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Abstract

Introduction—Disruption of circadian rhythms is one of the proposed mechanisms linking late 

sleep timing to obesity risk but few studies have evaluated biological markers outside of the 

laboratory. The goal of this study was to determine the relationship between the timing and 

alignment of melatonin and sleep onset (phase angle) with BMI, body fat and obesity related 

behaviors. We hypothesized that circadian alignment (relationship of melatonin to sleep timing) 

rather than circadian (melatonin) timing would be associated with higher BMI, body fat, dietary 

intake and lower physical activity.

Subjects/Methods—Adults with sleep duration ≥6.5 hours completed 7 days of wrist 

actigraphy, food diaries and SenseWear arm band monitoring. Circadian timing, measured by dim 

light melatonin onset (DLMO) was measured in the clinical research unit. Circadian alignment 

was calculated as the duration between dim light melatonin onset and average sleep onset time in 

the prior week (phase angle). Body fat was evaluated using dual-energy absorptiometry (DXA). 

Data were analyzed using bivariate correlations and multivariable regression analyses controlling 

for age, sex, sleep duration and evening light exposure.

Results—Participants included 97 adults (61 F, age 26.8 ± 7.3 years) with average sleep duration 

443.7 (SD= 50.4) minutes. Average phase angle was 2.2 hours (SD= 1.5). Circadian alignment 

was associated with circadian timing (p<0.001) and sleep duration (p=.005). In multivariable 

analyses, later circadian timing was associated with lower BMI (p=.04). Among males only, 

circadian alignment was associated with percent body fat (p=.02) and higher android/gynoid fat 

ratio (p=0.04). Circadian alignment was associated with caloric intake (p=0.049) carbohydrate 

intake (p=0.04) and meal frequency (p=0.03) among both males and females.
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Conclusion—Circadian timing and alignment were not associated with increased BMI or body 

fat, among healthy adults with ≥6.5 hours of sleep, but circadian alignment was associated with 

dietary intake. There may be sex differences in the relationship between circadian alignment and 

body fat.

Introduction

The endogenous circadian system is involved in the regulation of sleep-wake behaviors as 

well as key metabolic pathways.1 Recent research has demonstrated both the timing and 

duration of sleep may influence risk for cardiometabolic disease.2, 3 In particular, several 

recent studies have reported higher BMI associated with later sleep timing, independent of 

sleep duration.4–6 However, a limitation of this literature is that few studies have included 

biological markers of circadian timing (e.g., melatonin). There are several pathways in 

which late sleep timing may affect weight regulation. Individuals may curtail their sleep in 

order to meet occupational or social demands. In addition, individuals with late sleep timing 

also may have greater barriers to engaging in healthful diet and exercise behaviors due to 

competing demands after work and school obligations.4, 7 Another factor may be that late 

timing may impact weight regulation through alignment of the circadian rhythm. The need 

to habitually sleep earlier in the circadian rhythm may lead to misalignment, which then 

contributes to changes in metabolism and behavior.8

Circadian misalignment has multiple definitions, but has primarily been defined as alteration 

of sleep-wake timing relative to the endogenous circadian rhythm. It is hypothesized that 

circadian rhythm misalignment among shift workers contributes to increased rates of 

obesity, diabetes and heart disease risk compared with non-shift workers.9–11 One of the 

primary effects of shifting the sleep period relative to the appropriate circadian time is sleep 

disruption, which has been well documented among shift workers.12 Therefore, it is difficult 

to tease apart the independent effects of circadian alignment versus sleep duration, 

particularly in real life settings. Several studies have used laboratory protocols, such as 

forced desynchrony or simulated shift work in attempts to isolate the effects of circadian 

misalignment, independent of sleep duration, and have demonstrated that circadian 

misalignment leads to impairments in glucose metabolism and alterations in appetite 

stimulating hormones even after controlling for sleep timing and quality.13–17 However, 

these studies typically evaluate major misalignment, such as that seen in shift work (e.g., 8–

12 hours shifted from the individual’s typical overnight sleep wake schedule). Circadian 

misalignment can also be present in more minor forms, such as jet lag from only a few time 

zones, or due to changing sleep timing several hours to fit social or occupational obligations 

from weekdays to weekends. Less is known about the health effects of these minor degrees 

of circadian misalignment in non-shift workers.

