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Living beings are regulated by oscillating biological systems that orchestrate physiologic and behavioral events, synchronizing them to external signals such as light–dark
cycles and social routines.1 Although several studies support that light is still the main
zeitgeber (from German, zeit = time, geber = giver),2 that is, the main environmental
cue that entrains our bodily rhythms, a growing amount of evidence suggests that social
cues might be of major importance influencing biological rhythms.3,4
Social routines are organized into conventional time periods (eg, business hours
from 8 a.m. to 6 p.m. in most cities in Brazil). These routines are influenced by several
factors, which include the demand for increased productivity and competitiveness,
public security and other cultural aspects such as religion and ethnicity. Therefore,
such routines are not in total synchrony with the endogenous circadian (from Latin,
circa = about, diem = a day) rhythmicity of all individuals and, sometimes, not even
with the natural day–night transitions.5 Modern lifestyles changed the way we interact
with our surroundings. The need to live in a society requires submission to these rules
19
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Background: Even though light is considered the main cue that entrains inner biological
rhythms according to circadian environmental rhythms, social organizations have the capacity
to take the body “out of sync”. An emergent field of research on the topic refers to what has
been described as social jetlag, the biological misalignment that arises from alternated work and
free days. However, to the present moment, there is still controversial evidence on the effects
of such a phenomenon to human health.
Objective: The aim of this study was to identify current peer-reviewed evidence of the health
and behavioral risks associated with social jetlag.
Method: We conducted a systematic review of the literature on PubMed, Scopus, Embase and
LILACS electronic databases using the terms “social AND (jet lag OR jetlag)”. The search was
finalized on August 22, 2016, resulting in 26 research articles included in the review.
Results and discussion: Our results point to a variety of health and behavioral outcomes that
seem to be associated with the mismatch existent between work or study days and free days. They
are epilepsy, minor psychiatric symptoms, aggression and conduct problems, mood disorders,
cognitive impairment (eg, work and academic performance), substance use, cardiometabolic risk
and adverse endocrine profiles. However, these results must be analyzed with caution because
of the high methodological heterogeneity, the significant risk of bias of analyzed studies, as well
as the low similarity among the populations described.
Keywords: chronobiology, biological rhythms, sleep, shift work
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and structures, leading to obvious benefits from cooperation
as a group, but providing situations that could represent a risk
for some individuals who have to abandon photoentrainment
(entrainment to the exogenous light–dark cycle) and follow
routines in disagreement with their physiologic rhythmicity.6
Each person presents an individual phase of entrainment to the external days, referred to as chronotypes, which
reflects on optimal daily times for different activities.7 This
derives from a combination of genetic factors, development and environment, which determine the timing of our
endogenous clock.8 Even though the majority of individuals
are classified as intermediate chronotypes with no strong
preferences, the distribution can vary from extreme early
to extreme late chronotypes. The standard organization of
our society favors those who tend to wake and sleep earlier
(early types) and obliges those who tend to wake and sleep
later (late types) to follow routines that differ from their
internal time. In addition, the demand for productivity led
to the emergence of practices such as shift work, which
implies exposition to unnatural patterns of light–dark cycles.
An increasing number of studies suggests that disruption
of normal circadian rhythms can lead to a variety of health
and behavioral outcomes, such as metabolic syndrome, obesity,9,10 breast cancer11 and mood disorders.12 This relevant
disturbance on circadian rhythms is also known as chronodisruption.13 Several studies focus on sleep parameters as
means to identify the mechanisms through which circadian
disruption occurs.14,15 Despite the scientific development to
the present moment, there is still no consensus on what it is
that we should call “optimal sleep”.16,17 Most studies focus
on sleep quality and daytime sleepiness, but these are not
the only variables that are relevant to the study of animal’s
ideal sleep. In this scenario, one emergent field of research
pertains to what has been called social jetlag (SJL). This
phenomenon has been initially described as a biological
misalignment that arises from alternated work and free
days,18 considering the discrepancies between the social
and the biological clock that lead to sleep and wakefulness
at inappropriate circadian times.19 SJL has been studied in
many health-related researches, measured by either subjective or objective assessments (eg, reported sleep times
and actigraphy, respectively). The conventional formula to
calculate SJL subtracts the Midpoint of Sleep on Work days
from the Midpoint of Sleep on Free days (MSF).
A growing amount of evidence suggests that SJL is
related to a series of conditions commonly associated with
chronodisruption. However, the association of SJL to human
health is still controversial, since no systematic review on
the topic has been performed till now. Through a systematic
20
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review of the literature, we aimed to identify the current
evidence of health and behavioral risks associated with SJL.

