereas those
with an earlier DLMO ate their last meal an average of 52 minutes prior to DLMO. When
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examining those with later DLMO separately, results demonstrated that eating the last meal
at a later biological time was associated with greater BMI. No such relationships emerged
among those with an earlier DLMO. This may indicate that eating the last meal at a later
biological time may be more likely to impact health in groups with later DLMO, such as the
college students studied by McHill and colleagues. It may be that those with later DLMO
experience multiple forms of misalignment, and that eating closer to DLMO is one form of
misalignment that is impacting health in a cumulative way with other forms of
misalignment. The relationship seen in this group may also be mediated or moderated by
another variable, such as impulsivity, altered light exposure, or consistency of meal times. It
may also be that this study was underpowered to detect effects if they existed within the
sample as a whole. Regardless, these findings provide further support that the biological
timing of the last meal may be a crucial variable to intervene on in future intervention
studies.

When examining Last meal-sleep midpoint, some findings were similar to Last meal-
DLMO. Thus, studies that are not able to assess DLMO may use Last meal-sleep midpoint
as a similar measure. Relationships between Last meal-sleep midpoint and eating patterns
may even be stronger than those between Last meal-DLMO and these variables. Of note,
Last meal-sleep midpoint was associated with total caloric intake, where Last meal-DLMO
was not, which may also explain why a greater number of dietary variables were related to
Last meal-sleep midpoint. In other words, those participants who consumed their last meal
closer to the sleep midpoint consumed more calories, which not surprisingly resulted in
consumption of a great number of grams of different nutrients. Last meal-DLMO appears to
be the more relevant variable if examining relationships with BMI.

This study is not without limitations, first, the sample was comprised of healthy individuals
who slept = 6.5 hours and < 8.5 hours, which limits generalizability of the study findings.
Average sleep duration in our sample was 7.4 hours (SD = 50.5 minutes), which indicates
that some within our sample were receiving less sleep than what is recommended,
particularly for younger adults [23]. However, we statistically controlled for sleep duration
to ensure our results were not attributable to sleep deprivation. Future studies should seek to
include those with a wide range of sleep duration, and also those with very short sleep and
those with medical disorders who may be more at risk for poor cardiometabolic outcomes.
Second, the cross sectional nature of the study does not allow for causative statements to be
made. Future studies should seek to examine the relationships between DLMO, meal timing,
BMI and body fat across several months. Third, the study sample was not powered to detect
mediating or moderating effects. Thus, future research should include studies with larger
sample sizes.

In conclusion, these data suggest that a later biological timing of the last meal is associated
with increased feeding duration, consumption of more meals throughout the day, and greater
carbohydrate and sugar intake, which may impact cardiometabolic health over time.
Additionally, those with later DLMO appear to have a relationship between biological
timing of feeding and body composition. Additional research is needed to explore the
mechanisms between these relationships.
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Figure 1.

Last Meal - DLMO

Relationships between Last meal-DLMO and BMI among those with earlier and later

DLMO

Note: last meal-DLMO is displayed as the hours of difference between the last meal and
DLMO. BMI units are plotted on the Y axis.
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Participant Characteristics

Table 1.

Page 13

Overall Sample M (SD)

Earlier DLMO (<10:30 pm) M (SD)

Later DLMO (>10:30 pm) M (SD)

Age 26.8(7.3) 285(7.2)* 25.3(7.1)"
Sex 61F/36M 31F/14M 30F/22M
BMI 24.0 (4.6) 243(5.2) 238 (4.1)

DLMO (HH:MM)

10:37 pm (1:28)

9:24 pm (0:42)

11:40 pm (1:05)

Last meal (HH:MM)

8:26 pm (1:53)

8:21 pm (2:27)

8:31 pm (1:15)

Feeding Duration (hrs)

11.1(2.2)

11.6 hrs (2.5) °

10.6 hrs (1.8)

Caloric Midpoint (HH:MM)

3:24 pm (2:02)

3:11 pm (2:04)

3:35 pm (1:57)

Last Meal-DLMO (HH:MM) -2:07 (2:09) -0:52 (2:06) 311 (1:32)*
Sleep duration (minutes) 443.7 (50.5) 451.5 (46.2) 437.0 (53.4)
Daily Caloric Intake 2079.2 (656.0) 2079.5 (587.0) 2079.0 (715.9)
Protein (g) 92.1 (61.6) 79.7 (25.5) 102.6 (79.1)
Carbohydrates (g) 236.4 (71.5) 238.5 (66.3) 234.5(76.3)
Fat (g) 79.5 (32.8) 82.4 (32.4) 77.1(33.3)
Sugar (g) 80.6 (38.1) 89.0 (38.8) 73.6 (36.5)
Fiber (g) 25.4 (41.3) 27.2 (49.0) 23.8(34.2)

Note: Overall sample N = 97; however, last meal and feeding duration were missing data from seven participants, and caloric midpoint was missing

data from four participants.

*
p < .05 indicates difference between earlier and later DLMO
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Relationships between Last Meal-DLMO, and BMI, body fat, and dietary habits and Caloric Midpoint-

DLMO, and BMI, body fat, and dietary habits

Table 2.

Last Meal-DLMO

Unstandardized B SEg  p
BMI 31 .23 .18
Body Fat Percentage -.16 .33 .63
Android/Gynoid Fat Ratio .01 .01 .65
Total Caloric Intake 56.84 32.08 .08
Number of Meals .25 .06 <.001
Feeding Duration .84 .06 <.001
Protein 41 5.60 .94
Sugar 4.73 1.83 .01
Carbohydrates 9.08 3.55 oLr
Fat 257 166 12
Fiber 2.64 2.19 .23
Caloric Midpoint-DLMO
Unstandardized B SEg  p
BMI .06 21 79
Body Fat Percentage 17 .30 .57
Android/Gynoid Fat Ratio .01 .01 .96
Total Caloric Intake -26.82 29.14 .36
Number of Meals .07 .06 .25
Feeding Duration .10 .10 .33
Protein -5.63  4.98 .26
Sugar 1.37 171 43
Carbohydrates -2.93 3.29 .38
Fat -.83 1.50 .58
Fiber -2.19 1.96 27

Page 14

Note: All models controlled for age, sex, race, and sleep duration. Models examining caloric intake, feeding duration, number of meals, and
nutrition data also controlled for BMI.

*
Denotes a result that was not significant when outliers were included in the data.
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