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Iná S. Santosb,c, and Luciana Tovo-Rodrigues b
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do Sul– UFRGS, Porto Alegre, Rio Grande do Sul. Brazil; bPostgraduate Program in Epidemiology, Federal University of Pelotas–UFPEL,
Pelotas, Rio Grande do Sul, Brazil; cPostgraduate Program in Pediatrics and Child Health, School of Medicine, Pontifical Catholic University of
Rio Grande do Sul – PUCRS, Porto Alegre, Rio Grande do Sul, Brazil

ABSTRACT
Social jetlag (SJL) is defined as the misalignment between the biological clocks and the social
clock imposed by work and social constraints. In order to accomplish the workdays duties, people
tend to not respect the internally sleep-wake cycle during the week, often using alarm clock to
wake-up, which would lead to a chronic form of travel-induced jetlag. This circadian misalignment
has been found to be associated with increased health risk and health-impairing behaviors. In this
cross-sectional study, we aimed to explore whether the SJL is a valid concept for the travel-
induced jetlag symptoms, as well as what is the cutoff point with best parameters for defining the
presence of SJL, in a sample of undergraduate students of a university in Southern Brazil. We
assessed SJL by the Munich ChronoType Questionnaire (MCTQ) and defined the concept as the
difference between the midsleep point on free days and the midsleep point on classes days. The
gold standard was defined as having at least one travel-induced jetlag symptom (fatigue, sleepi-
ness or difficulty concentrating). Relative SJL, sensitivity and specificity were calculated for
different cutoff points, plotted on ROC curves. A total of 452 students with complete sleep
information were included in the analysis. The relative SJL mean was 2 h 23 min (SD = 1 h 24
min; range −3 h to 7 h 58 min) and 63.7% of the students had ≥2 h of relative SJL. All the tested
cutoff points of the instrument had low sensitivity and specificity values, covering a small area
under the ROC curve (0.487). The best parameters were for the cutoff point ≥2 h, with 63.4%
sensitivity and 35.9% specificity. SJL did not revealed to be a valid concept for the studied sample
comparing it to travel-induced jetlag symptomatology. One possible explanation for the lack of
validity of our results regards the fact that SJL may not have the same apparent wide-term effects
as the travel-induced jetlag. Then, the symptoms of SJL do not well represent the symptoms of
travel-induced jetlag.
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Introduction

Social Jetlag (SJL) is defined as the misalignment
between biological preferences of an individual’s
sleep schedules (biological clocks) and social demands
and obligations such as work, studies and events,
which require specific sleep timing (social clock)
(Wittmann et al. 2006). Individuals respect their bio-
logical preferences for sleep timing on free days and
opt for alternatives that allow them to achieve with
social demands, such as the use of alarm clocks during
working days, which could generate misalignment
(Roenneberg et al. 2012).

Sleep times becomes progressively later throughout
puberty and adolescence (Roenneberg et al. 2004).

These developmental changes in circadian timing, in
combination with the fact that school start times are
not tuned to the generally late sleephabits of teenagers,
lead to a peak of SJL at around the end of adolescence
(Roenneberg et al. 2019). This is why teenagers show
the largest discrepancy in sleep duration between free
days and workdays compared to all other ages
(Roenneberg et al. 2012). Although SJL is most acute
during adolescence, it typically continues throughout
active work life until retirement (Roenneberg et al.
2019).

The SJL nomenclature derives from the analogy
with the travel-induced jetlag syndrome caused by
transmeridian flights (jetlag), as introduced by
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Roenneberg et al. (2012). Basically, the travel-
induced jetlag results from a misalignment
between the internal circadian clock and the exter-
nal environment as a result of rapid travel across
multiple time zones (Baron and Reid, 2014). This
transitory circadian misalignment has symptoms
that range from decreased concentration, tiredness
(fatigue), daytime sleepiness to changes in cogni-
tive function, malaise, and gastrointestinal upset
(Fiebach et al. 2007). Thus, the analogy could be
explained as if the same individual lived in two
different time zones: one on working days (social
clock) and one on free days (biological clocks) and
needed to travel across time zones every week to
accomplish her/his working duties (Roenneberg
et al. 2019). The effects of SJL would be similar
to those regarding traveling across several time
zones toward west on Friday night and returning
east on Monday morning (Roenneberg et al. 2019).
Likewise, in SJL, the weekly occurrence of sleep
deprivation pattern on days of activities and free
days compensations would place the individual in
a chronic circadian misalignment, leading to tra-
vel-induced jetlag symptoms and negative health
outcomes in long-term exposure (Wittmann et al.
2006).

