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ORIGINAL ARTICLE

Is the association of chronotype with adolescent behavior problems mediated 
through social jetlag?
Mia Q. Zhua, Henry Oliverosb, Constanza Marínb, Mercedes Mora-Plazasc, and Eduardo Villamora

aDepartment of Epidemiology, University of Michigan School of Public Health, Ann Arbor, Michigan, USA; bFacultad de Medicina, Universidad 
de La Sabana, Chía, Colombia; cFINUSAD, Foundation for Research in Nutrition and Health, Bogotá, Colombia

ABSTRACT
We examined the associations of chronotype with behavior problems in a cross-sectional study of 
957 Colombian adolescents (mean age, 14.6 years; 56% female), in addition to the mediating role 
of social jetlag. The midpoint of bedtime and waketime on free days, corrected for sleep debt 
accumulated during school week (MSFsc), was estimated from parent reports and used to assess 
chronotype. Behavior problems were evaluated through the Youth Self-Report (YSR) and the 
parent-completed Child Behavior Checklist (CBCL) questionnaires. We estimated adjusted mean 
differences with 95% CI in externalizing, internalizing, attention, social, and thought problem 
scores per one hour difference in chronotype using linear regression. Later chronotype was related 
to internalizing and externalizing behavior problems. Eveningness was associated with higher 
adjusted mean YSR scores (unit difference per hour) in externalizing behavior (1.0; 95% CI: 0.6, 1.5), 
internalizing behavior (0.6; 95% CI: 0.2, 1.1), attention problems (0.2; 95% CI: 0.0, 0.3), social 
problems (0.4; 95% CI: 0.1, 0.8), and thought problems (0.3; 95% CI: 0.1, 0.6). Similar patterns 
were observed with the CBCL. The associations of chronotype with somatic complaints and social 
problems were stronger in boys than they were in girls. Later chronotype was related to social 
jetlag but social jetlag was only associated with somatic complaints and attention problems, and 
mediated 16% and 26% of their corresponding associations with chronotype. In conclusion, later 
chronotype is associated with behavior problems in adolescence. Social jetlag does not substan
tially mediate these associations.
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Introduction

Mental health problems affect 10–20% of children and 
adolescents worldwide and are associated with adverse 
health outcomes in the short and long terms (Kieling et al.  
2011; Prince et al. 2007). Of them, behavior problems are 
among the most pervasive. Often diagnosed in adoles
cence (Patton et al. 2016), behavior problems may lead to 
behavior disorders which substantially contribute to dis
ability, low quality of life, and early mortality (Kessler 
et al. 2007; Roza et al. 2003). Elucidating the determinants 
of behavior problems in adolescence could contribute to 
the prevention of future severe disorders.

Chronotype, the behavioral manifestations of 
a person’s circadian rhythm through the sleep-wake 
cycle (Roenneberg et al. 2007), has been related to beha
vior problems (Schlarb et al. 2014), but the nature of this 
association is not fully understood. A later chronotype, 
defined as a delayed midpoint between bedtime and 
waketime during free days (Roenneberg et al. 2007), is 
associated with both externalizing (e.g. aggressive and 

rule-breaking behaviors) (Schlarb et al. 2014) and inter
nalizing (e.g. depressive symptoms) (Bauducco et al. 2020) 
behavior problems in adolescence.

The mechanisms explaining the potential role of 
chronotype on adolescent behavior are not completely 
elucidated. Adolescents have a naturally delayed endogen
ous circadian sleep-wake rhythm that often misaligns with 
that imposed by external obligations including school 
start-times and afterschool recreational or work-related 
activities (Widome et al. 2020; Wittmann et al. 2006). This 
misalignment leads to a difference in sleep timing between 
weekdays and weekends days known as social jetlag 
(Wittmann et al. 2006). Social jetlag is worsened by later 
chronotypes (Roenneberg et al. 2019). Adolescents with 
later chronotypes have later bedtimes but must wake up 
early on weekdays, usually due to early school-start times; 
this results in insufficient sleep on weekdays which leads 
to compensatory oversleeping on weekends, further 
delaying the circadian phase (Gradisar et al. 2011). 
Social jetlag has been associated with behavior problems 
including attention problems, impulsivity, depression, 
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and substance abuse (Hasler et al. 2012; McGowan et al.  
2020). Thus, social jetlag could mediate the association 
between late chronotype and behavior problems in ado
lescence, but the magnitude of this potential mediating 
effect is unknown. In two previous cross-sectional studies 
of young adults, associations of chronotype with attention 
deficit hyperactivity disorder (ADHD) (McGowan et al.  
2016) and poor academic performance (Haraszti et al.  
2014) were attenuated after adjustment for social jetlag, 
which suggests a mediating effect. To our knowledge, 
social jetlag has not been formally studied as a mediator 
of the relation between chronotype and behavior 
problems.