One method of quantifying circadian alignment in daily life is by phase angle, which is 

calculated as the duration between dim light melatonin onset and sleep onset time. Dim light 

melatonin onset (DLMO), a marker of the nocturnal rise in melatonin, is a well-accepted 

measure of the timing of the endogenous circadian rhythm.19 The relationship between the 

timing of melatonin and other behavioral and biological markers (e.g. sleep onset) has been 

called “phase angle” and it is thought to be an excellent marker of alignment of the 
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behavioral rhythm or other variables with the central circadian rhythm. On average, the 

duration between DLMO and sleep onset is 2 hours among individuals with controlled (i.e. 8 

hours in bed, consistent bedtimes/wake times) and uncontrolled (i.e. self-selected) sleep 

schedules.20, 21 Individual differences in circadian alignment have been reported based on 

sex22, 23, age24, 25 and sleep timing preference.26 The determinants of circadian alignment in 

daily life have not been extensively studied but laboratory studies suggest light exposure and 

the length of their endogenous circadian period play a role.18 Individuals with later sleep/

wake timing may be at greater risk for circadian misalignment, perhaps due to a mismatch 

between their preferred schedule and the typical work or school schedule.27 Prior research 

has demonstrated higher depressive symptoms among individuals with sleep onset closer to 

DLMO (i.e. short phase angles) but these studies did not measure associations with physical 

health variables.28–30 Two studies have reported that individuals with a greater difference 

between sleep times on work days and free days (social jet lag) had higher BMI but did not 

evaluate circadian timing or alignment.2, 31 Given the experimental literature linking phase 

alignment to metabolic outcomes, evaluating associations with circadian alignment in daily 

life would contribute to understanding potential mechanisms by which circadian alignment 

affects weight regulation in real world settings.

The goal of the current study was to determine the relationship between circadian timing and 

alignment of DLMO to sleep onset with BMI, body fat, diet and physical activity among 

healthy non-shift working adults. We tested these relationships among healthy individuals 

without psychiatric or sleep disorders with habitual sleep duration of at least 6.5 hours per 

night in order to assess the independent contribution of circadian timing and alignment. We 

predicted that later circadian timing would be associated with circadian alignment (i.e., sleep 

onset closer to melatonin onset), but effects of circadian alignment on BMI, body fat, diet 

and exercise behaviors would be independent of circadian timing and sleep duration.

Methods

Participants

Men and women were recruited from the community using flyers and web advertisements. 

Flyers were posted specifically to recruit healthy sleepers as well as healthy “night owls” in 

order to over recruit individuals who may have circadian misalignment. Inclusionary criteria 

included: age 18–50, habitual sleep duration ≥ 6.5 hours and ≤ 8.5 hours, and ability to read 

and write English. 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 screening 

questionnaires, 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.
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Procedure

Screening procedures—Prospective participants first completed an initial web or 

telephone screening to screen for self-reported short sleep duration, comorbid conditions and 

health behaviors (smoking, alcohol and substance use). Next, potential participants attended 

an in-person screening visit. During this visit, they completed questionnaires and then one 

night of home sleep apnea screening and 7 days of actigraphy to determine if they met study 

criteria. After screening actigraphy and apnea screening data were reviewed, eligible 

participants were scheduled for one night in the Clinical Research Unit for melatonin 

assessment and DXA.

Pre-laboratory procedures—Participants completed 7 days of actigraphy, sleep and 

food diaries prior to the laboratory session. Participants were asked to keep their habitual 

bedtimes and wake times at screening stable, within ± 1 hour of their average at screening 

times.

