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Abstract

Sleep disruption has been associated with increased risks for several major chronic diseases that 

develop over decades. Differences in sleep/wake timing between work and free days can result in 

the development of social jetlag (SJL), a chronic misalignment between a person’s preferred sleep/

wake schedule and sleep/wake timing imposed by his/her work schedule. Only a few studies have 

examined the persistence of SJL or sleep disruption over time. This prospective investigation 

examined SJL and sleep characteristics over a two-year period to evaluate whether SJL or poor 

sleep were chronic conditions during the study period. SJL and sleep measures (total sleep time 

[TST], sleep onset latency [SOL], wake after sleep onset [WASO]), and sleep efficiency [SE]), 

were derived from armband monitoring among 390 healthy men and women 21–35 years old. 

Participants wore the armband for periods of 4–10 days at 6-month intervals during the follow-up 

period (N=1,431 repeated observations).

The consistency of SJL or sleep disruption over time was analyzed using generalized linear mixed 

models (GLMMs) for repeated measures. Repeated measures latent class analysis (RMLCA) was 

then used to identify subgroups among the study participants with different sleep trajectories over 

time. Individuals in each latent group were compared using GLMMs to identify personal 

characteristics that differed among the latent groups.
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Minor changes in mean SJL, chronotype, or TST were observed over time, whereas no statistically 

significant changes in SOL, WASO, or SE were observed during the study period. The RMLCA 

identified two groups of SJL that remained consistent throughout the study (low SJL, mean±SE: 

0.4±0.04 h, 42% of the study population; and high SJL, 1.4±0.03 h, 58%). Those in the SJL group 

with higher values tended to be employed and have an evening chronotype.

Similarly, two distinct subgroups were observed for SOL, WASO, and SE; one group with a 

pattern suggesting disrupted sleep over time, and another with a consistently normal sleep pattern. 

Analyses of TST identified three latent groups with relatively short (5.6±1.0 h, 21%), intermediate 

(6.5±1.0 h, 44%) and long (7.3±1.0 h, 36%) sleep durations, all with temporally stable, linear 

trajectories. The results from this study suggest that sleep disturbances among young adults can 

persist over a two-year period. Latent groups with poor sleep tended to be male, African 

American, lower income, and have an evening chronotype relative to those with more normal sleep 

characteristics. Characterizing the persistence of sleep disruption over time and its contributing 

factors could be important for understanding the role of poor sleep as a chronic disease risk factor.
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INTRODUCTION

Sleep disturbances have been associated with increased risks for major chronic diseases such 

as obesity (Littner et al., 2003), hypertension and cardiovascular disease (Vgontzas et al., 

2009; Cappuccio et al., 2011), diabetes (Ayas et al., 2003; Cespedes et al., 2016), and cancer 

(Sigurdardottir et al., 2012; Gu et al., 2016). The biological processes associated with these 

relationships may include immunologic, metabolic, and genetic factors (Vgontzas et al., 

2002; Taheri et al., 2004; Bass & Takahashi, 2010; Mullington et al., 2010; Stamatakis & 

Punjabi, 2010; Archer et al., 2014; Rutters et al., 2014; Morris et al., 2015).

An association of sleep disruption with pathophysiological changes that can lead to chronic 

disease is more plausible for chronic rather than transitory sleep disruption. However, the 

persistence of sleep disruption over time has not been studied extensively. Among US 

adolescents ages 13–16 years, 88% of those with the history of insomnia also had current 

insomnia symptoms (Johnson et al., 2006).

In longitudinal studies that have examined relationships between sleep duration and weight 

gain, obesity or arterial hypertension, information about sleep was obtained only at a single 

time point via questionnaire (Gangwisch et al., 2005; Gangwisch et al., 2006; Patel et al., 

2006; Chaput et al., 2008). Furthermore, it was assumed that self-reported data accurately 

described an individual’s sleep characteristics over time. However, sleep assessed by self-

report can differ from sleep assessed using polysomnography or actigraphy (Baker et al., 

1999; Kushida et al., 2001).

A few studies have investigated the variability of sleep characteristics over prolonged 

periods of time using objective measures, such as polysomnography or actigraphy (Hoch et 
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al., 1994; Hoch et al., 1997; Knutson et al., 2007; Gaines et al., 2015). In middle-aged 

people, sleep duration, efficiency, latency and time in bed showed considerable day-to-day 

variability, although they were stable during a 1- to 3-year follow-up period (Hoch et al., 

1994; Hoch et al., 1997; Knutson et al., 2007; Gaines et al., 2015). No comparable studies 

have been conducted among young adults. The importance of such investigations is based on 

the relatively high prevalence of sleep disturbances in the general population (Ohayon, 2002; 

Gaultney, 2010) and a common knowledge that many chronic diseases that manifest in 

middle age usually develop over decades.

Most physiological processes and behaviors in humans exhibit a circadian rhythm 

(Roenneberg & Foster, 1997; Mistlberger & Rusak, 2000). Intrinsic variations in biological 

timing have led to the categorization of individuals as morning, intermediate, or evening 

chronotypes (Horne & Ostberg, 1977; Roenneberg et al., 2003). People with a morning 

chronotype, the so-called “larks”, wake up and go to bed relatively early on free days 

(approximate wake-up time 5:30–7:30 a.m. and bedtime 10 p.m.−12:00 a.m.), whereas 

evening chronotypes (“owls”), prefer to wake up and go to bed late (approximate wake-up 

time 9:00–11:00 a.m. and bedtime between 1:00–3:00 a.m.) (Roenneberg et al., 2003). As 

much as 50% of chronotype may be genetically determined (Vink et al., 2001).

Chronotype may vary by age and sex (Roenneberg et al., 2007) (Roenneberg et al., 2007). 

For instance, chronotype tends to be relatively early in childhood, to gradually delay 

reaching the peak of “lateness” in early adulthood and to become progressively earlier with 

advanced age. Women generally reach the peak of their eveningness slightly earlier than 

men, and, on average, tend to have earlier chronotypes than men until menopause. After age 

60, chronotype becomes very similar for men and women (Roenneberg et al., 2007). Since 

the above observations were based on the analyses of cross-sectional population surveys, 

they may have been affected by unaccounted cohort effects. For instance, some evidence 

suggests that eveningness has become more prevalent over the last three decades (Broms et 

al., 2014).

The temporal stability of chronotype within the same individuals has been scarcely explored. 

To address this question, the Munich Chronotype Questionnaire (MCTQ) was used to 

examine whether a respondent’s chronotype changed over time (Roenneberg et al., 2007). In 

that study, temporal changes in chronotype of individuals were similar to age-dependent 

chronotype changes in a cross-sectional population survey. Compared to their current 

chronotype, participants recalled being delayed in teenage years and less advanced in their 

childhood (Roenneberg et al., 2007). The MCTQ was validated against sleep logs (Kühnle, 

2006), Morningness-Eveningness Questionnaire (MEQ) (Zavada et al., 2005), actigraphy 

and diurnal rhythms of cortisol and melatonin (Roenneberg et al., 2007); however, it also 

had a tendency to overestimate extreme chronotypes compared to sleep logs (Kühnle, 2006). 