SJL has been associated with unhealthy behaviors
and health problems, such as smoking (Lang et al.
2018), increased consumption of alcohol or caffeine
(Roenneberg et al. 2012), physical inactivity (Rutters
et al. 2010), obesity (Roenneberg et al. 2012), meta-
bolic dysfunctions (Parsons et al. 2015; Wong et al.
2015), psychiatric disorders (Polugrudov et al. 2016)
and the worst academic performance among univer-
sity students (Haraszti et al. 2014). However, the cri-
teria used in these studies to define who is
experiencing SJL is unclear. A review study on SJL
research across different populations and lifespan
(Beauvalet et al. 2017) suggested that the role of SJL
remains unclear, with some studies observing signifi-
cant associations between SJL and health risks, but
others not. The lack of homogeneity across popula-
tions and study methodologies has been identified as
problematic in comparing research involving SJL
(Beauvalet et al. 2017).

Given the heterogeneity across studies meth-
odologies, another point that should be taken
into account is the differences in the prevalence
of SJL with the same cutoff points. For example,

for a cutoff point of ≥1 h of SJL, the prevalence
varies from 24% to 69% (Koopman et al. 2017;
Roenneberg et al. 2012; Rutters et al. 2014).
These differences enhance the need of validation
studies for the establishment of cutoffs with appro-
priate and validated parameters. Therefore, the
establishment of a cutoff point will not only con-
tribute to the homogeneity of future studies but
may also answer what are the limits of circadian
misalignment for the onset of symptoms.

Thus, taking into account that no study has so
far used the symptoms of travel-induced jetlag to
assess the validity of the analogy suggested by the
literature and to find a cutoff for SJL, the aim of
the present study was to investigate the validity of
the SJL concept, as well as to evaluate a cutoff
point for SJL, taking the presence of travel-
induced jetlag symptoms as the gold standard, in
a population of university students in the southern
Brazil.

Methods

Design

The present validation study is nested in the larger
study “Health of the University Student of the
Federal University of Pelotas”. Federal University
of Pelotas (UFPel) is a public institution of higher
education, financed by the Brazilian Federal
Government, located in the city of Pelotas, Rio
Grande do Sul (Brazil). By the time of the study,
UFPel had 16,461 undergraduate students, 2,603
postgraduate students and 1,455 faculty members.

Sample

The larger study included students who joined the
UFPel in the first semester of 2017, being eligible
those aged 18 or over, regularly enrolled in sub-
jects of the second semester of the same year in
any of the 83 undergraduate courses. For the cur-
rent study, only those students who reported hav-
ing had classes on Monday morning during the
month before to the interview were eligible. This
criterion was adopted based on the current knowl-
edge about SJL (Roenneberg et al. 2012).
Considering that during weekends or free days
individuals meet the needs of their biological
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clocks, those with social demands on Monday
morning would be the most susceptible to present-
ing SJL symptoms (Roenneberg et al. 2012). The
exclusion criteria used by Roenneberg et al. (2012)
were also applied: Sleep duration of less than 3
h or greater than 13 h on classes days; sleep dura-
tion of less than 3 h on free days; use of alarm
clock on free days; inability to freely choose rest
times; having more than 6 days of activities per
week; or work in night shifts.

Data collection occurred between November 2017
and July 2018 by self-administered questionnaires on
tablets using the RedCap system (Harris et al. 2009).
Prior to data collection, a pilot study was conducted
among undergraduate students from another univer-
sity, aiming to test the understanding of the questions.