Laboratory session—Participants arrived at approximately 1:00 PM. After admission, 

participants underwent a history and physical exam by a sleep medicine physician and 

female participants underwent a urine pregnancy screening. Then, participants completed a 

Dual-energy X-ray Absorptiometry (DXA) tissue measurement to assess body fat. Bedtime, 

wake time and blood sampling times were determined based on habitual bedtime. Circadian 

time 0 (CT 0) was determined by average sleep onset time plus 8 hours because participants 

were not required to spend 8 hours in bed in the week prior to the CRU visit. The lights were 

dimmed to <20 lux at CT 8. An IV was inserted by CT 10, and blood samples were taken 

every 30 min from CT 11-CT 18. Lights out (<5 lux) was CT 16. Wake time was scheduled 

for 8 hours after lights out to standardize the timing of the fasting blood draw. In the 

morning, participants were asked to void, and then their weight was taken without shoes in 

light clothing before eating or drinking anything. Participants were discharged after 

breakfast.

Measures

Demographics—A demographic questionnaire included age, sex, race, ethnicity, income, 

employment and marital status.

Depressive symptoms—Participants were screened for depressive symptoms using the 

Center for Epidemiologic Studies Questionnaire32. This 20-item measure assesses 

depressive symptoms over the past 2 weeks. Participants rate items from 0 (not at all or less 

than one day) to 3 (nearly every day for two weeks). Items measure a range of depressive 

symptoms, including low mood, appetite, anhedonia, and somatic symptoms. The CES-D is 

well established as a valid screening measure for depressive symptoms.32 Participants with 

scores ≥ 20 were excluded.

Obstructive sleep apnea risk—Risk for obstructive sleep apnea was first assessed via 

questionnaire at the phone/web screening. Then, those potential participants who did not 

score as high risk for obstructive sleep apnea on the phone screening completed an overnight 

screening at home using portable sleep apnea screening device (ApneaLink, Resmed Inc. 
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Poway, CA). This 3 channel device includes a pulse oximeter, heart rate, respiratory effort 

and nasal airflow using a nasal pressure transducer. Apnea Hypopnea Index (AHI) is 

calculated based on events per hour of recording time. Previous studies have demonstrated 

this device has excellent sensitivity and specificity for AHI > 10, sensitivity 0.977 and 

specificity of 1.033. All recordings were both visually inspected and scored using the Apnea 

Link software. Participants who had an Apnea Hypopnea Index >5 on the Apnea Link 

recording were excluded from the study.

Subjective Sleep quality—Subjective sleep quality was measured by the the Pittsburgh 

Sleep Quality Questionnaire (PSQI).34 This measure assesses self-reported sleep quality and 

disturbances over a one-month time interval. A higher PSQI global score indicates greater 

sleep disturbance. Scores ≥5 are associated with clinically significant sleep disturbance.34 

Subscores of the PSQI include sleep duration, sleep disturbance, sleep latency, daytime 

dysfunction, habitual sleep efficiency, sleep quality and medication use.

Sleep—Sleep/wake patterns were estimated using 7 days of wrist actigraphy at screening 

and before the laboratory session 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 were calculated using 

Actiware-Sleep 6.0 software with default settings and included the following variables: sleep 

onset time, sleep offset time and sleep duration. Sleep diary based measures of bedtime and 

wake time were manually entered in Actiware and used in scoring. Off wrist time was 

excluded based on the Spectrum’s off wrist detection. A day was not considered valid if 

there was any off-wrist time during the sleep period reported on the sleep diary. In order to 

be included in analyses, participants needed at least 5 days of valid actigraphy data.

Evening light exposure—White light exposure was measured using the Actiwatch 

Spectrum (Philips/Respironics, Inc, Bend, OR). We calculated evening light exposure as the 

sum of white light exposure (lux) in the 3 hours prior to bedtime on each day of recording 

and averaged over the valid recording days.