In another study that defined an individual’s chronotype based on a single question, those 

who had evening chronotypes in 1985 were found to have different circadian preference 23 

years later (Broms et al., 2014). Others have reported that Delayed Sleep Phase Disorder, 

which is characterized by extreme evening preference tends to start in adolescence, persist in 

adulthood, but can decrease with age (Crowley et al., 2007; Paine et al., 2014).
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A conflict between one’s sleep/wake preference and social demands can result in a 

misalignment in sleep/wake timing, or “social jetlag” (SJL) (Wittmann et al., 2006). SJL is 

calculated as a difference between mid-sleep on free and work days (Wittmann et al., 2006). 

It reflects the potential magnitude and direction of time shift for daily activities as well as 

physiological and psychological processes (Valdez et al., 1996; Bass & Takahashi, 2010; 

Roenneberg et al., 2012). Earlier studies have described manifestations similar to this 

phenomenon as a weekend bedtime delay (Wolfson & Carskadon, 1998; Moore & Meltzer, 

2008). For example, adolescents and college students had delayed sleep and wake times on 

weekends compared to school days, which coincided with a delayed circadian phase (Valdez 

et al., 1996; Wolfson & Carskadon, 1998; Crowley et al., 2007). Late wake up times on the 

weekend reflected an attempt to compensate for a sleep debt accumulated on school days 

(Valdez et al., 1996).

Circadian desynchronization has been associated with metabolic disturbances, altered 

melatonin or cortisol secretion, and inflammation (Bass & Takahashi, 2010; Leproult et al., 

2014; Rutters et al., 2014; Morris et al., 2015). These impacts are commonly observed 

among shift workers, although some studies suggest that this relationship may extend to 

populations not involved in shift work, including those with SJL (Valdez et al., 1996; 

Antunes et al., 2010; Levandovski et al., 2011; Roenneberg et al., 2012; Kantermann et al., 

2013; Wirth et al., 2014; Wong et al., 2015).

Although clinically relevant cut-points for SJL have not been established, those with ≥2 h of 

SJL had shorter sleep duration, higher 5-hour blood cortisol levels, and a higher resting heart 

rate relative to those with ≤1 h of SJL (Rutters et al., 2014). In addition, those with >2 h of 

SJL had higher depression scores than those with ≤2 h (Levandovski et al., 2011). Similarly, 

adolescents with sleep durations on school nights <6 h 45 min and/or weekend bedtime 

delays of >2 h had depressive mood, daytime sleepiness and sleep/wake behavior problems 

more often than those who slept >8 h 15 min, or had a weekend delay of <60 min (Wolfson 

& Carskadon, 1998). Consistent with SJL are the associations of eveningness in adolescents 

or young adults with poor subjective sleep quality, poor academic performance and 

behavioral problems (Giannotti et al., 2002; Merikanto et al., 2016; Merikanto et al., 2017).

To date, no prospective studies have examined the persistence of SJL over time. The 

objective of this study was to quantify sleep/wake characteristics among young adults over a 

2-year period to examine the persistence of sleep disturbances and SJL over time, and to 

identify demographic or other factors that differed among those with and without persistent 

SJL or sleep disruption.

METHODS

Study population

Eligible individuals were 21–35 years of age with a body mass index (BMI) of 20–35 kg/m2 

and no major health conditions or large changes in health behaviors or body composition 

during the previous 6 months, or a pregnancy or childbirth during past 12 months (Hand et 

al., 2013). Part of the rationale for recruitment from this age group was the potential for 

decreasing metabolic rate and an increasing weight and percent body fat that may be 
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encountered among individuals in this age range (Ogden et al., 2014; Ogden et al., 2016). 

Individuals with major depression, anxiety disorder and panic attacks, including those who 

took selective serotonin reuptake inhibitors, were excluded at baseline. Participants also 

were excluded at baseline if they had: systolic blood pressure ≥150 mmHg, and/or diastolic 

blood pressure ≥90 mmHg, or a blood glucose level >145 mg/dl, which are used as 

diagnostic criteria for hypertension and diabetes, respectively (Hand et al., 2013).

Prospective participants were asked about their demographic and health characteristics via 

the internet, followed by a telephone interview to establish eligibility. Those who were 

considered eligible were invited for an orientation session and three baseline screenings. Out 

of 1,831 persons contacted, 1,116 were considered ineligible, 66 declined to participate, and 

169 were lost to follow-up or dropped out prior to or at baseline (Hand et al., 2013). In 2011, 

430 participants residing in the Columbia, SC region were enrolled.

After a comprehensive baseline assessment (demographics, health history, anthropometrics, 

diet, and actigraphy), participants were re-examined every 6 months to assess their 

anthropometric characteristics, as well as their sleep/wake patterns via armband actigraphy. 

Each participant completed 1–5 assessments over the 2-year study period (2011–2013). The 

study was approved by the University of South Carolina Institutional Review Board (report 

#00000240), and all participants provided written informed consent.

Sleep, chronotype, and social jet lag

Sleep measures were obtained using a SenseWear® Mini Armband worn by study 

participants over the triceps muscle of the left arm (Sharif & Bahammam, 2013). A sensor in 

the armband recorded limb movements at a sampling frequency of 32 times per second 

averaged over 1-minute intervals. All participants wore the armband for 4–10 days 

(minimum of three weekdays and one weekend day) and kept a log of their activities during 

non-wear periods. Information on sleep and physical activity from the log was used to fill-in 

the non-wear period gaps in the armband minute-by-minute data before calculating summary 

measures (Hand et al., 2013). Activities reported on the log were assigned Metabolic 

Equivalent of Task (MET) values from the 2011 Compendium of Physical Activities 

(Ainsworth et al., 2011) and used with measured resting metabolic rate (RMR) to calculate 

energy expenditure. Analogously, periods of sleep or lying down for the non-wear periods 

were assigned either a 0 or a 1 in the minute-by-minute data. A compliant day was defined 

as having verifiable wear time (actual wear plus data from the log) for at least 80% of the 

24-hour day; observations with wear time <80% were excluded from analysis.