Method
Search method
We conducted a systematic review of the literature on PubMed,
Scopus, Embase and Latin American and Caribbean Health
Science Literature (LILACS) using the terms “social AND
(jet lag OR jetlag)” on the default search fields of each electronic database. No advanced search tool was employed. We
searched for peer-reviewed papers reporting empirical studies
including data on health and behavioral outcomes associated
with SJL in different populations. Given the heterogeneity
of the body of literature on the topic, we included all studies
with at least one health or behavioral outcome associated with
SJL. However, studies that solely analyzed sleep parameters
or circadian patterns, but did not assess health or behavioral
outcomes were excluded from the review.
Due to the restricted number of empirical studies, we did
not establish a minimum number of participants included
in the studies. This way, we could avoid missing data from
small sample studies. Looking for the highest methodological quality, we excluded non-peer-reviewed references and
unpublished data. We retained only observational studies
with no language restriction. Review studies were excluded.
The search was finalized on August 22, 2016. Two authors
(ACT and JCB) independently and blindly performed the
search and screening of abstracts against the eligibility criteria. The other four authors were divided in pairs and they
blindly read all full-length papers initially selected, applying
a more rigorous eligibility. Any disagreement among authors
was resolved by consensus. Figure 1 displays the systematic
review process conducted according to Cochrane guidelines.20

Risk of bias assessment
In order to determine the level of evidence of included
studies, six questions were proposed and blindly answered
for each study by the same pairs of reviewers that read the
full-length papers. Any disagreement among authors was
resolved by consensus. Questions assessed the risk of selection bias (Q1 and Q2), detection bias (Q3), attrition bias
(Q4) and reporting bias (Q5). An additional question (Q6)
was included to assess biases not addressed in the previous
questions. They are:
1. Q1: General characteristics of the individuals are assessed
(eg, demographics, possible confounding factors)? If
groups are compared, is there any significant difference
among them?
ChronoPhysiology and Therapy 2017:7
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• Search: “Social AND (jet lag OR jetlag)”
• Databases: PubMed, Scopus, Embase, LILACS
209 articles excluded
• Cited in more than one database
255 articles for analysis of abstracts

Selection

215 articles excluded
• No evaluation of SJL (106)
• Review studies (62)
• Conference abstracts (34)
• No health or behavioral outcome (10)
• Abstract not available (3)
40 full-texts for analysis

Eligibility
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Identification

464 records identified

14 articles excluded
• No health or behavioral outcome
26 articles included in the review

Figure 1 Systematic review process.
Abbreviations: SJL, social jetlag; LILACS, Latin American and Caribbean Health Science Literature.

2. Q2: Is there significant exclusion/noninclusion of individuals that could compromise results validity?
3. Q3: Are outcomes assessed ensuring internal validity of
the study?
4. Q4: Are there significant withdrawals from the study?
5. Q5: Results reported are in agreement to the hypothesis?
6. Q6: Is there any additional risk of bias that could compromise study findings?
Three possible answers could be given to each question:
“high risk of bias”, “low risk of bias” or “inability to determine due to lack of information”. The level of evidence for
each study can be seen in Figure 2.

Results and discussion
In the past years, the term “social jetlag” has been increasingly used. Our initial search shows that, even though many
articles were excluded from this review because they did
not measure SJL, a significant part of studies mentioned it
throughout the text.

Excluded studies and terminology
Several studies retrieved in our search correlate SJL with
sleep disturbances. Although sleep disturbances are known to
affect health and behavior,6 we cannot presume a direct causal
relationship between such outcomes and SJL, which appears
mostly as a variable that characterizes the study samples. Thus,
we chose to exclude studies that did not explicitly assess illness
ChronoPhysiology and Therapy 2017:7
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Figure 2 Risk of bias assessment.
Notes: Questions 1 and 2 (Q1 and Q2) indicate seletion bias, Q3 indicates detection
bias, Q4 indicates attrition bias, Q5 indicates reporting bias, and Q6 indicates any
additional bias. Crosses represent low risk of bias; dashes, high risk of bias; and
interrogation marks, an inability to determine bias due to lack of information.
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Table 1 Summary of findings
Study

Population

Age range/mean
age (SD)

Number
of males/
females

Geographic
location

Sample
size

Design

Instrument
used to
define SJL

Wittmann et al
200618
Levandovski et al
201129

General
population
Rural population

14–94

190/303

501

Cross-sectional

MCTQ

44.1 (13.4)

1340/2711

Germany
(midlatitude)
Southern Brazil
(subtropical)

4051

Cross-sectional

MCTQ

Roenneberg et al
201221

General Internetusing public

16–65

NI

64,110

Cross-sectional

MCTQ

Johnsen et al 201322

General
population

30–65

3053/3356

Primarily
central Europe
(midlatitude)
Northern Norway
(arctic)

6412

Cross-sectional

MCTQ

Kantermann et al
201327
Randler and Vollmer
201343
Schimitt et al 201335

Shift workers of
a steel factory
Undergraduate
students
Day shift
workers

42 (7.6)

77/0

77

Cross-sectional

MCTQshift

23.8 (3.7)

320/112

432

Cross-sectional

Open questions

18–60

NI

Belgium
(midlatitude)
Germany
(midlatitude)
Southern Brazil
(subtropical)