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). Lower limit of this 

assay is 3.5 kg/mL and upper limit is 281 pg/mL. After blood draws, samples were 

centrifuged, aliquoted and stored at −70 F until assayed. All melatonin profiles were first 

visually inspected. Dim light melatonin onset was determined using 2 SD above the baseline 

+ 15% of the 3 highest values.35 Circadian alignment (also known as phase angle) was 

calculated as the duration of time between DLMO to average sleep onset time recorded on 

actigraphy during the prior 7 days.

Body Mass index—Body Mass Index (kg/m2) 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.
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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. On the food diaries, participants recorded time, location, 

type of food, amount consumed and a description of each component including brands and 

restaurant names. Participants were instructed to break down foods into component parts 

(e.g. turkey sandwich= 2 slices of white bread, 3 oz of deli turkey and 1 Tbs of reduced fat 

mayo) and to remember to record drinks and condiments. Participants emailed, faxed or 

called in diaries each day to ensure they were completed on time. At the laboratory session, 

study staff reviewed the food diaries with the participant and queried for missing foods and 

components (e.g. cream in coffee, drinks, condiments, cooking with oil or other missed 

foods). Food diaries were analyzed using the Food Processor software (ESHA, Inc, Salem, 

OR). For foods that were not in the database, they were looked up on company or restaurant 

websites. If caloric information was not available, the closest substitute was used. Total daily 

caloric intake, grams of protein, fat and carbohydrates each day was computed and averaged. 

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.

Physical activity—Physical Activity was assessed using the Sensewear Pro armband 

monitor (Bodymedia Inc., Pittsburgh, PA). The Sensewear monitor estimates physical 

activity and energy expenditure using several sensors including a 3 axis accelerometer, heat 

flux sensor, skin temperature sensor, near body ambient temperature sensor and galvanic 

skin response sensor). The Sensewear monitor has demonstrated accuracy and reliability for 

physical activity assessment.36–38 Physical activity values were calculated using Sensewear 

Professional software (Version 8.1). Sensewear recordings were considered valid if 

participants had at least 3 days of recording with ≥ 18 hours of wear time each day.

Statistical Analyses

Data were analyzed using SPSS (Version 22, IBM Inc., Chicago, IL). First, sample 

characteristics were calculated using means (SD) and frequencies. Next, we calculated 

Pearson correlations to examine associations between circadian timing and alignment with 

sleep characteristics, age and evening light exposure. We also used t-tests to evaluate sex 

differences in circadian timing and alignment. Next we conducted multivariable regression 

models predicting BMI, body fat, dietary intake and physical activity controlling for 

potentially confounding variables, age, sex and sleep duration. Models predicting diet 

variables were also adjusted for BMI. Both circadian timing and alignment were entered into 

the each model. Due to known sex differences in body fat39, circadian timing and 

alignment22, we conducted exploratory analyses testing for interactions with sex. There was 

one outlier for phase angle (phase angle −2.0 hours, which indicates DLMO occurred 2 

hours after sleep onset). We examined the actigraphy data from this participant which 

indicated a sleep pattern consistent with study entry criteria and there was no clear 
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behavioral reason why sleep onset was before DLMO (e.g., shift work). We then conducted 

our regression analyses with and without this participant and results were similar. Therefore 

data from this participant is included our analyses. Statistical significance was defined as 

p<0.05 on 2 tailed tests.

Results

Participant Characteristics

Of the 146 participants who were eligible for the study, 114 completed the protocol. Our 

sample includes 97 participants with valid DLMO and actigraphy data. Of the 17 

participants excluded from the analyses, actigraph device failures occurred in 3 participants 

and we were unable to calculate DLMO among 14 participants due to lack of a baseline or 

other irregularities, such as no clear rise in melatonin or erratic profile. There were no 

differences in sleep timing, age, sex or BMI between participants with or without valid 

DLMO profiles. Sample statistics are listed in Table 1. Participants were on average in their 

middle 20’s. The majority (79%) reported work and or school during the week prior to the 

clinical research unit. Average BMI and body fat were in the normal weight range. BMI 

ranged from 16–38 kg/m2. Average sleep onset and sleep offset times were slightly later than 

average for the age of the sample, but reflect recruitment of strategy to over recruit self-

described late sleep times. For example, 45% of the sample had midpoint of sleep after 5:00 

am. The measure of circadian alignment (phase angle) had a normal distribution (ranging 

from −2.22 to 4.27 hours) with one participant with sleep onset before DLMO. The mean 

phase angle was 2.19 (SD= 0.95) hours.