Minute-by-minute armband data were used to calculate sleep parameters taking into account 

individual demographic information (i.e., age, sex, height, weight, smoking status). The 

following average night-time sleep measures for work and free days were calculated for 

every 4–10 day period of armband wear: sleep onset and wake-up times, total sleep time 

(TST), sleep onset latency (SOL), wake after sleep onset (WASO), and sleep efficiency (SE) 

(Wirth et al., 2015). The sleep characteristics mentioned above quantify different albeit 

overlapping domains of sleep, and are commonly used for objective assessment of sleep 

using actigraphy data (Kushida et al., 2001; Ohayon et al., 2004; Natale et al., 2009; Natale 

et al., 2014), thus facilitating comparisons among studies. Time of sleep onset was defined 
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as the first of three minutes asleep that coincided with ≥10 minutes lying down. SOL was 

defined as the time between lying down and sleep onset. Wake-up time was defined as the 

first of 90 consecutive minutes awake following sleep onset. TST was defined as the sum of 

all minutes asleep from initiation of the sleep period until wake-up time. SE was calculated 

as a proportion of the total sleep time to the length of time in bed. WASO was calculated as 

the sum of wake periods of at least two minutes duration between sleep onset and the final 

wake time. Previous validation studies showed that SenseWear™ armband-derived data for 

TST, SE and WASO were consistent with data derived from polysomnography (Ramin et al., 

2013; Sharif & Bahammam, 2013; Soric et al., 2013).

Chronotype was defined as the time of mid-sleep on free days corrected for “make-up sleep” 

on free days (Roenneberg et al., 2012). SJL was defined as a difference between unadjusted 

midpoints of sleep on a weekend and week day (Roenneberg et al., 2012). Analyses were 

performed on two continuous SJL variables; the actual value (SJL) (which can include 

negative numbers), and the absolute value of SJL (absolute SJL) (Valdez et al., 1996; 

Wittmann et al., 2006; Roenneberg et al., 2012). For all measures, the average value for one 

4–10 day period of armband use for a single participant is referred to as an ‘observation’.

Observations were excluded from statistical analyses if armband data had any of the 

following characteristics: missing bed- or wake-time (n=40 observations), <4 days of data in 

a given assessment period (n=51 observations), missing sleep data on the weekend (n=38 

observations), extreme or implausible TST values (<4 hours either on weekdays, free days, 

or on average (n=71 observations), TST >11 hours on work days or on average (n=1 

observation), or mid-sleep on free days occurring in the afternoon (n=2 observations) 

(Roenneberg et al., 2012). Participants were excluded if they: regularly used sleep-

promoting medications (≥3 times per week by prescription or over the counter, n=22), 

worked night shifts (n=2), or traveled across time zones during periods of armband use 

(n=1) (Roenneberg et al., 2012; Paine et al., 2014). Information on work schedule was not 

available and it was assumed that free days occurred only on weekends. Work on weekends 

could possibly result in a negative SJL value, thus ancillary analyses were performed by 

excluding individuals with negative SJL values to evaluate the potential influence of those 

participants relative to results among all participants.

Covariates

Total daily hours of physical activity were defined as a sum of all activities of at least 3 

metabolic equivalents (MET). Average daily napping time was calculated from the minute-

by-minute armband data. Estimates of dietary intake were derived from random 24-hour 

dietary recall interviews (24HR), collected on non-consecutive days by telephone interview. 

Up to 3 interviews (>97% completed at least 2 interviews) were conducted by trained, 

registered dietitians, two interviews for weekday and one for weekend day consumption 

(Hand et al., 2013). The 24HR is the method with the lowest overall variance and, therefore, 

total error (Hebert et al., 1998) and three days is the optimal number of days needed to 

compute total caloric intake (Ma et al., 2009; Hébert et al., 2010). The Nutrient Data System 

for Research (version 2012: Nutrition Coordinating Center, University of Minnesota, 

Minneapolis, Minnesota) was used to estimate intakes of individual foods and nutrients from 
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the 24HR. Forty-three food parameters (including whole foods and nutrients) were used to 

calculate the dietary inflammatory index (DII)™ score, which expresses the inflammatory 

potential of each individual’s diet (Shivappa et al., 2014). Lower DII scores indicate that the 

diet is more anti-inflammatory, while the higher scores indicate that the diet is more 

proinflammatory (maximum theoretical range: −8.87 to 7.98). To account for individual 

differences in energy intake, the DII scores were calculated per 1,000 kilocalories (4,184 kJ) 

(E-DII), as previously described (Wirth et al., 2015). Height and weight were measured 

using traditional stadiometer and electronic scales with a precision of 0.1 cm and 0.1 kg, 

respectively (Hand et al., 2013). The average of three measurements was used to calculate an 

individual’s BMI (weight [kg]/height [m2]).

Statistical analyses

All statistical analyses were performed using SAS® 9.4 software (Cary, NC).

Participants who were excluded from the analyses were compared with those who were 

included with respect of their baseline demographic characteristics using t-tests for 

continuous variables and Chi-square tests for categorical variables. The stability of SJL, 

absolute SJL, and sleep measures (TST, SOL, WASO, SE) over time was examined using 

generalized linear mixed models (GLMMs) for repeated measures with an unstructured 

covariance matrix, and normal or log-normal distributions with an identity link function. 

Time was treated as the explanatory variable of interest in crude and adjusted statistical 

models. The following covariates were considered for inclusion in adjusted analyses: sex 

(male, female), race (European American [EA], African American [AA], Other [Hispanic, 

Asian, Native American and mixed race]), education (high school graduate/GED, or some 

college vs. college ≥ 4 y.), annual income (<$20,000, $20,000 to <$40,000, $40,000 to <

$60,000, $60,000 to <$80,000, ≥$80,000), employment (student/other, employed/self-

employed), marital status (married, single), having children (yes/no), physical activity (h/d), 

caffeine intake (g/d), E-DII, napping (yes [>0 min/d] vs. no [0 min/d]), season (winter 

[November-January], spring [February-April], summer [May-July], autumn [August-

October]), BMI (kg/m2, continuous), current dieting (yes/no), and the number of data 

collection time points for each person in the analysis.

To select potential covariates, bivariate relationships with each sleep characteristic were 

summarized, and variables with p-value <0.20 were selected for further evaluation. Variable 

selection was performed by identifying covariates for inclusion in the final model that 

changed the effect estimate of the main exposure variable by ±10%. Variables that were 

statistically significant (p≤0.05) also were included in the final model. SJL, absolute SJL and 

each sleep characteristic were modeled separately as a continuous variable. These analyses 

included all eligible participants with valid data (N=390, 1,431 observations). PROC 

GLIMMIX in SAS® was used to compute least squares means of continuous sleep variables, 

SJL, or chronotype, which were then compared among different time points using F-tests to 

evaluate the overall time trend.