143

Cross-sectional

MCTQ

de Souza and
Hidalgo, 201512
Haraszti et al 201440

Adolescents

14.7 (1.86)

104/247

351

Cross-sectional

MCTQ

Undergraduate
students
Male shift
workers

21.23 (3.12)

241/512

753

Cohort

MCTQ

43.3 (6.8)

43/0

Southern Brazil
(subtropical)
Hungary
(midlatitude)
Belgium
(midlatitude)

43

Cross-sectional

MCTQshift

Northern USA
(midlatitude)
The Netherlands
(midlatitude)

408

Cross-sectional

Actigraphy

145

Cross-sectional

Adapted
MCTQ

Northern European
Russia (subarctic
and arctic)
Spain (midlatitude)

3435

Cross-sectional

MCTQ

796

Cross-sectional

School Sleep
Habits Survey

Poland
(midlatitude)
Taiwan
(subtropical)

117

Cohort

Open questions

2683

Cohort

Open questions

New Zealand
(midlatitude)
Southwestern
Canada
(midlatitude)
Northern USA
(midlatitude)
South Korea
(midlatitude)

815

Cross-sectional

MCTQ

942

Cohort

Adapted
MCTQ

447

Cross-sectional

Actigraphy

290

Cross-sectional

Sleep diary

Kantermann et al
201425
Miller et al 201544
Rutters et al 201428

197/211
67/78

Female: 26.9 (8.5)
Borisenkov et al
201532

High school
students

14.8 (2.6)

1517/1918

Díaz-Morales and
Escribano 201539

High school
students

14.1 (1.48)

371/425

Jankowski 201534

Undergraduate
students
Junior-high
school students

22.2 (1.9)

16/101

Wave 2: 14.3 (0.48)
Wave 3: 15.3 (0.47)
Wave 4: 16.3 (0.47)

1368/1315

General
population
Undergraduate
students

38

NI

19.01 (0.9)

268/674

General
population
Epileptic and
healthy control
participants

42.7 (7.4)

210/237

Epilepsy: 33.0 (8.24)

155/135

Lin and Yi 201537

Parsons et al 201523
Tavernier et al
201542
Wong et al 201526
Choi et al 201645
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Calculation
of SJL

Calculation of
midpoint of sleep

Outcomes related to SJL

Study resultsa

MSF−MSW

Midpoint between sleep
onset and sleep end
Midpoint between sleep
onset and sleep end

Sleep quality, use of stimulants

Higher probability of smoking

Depression

MSF−MSW

Midpoint between sleep
onset and sleep end

Obesity

Higher BDIas (BDI corrected for age and sex) scores when
SJL >2 hours independent of smoking status; age group 31–40
years with mild to severe BDI scores suffered from higher SJL
Higher probability of being overweight (BMI ≥25) and weight
increase in the overweight group

MSFsc−MSW

Midpoint between sleep
onset and sleep end

Obesity

MSF−MSW

Midpoint between sleep
onset and sleep end
Midpoint between sleep
onset and sleep end
Midpoint between sleep
onset and sleep end

MSF−MSW
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MSF−MSW
MSF−MSW

MSF−MSW
MSF−MSW
MSF−MSW

MSF−MSW
MSF−MSW

Midpoint between sleep
onset and sleep end
Midpoint between sleep
onset and sleep end
Midpoint between sleep
onset and sleep end
Midpoint between sleep
onset and sleep end
Midpoint between sleep
onset and sleep end

No association between SJL, BMI ≥25 kg/m2, waist-to-hip ratio
and abdominal obesity when controlled for health, lifestyle and
biological factors
Atherosclerotic risk
Positive correlation with heart rate, but no association with
arterial stiffness measured by pulse wave velocity
Aggression
Higher physical and verbal aggression scores measured by
Buss–Perry Aggression Questionnaire
Social rhythm and minor psychiatric
Inverse correlation with Index of Regularity of activities in
symptoms
bivariate, but not in multivariate analysis; no associations with
SRQ-20
Depression
No association with depressive symptoms assessed by BDI
scores
Academic performance
Poor academic grades during lecture term and better
performance during exams period (no weekly fixed obligations)
Metabolic risk
No associations with blood glucose, insulin, apolipoprotein-A
and -B, HDL and LDL, total cholesterol, triglycerides, minimally
oxidized LDL, C-reactive protein, IL-8 and 25-OH D
Mediation in the relationship between
No significance found in correlations of acrophase and
positive affect rhythms and chronotype
amplitude of PANAS with CSM
Adverse endocrine and cardiovascular risk Subjects with ≥2 hours SJL had higher 5 hour cortisol levels,
profile
were more often physically inactive and had higher resting
heart rate, compared with those who had ≤1 hour SJL; no
differences in BMI, waist circumference and blood pressure