The objectives of this study were to examine whether 
later chronotype and social jetlag are independently 
related to increased behavior problems in adolescence, 
and whether social jetlag mediates the associations of 
chronotype with behavior problems. If social jetlag 
mediates a substantial proportion of the chronotype- 
behavior association, it could become a point of inter
vention to ameliorate the burden of adolescent behavior 
problems attributable to chronotype.

Methods

Study design, population, and data collection

We conducted a cross-sectional study using data from 
the adolescence follow-up of participants in the Bogotá 
School Children Cohort (BoSCCo). Details on the 
cohort design and baseline procedures have been pre
viously reported (Arsenault et al. 2009; Robinson et al.  
2020). In brief, in February 2006 we recruited 3202 
children aged 5–12 y from primary public schools in 
Bogotá, Colombia, using random selection. These 
schools enrolled children of low- and middle-income 
backgrounds; thus, the sample pertains to these groups. 
At enrollment, we collected sociodemographic informa
tion through a study-specific parental self-administered 
questionnaire (90% maternal, 5% paternal, 5% by other 
relatives) and obtained anthropometry from the chil
dren using standardized methods.

Between 2011 and 2015, an in-person follow-up 
assessment (adolescence follow-up) was conducted in 
a randomly chosen sample of approximately one-third 
of the cohort (n = 1139). These assessments occurred 
primarily at schools, or at home if the participant was 
absent from school or during school breaks. At this 
time, parents completed a study-specific self- 
administered survey that updated baseline information 
on maternal and household characteristics including the 
number of household assets, the level of food insecurity 
per a validated Spanish version of the USDA Household 

Food Security Survey module (Harrison et al. 2003), and 
the socioeconomic status as categorized by the local 
government for public services fees and tax purposes.

Adolescent behavior problems were measured using 
the Spanish language versions of the Youth Self Report 
(YSR) and the Child Behavior Checklist (CBCL), which 
were completed by the adolescent and the parent, respec
tively. Each instrument consists of 112 similar statements 
on behaviors and feelings that the respondents may mark 
as false, sometimes true, or very/often true. Using these 
responses, software provided by the tests developers com
puted continuous scores in eight behavior problem sub
scales (Achenbach 2000), standardized by age and sex 
from a reference US population. The subscales include 
aggressive behavior, rule-breaking behavior, anxious/ 
depressed, withdrawn/depressed, somatic complaints, 
attention problems, social problems, and thought pro
blems. The software also provided composite scores for 
externalizing and internalizing problems. Total externa
lizing problems comprise the aggressive behavior and 
rule-breaking behavior subscales while total internalizing 
problems consist of the anxious/depressed, withdrawn/ 
depressed, and somatic complaints subscales. The YSR 
has been validated for use in adolescents aged 11–18 
y and the CBCL has been validated in children and 
adolescents aged 5–18 y (Achenbach and Rescorla  
2001). Both instruments have been widely administered 
in Latin American settings (Rescorla et al. 2012).

Bedtimes and waketimes were assessed through 
a study-specific adolescent self-administered survey with 
separate questions for weekdays and weekend days. To 
assess bedtimes, the question for weekdays was: 
“Normally, at what time do you fall asleep at night during 
weekdays,” with fields for time in hours and minutes. 
A separate question replaced “weekdays” with “weekend 
days.” To assess waketimes, a separate set of questions 
replaced “fall asleep at night” with “wake up in the morn
ing.” In the same questionnaire, adolescents were asked to 
report the estimated daily time spent watching television 
or playing video games and the time spent playing out
doors, in hours and minutes. Adolescents’ height was 
measured without shoes to the nearest 1 mm using por
table wall mounted Seca 202 stadiometers (Seca Hanover, 
MD) and weight was measured in light clothing to the 
nearest 0.1 kg using Tanita H5301 electronic scales 
(Tanita, Arlington Heights, IL).