Social jetlag

The SJL evaluation was performed using the
Munich ChronoType Questionnaire (MCTQ)
(Roenneberg et al. 2012). This instrument asks
questions about sleep and wake behavior, carefully
distinguishing between bedtimes and sleep times,
separately for days of activities (including aca-
demic or work activities) and free days. This
separation is unique to the MCTQ and turned
out to be one of the questionnaire’s most useful
characteristics (Roenneberg et al. 2019). Also,
MCTQ derived sleep parameters showed a good
correlation with cortisol and melatonin rhythms
(Lazar et al. 2013; Roenneberg et al. 2007), and
a convergent validity against actigraphy
(Santisteban et al. 2018; Ryu et al. 2018).

The SJL was defined as the difference between
the midsleep point in the free days and the mid-
sleep point on the classis’s days, obtaining the
measurement in real time (Wittmann et al. 2006),
as follows:

SJL ¼ Midsleep time on free daysð Þ� Midsleep time on classes daysð Þ

Midsleep time ¼ Sleep onsetþ sleep duration=2ð Þ
We used the two SJL measurements that are fre-
quently addressed in the literature: Relative SJL
(relative difference between the midsleep point
on free days and the midsleep point on classes
days, which can be negative or positive) and the
absolute SJL (the modulus of relative SJL).

Gold standard

The gold standard was defined as the presence in
the last month of at least one symptom of the
travel-induced jetlag on Monday mornings: 1) fati-
gue greater than usual, 2) diurnal sleepiness
greater than usual, 3) difficulty concentrating
(Fiebach et al. 2007). These symptoms were
assessed by three questions: 1) On Mondays of
last month, after getting out of bed, you felt: a)
more tired than usual; b) less tired than usual; c) as
tired as usual; 2) On Mondays of last month, after
getting out of bed, you felt: a) more sleepy than
usual; b) less sleepy than usual; c) as sleepy as
usual; 3) Last month, your ability to concentrate
during the first Monday morning class was: a)
greater than usual; b) lesser than usual; c) same
as usual. Those who replied that they felt more
tired than usual or more sleepy than usual or that
the ability to concentrate was lesser than usual,
were considered as presenting jetlag symptoms.

Covariates

To characterize the sample, we included variables
based on a theoretical model, adding demographic,
socioeconomic and behavioral variables previously
reported as associated with SJL. The following
variables were used: Sex (male and female), age
(in years, 18–19, 20–22, and 23 years old or
more), paid work (yes/no), self-reported skin
color (white, black or other), family socioeconomic
status (A, B, C, D-E) (Associação Brasileira de
Empresas de Pesquisa 2008), bedroom sharing
(yes/no), physical activity in leisure time (<150
min per week or ≥150 min per week) (Matsudo
et al. 2001), current smoking (yes/no), and harm-
ful use of alcohol (yes/no) (Babor et al. 2001).

The economic status was assessed using the
Brazilian Economic Classification Criterion instru-
ment (Associação Brasileira de Empresas de Pesquisa
2008), which allows the stratification of the sample in
five economic classes (A to E), based on the partici-
pants’ answers, regarding the ownership of goods,
presence of a monthly paid housekeeper and school-
ing of the householder. This variable was later cate-
gorized in four categories (A, B, C, D–E). The
categories D and E were merged because of the
small sample size of the last category (E).

CHRONOBIOLOGY INTERNATIONAL 3



The instrument used to measure the level of
physical activity in leisure time was the leisure
section of the International Physical Activity
Questionnaire (IPAQ) (Matsudo et al. 2001),
designed to assess physical activity during the last
7 days prior to the interview or during a “typical
week.” The questions investigate the frequency and
duration of the moderate and vigorous physical
activities and walking. Physically inactive partici-
pants were those who reported a duration of less
than 150 min per week of moderate physical activ-
ity or less than 75 min per week of vigorous
physical activity.

To define current smoking, we used a question
about smoking during the last month, with the
following answer options: a) Yes, I smoke one or
more cigarettes per day; b) No, I have never
smoked; c) I have already smoked, but I quit.
Current smokers were defined as those who
reported smoking one or more cigarettes per day.

The harmful use of alcohol was evaluated by the
Alcohol Use Disorders Identification Test
(AUDIT), a 10-item screening tool developed by
the World Health Organization to assess alcohol
consumption, drinking behaviors, and alcohol-
related problems. The scores vary between 0 and
40. “Harmful use” was defined by score ≥8 points
(Babor et al. 2001).