MSF−MSW

Midpoint between sleep
onset and sleep end

Winter seasonal affective disorder

Higher winter scores of SPAQ in women

MSF−MSW

Midpoint between
bedtime and rising time

Cognitive performance and academic
achievement

MSF−MSW

Midpoint between sleep
onset and sleep end
SJL calculation did not
use midpoint of sleep

Psychological well-being

Lower general cognitive ability; lower scores on Thurstone’s
primary mental abilities (except for verbal fluency); lower GPA.
Greater effects on women
Positive association with nervous mood, assessed by TA
subscale of UMACL
Poor academic performance and defiant attitude assessed by
open questions

Midpoint between sleep
onset and sleep end
Midpoint between
bedtime and wake time

Obesity and metabolic disorder

Midpoint between sleep
onset and sleep end
Midpoint between sleep
onset and sleep end

Cardiometabolic risk

Weekend
bedtime–
weekday
bedtime
MSF−MSW
MSF−MSW

MSF−MSW
MSF−MSW

Conduct problems

Academic adjustment and substance use

Prevalence in epileptic compared to
healthy control subjects and among
epilepsy subtypes

Higher BMI and fat mass; higher probability of being obese and
meet the criteria for metabolic syndrome
No predictive effect on substance use or academic adjustment
assessed by a subscale of the SACQ; greater substance use was
a significant predictor of SJL
Higher triglycerides, fasting insulin, insulin resistance estimated
by the HOMA-IR, waist circumference and BMI; lower HDL
Larger SJL in healthy controls and in general epilepsy compared
to focal epilepsy
(Continued)
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Table 1 (Continued)
Study

Population

Age range/mean
age (SD)

Number
of males/
females

Geographic
location

Sample
size

Design

Instrument
used to
define SJL

Díaz-Morales et al
201636
Kolomeichuk et al
201638

High school
students
Schoolchildren
and college
students
General
population

13.95 (1.69)

690/716

Spain (midlatitude)

1406

Cross-sectional

Open questions

10–18

808/858

1666

Cross-sectional

MCTQ

22 (2)

27/35

Northern
European Russia
(subarctic)
Northern Asian
Russia (subarctic)

62

Cross-sectional

MCTQ

Sheaves et al 201630

Undergraduate
students

21 (20–23)c

612/780

Southern UK
(midlatitude)

1403

Cross-sectional

MCTQ

Silva et al 201646

Undergraduate
students
Day and shift
workers

21.6 (3.9)

92/112

204

Cross-sectional

Open questions

42 (10)

1831/643

Central Brazil
(tropical)
Germany
(midlatitude)

2474

Cross-sectional

Modified
version of
MCTQ

Polugrudov et al
201624

Yong et al 201641

Notes: aOnly outcomes related to SJL are described. bIn the case of shift workers, midsleep on day shifts, night shifts and free days were considered. cMedian age (IQR).
Abbreviations: 25-OH D, 25-hydroxyvitamin D; BDI, Beck Depression Inventory; BMI, body mass index; CAR, cortisol awakening response; CSM, composite scale of
morningness; DASS-21, Depression, Anxiety and Stress Scales; FFQ, Food Frequency Questionnaire; GPA, grade point average; HDL, high-density lipoprotein; HOMA-IR,
homeostatic model assessment of insulin resistance; IL-8, interleukin-8; IQR, interquartile range; LDL, low-density lipoprotein; MCTQ, Munich ChronoType Questionnaire;
MSF, midpoint of sleep on free days; MSFsc, midpoint of sleep on free days corrected for sleep debt; MSW, midpoint of sleep on work days; NI, not informed; PANAS, positive
affect negative affect schedule form; SACQ, Student Adaptation to College Questionnaire; SD, standard deviation; SJL, social jetlag; SPAQ, Seasonal Pattern Assessment
Questionnaire; SPEQ, Specific Psychotic Experiences Questionnaire; SRQ-20, Self-Report Questionnaire-20; STAI, state–trait anxiety inventory; TA, tense arousal; UMACL,
University of Wales Institute of Science and Technology mood adjective checklist; WAI, work ability index.

states or behavioral outcomes. Furthermore, it is very likely
that sleep deficit correlates with SJL. However, they are not
necessarily associated, as people can still have SJL even though
they do not present sleep deficit during week/work days.
A reflection on terminology is inevitable. Although
transmeridional travels also lead to misalignments between
endogenous and social rhythms, the expression “jetlag” would
not be the best to call such disruption provoked by social
routines during work/study and free days, which may lead
to some confusion or misunderstanding of the term SJL.
It is important to emphasize that some studies might have
used the same measure of difference between the midpoints
of sleep on free and on work days, but did not use the term
SJL, which was first described in 2006 by Wittmann et al,18
to define it. Therefore, these studies could not be retrieved
in our search. An effort should be made to standardize the
nomenclature across all research fields in order to unify the
literature regarding SJL. Furthermore, some studies did not
meet our research criteria because they discussed SJL, but
failed on reporting subjective or objective measurements of
it. This reinforces the need for adequacy of what it is that
we should call the biological misalignment that arises from
24
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alternated work and free days which reflects the discrepancies between the social and the biological clock. We believe
that “social lag” would be more appropriate to describe this
phenomenon, since the word “jet” relates to transmeridional
travels. However, we suggest specialists of this area to form
a joint commission to define the best nomenclature in order
to guarantee the homogeneity of publications on the topic.