Relationships between demographic, circadian and sleep characteristics

We conducted bivariate correlations (Table 2) and t-tests to evaluate the relationships 

between demographics, sleep duration, sleep quality and evening light exposure with 

circadian timing and alignment. Later circadian timing was associated with younger age and 

circadian alignment (shorter duration between DLMO and sleep onset). Circadian alignment 

was associated with sleep duration but not associated with age, sleep quality (total score or 

subscores) or evening light exposure. Later circadian timing was associated with a higher 

score on the subjective sleep latency subscore but not the total score for subjective sleep 

quality, other sleep quality subscores or evening light exposure. Sex differences in circadian 

timing and alignment were not statistically significant (DLMO= 22:24 females, 22:57 males, 

p=0.07, alignment of melatonin and sleep onset (phase angle)=2.2 hours in females, 2.1 

hours in men, p= ns).

BMI and Body Fat

In the multivariable model including age, sex, sleep duration, phase angle, and evening light 

exposure, Circadian timing was inversely associated with BMI (B(SE)=−0.83 (0.40), 

p=0.04, r2
Δ= 0.027). Circadian timing was not associated with body fat percentage or 

distribution. Circadian alignment was not associated with BMI or body fat but there were 

significant sex differences in the relationship with body fat. Circadian alignment was 

associated with total body fat % (B(SE)= −3.56 (1.48), p=0.02, r2
Δ= 0.032; Figure 1) and 
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android/gynoid fat ratio (B(SE)= −0.09 (.04), p=0.04, r2
Δ= 0.044), indicating a stronger 

relationship between circadian alignment and body fat among men.

Dietary intake

Circadian alignment was associated with higher caloric intake in the multivariable model 

(B(SE)= −168.85 (84.45), p=.049). There was a non-significant trend for a relationship 

between circadian alignment and carbohydrate intake (B(SE)= −21.23 (9.9), p=0.04) and no 

relationship between circadian alignment with protein or fat intake. Circadian timing was 

not associated with caloric or macronutrient intake. There were no sex differences for caloric 

intake. Circadian alignment but not timing was associated with meal frequency (B(SE)=

−0.36 (0.16), p=0.03.

Associations with physical activity

Circadian timing and alignment were not associated with physical activity and there were no 

sex differences in these effects.

Discussion

In this study, we tested if later circadian timing or differences in circadian alignment were 

associated with BMI/body fat, diet and physical activity. Participants were carefully 

screened for confounds, most notably sleep duration and depression, which are often 

associated with later circadian timing. Results demonstrated that in this carefully screened 

population, later circadian timing was associated with lower BMI and circadian alignment 

(sleep onset closer to DLMO) was associated with higher caloric intake, carbohydrates and 

greater meal frequency. We did not observe associations between circadian alignment with 

BMI, body fat or physical activity however there were sex differences in the relationship 

with body fat, in that shorter duration between DLMO and sleep onset was associated with 

higher body fat and greater central body fat distribution among men.