Data analysis

We described the sample presenting the absolute
and relative frequencies, as well as the relative SJL
means according to each covariate. Subsequently,
the mean hours of SJL for each covariate were
compared using Student’s T-test and ANOVA,
when necessary. For absolute SJL, considering
that it was a variable with positive asymmetrical
distribution, the median and interquartile range
(IR) were calculated, as well as the Mann–
Whitney U and Kruskal–Wallis tests were per-
formed to test group differences. The relative fre-
quencies of each of the jetlag syndrome symptoms
were obtained, with their respective 95% confi-
dence intervals.

The following validity parameters were calcu-
lated for different cutoff points of the relative
SJL: sensitivity, specificity, positive predictive
value (PPV), negative predictive value (NPV),

and Youden Index. Intervals of 30 min between
the cutoff points were considered to evaluate
changes in validation parameters. The values thus
obtained were taken to the ROC (Receiver
Operator Characteristic Curve), which identifies
the cutoff points with the highest values of sensi-
tivity and specificity.

Sensitivity analyses were also performed sepa-
rately for three groups of students: those who had
paid work, those with harmful alcohol use, and
smokers. In addition, complementary analyses
were performed to assess the validity of absolute
SJL. The analyses were performed in the Stata®
program (Stata Corporation, College Station,
USA), version 14.0.

Ethical aspects

The project “Health of the University Student of
UFPel” was approved by the Research Ethics
Committee of the Faculty of Medicine of the
Federal University of Pelotas (UFPel) under the
number 79250317.0.0000.5317. All participants
signed a Free and Informed Consent Form.

Results

Of the 1,865 participants of the larger study, 1,210
were excluded because they did not meet the elig-
ibility criteria and 203 individuals due to problems
filling out the questionnaire, not allowing the SJL
calculation. Thus, 452 subjects were included in
the analyses.

Themean age of the students included in our study
was 20.2 years (SD=3.2; range = 18–51 years).Most of
them were white (73.7%) and 46.7% belonged to
economy position B (Table 1). About 14% of the
respondents were employed, 7.5% were smokers and
33.9% reported excessive consumption of alcoholic
beverages. Most were not physically active (57.7%)
and 30.3% used to share the bedroom with one or
more person (Table 1).

The prevalence of each travel-induced jetlag symp-
tom on Monday mornings in the last month was
36.1% (95% CI: 31.63, 40.68) for difficulty concentrat-
ing during the first Monday-morning class, 36.7%
(95% CI: 32.27, 41.35) for daytime sleepiness and
30.1% (95% CI: 25.90, 34.54) for fatigue.
Approximately half of the students (52.0%; 95% CI:
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Table 1. Sample characteristics, means of relative SJL and median of absolute SJL, according to covariates. Pelotas, 2018 (N = 452).
N (%) Relative SJL (h) Mean (SD) p Absolute SJL (h) Median (IR) p

Total sample N = 452 2.38 (1.40) . 2.50 (1.50; 2.50) .
Sex N = 452 0.272 0.130

Female 218 (48.2) 2.31 (1.29) 2.33 (1.50; 3.21)
Male 234 (51.8) 2.45 (1.48) 2.68 (1.50; 3.42)

Age N = 449 0.492 0.387
18–19 241 (53.7) 2.44 (1.38) 2.54 (1.58; 3.33)
20–22 150 (33.4) 2.40 (1.49) 2.45 (1.25; 3.42)
23 or more 58 (12.9) 2.19 (1.71) 2.41 (1.38; 3.00)

Brazilian Economic Classification Criterion N = 437 0.327 0.463
A 90 (20.6) 2.44 (1.51) 2.53 (1.33; 3.50)
B 204 (46.7) 2.46 (1.23) 2.58 (1.72; 3.25)
C 135 (30.9) 2.25 (1.42) 2.33 (1.38; 3.20)
D-E 8 (1.8) 1.81 (3.14) 2.18 (1.04; 3.02)

Skin color N = 451 0.594 0.417
White 328 (73.7) 2.40 (1.32) 2.50 (1.50; 3.25)
Black 50 (11.1) 2.19 (1.60) 2.30 (1.12; 3.33)
Other 73 (16.2) 2.44 (1.62) 2.70 (1.83; 3.43)