Summary of findings
Table 1 summarizes findings from the 26 studies included
in the review.
Two cross-sectional studies evaluated obesity in large
samples, measuring SJL with the Munich ChronoType
Questionnaire (MCTQ), but reaching opposite conclusions.
Roenneberg et al21 found that SJL increased the chance of
being one of the overweight participants, with a body mass
index (BMI) above or equal to 25 kg/m2. Conflictingly,
Johnsen et al22 found no association between SJL and obesity
measures (BMI ≥25 kg/m2, waist-to-hip ratio and abdominal
obesity) when analysis was controlled for health, lifestyle
and biological factors. This incongruence can be attributed to
methodological differences, such as the use of self-reported
ChronoPhysiology and Therapy 2017:7
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Calculation
of SJL

Calculation of
midpoint of sleep

Outcomes related to SJL

Study resultsa

MSF−MSW

Midpoint between
bedtime and rising time
Midpoint between sleep
onset and sleep end

Anxiety

No correlation found with the STAI

Academic achievement

MSF−MSW

Midpoint between sleep
onset and sleep end

Circadian system state, depression,
anxiety, anger, obesity and cognitive
function

MSF−MSW

Midpoint between sleep
onset and sleep end

Hallucinations, paranoia, anxiety,
depression, mania and hypomania

MSF−MSW

Midpoint between sleep
onset and sleep end
Midpoint between sleep
onset and sleep end

Inadequate diet

No influence in academic achievement (assessed by an open
question) in a linear regression model together with average
sleep duration, chronotype, age and sex
Higher incidence of depression measured by BDI, higher wrist
temperature at night and lower during the day, lower wrist
temperature rhythm amplitude and a tendency for increase
in CAR; no association with BMI, waist circumference,
Spielberger Anxiety Inventory and Clinical Anger Scale
No associations found for the following outcomes:
hallucinations or paranoia assessed by subscales from the
SPEQ; depression or anxiety, assessed by two subscales from
the DASS-21; mania or hypomania assessed by the Mood
Disorder Questionnaire
Negative association with
servings per day of beans assessed by the FFQ
Poor WAI when SJL was associated with short sleep duration

MSFsc−MSW
ChronoPhysiology and Therapy downloaded from https://www.dovepress.com/ by 35.173.48.224 on 24-Aug-2019
For personal use only.

Social jetlag, a systematic review

MSF−MSWb

Work ability

data on height and weight in one study21 versus assessment
of BMI variables by staff members in another,22 or to different sample characteristics, since Roenneberg et al21 studied
individuals primarily from central Europe with a broader age
range, while Johnsen et al22 investigated a population located
at higher latitudes, above the Arctic Circle. Corroborating the
hypothesis of the influence of latitude, Parsons et al23 found an
association between SJL and higher BMI, fat mass and probability of being obese (BMI ≥30 kg/m2) in individuals from
midlatitudes, while Polugrudov et al24 found no association
of SJL with BMI and waist circumference in a population
living in the subarctic. Furthermore, none of these studies
controlled the results for energy intake, energy expenditure
or body fat. Thus, it is not possible to determine if SJL can
alter BMI through an effect of increase in energy intake,
or a decrease in energy expenditure, or even an impact on
metabolism leading to increased fat storage. Hence, the link
between SJL and obesity needs further research, but the
evidence so far points to absence of such association among
inhabitants of high latitudes.
Three cross-sectional studies investigated the association
between SJL and metabolic risk in samples of similar age and
ChronoPhysiology and Therapy 2017:7