The magnitude of effect for phase angle and caloric intake was moderate; interpretation of 

the regression coefficient of the multivariable model indicates that participants consumed an 

average of 168 more calories per day per 1 hour difference in phase angle, after accounting 

for demographics, sleep duration and circadian timing and that phase angle independently 

accounted for 4% of the variance in caloric intake. If not balanced by energy expenditure, it 

would amount to an increased weight 17 lbs per year. However, despite this difference in 

energy intake, phase angle was not associated with BMI or body fat. We also observed 

differences in other dietary behaviors associated with circadian alignment including greater 

carbohydrate intake and meal frequency associated with a shorter duration between DLMO 

and sleep onset. It is possible that differences in diet composition and eating pattern may 

contribute to the lack of an increased BMI despite higher caloric intake in our study. For 

example, higher meal frequency in the context of controlling overall calories has been 

associated with a lower postprandial insulin response and higher thermic effect of food.40, 41 

Furthermore, previous studies, including those from our own laboratory, have observed 

eating occasions associated with higher caloric intake but not BMI in other samples of 

young and middle aged adults.42, 43
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The association between circadian alignment and dietary intake is in line with several 

laboratory studies which use experimental protocols to test disruption of circadian rhythms 

on metabolism and weight regulation. One example is use of forced desynchrony, in which 

participants’ sleep schedules are moved several hours earlier or later each day. Using this 

protocol, researchers are able to observe effects of circadian misalignment controlling for 

sleep duration, and have observed the development of insulin resistance and decrease in 

leptin levels.13, 14, 16 Other studies have evaluated the effects of acute simulated shift work 

(3–7 days), and have also observed insulin resistance and changes in appetite regulating 

hormones.13, 15, 44 Results of our study are novel in that they demonstrate that even the 

relatively small differences in the internal phase relationship among healthy individuals in 

everyday life is associated with dietary behavior.

Contrary to prior studies which have demonstrated poorer sleep quality with circadian 

misalignment12, 45, 46 in our sample, a shorter phase angle was associated with longer sleep 

duration and was unrelated to subjective sleep quality. Our study criteria (recruitment of 

participants with ≥6.5 hours sleep duration and over recruitment of late sleepers) may have 

led to the selection of participants with more adaptable sleep schedules. It has been proposed 

that sleep is regulated by two main processes: homeostatic sleep pressure and the circadian 

rhythm.47 It is possible that due to our selection criteria, we selected individuals with later 

circadian timing but higher homeostatic pressure to sleep, which allowed them to fall asleep 

earlier, thus contributing to a shorter phase angle.

Given the sex differences in circadian timing, alignment22, 2348 and body fat39, 49, we 

conducted exploratory analyses of sex differences and found that phase angle was associated 

with body fat and body fat distribution only in men. In our sample, consistent with previous 

research, women had higher body fat and slightly (non-significantly) longer phase angle 

than men.22, 39 We did not evaluate the role of sex hormones but previous studies have 

demonstrated changes in the circadian rhythm across the menstrual cycle. It should be noted 

that this study was not designed to study sex differences and we were therefore 

underpowered to observe interactions. Larger, more controlled samples should further 

explore the interaction of sex in circadian misalignment as well as the role of sex hormones 

that may moderate the effects of circadian alignment on health outcomes.

Limitations to our data include use of a convenience sample, which limits generalizability. 

Also, use of a healthy, young sample may have led to ceiling/floor effects in evaluation of 

BMI, physical activity and phase angle due to restricted range. In addition, our results in 

healthy sleepers without short sleep duration may under represent the effects of circadian 

misalignment among individuals who also have sleep duration < 6.5 hours. A previous study 

has demonstrated an additive effect of sleep loss and circadian misalignment in metabolic 

risk.15, We also assessed phase angle at a single point in time. Prior research suggests that 

circadian timing and alignment are stable over repeated assessment in weeks or months but 

little is known about changes in phase angle over months and years.50–52 Finally, further 

assessment of the type and intensity of light exposure is warranted. In this study, total white 

light exposure prior to bedtime was not associated with circadian timing and alignment. 

Given that light exposure is one of the determinants of phase angle in laboratory studies, 

known to suppress melatonin, and also associated with body fat, it may be useful to further 
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characterize the role of the timing of light, wavelength and intensity in examining the 

metabolic correlates of phase angle.18, 53

In conclusion, these data suggest circadian alignment, rather than late timing alone, may 

play a role in the links between sleep timing and weight regulation. We observed lower BMI 

associated with later biological timing, rather than higher in this highly selected sample. 