Work N = 452 0.174 0.101
Yes 65 (14.4) 2.16 (1.33) 2.12 (1.17; 3.02)
No 387 (85.6) 2.42 (1.41) 2.50 (1.50; 3.33)

Sharing bedroom N = 452 0.239 0.099
Yes 137 (30.3) 2.27 (1.28) 2.27 (1.27; 3.14)
No 315 (69.69) 2.43 (1.45) 2.49 (1.34; 3.23)

Current Smoking N = 452 0.966 0.938
Yes 34 (7.5) 2.39 (1.36) 2.50 (1.50; 3.33)
No 418 (92.5) 2.38 (1.40) 2.50 (1.50; 3.33)

Harmful consumption of alcohol N = 419 0.455 0.624
Yes 142 (33.9) 2.49 (1.32) 2.58 (1.62; 3.25)
No 277 (66.1) 2.38 (1.45) 2.58 (1.50; 3.33)

Physically inactive N = 452 0.254 0.254
Yes 191 (42.3) 2.47 (1.35) 2.50 (1.39; 3.33)
No 261 (57.7) 2.32 (1.43) 2.54 (1.50; 3.33)

Gold standard symptoms
Difficulty concentrating N = 452 0.381 0.499

Yes 163 (36.1) 2.46 (1.31) 2.50 (1.49; 3.42)
No 289 (65.9) 2.34 (1.45) 2.50 (1.50; 3.25)

Sleepiness N = 452 0.392 0.249
Yes 166 (36.7) 2.52 (1.28) 2.45 (1.49; 3.25)
No 286 (63.3) 2.45 (1.35) 2.59 (1.50; 3.33)

Tiredness N = 452 0.784 0.651
Yes 136 (30.1) 2.36 (1.38) 2.53 (1.50; 3.33)
No 316 (69.9) 2.39 (1.41) 2.44 (1.42; 3.33)

Difficulty concentrating + sleepness N = 452 0.702 0.959
Yes 103 (22.8) 2.45 (1.23) 2.50 (1.50; 3.33)
No 349 (77.2) 2.37 (1.44) 2.58 (1.50; 3.33)

Difficulty concentrating + tiredness N = 452 0.860 0.575
Yes 87 (19.3) 2.53 (1.29) 2.50 (1.49; 3.50)
No 365 (80.7) 2.35 (1.42) 2.56 (1.50; 3.33)

Sleepness + tiredness N = 388 0.587 0.416
Yes 119 (26.3) 2.45 (1.24) 2.42 (1.46; 3.33)
No 333 (73.7) 2.41 (1.45) 2.58 (1.50; 3.33)

Difficulty concentrating + sleepness + tiredness N = 452 0.814 0.427
Yes 79 (17.5) 2.51 (1.29) 2.50 (1.49; 3.42) 0.427
No 373 (82.5) 2.36 (1.42) 2.50 (1.50; 3.25)

Presence of Symptoms N = 452
No symptoms 217 (48.0) 2.41 (1.45) 0.712# 2.58 (1.50; 3.33) 0.475#

At least 1 symptom 235 (52.0) 2.36 (1.34) 2.50 (1.46; 3.33)
At least 2 symptoms 151 (33.4) 2.33 (1.31) 0.564§ 2.43 (1.49; 3.33) 0.414§

SJL = Social Jetlag. P values refers to Student's t-test or Analysis of Variance (ANOVA) for Relative SJL and Mann–Whitney or Kruskal Wallis for the
Absolute SJL. All tests were used to test the null hypothesis that there are no differences between the groups of covariates.

# At least 1 symptom compared with No symptoms; § At least 2 symptoms compared with One symptom or less.
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42.27, 56.68) had at least one of the symptoms, one-
third (33.4%, 95%CI: 29.07, 37.96) had two symptoms
ormore and 17.5% (95%CI: 14.09; 21.30) reported the
presence of the three symptoms. As previously men-
tioned, gold standard variable for this study was
defined as having at least one jetlag symptom.

Relative SJL

The relative SJL mean (M) was 2 h 23 min (SD = 1
h 24 min; range = −3 h to 7 h 58 min). Almost
two-thirds of the participants (63.7%) presented
SJL of 2 h or more. Only 4.7% of respondents
presented negative SJL values.