latitude, also finding opposing results. Kantermann et al25
found no association between SJL and metabolic risk parameters in male shift workers, which may be due to the small
sample size. However, Parsons et al23 found that individuals
with higher SJL were more likely to meet the criteria for metabolic syndrome and Wong et al26 found higher cardiometabolic
risk markers associated with higher SJL in larger samples of
both sexes. Regarding the risk of cardiovascular pathologies,
a positive correlation between SJL and heart rate has been
demonstrated.27,28 Nonetheless, Kantermann et al27 did not
find associations with arterial stiffness in male shift workers,
indicating that SJL is not associated with this measure of
atherosclerotic risk or that the small number of participants
was not enough to find statistically significant differences.
On the other hand, Rutters et al28 found higher cortisol levels
and frequency of inactive periods linked to higher SJL and
also reported no associations with BMI and waist measures.
Depression, one of the mood disorders most related
to circadian and sleep disturbances, was evaluated in four
selected studies. Levandovski et al29 found an association
between SJL and higher levels of depressive symptoms in a
large rural sample aged from 18 to 65 years, while Polugrudov
submit your manuscript | www.dovepress.com
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et al24 found such an association in a population located in
the subarctic with a mean age of 22 years. However, no
association was found in young students aged between 12
and 21 years12 or in undergraduate students of median age of
21 years.30 Depressive symptoms in young individuals may
be associated with factors other than circadian misalignment
(eg, puberty, hormones, sexual or emotional abuse). The
associations of SJL with such outcomes might appear at the
beginning of the adult life, when chronotypes tend to be the
latest and, consequently, SJL is at its highest.31 This raises the
question about how much time of exposure to SJL is enough
to cause harm to an organism, suggesting a certain level of
adaptation (like an allostatic load) that must be overcome
before symptoms appear.
Findings from another study32 suggest a stronger relationship between SJL and depressive mood in individuals living
in highest latitudes where sunlight varies the most across
seasons. This phenomenon of drastic changes in photoperiod
(the amount of time of natural light within a day) is related
to winter seasonal affective disorder, a common condition
among inhabitants of high latitudes characterized by an
experience of depressive symptoms, mainly during winter
season.33 Borisenkov et al32 found higher indication of seasonal mood variation associated with SJL in young women
of subarctic zones, suggesting that the stronger unconformity
between chronotype and social obligations might be related
to higher susceptibility to seasonal changes in length of
sunlight availability.
Jankowski34 demonstrated a positive association between
SJL and tense arousal (nervous mood) in a cohort of undergraduate students, although the small sample size gives
reasons to regard this findings with caution. Nonetheless,
Schimitt et al35 found no significant results assessing minor
psychiatric symptoms in a sample of day-shift workers.
Both Díaz-Morales36 and Sheaves et al30 conducted crosssectional studies with students of midlatitudes and found no
association between SJL and anxiety, assessed by different
instruments in different age ranges. In addition, Polugrudov
et al24 found no associations of SJL with anxiety or anger in
inhabitants of high latitudes, neither did Sheaves et al30 with
hallucinations, paranoia, mania and hypomania. Lin and Yi37
demonstrated an association of SJL with poor academic
performance in a cohort of junior-high school students.
Yet, the assessment through open questions and inadequate calculation of SJL by subtracting weekday bedtime
from weekend bedtime make these results questionable.
Kolomeichuk et al38 reported that academic achievement
of schoolchildren and college students from subarctic
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l ocations did not differ according to SJL. However, studies
with midlatitude samples showed a link of SJL with lower
cognitive performance and lower Grade Point Average in
high school students39 and poor grades during l ecture term
(with fixed timetables) in undergraduate students.40 Haraszti
et al40 also found that this cohort of undergraduate students
with higher SJL had better performance during final exams
periods (with self-selected study times). This suggests that
such intervals free of weekly fixed obligations provide
suitable conditions for individuals that are normally out
of synchrony because of regular social routines. Likewise,
Yong et al41 demonstrated that, in a sample of day and shift
workers, work ability is decreased the most when SJL is
associated with shorter sleep duration.
Other behavioral aspects were associated with SJL in
some included studies. Tavernier et al42 found no predictive
effect of SJL on academic adjustment and substance use in
a cohort of undergraduate students. On the other hand, substance use was a significant predictor of SJL in this study.
Wittmann et al18 also evaluated the use of stimulants and
demonstrated a higher probability of smoking in individuals
with higher SJL. Lin and Yi37 demonstrated an association
between SJL and defiant attitude, although, as mentioned
above, this result must be considered with caution due to
methodological inadequacies in SJL measurement. Likewise,
Randler and Vollmer43 found higher physical and verbal
aggression in undergraduate students with higher SJL.
In view of the close relationship between SJL and the
circadian biology, Polugrudov et al24 assessed wrist temperature rhythm and Cortisol Awakening Response in order to
evaluate circadian system state in a sample of individuals
living in a subarctic location. Despite the small sample
size, this study found higher wrist temperature at night,
lower during the day, lower amplitude of wrist temperature
rhythm and tendency for an increase in Cortisol Awakening Response in participants with SJL higher than or equal
to 1 hour, indicating circadian system disturbances in this
sample. Miller et al44 investigated positive affect rhythm
as a possible mediator in the relationship between evening
chronotype and depression. However, this study found no
association between such rhythm and SJL measured by actigraphy. This last study represents a good evidence due to the
use of an alternative complementary method to assess SJL.
Subjective data assessments estimate participants’ general
characteristics like elemental phenotypes. Actigraphy is a
useful objective method to be explored, but this technique
usually assesses a limited period of time and does not represent a general pattern.
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Finally, two studies evaluated distinct outcomes that could
not be compared with other samples. Choi et al45 studied
epileptic and healthy participants and found lower SJL in
focal epilepsy patients than healthy controls and general
epilepsy patients. Silva et al46 assessed the quality of diet in
undergraduate students, resulting in a negative association
of SJL with servings per day of beans. Yet, the use of selfreported measures for both outcomes and SJL in these studies
represents a high risk of detection bias and raises doubt about
the reliability of such evidences.