Informed consent was obtained from the primary 
care givers prior to enrollment. The children provided 
assent to participate. The study protocol was approved 
by the Ethics Committee of the National University of 
Colombia Medical School. The University of Michigan 
Institutional Review Board approved the use of data 
from the study.
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Data analysis

Outcomes
The primary outcomes of interest were total externaliz
ing and internalizing behavior scores and scores from 
the eight behavior problem subscales per the YSR. 
Secondary outcomes were the same scores calculated 
from responses to the CBCL.

Exposures
The primary exposure was chronotype, assessed as the 
midpoint of sleep on free days, sleep-debt corrected 
(MSFsc). We used the midpoint between bedtime 
and waketime on weekends as a proxy for free days, 
corrected for the difference in the average sleep duration 
on free days and on all days according to the 
formula MSFsc ¼ MSFi � 0:5� SleepFreei � SleepAllið Þ

(Bai et al. 2021; Roenneberg et al. 2007). MSFi refers to 
the midpoint between bedtime and waketime on free 
days for individual i; SleepFreei refers to the average 
sleep duration over free days, and SleepAlli refers to 
the average sleep duration on all days calculated as the 
weighted average of weekday and weekend sleep. This 
adjustment compensates for the excess sleep duration 
incurred on free days due to low sleep duration on 
weekdays (sleep debt), which reduces overrepresenta
tion of later chronotypes (Roenneberg et al. 2007). 
Higher MSFsc values reflect greater eveningness. MSFsc 

was used to assess chronotype in categories per the 
distributions of the Munich Chronotype 
Questionnaire, as extremely early (≤ 1), moderately 
early (> 1 to < 3), intermediate (3–4), moderately late 
(> 4 to < 6), and extremely late (≥ 6) (Roenneberg et al.  
2019). The intermediate category was set as the refer
ence. MSFsc was also considered as a continuous 
variable.

Social jetlag was a secondary exposure. It was defined 
as the absolute difference in midpoint of sleep onset and 
sleep offset between weekends and weekdays (Roenneberg 
et al. 2019). Higher values reflect greater differences in the 
midpoint of sleep on weekends versus weekdays. Social 
jetlag was considered both as a categorical and 
a continuous exposure. Categories (hours) were defined 
as < 1, 1 to < 2, 2 to < 3, and ≥ 3.

Covariates
Adolescent’s height and body mass index (BMI, kg/m2)- 
for-age Z scores at the time of exposure assessment were 
calculated according to the World Health Organization 
growth reference for children and adolescents (Onis et al.  
2007). Stunting was height-for-age Z <–2 and overweight 
was BMI-for-age Z > 1. Screen time was the weekly num
ber of hours spent watching television or playing video 

games. We also estimated the weekly number of hours 
spent playing outdoors as a proxy of habitual physical 
activity. Household food insecurity was defined as severe 
when participants responded affirmatively to ≥ 13 of 
the survey’s 16 questions on adverse food security 
experiences.

Statistical analysis
Of the 1139 participants followed-up in adolescence, 
1061 had either valid YSR (n = 1042) or CBCL (n =  
854) assessments. Of them, 957 had bedtime and wake
time data (YSR, n = 957; CBCL, n = 847) and these con
stituted the analytic sample.