Repeated measures latent class analysis (RMLCA) was performed using PROC TRAJ in 

SAS® to identify latent groups for each continuous outcome variable (SJL, absolute SJL, 

TST, SOL, SE, WASO) and chronotype. This analysis assumes a mixture model to define 
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the trajectories of unique subgroups that do not change their group membership within a 

population over time (Nagin, 2005; Jones & Nagin, 2007). The best fitting crude model was 

selected using the Bayesian Information Criterion (Jones & Nagin, 2007). Final selection of 

the number of latent groups was based on the model fit and minimum group sizes containing 

≥10% of the study population. Analyses for chronotype, TST and SE were adjusted for race 

(EA vs. AA or Other) and sex, which were assumed not to change over time. WASO was 

adjusted for race only. SJL, absolute SJL and SOL were not adjusted for race or sex because 

the latent groups were not influenced by these variables. Because the group trajectories for 

each measure were linear, the potential influence of covariates that changed over time was 

not examined. Only participants with at least three assessments during the study period were 

included in these analyses (N=312, 1,297 observations). Finally, GLMMs were estimated to 

identify demographic and other characteristics that differed among the latent classes for 

absolute SJL and each of the sleep outcomes. For continuous variables, relationships 

between latent groups were analyzed using an identity link and a normal distribution. For 

categorical variables, this analysis was performed using a binary distribution with logit link, 

or a multinomial distribution with a cumulative logit link. Relationships between SJL 

(continuous, independent variable) and each sleep measure (continuous, dependent variable) 

were analyzed using GLMMs with adjustment for confounding variables. Finally, the 

difference between each sleep measure on week days versus weekends was calculated at 

baseline and then correlated with SJL values at baseline using Spearman correlation 

coefficients.

RESULTS

The study population was comprised of 390 participants with a total of 1,431 repeated 

observations. A majority of the participants had at least three (26%), four (15%), or five 

(39%) assessments at 6-month intervals. The average age at baseline was 28±4 years and the 

sex distribution was approximately equal (51% women, Table 1). Most participants were EA 

(68%) and had at least 4 years of college education (84%). College students comprised 45% 

of participants (19% undergraduate, 81% graduate), and another 55% were employed. A 

majority of the participants’ annual income was below $60,000 (71%). Thirty-two percent 

were married, and 14% had children (Table 1). Overall compliance with the armband 

protocol was very high; the median time of armband use was 23.5 h/day. Most participants 

wore the armband for 9 or more days (6 days for 0.3% of all time points; 7 days, 1.5%; 8 

days, 4%; 9 days, 13%; 10 days, 66%; 11–16 days, 15%). Participants who were excluded 

(n=40) were not different from those included in the analyses with respect to demographic 

characteristics: age (p=0.06), sex (p=0.93), race (p=0.27), education (p=0.50), income 

(p=0.53), employment (p=0.99), or marital status (p=0.60). There were modest differences 

with respect of having children (14% among participants vs. 25% among those excluded, 

p=0.05).

At baseline, 14.3% of participants had negative SJL values (≤1 h 11.5%, >1 but <2 h 2.1%; 

≥2 h 0.7%), indicating that they advanced their sleep schedule on their free days. A majority 

(85.7%) had positive SJL values with the following distribution: ≤1 h: 37.7%; >1 but <2 h: 

32.8%; and ≥2 h: 15.2%. Also at baseline, ~50% of participants had ≤1 h of absolute SJL, 
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33% had >1 but <2 h, and 17% had ≥2 h of absolute SJL. At baseline, SJL was moderately 

correlated with chronotype (Spearman r=0.42, p<0.001).

Adjusted mean SJL values at 6, 12, 18 and 24 months exceeded the baseline average by 6 

min, and there was no linear trend for SJL over two years (Table 2). A 10-min increase from 

1 h 6 min to 1 h 16 min was observed for absolute SJL across the study period (p=0.03, data 

not shown). Chronotype was 24 min earlier by the end of two years (p<0.01). TST, SOL, 

WASO and SE were generally stable during the study period, although a difference in mean 

TST was observed at 12 months relative to 6 months (Table 2).

Exclusion of observations with negative SJL values (i.e., earlier sleep schedule on 

weekends) did not change time trends for chronotype, SJL or other sleep measures. By the 

end of 2 years, chronotype advanced by 18 min from 4:30 to 4:12 a.m (p<0.01) (data not 

shown). Similar to the results for the entire sample (Table 2), SJL increased 6 min by the end 

of 2 years after exclusion of observations with negative values (p=0.45) (data not shown).

Results from the RMLCA, which only included individuals with ≥3 observations, indicated 

that latent groups for SJL and each sleep parameter had linear trajectories that remained 

stable over time (Figure 1). SJL had 2 latent groups, one with relatively low (mean±SE, 

0.4±0.04 h, 42%) and another with higher values (1.4±0.03 h, 58%, Figure 1). Absolute SJL 

also had 2 latent groups with lower (1.1±0.02 h, 88%) and higher (1.7±0.2 h, 12%) values at 

baseline and linear trajectories (not shown). If the RMLCA sample was analyzed using the 

methods that generated results for Table 2, absolute SJL remained stable over the study 

period (overall p-value for time period: p=0.07, data not shown).

Three latent groups were apparent for chronotype: with relatively early (3.0±0.9 h, 33%), 

intermediate (4.4±0.9 h, 52%) and late (6.0±1.3 h, 14%) times. By the end of the study, a 23-

minute shift to an earlier time was observed in the late chronotype group, whereas no 

changes were observed in the other groups (Figure 1). TST had three latent groups with 

relatively short (5.6±1.0 h, 21%), intermediate (6.5±1.0, 44%) and long (7.3±1.0 h, 36%) 

durations, all with temporally stable linear trajectories. SOL was generally low in this 

population (<30 minutes for 98% of observations, median: 13 min); two latent groups were 

identified with relatively lower (9.7±1.0 min, 73%) and higher (18.3±1.0 min, 27%) values. 

Two latent groups were observed for WASO: low (42.1±18.6 min, 77%) and high 

(90.4±31.0 min, 23%), and for SE: low (74.6±1.0%, 27%) and high SE (85.3±1.0%, 73%).

In bivariate analyses, those in the high SJL group tended to be employed and had later 

chronotypes relative to those in the low SJL group (Table 3). Participants in the short TST 

group were younger, male, of AA or Other race, had lower incomes, were married, 

consumed less caffeine, and tended to have a more proinflammatory diet (i.e., higher E-DII 

scores) compared with those in the intermediate TST group (Table 3). Those in the long TST 

group tended to be female, less physically active, have higher incomes and no children 

relative to those with an intermediate TST (Table 3). The SOL latent groups differed only by 

employment status; students had a higher SOL relative to those who were employed (Table 

4). The two WASO groups differed only by race (Table 4); a higher proportion of those with 

elevated WASO values were of AA or Other race. Among those with low SE, a higher 
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proportion was male, AA or Other race, had lower incomes and consumed less caffeine 

(Table 4). Overall, participants with sleep disturbances (e.g., high SOL, high WASO, short 

TST, or low SE) tended to have an evening chronotype.

Relationships between SJL and sleep characteristics are presented in Table 5. When all time 

points were included (time points 1–5, n=390, 1,431 observations), SJL was inversely 

associated with TST on week days (p=0.001) or with WASO on week days (p=0.04). An 

increase in SJL was associated with an increase in SE on weekends (p=0.001) or decrease in 

SOL on weekends (p=0.0001). At baseline, the difference between values on week day and 

weekend for TST was (mean±STD) −0.5±1.2 h, for SOL 2.6±9.4 min, for WASO −7.9±34.0 

min, and for SE 0.5±6.6%. SJL was negatively correlated with week day-to-weekend 

difference in TST (Spearman r=−0.18, p<0.0005) and positively correlated with the week 

day-to-weekend difference in SOL (Spearman r=0.11, p=0.03). There were no relationships 

between SJL and the week day-to-weekend differences in WASO (Spearman r=−0.06, 

p=0.20) or in SE (Spearman r=0.02, p=0.63).