Table 1 shows relative SJL in hours and decimals.
The following groups presented the highest means of
relative JLS: Men (M = 2.45 h; SD = 1.48 h), indivi-
duals aged between 18 and 19 years (M = 2.44 h; SD =
1.38 h), employed (M=2.42 h; SD=1.41 h), belonging
to socioeconomic position classified as B (M = 2.46 h;
SD = 1.23 h), of skin color different from black or
white (M = 2.44 h; SD = 1.62 h), those that were not
used to share the bedroom (M = 2.43 h; SD = 1.45 h),
those that reported harmful consumption of alcohol
(M = 2.49 h; SD = 1.32 h) and that were physically
inactive (M = 2.47 h; SD = 1.35 h). There was no
difference in means of relative SJL, according to any
of the characteristics evaluated (Table 1).

Table 2 describes the values of sensitivity, spe-
cificity, PPV, NPV, and Youden Index for each
relative SJL cutoff point in relation to the gold
standard symptoms. Sensitivity decreased progres-
sively as cutoff points increased, with a more evi-
dent decrease between ≥3 h and ≥4 h (from 35.3%
to 5.1%), while specificity increased from 64.1% to
94.5% between these cutoff points. The best para-
meters values were observed for the SJL cutoff
point ≥2 h category, with 63.4% sensitivity and
35.9% specificity. It was not possible to choose an
acceptable cutoff point according to the ROC
curve generated by the data of the present study,
because this showed a linear visual tendency and
a very small area under the curve (48%)
(Figure 1a).

The results considering specific subsamples
(workers, harmful alcohol users and smokers) were
similar to the results observed for the total sample
(Figure 1, Supplementary Table 1). For those who
used to work by the time of the interview, the best

cutoff point was ≥2 h 55 min of relative SJL, with
a sensitivity of 48.1% and specificity of 81.6%
(Figure 1b). When analyzing only students who
had harmful consumption of alcohol, the best cutoff
point was ≥2 h 26 min, with a sensitivity of 60.0%
and specificity of 45.8% (Figure 1c). For smokers,
the cutoff point with the best validation parameters
was ≥2 h 13 min of relative SJL, with a sensitivity of
67.7% and specificity of 50.0% (Figure 1d).

Absolute SJL

In the whole sample, the absolute SJL median was 2
h 30min (IR = 1 h 30min; 3 h 20min; range = 0 h to 7
h 58 min). The median and IR of the absolute SJL in
hours and decimals can be seen in Table 1. Higher
median values of absolute SJL were seen amongmales
(Median = 2.68 h; IR = 1.50 h; 3.42 h), individuals
aged between 18 and 19 years (Median = 2.54 h; IR =
1.58 h; 3.33 h), not employed (Median = 2.50 h; IR =
1.50 h; 3.33 h), belonging to socioeconomic position
classified as B (Median = 2.58 h; IR = 1.72; 3.25 h), of
skin color different from black or white (Median =
2.70 h; IR = 1.83; 3.43 h), those that were not used to
share the bedroom (Median = 2.49 h; IR = 1.34; 3.23)
and those that were physically inactive (Median =
2.54; IR = 1.50; 3.33). There was no difference in
means of relative SJL, according to any of the char-
acteristics evaluated (Table 1). There was no differ-
ence in medians of absolute SJL, according to any of
the characteristics evaluated (Table 1).

The values of sensitivity, specificity, PPV, NPV,
and Youden index were similar to those observed
for the relative SJL (Supplementary Table 2 and
Supplementary Figure 1). Similarly to the relative
SJL, the cutoff point with the best parameters was
≥2 h, with 63.4% sensitivity, 35.5% specificity and
Youden of −0.01. The area under the ROC curve
with data from the whole sample was 48%.

Discussion

We aimed to evaluate the validity of the SJL con-
cept regarding the classic symptoms of travel-
induced jetlag, as well as to identify the cutoff
point with the best sensitivity and specificity
among young university students. Our results sug-
gest that the SJL concept was not valid for the
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sample studied, nor it was possible to establish
a cutoff point with adequate validation parameters.