We first examined correlates of chronotype by compar
ing the distributions of background characteristics, includ
ing adolescent, maternal, and sociodemographic 
characteristics, between chronotype categories (Table 1). 
Next, we compared the continuous distributions of total 
externalizing and internalizing behavior problem scores 
and their subscales between chronotype categories using 
means and SD. We conducted tests for linear trend by 
introducing a variable representing ordinal chronotype 
categories into a linear regression model as a continuous 
covariate. We then estimated adjusted mean differences in 
behavior scores with 95% confidence intervals (CI) 
between chronotype categories with intermediate chrono
type as the reference, using multiple linear regression 
models. Adjustment variables included sociodemographic 
and behavioral characteristics that were related to the 
exposure but were not its consequence, or that were 
known independent predictors of behavior problems in 
this population (Robinson et al. 2018). These included age, 
sex, screen time, time playing outdoors, stunting, and food 
insecurity with severe hunger. We also estimated mean 
adjusted differences with 95% CI in the outcomes per 
one hour difference in chronotype, assuming linearity in 
the associations. Analyses were conducted separately for 
outcomes assessed with the YSR and the CBCL. Finally, we 
examined whether the associations with behavior out
comes per the YSR differed between girls and boys through 
stratification since the effects of sleep on health outcomes 
may vary by sex (Leadbeater et al. 1999). Interaction terms 
between sex and chronotype as a continuous variable were 
tested with use of χ2 Score tests.

Analysis of the associations between social jetlag and 
behavior outcomes proceeded analogously as those for 
chronotype; these analyses pertained to outcomes 
assessed with the YSR only, due to limited statistical 
power with the CBCL. Multiple linear regression models 
with social jetlag also included chronotype as an adjust
ment covariate. Because the associations of chronotype 
with behavior outcomes could be mediated through 
social jetlag, we conducted causal mediation analyses 
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under the assumptions of a counterfactual framework as 
described before (Valeri and VanderWeele 2013). In 
these analyses, we first regressed social jetlag on chron
otype and then each behavior outcome on chronotype, 
social jetlag, and their interaction term as continuous 
variables using multivariable adjusted linear regression 
models. Indirect and natural direct effects and the pro
portion of the chronotype-behavior association mediated 
through social jetlag were calculated according to Valeri 
and VanderWeele’s formulas (Valeri and VanderWeele  
2013). All analyses were performed using Statistical 
Analysis Software version 9.4 (SAS Institute, Cary, NC).

Results

Mean ± SD age of the adolescents was 14.6 ± 1.7 y; 56% 
were female. The proportion of adolescents with extre
mely early, moderately early, intermediate, moderately 
late, and extremely late chronotypes was 2%, 38%, 31%, 
23%, and 5% respectively. Adolescents with later chron
otypes had more screen time (p = .0003), spent less time 
playing outdoors (p = 0.03), slept longer (p = .0004), and 
had more social jetlag (p < .0001), compared with those 
with earlier chronotypes (Table 1). They also had better 
educated mothers (p = .03), and experienced less food 
insecurity (p = .04).

Chronotype and externalizing behavior

Later chronotype was related to externalizing behavior 
in a dose-response manner (Table 2). Every hour differ
ence in MSFsc was associated with an adjusted 1.0 (95% 
CI: 0.6, 1.5) units higher externalizing behavior score 
per the YSR. This association was driven by both the 
aggressive and rule breaking behavior subscales. 
Every hour difference in MSFsc was associated with an 
adjusted 0.8 (95% CI: 0.3, 1.3) units higher externalizing 
behavior score per the CBCL (Supplemental Table S1). 
The associations did not differ significantly by sex 
(Supplemental Table S2).

Chronotype and internalizing behavior

Later chronotype was positively, linearly associated with 
internalizing behavior (Table 2). Every hour difference 
in MSFsc was related to an adjusted 0.6 (95% CI: 0.2, 1.1) 
units higher internalizing behavior score per the YSR 
(Table 2). The association was driven by the somatic 
complaints and the anxious/depressed subscales. Every 
MSFsc hour was associated with an adjusted 0.3 (95% CI: 
0.0, 0.7) units higher internalizing behavior score per 
the CBCL (Supplemental Table S1). The association 
between chronotype and somatic complaints was stron
ger in boys than it was in girls (Supplemental Table S2).

Table 1. Sociodemographic characteristics and chronotype in adolescence in the Bogotá school children cohort.