DISCUSSION

SJL has been associated with symptoms of depression, as well as risk factors for metabolic 

syndrome, obesity, and cardiovascular disease (Valdez et al., 1996; Scheer et al., 2009; 

Levandovski et al., 2011; Roenneberg et al., 2012; Kantermann et al., 2013; Rutters et al., 

2014; Wong et al., 2015). Thus, understanding the dynamics of SJL and factors that 

contribute to increased SJL risk may be important for developing disease prevention 

strategies targeting SJL or the disruption of sleep/wake timing.

To our knowledge, this was the first study that used actigraphy to prospectively quantify SJL 

in a non-clinical population of young adults. The baseline prevalence of SJL in the current 

study (>1 h: 50% of participants; ≥2 h: 17%) was somewhat lower than in previous studies 

of SJL among adults (≥1 h: 63–69%; ≥2 h: 26–33%) (Roenneberg et al., 2012; Rutters et al., 

2014). This lower prevalence may have been due to a larger proportion of students (45%) in 

the current study, who can have somewhat different schedules relative to those who work 

full-time. Most participants (58%) were in the latent class of SJL that exceeded one hour 

(mean: 1.4 h at baseline; mean: 1.5 h at 24 months). SJL was more common among those 

with an evening chronotype and was higher among those who were employed compared to 

students or those not working. These observations agree with the concept that SJL results 

from misalignment between an individual’s social and biological timing (Wittmann et al., 

2006), and with previous observations that adults with later chronotypes had greater SJL 

(Valdez et al., 1996; Levandovski et al., 2011; Roenneberg et al., 2012; Rutters et al., 2014; 

Parsons et al., 2015).

SJL in this study was inversely associated with TST on week days, which is in agreement 

with previous studies (Roenneberg et al., 2003; Rutters et al., 2014). Increases in SJL were 

associated with increased SE and decreased SOL on weekends. These findings suggest that 

sleep occurring within an individual’s preferred circadian window may have a higher 

quality, and that individuals who accumulated SJL during the week may have compensated 

for it on weekends (Roenneberg et al., 2007; Roenneberg et al., 2012). The inverse 
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relationship between SJL and WASO on work days seems to contradict previous studies that 

showed decreased sleep quality and a higher number of nocturnal awakenings among 

participants with high SJL (Rutters et al., 2014). In the present study, once participants with 

high SJL fell asleep on work nights, they tended to stay asleep.

In a series of large cross-sectional internet surveys, SJL gradually decreased across older age 

groups and was larger among males than females (Wittmann et al., 2006; Roenneberg et al., 

2012). In the present study, SJL tended to remain stable within the same individuals over 

time, whereas by the end of the two-year follow-up, chronotype shifted an average of 23 

minutes earlier. Because the heritability of chronotype may be as high as 50% (Vink et al., 

2001), one might not expect changes within a two-year span. One plausible explanation for 

this is that by the end of this study some student participants may have completed their 

education and started jobs with earlier schedules than they had while in school. However, no 

data were available to test this possibility.

The shift in chronotype observed in the present study is consistent with results from a large 

cross-sectional study that observed a shift in chronotype to earlier times among people in 

older age groups beginning at 20 years (Roenneberg et al., 2007). However, it is unclear 

whether this represented age-related changes, some form of adaptation, random variation, or 

unaccounted cohort effects (Roenneberg et al., 2012; Broms et al., 2014). Despite the phase 

advance by the end of two years, a corresponding decrease in SJL was not observed. The 

reason for this discrepancy is unclear and may be related to the fact that there was only a 

moderate correlation between chronotype and SJL (Spearman r=0.42 at baseline) and SJL 

increased only by 6–10 min.

To the authors’ knowledge, this also was the first longitudinal study to examine actigraphic 

sleep measures among young adults (21–35 years old) over an extended period. The linear 

trajectories of the sleep patterns observed in this study suggest that a relatively large 

proportion of this population had sleep disturbances that persisted for the entire study 

period. Based on the RMLCA, 21% of study participants consistently had a short TST, 

whereas 36% had long TST, 27% had elevated SOL, 32% had elevated WASO, and 27% had 

low SE. A previous cross-sectional study among college students (n=536) also identified a 

relatively high proportion of participants who had disrupted sleep: 33% had SE ≤85%, 41% 

had average sleep duration <7 hr, and 76% had sleep latency >15 min (Vargas et al., 2014).

Using TST values, three latent groups were identified with relatively short (mean: 5.6 h), 

intermediate (mean: 6.5 h) and long (mean: 7.3 h) sleep durations. The mean TST value in 

the short duration group was consistent with a cut-off value (<6 h) used to define disrupted 

sleep in prior studies (Lauderdale et al., 2009; Bailey et al., 2014; Mezick et al., 2014; 

Vgontzas et al., 2014), whereas the mean TST value in the long sleep duration group 

(7.3±0.03 h) was shorter than cut-points used in previous studies (Gottlieb et al., 2006; 

Cappuccio et al., 2011). However, it was comparable with cut-points of 6.5 h (Kripke et al., 

2011) and 440 min (7.3 h) in other actigraphy studies (Natale et al., 2009). Individuals tend 

to overestimate their sleep duration relative to actigraphic measurements by up to one hour 

(Lauderdale et al., 2008; Mezick et al., 2014). The mean values for latent groups with low 

and high SOL in this study (11 and 19 min, respectively) allowed for segregation based on a 
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previously suggested, actigraphy-based cut-point of 12 min (Natale et al., 2009), but were 

lower than the 30-minute value that has been used previously to characterize insomnia in 

clinical studies (Buysse et al., 2006; Schutte-Rodin et al., 2008). Mean values in the low and 

high latent groups for WASO (means: 42 and 91 min, respectively) were both above 

previously described cut-off points of 25 (Natale et al., 2009) or 30 minutes (Buysse et al., 

2006; Schutte-Rodin et al., 2008) for insomnia. Finally, the mean values among latent 

groups of SE (low: 75%; high: 85%) identified two groups that were above and below a 

previously used clinical cut-point of 80% for insomnia (Buysse et al., 2006; Schutte-Rodin 

et al., 2008); however, they were both below suggested cut-points from two other actigraphy 

studies (87% and 92%) (Natale et al., 2009; Natale et al., 2014).