Circadian alignment was associated with dietary intake even among healthy, non-shift 

workers with at least 6.5 hours habitual sleep duration. Our results did not support an 

association with circadian alignment and body fat in this sample as a whole. Future research 

should evaluate sex differences and seek to understand how differences in circadian 

alignment can affect weight regulation and risk for cardiometabolic disease.
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Figure 1. 
Association between phase angle and body fat by sex
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Figure 2. 
Association between phase angle and caloric intake
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Table 1

Participant Characteristics

Demographics Total (n=97)
M(SD) or N(%)

Women (n=61)
M(SD) or N(%)

Men (n=36)
M(SD) or N(%)

Age (years) 26.8 (7.3) 26.9 (8.4) 26.5 (5.7)

Ethnicity Hispanic/Latino 8 (8.2) 4 (6.6) 4 (11.1)

Non-
Hispanic/Latino

89 (91.8) 57 (93.4) 32 (88.9)

Race Asian 22 (22.7) 14 (23.0) 8 (22.2)

Black/African
American

6 (6.2) 5 (8.2) 1 (2.8)

White 61 (62.9) 38 (62.3) 23 (36.8)

More than one race 7 (7.2) 3 (4.9) 4 (11.1)

Do not wish to
respond

1 (1) 1 (1.6) 0 (0)

Employment*

Full time 34 (35.1) 21 (34.4) 31 (36.1)

Part time 15 (15.5) 11 (18.0) 4 (11.1)

Unemployed 6 (6.2) 4 (6.6) 1 (2.8)

Student 42 (43.3) 25 (41.0) 17 (47.2)

Weight and Body
Fat

BMI (kg/m2) 24.0 (4.6) 23.9 (5.0) 24.7 (3.8)

Body Fat% 30.4 (8.4) 34.8 (6.6) 22.9 (5.6)

Sleep

PSQI Global
Score

3.5 (2.0) 3.6 (2.2) 3.3 (1.6)

Sleep Onset
(hh:mm)

00:47 (1:22) 00:39 (1:22) 01:02 (1:22)

Sleep Offset
(hh:mm)

08:05 (1:14) 08:06 (1:16) 08:04 (1:12)

Sleep midpoint
(hh:mm)

04:42 (1.24) 04:37 (1:17) 04:48 (1:10)

Sleep Duration
(min)

443.7 (50.4) 452.1 (48.1) 429.5 (52.9)

DLMO (hh:mm) 22:36 (1:27) 22:24 (1:18) 22:57 (1:40)

Circadian
alignment (Phase
angle of DLMO
to sleep onset,
hh:mm)

2:11 (0:57) 2:14 (0:59) 2:05 (0:55)
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Demographics Total (n=97)
M(SD) or N(%)

Women (n=61)
M(SD) or N(%)

Men (n=36)
M(SD) or N(%)

Dietary Intakea

Caloric intake
(kcal)

2079 (656) 1905 (594) 2308 (673)

Protein 87.78 (44.87) 76.72 (47.00) 105.60 (34.97)

Fat 79.17 (33.09) 71.45 (28.80) 91.62 (36.09)

Carbohydrates 243.21 (81.04) 229.98 (76.60) 264.53 (84.48)

Number of meals 4.39 (1.22) 4.46 (1.18) 4.28 (1.28)

Physical activityb

Physical activity
duration above
3.0 mets (hh:mm
per day)

1:49 (0:58) 1:29 (0:49) 2:26 (0:56)

Note. PSQI= Pittsburg Sleep Quality Index, DLMO= dim light melatonin onset,

*
79% of participants reported work or school obligations during the 7 days of actigraphy.

Number of participants varies due to missing data for some measures.

a
N=95 for dietary intake,

b
N= 72 for physical activity.
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