Characteristicsa

Chronotype (hours past midnight)b

P, trendc

Extremely early 
(≤1) 

n = 23

Moderately early 
(>1 to <3) 

n = 366

Intermediate 
(3–4) 

n = 298

Moderately late 
(>4 to <6) 

n = 223

Extremely late 
(≥6) 

n = 47

Adolescents
Sex, % female 56.5 58.2 54.4 52.5 57.5 0.30
Age (y) 13.9 ± 1.9 14.5 ± 1.8 14.7 ± 1.6 14.6 ± 1.6 14.6 ± 1.8 0.29
Height-for-age Z scored −0.9 ± 1.3 −0.8 ± 0.9 −0.8 ± 0.9 −0.6 ± 0.9 −0.7 ± 0.9 0.09
Stuntede, % 26.1 9.3 10.7 6.3 10.6 0.13
Body mass index-for-age Z scored 0.1 ± 1.0 0.1 ± 1.0 0.0 ± 0.9 0.1 ± 1.0 −0.1 ± 0.9 0.76
Overweightf, % 21.7 18.6 13.8 20.2 12.8 0.68
Screen time (hours/week)g 18.5 ± 14.1 18.4 ± 13.7 21.8 ± 14.3 22.8 ± 16.3 21.8 ± 12.6 0.0003
Time playing outdoors (hours/week) 8.7 ± 12.8 6.6 ± 8.1 6.2 ± 7.0 6.0 ± 6.6 4.2 ± 5.4 0.03
Overall nighttime sleep (hours/night) 8.8 ± 1.2 8.5 ± 1.2 8.7 ± 1.5 9.1 ± 1.7 8.6 ± 1.8 0.0004
Social jetlagh 1.2 ± 0.6 1.9 ± 0.9 2.3 ± 1.1 2.2 ± 1.4 3.3 ± 2.1 <0.0001

Socioeconomic status
Maternal education 9.6 ± 3.9 9.1 ± 3.7 9.4 ± 3.7 9.6 ± 3.1 10.2 ± 3.0 0.03
Home ownership, % 47.8 42.7 44.6 49.1 52.2 0.11
Number of household assetsi 4.9 ± 1.4 4.9 ± 1.2 4.8 ± 1.3 4.9 ± 1.1 4.9 ± 1.3 0.95
Food insecurity with severe hunger, % 13.0 3.8 2.4 1.4 4.3 0.04
Socioeconomic statusj 2.3 ± 0.8 2.6 ± 0.6 2.5 ± 0.6 2.6 ± 0.6 2.6 ± 0.6 0.93

aData are means ± SD unless noted otherwise. 
bMSFsc, midpoint between sleep onset and sleep offset during weekends, adjusted for compensatory sleep. Higher values indicate more eveningness. 
cFor dichotomous variables, Cochran-Armitage test. For continuous variables, Wald test for an ordinal variable representing chronotype categories, introduced 

into a linear regression model as a continuous predictor. 
dAccording to the World Health Organization growth reference for children and adolescents. 
eHeight-for-age Z score <–2. 
fBody mass index-for-age Z score >1. 
gTime spent watching television or playing video games. 
hAbsolute difference in midpoint of sleep between weekends and weekdays. 
iFrom a list that included refrigerator, bicycle, blender, television, stereo, and washing machine. 
jPer the local government’s classification for tax and public services fees.
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Chronotype and attention, social, and thought 
problems

Later chronotype was positively related to attention, 
social, and thought problems (Table 2). Every MSFsc 

hour was associated with an adjusted 0.2 (95% CI: 
0.0, 0.3) units higher attention problems score, an 
adjusted 0.4 (95% CI: 0.1, 0.8) units higher social 
problems score, and an adjusted 0.3 (95% CI: 0.1, 
0.6) units higher thought problems score per the 
YSR. Every MSFsc hour was associated with an 
adjusted 0.2 (95% CI: 0.0, 0.5) units higher attention 
problems score, an adjusted 0.4 (95% CI: 0.1, 0.8) 
units higher social problems score, and an adjusted 
0.6 (95% CI: 0.2, 0.9) units higher thought problems 
score per the CBCL (Supplemental Table S1). The 
association of chronotype with social problems was 
stronger in boys than it was in girls (Supplemental 
Table S2).