Some limitations of this investigation are noteworthy. Information on work schedules and 

alarm clock use on free days was not available and it was assumed that participants worked 

on week days and had free days only on weekends. This assumption also was used in a 

recent, nationally representative, cross-sectional study of the US population (Fischer et al., 

2017). Approximately 45% of participants in the current study were students (81% at a 

graduate level), who typically attend classes and/or work part-time during the day. Large 

surveys indicate that 15–21% of adults ages 18–34 years work on weekends (Marucci-

Wellman et al., 2016), and 70–80% use alarm clock on work days (Roenneberg et al., 2012; 

Weil, 2017). Thus, assuming that perhaps 50% of young adults may start their weekend job 

in the morning, we estimate that approximately 5–7% of sample may have used an alarm 

clock on a weekend. In addition, study subjects were excluded from the analyses if they had 

extreme or implausible TST values, regularly used sleep-promoting medications, worked 

night shifts, or traveled across time zones; thus, the potential impacts of these limitations 

may have been minimized. Mean (±STD) chronotype in this study (males: 4.3±1.6 h, 

females: 4.0±1.2 h) was within the range of estimates for the same age group in several 

European populations (Estonia, Germany, Scotland) (Allebrandt et al., 2014). Moreover, 

mean sex-specific chronotypes were generally in agreement with ranges for the same ages 

(20–34 y.) in a cross-sectional study among US adults for 2003–2014 (males: 4.9±2.4 to 

3.6±2.2 h; females: 4.9±2.4 to 3.4±1.7 h) (Fischer et al., 2017). That study included 

participants who reported activities on a Friday or Saturday and it was assumed that the 

following day would be free, although no information was provided on whether the next day 

was actually free or if an alarm clock was used (Fischer et al., 2017). In another large study 

in the Finnish population, participants reported their chronotype based on a single question, 

and no data on work schedules and alarm clock use were collected (Broms et al., 2014). 

Those observations are consistent with other studies that found good agreement between 

instruments that used a single or limited number of questions to assess chronotype, and did 

not explicitly target alarm clock use, relative to more comprehensive measures (Chelminski 

et al., 2000; Zavada et al., 2005; Megdal & Schernhammer, 2007; Roenneberg et al., 2007; 

Erren, 2013; Levandovski et al., 2013). In the current study, exclusion of observations with 

negative SJL values (14.3% of participants at baseline), which could indicate that those 

individuals had an early chronotype, but could also have included those who worked and had 

to get up relatively early on the weekend, did not change the interpretation of the results 

presented.
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Although this was a longitudinal study, the data were collected cross-sectionally; thus, 

differences in demographic or other characteristics between the latent groups do not 

necessarily imply a cause and effect relationship. Also, the possibility of reverse causality 

cannot be excluded for some variables. For example, one might expect elevated caffeine 

consumption in latent groups with disrupted sleep. However, reductions in caffeine 

consumption were observed over time, which may have occurred in response to the sleep 

disturbances encountered among individuals with persistent, suboptimal sleep. Another 

limitation is that the generalizability of the results is limited to healthy adults ages 21–35 

years, approximately half of whom were college students, or had incomes <$40,000 per 

year. Finally, it remains to be determined whether findings from the present study extend to 

more chronic sleep disruption beyond two years.

A major strength of this study is the use of objective measures to characterize SJL, sleep and 

chronotype, which minimizes issues related to self-reported sleep quality or sleep/wake 

timing. Armband actigraphy is a valid, non-invasive method for obtaining ‘real-life’ sleep/

wake characteristics that are comparable to polysomnography (Sharif & Bahammam, 2013). 

Armband data were collected minute-by-minute on at least 4 days (including at least 1 

weekend day, up to 10 days total; 81% had ≥10 days). Information for non-use periods was 

obtained using logs completed by participants. Days with less than 80% of verifiable time 

were excluded (based on data from armband and activity logs). Thus, measurement error is 

expected to be lower than self-reported information. The American Academy of Sleep 

Medicine practice parameters for the use of actigraphy in the clinical assessment of sleep 

and circadian rhythm disorders recommend using at least three consecutive 24-hour periods 

(Littner et al., 2003). A more recent study showed that reliability of sleep and circadian 

measures increased with the number of consecutive days of actigraphy, arguing in favor of 

≥7 days, but the difference between mean TST for those with 5 and 7 days of actigraphy 

data was only about 5–7 min (van Someren, 2007). In the same study, the differences 

between 5- and 7-day means for SE also were relatively small. After all exclusions, there 

were few observations in the present study based on 6 (N=5, 0.35% of all observations) or 7 

days of wear (N=21, 1.5%), and thus a strong impact on the results due to length of armband 

use would not be expected. Note that the long time of daily average armband use (median 

23.5 h) may, in part, explain the relatively long physical activity times observed in this study. 

Participants did not have any major acute or chronic health conditions that potentially 

influenced the sleep measures, and those who regularly used sleep-promoting medications 

were excluded. Therefore, confounding by somatic conditions or sleep disorders was 

unlikely to have biased the results.

Results from cross-sectional studies indicate that sleep tends to deteriorate with age (e.g., 

TST and SE decrease, and WASO and SOL increase) (Ohayon et al., 2004; Roenneberg et 

al., 2007). In middle-aged and elderly adults, prospective studies using repeated actigraphic 

measures reported that sleep characteristics remained generally stable within a 1- to 2.5-year 

time frame, although insomnia subtypes changed over time (Hoch et al., 1994; Hohagen et 

al., 1994; Hoch et al., 1997; Gaines et al., 2015). Prospective studies among college students 

that used questionnaires to assess sleep produced conflicting results with respect to the 

temporal stability of sleep duration and the number of nocturnal awakenings during a one-

semester time frame (Hawkins & Shaw, 1992; Pilcher & Ott, 1998). Among undergraduate 
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college students, sleep duration decreased and the number of awakenings increased as the 

semester progressed (Hawkins & Shaw, 1992). However, in another study, sleep duration 

and quality increased during a 15-week spring semester (Pilcher & Ott, 1998). In a cohort of 

591 young adults surveyed for over 20 years, 35% of those with incident one-month 

insomnia still had it at the next interview (Buysse et al., 2008). Forty percent of those with 

incident insomnia subsequently developed chronic insomnia, and 17–50% of those with 

insomnia had a subsequent major depressive episode (Buysse et al., 2008). Results from 

these studies suggest that sleep disruption tends to be persistent, although some 

inconsistencies have been observed in both younger and older age groups.