Publishing areas and research designs
Most articles addressing SJL were published in biological
rhythms and sleep journals. Nevertheless, disturbances of
internal rhythms are thought to be risk factors for several metabolic, endocrine, behavioral and psychiatric pathologies.9–12
Thus, SJL and other forms of circadian disruption should
gain more focus on journals of broader scope. The selective
publication phenomenon clearly shows that discrepancies
between endogenous circadian rhythms and social routines
are still explored by a few research groups. SJL is a health
issue that occurs on a large scale and deserves attention. For
instance, the process of industrialization frequently neglects
negative impacts on workers’ health in order to improve profit.
In addition, school schedules are dictated by parents’ work
schedules disregarding what would be more beneficial to
students’ health and academic performance. Considering the
numerous epidemiological studies conducted by the scientific
community, SJL is not a priority topic in general biomedical
research. Thus, several health and behavioral risks associated
with it might be neglected.
Another factor that must be taken into account is study
design. About 80% of the articles analyzed are crosssectional studies. That is, measurements are performed in
a single timepoint of participants’ life. This observational
design does not allow the establishment of causality between
factors and outcomes assessed. In other words, it is not
possible to determine if SJL is the cause of illness states,
or if these health and behavioral variables lead to SJL. We
can only assume that there is an association among some
of them, but further longitudinal research is required to
determine the direction of such association. Biological
mechanisms involved in circadian system regulation are a
growing area of study. Furthermore, most outcomes found
in Table 1 are multifactorial. Therefore, establishing if SJL
acts as cause or consequence of ill health states is essential
to acquire better knowledge on the pathophysiology of
circadian disruption.
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Methodological heterogeneity
A strong limitation that restricts the possibility of inferences
from the present results is the high methodological heterogeneity. Studies methodologies mainly differ in three ways:
1. instruments used to calculate SJL, reflecting on the
accuracy of information retrieved, ie, SJL measured
objectively by actigraphy or self-reported by questionnaire data;
2. computation of SJL;
3. definition of what it is that should be considered SJL, ie,
the total amount of mismatch time, or the establishment
of cutoff values;
4. duration of the study and latitude of studies, comprising
assessments in different photoperiods and seasons of the
year.
Most studies used MCTQ or its validated adaptation for
shift workers (MCTQ-shift), but some used open questions
or adapted MCTQ questions. Although MCTQ psychometric
properties have not yet been assessed,47 studies have shown
the reliability of its parameters in comparison to sleep logs,48
actigraphy,49 Morningness–Eveningness Questionnaire,50,47
and Dim Light Melatonin Onset.51 MCTQ considers the difference between bedtime and sleep onset time, and between
rise time and wake up time. Furthermore, SJL is a construct
derived from MCTQ-based sleep parameters. Therefore, the
distinction of sleep and bed timing, which can be standardized
by MCTQ, is crucial for a reliable measure. We believe that
the studies that formulated their questions disregarding such
distinction are at risk of reporting a biased SJL assessment.
One study37 did not calculate SJL through the conventional formula, but by subtracting weekday bedtime from
weekend bedtime. Someone who goes to bed at the same
time on work and free days, but wakes up much later on free
days has a strong misalignment between chronotype and
social routine. This situation is contemplated by measuring
differences in midpoints of sleep, but not by comparing
bedtimes. Two other studies36,39 also calculated midpoints of
time in bed as a proxy for midpoint of sleep, and another42
operationalized the midpoint of sleep as the halfway point
between bedtime and wake time. Therefore, results on SJL
from such studies should be regarded with caution. Additionally, some studies calculated SJL using a correction of MSF
for sleep debt.22,38 This correction is typically used to estimate
chronotype, but is not necessary (and not recommended) for
measurement of SJL.
In addition, study results are based mostly on self-reported
measures, such as questionnaires and sleep logs. People who
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volunteer to participate in researches regarding sleep might
represent the population sample that is most concerned about
the topic. Therefore, overestimation of sleep-related problems
and wrong perceptions of sleep-awakening schedules can be
important sources of bias. Furthermore, most people might
also overestimate sleep latency, therefore interfering in selfreported sleep time. Only two studies used objective methods
to evaluate SJL (eg, actigraphy). Although not as useful as
questionnaires to assess general sleep features, actigraphy
is a good alternative to objectively evaluate daily motor
activity, light exposure and other parameters of importance
to biological rhythms.52,53
Some studies attempt to establish a relevant and useful
cutoff value, representing a certain number of hours (or
minutes) of SJL that would have stronger association with
adverse outcomes. For example, Rutters et al28 showed that
individuals suffering from an SJL ≥2 hours had worse endocrine and cardiovascular risk profiles, compared to those who
had an SJL≤1 hour. Levandovski et al29 also reported more
depressive symptoms in participants with more than 2 hours
of SJL in comparison to the rest of the population. Johnsen
et al22 excluded participants who presented an SJL ≤3 hours.
Since there is still no consensus as to what would be the
best cutoff value of SJL for health and behavioral research,
future studies should analyze SJL both as a continuous and
as a categorical variable.
Most cross-sectional studies had durations of more than 4
months, assessing SJL in different seasons of the year. Since
the circadian system is strongly influenced by seasonality
and photoperiod,54 internal circadian rhythmicity and, conse-