The observed mean of relative SJL in our sample
was similar to the reported means by other studies
evaluating populations with similar age range (Lee
et al. 2016; Randler and Vollmer 2013; Silva and
Petroski 2011), with values between 2 and 3 h. Lee

et al. (2016) evaluated a sample of 1,094 Korean uni-
versity students aged 19 to 29 years and found an SJL
mean of 2 h 30 min (SD = 1 h 42 min). Randler and
Vollmer (2013), when studying a sample of 432
German university students with a mean age of 23.8
years (SD = 3.7 years) obtained a mean of 2 h 03 min
(SD = 1 h 03min). Silva and Petroski (2011) evaluated

Table 2. Sensitivity, specificity, PPV, NPV and Youden index for each cutoff point of relative Social Jetlag against gold standard
symptoms. Pelotas, 2018 (N = 452).
Relative SJL cutoff point N of people above cutoff point (%) Sensitivity Specificity PPV NPV Youden

≥−3 h 452 (100%) 100% 0.00% m.n. m.n. 0.00
≥−2.5 h 451 (99.8%) 100% 0.50% 52.10% 100% 0.00
≥−2 h 451 (99.8%) 100% 0.50% 52.10% 100% 0.00
≥−1.5 h 451 (99.8%) 100% 0.50% 52.10% 100% 0.00
≥−1 h 450 (99.6%) 100% 0.90% 52.20% 100% 0.01
≥−0.5 h 449 (99.3%) 100% 1.40% 52.30% 100% 0.01
≥0 h 432 (95.4%) 97% 6.00% 52.70% 62% 0.03
≥0.5 h 407 (90.0%) 91.11% 11.10% 52.60% 53.30% 0.02
≥1 h 380 (84.1%) 84.30% 16.10% 52.10% 48.60% 0.00
≥1.5 h 341 (75.4%) 73.60% 22.60% 50.70% 44.10% −0.04
≥2 h 288 (63.7%) 63.40% 35.90% 51.70% 47.60% −0.01
≥2.5 h 233 (51.6%) 51.10% 47.90% 51.50% 47.50% −0.01
≥3 h 161 (35.6%) 35.30% 64.10% 51.60% 47.80% −0.01
≥3.5 h 91 (20.1%) 19.10% 78.80% 49.50% 47.40% −0.02
≥4 h 49 (10.8%) 9.80% 88.00% 46.90% 47.40% −0.02
≥4.5 h 24 (5.3%) 5.10% 94.50% 50.00% 47.90% 0.00

SJL = Social jetlag; m.n. = Missing numbers; PPV = Positive Predictive Value; NPV = Negative Predictive Value.

Figure 1. Receiver Operator Characteristic curve (ROC curve) for the performance of social jetlag compared to the presence of at
least one of the travel-induced jetlag symptoms (gold standard), for the total sample and for different subgroups, Pelotas, 2018. (a)
All sample (N = 452), area under the curve = 0.487; (b) only individuals with paid work (n = 27), area under the curve = 0.568; (c)
only individuals with harmful consumption of alcohol (n = 83), area under the curve = 0.495; (d) only current smokers (n = 24), area
under the curve = 0.427.
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204 Brazilian university students (mean age = 21.6
years, SD = 3.9 years) and obtained an SJL mean of 2
h 51 min (SD = 1 h 56 min).

Most of the studies in the literature regarding
SJL aim to explore its association with health
aspects (Lang et al. 2018; Levandovski et al. 2011;
Rutters et al. 2010), and some use cutoff points for
SJL measurement (Levandovski et al. 2011; Rutters
et al. 2010). Although they are used in the litera-
ture, these cutoff points were not identified in
validation studies as far as we know, and the
choice was purely arbitrary (Haraszti et al. 2014;
Johnsen et al. 2013; Levandovski et al. 2011;
Roenneberg et al. 2012). The results of the present
study show that all the tested cutoff points of the
instrument had low sensitivity and specificity
values, covering a small area under the ROC
curve (0.487). The best values obtained were for
the cutoff point ≥2 h, with 64.4% sensitivity and
35.9% specificity. Due to lack of consensus regard-
ing the use of relative or absolute SJL, the data
were analyzed using the two ways described in the
literature to measure SJL (absolute and relative).
However, no differences were observed between
the results, so that cutoff points for both measures
were not valid in comparison to the travel-induced
jetlag symptoms.