Although actigraphic sleep characteristics are not sufficient to determine a person’s overall 

health status or the presence of a sleep disorder, those in a subgroup with persistent sleep 

disruption over time could be at greater risk for deleterious health consequences. Insomnia 

and other sleep disturbances have been associated with adverse health conditions such as 

depression (Buysse et al., 2008; Levandovski et al., 2011; Natale et al., 2014), obesity 

(Littner et al., 2003; Hasler et al., 2004; Theorell-Haglow et al., 2012), diabetes (Ayas et al., 

2003; Kühnle, 2006), hypertension (Gangwisch et al., 2006; Javaheri et al., 2008; Vgontzas 

et al., 2009), cardiovascular disease (Cappuccio et al., 2011) and cancer (Moore & Meltzer, 

2008; Sigurdardottir et al., 2012; Merikanto et al., 2017). In the present study, demographic 

characteristics that were associated with persistent sleep disruption included: male sex, 

being a student, non-White race, low income, and evening chronotype. The finding that 

“eveningness” was associated with disrupted sleep is in agreement with previous studies 

(Giannotti et al., 2002; Merikanto et al., 2012; Merikanto et al., 2015). Evening chronotypes 

tend to have shorter sleep on week nights, delayed bed- and wake-time on weekends, 

insomnia, and to report poor quality or insufficient sleep relative to morning chronotypes 

(Wolfson & Carskadon, 1998; Koskenvuo et al., 2007; Merikanto et al., 2012). Eveningness 

also has been associated with increased substance use, alcohol consumption and smoking 

(Koskenvuo et al., 2007; Broms et al., 2011; Merikanto et al., 2017). Results from this study 

add to knowledge concerning the temporal patterns of SJL and actigraphic sleep 

characteristics among healthy young adults. The identification of susceptible subgroups of 

young adults with persistent sleep disruption may aid in chronic disease prevention.
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Figure 1. 
Latent group trajectories for social jetlag, chronotype and objective sleep measures at five 

time points (baseline, 6 m, 12 m, 18 m, and 24 m) obtained with repeated measures latent 

class analysis (n=312, 1,297 observations). Only participants with ≥3 time points were 

included.
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Table 1.

Demographic Characteristics of Eligible Energy Balance Study Participants at Baseline, Columbia, SC, 2011–

2014

Variable All Participants
(n=390)

Women
(n=198)

Men
(n=192)

Age (yrs) 27.6±3.8 27.7±3.7 27.4±3.9

Race, n (%)

 European American 264 (68) 131 (66) 133 (70)

 African American 47 (12) 31 (16) 16 (8)

 Hispanic/Latino 11 (3) 7 (3) 4 (2)

 Asian 42 (11) 15 (8) 27 (14)

 Native American 12 (3) 8 (4) 4 (2)

 Mixed race 14 (3) 6 (3) 8 (4)

Education, n (%)

 HS Graduate/GED
 Some College

62 (16) 18 (9) 44 (23)

 College (4+ years) 328 (84) 180 (91) 148 (77)

Income ($), n (%)

 < 20,000 65 (17) 34 (17) 31 (16)

 20,000 to < 40,000 137 (35) 76 (39) 61 (32)

 40,000 to < 60,000 74 (19) 37 (19) 37 (19)

 60,000 to < 80,000 50 (13) 23 (12) 27 (14)

 ≥ 80,000 62 (16) 26 (13) 36 (19)

Employment, n (%)

 Employed and self employed 214 (55) 113 (57) 101 (53)

 Student/Other
1 176 (45) 85 (43) 91 (47)

Marital status, n (%)

 Married
2 178 (46) 90 (45) 88 (46)

 Single
3 212 (54) 108 (55) 104 (54)

Children, age

 <18 years, n (%)

 0 336 (86) 173 (88) 163 (85)

 1 29 (7) 13 (7) 16 (8)

 ≥ 2 24 (7) 11 (5) 13 (7)

1
Out of work (<1 year), homemaker, unable to work (n=4, 1%).

2
Includes members of unmarried couples (n=55, 14%).

3
Includes divorced and separated (n=7, 1.7%).

Chronobiol Int. Author manuscript; available in PMC 2019 October 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

McMahon et al. Page 22

Ta
b

le
 2

.

O
bj

ec
tiv

e 
Sl

ee
p 

M
ea

su
re

s 
O

ve
r 

T
im

e 
(n

=
39

0,
 1

,4
31

 o
bs

er
va

tio
ns

),
 E

ne
rg

y 
B

al
an

ce
 S

tu
dy

, C
ol

um
bi

a,
 S

C
, 2

01
1–

20
14

Sl
ee

p 
m

ea
su

re

F
ol

lo
w

-u
p 

T
im

e 
(M

on
th

s)
p-

va
lu

e:
 T

im
e 

P
er

io
d1

B
as

el
in

e
(n

=3
90

)
6

(n
=3

41
)

12
(n

=3
17

)
18

(n
=2

06
)

24
(n

=1
77

)

M
ea

n±
SE

M
ea

n±
SE

M
ea

n±
SE

M
ea

n±
SE

M
ea

n±
SE

So
ci

al
 J

et
 L

ag
 (

h)

 
C

ru
de

1.
2±

0.
04

1.
1±

0.
04

1.
1±

0.
05

1.
2±

0.
06

1.
2±

0.
06

0.
78

 
A

dj
us

te
d2

0.
8±

0.
06

0.
9±

0.
06

0.
9±

0.
06

0.
9±

0.
07

0.
9±

0.
07

0.
40

C
hr

on
ot

yp
e 

(h
)

 
C

ru
de

4.
4±

0.
1

4.
2±

0.
1*

4.
1±

0.
1*

4.
1±

0.
1*

4.
0±

0.
1*

<
0.

01

 
A

dj
us

te
d3

4.
4±

0.
1

4.
2±

0.
1*

4.
1±

0.
1*

4.
0±

0.
1*

4.
0±

0.
1*

<
0.

01

To
ta

l S
le

ep
 T

im
e 

(h
)

 
C

ru
de

6.
6±

0.
04

6.
6±

0.
04

6.
5±

0.
04

†
6.

6±
0.

05
6.

6±
0.

05
0.

10

 
A

dj
us

te
d4

6.
5±

0.
05

6.
5±

0.
05

6.
4±

0.
05

†
6.

5±
0.

06
6.

5±
0.

06
0.

05

Sl
ee

p 
O

ns
et

 L
at

en
cy

 (
m

in
)

 
C

ru
de

12
.9

±
0.

3
13

.0
±

0.
3

12
.9

±
0.

3
13

.8
±

0.
4

12
.6

±
0.

4
0.

15

 
A

dj
us

te
d5

12
.8

±
0.

4
12

.8
±

0.
4

12
.7

±
0.

4
13

.6
±

0.
4

12
.4

±
0.

5
0.

16

W
ak

e 
A

ft
er

 S
le

ep
 O

ns
et

 (
m

in
)

 
C

ru
de

53
.8

±
1.

5
54

.2
±

1.
6

53
.3

±
1.

6
54

.0
±

1.
8

51
.9

±
1.

9
0.

75

 
A

dj
us

te
d6

54
.0

±
1.

5
54

.3
±

1.
6

53
.2

±
1.

6
53

.9
±

1.
8

51
.7

±
1.

9
0.

68

Sl
ee

p 
E

ff
ic

ie
nc

y 
(%

)

 
C

ru
de

82
.3

±
0.

3
82

.4
±

0.
3

82
.4

±
0.

4
82

.1
±

0.
4

82
.6

±
0.

4
0.