quently, SJL might change within a few months. This can be
a confounding factor, increasing the risk of bias. In addition,
Figure 3 shows the different settings of studies, highlighting
the diversity of latitudes that might influence the study results
because of photoperiod and seasonal variations. Notably,
higher latitudes present more pronounced photoperiod
changes throughout the year, when compared to equatorial
and tropical zones.32 It is important to either measure SJL
controlling for season of assessment and latitude, or take
these factors into consideration when performing statistical
analysis and discussing results.

Accounts on the diversity of circadian
biology
As chronotypes vary according to age,31 it is very likely that
outcomes associated with SJL also change depending on
it. Therefore, studies investigating the same parameters in
samples of different age ranges (eg, children and elderly)
might reach different conclusions. For example, Levandovski
et al29 found an association between SJL and depression in
an adult sample (from 18 to 65 years), while de Souza and
Hidalgo12 found no such association in young students (from
12 to 21 years). Even though several factors might play a
role in this difference, SJL age dependence should always
be considered.
Moreover, it is known that circadian typologies are different between men and women.31 In addition, some work
activities that are culturally attributed to women (eg, domestic services and babysitting) are not necessarily considered
as formal labor activities. Such activities need to be taken
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Figure 3 Distribution of studies across latitude zones.
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into account for an accurate evaluation of SJL, as they are
prevalent and tend to occur even on free days.
Since SJL is necessarily associated with contrasting
social schedules within a week period, it is important to
consider further characterization of sociodemographic data,
including work status, education level, behaviors and traditions of samples. For example, some studies retrieved in
our search distinguish rural from urban populations. These
social organizations have marked differences in terms of
social activity schedules. Rural populations have different
lifestyles and circadian patterns that could influence measurements of SJL.55,56 Most studies do not present a clear
description of their samples in terms of research setting,
cultural background and work situation. Part of these studies
could have been conducted in rural populations and/or with
unemployed individuals who had freedom to choose sleep
timing. These characteristics can distort SJL analysis and
its relation to health and behavior outcomes. Finally, any
medical condition (including psychiatric affections) that
could disturb sleep/wake schedules should be assessed as
a confounding factor. It is likely that part of these studies
was conducted in rural populations, therefore distorting SJL
analysis and its relation to health and behavior outcomes.

Conclusion
Our results point to a variety of health and behavioral outcomes that seem to be associated with the mismatch existent
between work or study days and free days. Our search highlights mainly neuropsychiatric disturbances. They are epilepsy, minor psychiatric symptoms, aggression and conduct
problems, mood disorders, cognitive impairment (eg, work
and academic performance) and substance use. Additionally,
SJL has been associated with increased cardiometabolic risk
and adverse endocrine profiles in some studies.
However, there is still lack of consensus on the associations reported, methodological flaws and lack of high-level
evidence. To the present moment, SJL was studied only in
a restricted amount of samples. Current evidence on SJL
regards to individuals thought to be at risk of circadian disruption because of weekly activity routines (eg, shift workers,
undergraduate and college students). The incongruences in
reported results might be due to the high heterogeneity of
methodologies applied or to the low similarities among the
populations studied (eg, young students from a rural setting versus shift workers from high-latitude locations). This
highlights the need for methodological adequacy in order to
determine 1) if differences observed are, in fact, reflecting
singularities of samples, which would suggest the existence
ChronoPhysiology and Therapy 2017:7
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of factors modulating SJL differently in each of these populations or 2) if they are mere methodological or statistical
artifacts. It is worth emphasizing that SJL measurement
and calculation can be done in a simple, cheap and fast way.
Given the growing concern about the effects of modern lifestyles on health, more resources should be destined to large,
population-based longitudinal studies, preferably with instruments for objective measures of MSF. Future research should
aim to prospectively identify health and behavioral outcomes
associated with SJL and determine the time of exposure and
the number of hours of SJL necessary to represent a risk.
Whereas humans are social beings and modern lifestyles
are demanding gradually more adaptation of individuals to
routines that do not respect chronotypes, social cues are
increasingly gaining attention in chronobiology research.
The effects of circadian disruption are new in the course of
human evolution, but its possible hazards are of interest to
several areas of medicine, such as psychiatry, endocrinology,
immunology and oncology. Therefore, it should be included
in future research agenda of different biomedical sectors.
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