Social jetlag and behavior problems

Mean ± SD of social jetlag was 2.1 ± 1.2 hrs. 
Adolescents with more social jetlag were less stunted, 
slept less, and had later chronotypes. Additionally, 
they were from households with higher SES 
(Supplemental Table S3). Social jetlag was associated 
with increased somatic complaints and attention pro
blems scores (Table 3).

Mediation of social jetlag of the association 
between chronotype and behavior problems

Social jetlag mediated 12% and 16% of the associations of 
chronotype with internalizing behavior and somatic com
plaints, respectively (Table 4; Supplemental Figure S1). In 
addition, social jetlag mediated 26% of the association 
between chronotype and attention problems (Table 4; 
Supplemental Figure S1).

Table 2. Chronotype and behavior problems in adolescence per the youth self-report in the Bogotá school children cohort.

Behavior problems

Chronotype (hours past midnight)a

P, trendb Per 1 hourc

Extremely early 
(≤1) 

n = 23

Moderately early 
(>1 to <3) 

n = 366

Intermediate 
(3–4) 

n = 298

Moderately late 
(>4 to <6) 

n = 223

Extremely late 
(≥6) 

n = 47

Externalizing problems
Total
Mean ± SD 48.3 ± 9.3 51.3 ± 9.7 52.4 ± 9.5 53.7 ± 9.5 56.6 ± 10.0 < 0.0001 1.2 (0.8, 1.7)
Adjusted difference (95% CI)d −2.5 (−6.4, 1.5) −0.9 (−2.3, 0.6) Reference 1.4 (−0.3, 3.0) 4.2 (1.2, 7.1) < 0.0001 1.0 (0.6, 1.5)

Aggressive behavior
Mean ± SD 54.0 ± 6.0 55.4 ± 6.9 55.9 ± 7.0 57.0 ± 7.7 59.4 ± 9.7 0.0001 0.8 (0.4, 1.2)
Adjusted difference (95% CI) −1.1 (−3.7, 1.5) −0.2 (−1.2, 0.9) Reference 1.2 (−0.1, 2.5) 3.5 (0.7, 6.4) 0.001 0.7 (0.4, 1.0)

Rule breaking behavior
Mean ± SD 51.9 ± 2.4 53.9 ± 4.6 54.5 ± 5.0 54.7 ± 5.3 56.3 ± 5.3 < 0.0001 0.5 (0.3, 0.8)
Adjusted difference (95% CI) −1.9 (−3.0, −0.8) −0.4 (−1.1, 0.3) Reference 0.3 (−0.6, 1.1) 1.8 (0.3, 3.3) 0.0009 0.5 (0.2, 0.7)

Internalizing problems
Total
Mean ± SD 51.7 ± 9.5 52.8 ± 10.0 53.6 ± 10.2 54.3 ± 9.4 56.7 ± 9.3 0.003 0.7 (0.3, 1.2)
Adjusted difference (95% CI) −1.0 (−5.2, 3.2) −0.5 (−2.0, 1.0) Reference 0.9 (−0.8, 2.6) 3.5 (0.6, 6.4) 0.007 0.6 (0.2, 1.1)

Anxious/depressed
Mean ± SD 53.6 ± 5.6 55.1 ± 6.4 55.7 ± 6.8 56.0 ± 6.9 56.8 ± 7.1 0.02 0.4 (0.1, 0.7)
Adjusted difference (95% CI) −1.8 (−4.2, 0.7) −0.4 (−1.4, 0.6) Reference 0.4 (−0.8, 1.6) 1.4 (−0.8, 3.5) 0.03 0.4 (0.1, 0.7)

Withdrawn/depressed
Mean ± SD 54.2 ± 5.1 55.5 ± 6.2 55.5 ± 6.2 55.3 ± 6.2 56.7 ± 8.0 0.48 0.2 (−0.2, 0.5)
Adjusted difference (95% CI) −0.6 (−2.8, 1.6) 0.2 (−0.8, 1.1) Reference −0.1 (−1.2, 1.0) 1.3 (−1.1, 3.8) 0.72 0.1 (−0.2, 0.4)