76

 
A

dj
us

te
d7

81
.2

±
0.

4
81

.3
±

0.
4

80
.3

±
0.

4
82

.0
±

0.
5

81
.5

±
0.

5
0.

77

1 F-
te

st
 p

-v
al

ue
 f

or
 ti

m
e 

pe
ri

od
 a

s 
a 

ca
te

go
ri

ca
l v

ar
ia

bl
e.

2 A
dj

us
te

d 
fo

r 
tim

e,
 c

hr
on

ot
yp

e,
 r

ac
e,

 e
du

ca
tio

n,
 e

m
pl

oy
m

en
t s

ta
tu

s,
 c

ur
re

nt
 d

ie
tin

g,
 n

um
be

r 
of

 ti
m

e 
po

in
ts

.

3 A
dj

us
te

d 
fo

r 
tim

e,
 a

ge
, s

ex
 a

nd
 s

ea
so

n.

4 A
dj

us
te

d 
fo

r 
tim

e,
 c

hr
on

ot
yp

e,
 s

ex
, r

ac
e,

 n
ap

pi
ng

, p
hy

si
ca

l a
ct

iv
ity

, s
ea

so
n,

 B
M

I.

Chronobiol Int. Author manuscript; available in PMC 2019 October 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

McMahon et al. Page 23
5 A

dj
us

te
d 

fo
r 

tim
e,

 s
ea

so
n,

 in
co

m
e,

 c
af

fe
in

e,
 n

ap
, p

hy
si

ca
l a

ct
iv

ity
, B

M
I 

an
d 

nu
m

be
r 

of
 ti

m
e 

po
in

ts
.

6 A
dj

us
te

d 
fo

r 
tim

e,
 r

ac
e,

 B
M

I.

7 A
dj

us
te

d 
fo

r 
ra

ce
, s

ex
, i

nc
om

e,
 e

ne
rg

y-
ad

ju
st

ed
 D

ie
ta

ry
 I

nf
la

m
m

at
or

y 
In

de
x,

 p
hy

si
ca

l a
ct

iv
ity

.

* p<
0.

05
 r

el
at

iv
e 

to
 b

as
el

in
e.

† p<
0.

05
 r

el
at

iv
e 

to
 6

-m
on

th
 p

er
io

d.

A
bb

re
vi

at
io

ns
: S

E
: S

ta
nd

ar
d 

E
rr

or

Chronobiol Int. Author manuscript; available in PMC 2019 October 19.



A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript

McMahon et al. Page 24

Table 3.

Characteristics of Latent Groups: Social Jetlag, Total Sleep Time (n=312 participants; 1,297 observations), 

Energy Balance Study, Columbia, SC, 2011–2014

Variable

Social Jet Lag (h) p-value
1 Total Sleep Time (h) p-value

1

Low High Short Intermediate Long

(0.4±0.04)
2

(1.4±0.03)
2

(5.6±0.04)
2

(6.5±0.02)
2

(7.3±0.03)
2

% % % % %

Sex

 Male 55 48 0.20 71* 54 35* <0.01

 Female 45 52 29* 46 65*

Race

 European American 64 68 27* 71 82

 African American 12 10 0.50 30* 9 2 <0.01

 Other
3 24 22 43* 20 16

Employment

 Student/Other
4 52 41 0.05 50 46 43 0.70

 Employed 48 59 50 54 57

Income ($)

 < 20,000 19 16 24* 16 16

 20,000 to < 40,000 36 38 43* 38 30

 40,000 to < 60,000 19 19 0.80 23* 21 16 0.02

 60,000 to < 80,000 13 14 4* 16 16

 ≥ 80,000 13 13 6* 9 22

Marital status

 Married
5 46 46 0.96 70* 50 50 0.02

 Single
6 54 54 30* 50 50

Children

 Yes 17 11 0.10 13 18 8* 0.10

 No 83 89 87 82 92*

Mean±SE Mean±SE Mean±SE Mean±SE Mean±SE

Chronotype (h) 3.8±0.1 4.3±0.05 0.01 4.6±0.1* 4.1±0.1 3.9±0.05 <0.01

Age (yrs) 27.8±0.2 27.6±0.1 0.30 27.0±0.2* 28.0±0.2 27.7±0.2 <0.01

Physical activity (h/d) 2.2±0.1 2.2±0.1 1.00 2.3±0.2 2.3±1.0 2.0±0.1* 0.04

Caffeine (g/d) 109.0±8.6 117.4±6.8 0.50 79.3±11.7* 120.2±7.9 126.5±8.8 <0.01

E-DII 0.4±0.2 0.6±0.1 0.40 1.1±0.2* 0.4±0.1 0.3±0.2 0.01

BMI (kg/m2) 25.3±0.3 25.3±0.3 0.94 26.0±0.5 25.2±.3 24.9±0.4 0.22

1
Overall F-test p-value for variable of interest.
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2
Mean±SE in parentheses.

3
Hispanic/Latino, Asian, Native American, mixed race.

4
Out of work (<1 year), homemaker, unable to work.

5
Includes members of unmarried couples.

6
Includes divorced and separated.

*
p<0.05 versus intermediate group.

Abbreviations: SE - standard error, E-DII - energy-adjusted Dietary Inflammatory Index.
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Table 5.

Relationships between Social Jetlag (predictor) and sleep measures (dependent variable) (n=390, 1,431 obs.), 

Energy Balance Study, Columbia, SC, 2011–2014

Sleep measure Crude
1 Adjusted

Estimate SE p Estimate SE p

Total Sleep Hours, week days
2
 (h)

−0.06 0.02 <0.01 −0.06 0.02 <0.01

Total Sleep Hours, weekend
3
 (h)

0.04 0.03 0.19 0.03 0.03 0.30

Sleep Onset Latency, week days
4
 (min)

0.22 0.17 0.19 0.19 0.17 0.27

Sleep Onset Latency, weekend
5
 (min)

−1.24 0.22 <0.01 −1.23 0.22 <0.01

WASO on week days
6
 (min)

−1.50 0.65 0.02 −1.35 0.64 0.04

WASO on weekends
6

 (min)
−1.06 0.93 0.26 −0.80 0.93 0.39

Sleep Efficiency, week days
7
 (%)

0.14 0.13 0.28 0.22 0.12 0.08

Sleep Efficiency, weekends
7
 (%)

0.56 0.18 <0.01 0.61 0.17 <0.01

p - linear regression F-test p-value for the variable of interest;

1
Adjusted for time.

2
Adjusted for time, BMI, sex, race, physical activity (cont., hour), naps (yes/no).

3
Adjusted for time, BMI, sex, race, and physical activity (cont., hour).

4
Adjusted for time, sex, alcohol, physical activity (cont., hour).

5
Adjusted for time, sex, physical activity (cont., hour).

6
Adjusted for time, race.

7
Adjusted for time, race, average total sleep hours.

Abbreviations: SE - Standard Error, WASO - Wake After Sleep Onset.
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