Sensitivity analyses were performed in order to
better explore the data. For these analyses, the
characteristics that have been reported as impor-
tant determinants of SJL in the literature (smoking
and alcohol use) (Lang et al. 2018; Wittmann et al.
2009), as well as the variable “paid work” were
included. In these analyses, individuals who
worked, as well as those who had harmful con-
sumption of alcohol and smokers, presented cutoff
points with sensitivity and specificity values higher
than those found for the general sample. However,
the accuracy in these groups remained low.

An important implication of the present study is
the question about the terminology attributed to
the misalignment between the biological and social
clocks, as discussed by Beauvalet et al. (2017).
According to the authors, the measure of the dis-
crepancy between the midsleep time in free days
and the midsleep time on workdays was already
used in some studies before the term JLS had
emerged, using other terminology (Beauvalet
et al. 2017). According to Vetter (2018), SJL

could represent a proxy for circadian misalign-
ment and as circadian disruption, this term has
been used in the literature since the 1980s. In
consonance to that, Beauvalet et al. (2017) sug-
gested that the expression “social lag” might be
more appropriate to describe this phenomenon,
since the word “jet” reminds to travels and its
associated symptoms. In this sense, our data may
add evidences supporting this suggestion.

One possible explanation for the lack of validity
of our results regards the fact that SJL may not
have the same apparent wide-term effects as the
jetlag. Then, the symptoms of SJL may not repre-
sent the symptoms of the jetlag syndrome. To date,
the effects of SJL on the body are still poorly
understood (Beauvalet et al. 2017; Vetter 2018).
Some studies indicate that the weekly desynchro-
nization of the circadian cycle would cause pro-
blems in the metabolic functioning of the
individual and, therefore, would be associated
with negative outcomes (such as obesity and car-
diometabolic diseases) in a long-term exposure
(Parsons et al. 2015; Wong et al. 2015).

Besides that, despite SJL and travel-induced jet-
lag are both circadian misalignments, the desyn-
chronization in both cases may be different.
According to Vetter (2018), in travel-induced jet-
lag, the environmental signal, the light/dark cycle,
is misaligned with the endogenous clock (phase).
In this case, the circadian system will gradually
entrain to the local light-dark cycle and this pro-
cess could last on average 1 day per hour of time
change (Vetter 2018). In SJL, the light/dark cycle is
aligned, but there is a behavioral misalignment,
where the feeding/fasting cycle, or sleep and
wake, are misaligned with the endogenous clock
(Vetter 2018). These differences could be the evi-
dence to support that SJL and jetlag are different
phenomena.

There is a great heterogeneity in the cutoff points
reported in the literature, and the threshold value
between “having” or “not having” SJL (Beauvalet
et al. 2017) is not defined in any study. Thus, associa-
tions with negative health outcomes in the literature
should be better explored and mechanisms under-
lying these associations better investigated. In addi-
tion, we should point out that many of these studies
present some methodological limitations, such as
small sample sizes, unclear SJL measurements and
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lack of adjustment by confounders (Beauvalet et al.
2017; Parsons et al. 2015; Polugrudov et al. 2016).
Thus, studies that overcome these limitations are
necessary in order to understand if SJL could be
a contributing factor for health conditions.

As a limitation of our study, the use of sub-
jective (self-reported) sleep measures may have
influenced the validation parameters. Self-
referenced measures were used for logistical
and cost reasons, because the use of objective
tools to measure sleep (such as the actigraphy)
would require a larger research team and
a greater amount of financial resources, thus
impairing the conduction of the study.
However, a study that evaluated SJL by means
of the MCTQ and the actigraphy, pointed out
that both instruments presented similar results
(Roenneberg et al. 2015), indicating a small
impact of this limitation in our study.

In conclusion, the concept of SJL showed to
be ineffective for describing the travel-induced
jetlag symptoms. Therefore, future studies with
samples not restricted to university students or
those with classes on Monday’s morning and
using objective sleep measurements should be
performed to better explore the SJL concept.
Furthermore, we cannot discard that SJL is
a phenomenon that is associated with negative
outcomes, a subject that still needs attention in
further researches.
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