Somatic complaints
Mean ± SD 56.4 ± 7.3 56.1 ± 7.2 56.7 ± 7.2 57.6 ± 7.3 60.0 ± 8.2 0.0007 0.6 (0.3, 1.0)
Adjusted difference (95% CI) 0.0 (−3.0, 3.1) −0.5 (−1.6, 0.6) Reference 0.9 (−0.4, 2.1) 3.4 (0.8, 6.0) 0.002 0.6 (0.2, 0.9)

Other problems
Attention problems

Mean ± SD 51.4 ± 3.8 52.0 ± 3.6 51.9 ± 3.1 52.3 ± 3.7 52.9 ± 3.7 0.10 0.2 (0.0, 0.4)
Adjusted difference (95% CI) −0.2 (−1.8, 1.3) 0.2 (−0.3, 0.7) Reference 0.5 (−0.1, 1.0) 1.0 (−0.1, 2.1) 0.15 0.2 (0.0, 0.3)

Social problems
Mean ± SD 54.8 ± 6.5 55.9 ± 6.6 56.7 ± 7.6 56.3 ± 6.8 58.9 ± 7.8 0.02 0.5 (0.1, 0.8)
Adjusted difference (95% CI) −1.7 (−4.5, 1.0) −0.6 (−1.7, 0.5) Reference −0.4 (−1.6, 0.8) 2.3 (−0.1, 4.7) 0.048 0.4 (0.1, 0.8)

Thought problems
Mean ± SD 52.9 ± 3.3 54.1 ± 5.5 54.5 ± 6.0 54.9 ± 6.1 55.6 ± 6.2 0.01 0.3 (0.1, 0.6)
Adjusted difference (95% CI) −1.4 (−2.9, 0.1) −0.3 (−1.2, 0.5) Reference 0.5 (−0.5, 1.6) 1.2 (−0.7, 3.1) 0.01 0.3 (0.1, 0.6)

aMSFsc, midpoint between sleep onset and sleep offset during weekends, adjusted for compensatory sleep. Higher values indicate more eveningness. 
bWald test for an ordinal variable representing chronotype categories, introduced into a linear regression model as a continuous predictor. 
cFrom linear regression with chronotype (hours past midnight) as a continuous predictor. 
dFrom multiple linear regression adjusted for age, sex, screen time, hours playing outdoors, stunting, and food insecurity with severe hunger. Robust estimates 

of variance were specified in all models. Complete case analysis (n = 950).
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Discussion

In this cross-sectional study of Colombian adolescents, 
later chronotype was associated with externalizing and 
internalizing behavior problems, and with attention, 
social, and thought problems.

The association between later chronotype, measured 
using MSFsc,, and externalizing problems through both 
aggressive and rule breaking behavior is consistent with 
that reported in previous studies of children, adolescents, 
and young adults, as reviewed before (Schlarb et al. 2014). 
A causal explanation of this association could involve an 
indirect effect of chronotype through sleep duration or 
quality, both recognized correlates of behavior problems 
(Tzischinsky and Shochat 2011; van den Berg et al. 2018). 
Later chronotypes are related to shorter sleep duration 
and insomnia, and to sleep medication use (Grummon 
et al. 2021; Merikanto et al. 2012) In turn, shorter sleep 
and insomnia have been linked to increased production 
of hormones related to highly aggressive behavior includ
ing testosterone and cortisol, and lower concentration of 

serotonin, a negative correlate of aggression, in the brain. 
(Kamphuis et al. 2012; Randler and Schaal 2010; Randler 
et al. 2012; Susman et al. 2007). Non-causal explanations 
are also plausible. Later chronotype and externalizing 
behavior could be associated through reverse causation 
since a propensity for rule breaking or aggressive behavior 
could push back bedtime as externalizing behavior may 
be more likely to occur later at night (Manfredini et al.  
2019). Due to the cross-sectional nature of this analysis, 
we are unable to disentangle the direction of causation.

We observed a positive association between later 
chronotype and internalizing behavior, driven by 
somatic complaints and anxious/depressed behavior. 
This is consistent with previous observational and 
experimental research showing associations between 
later chronotype or eveningness and mood disorders 
like depression, as summarized in a recent review that 
included adolescent populations (Bauducco et al. 2020). 
One posited mechanism to explain this association has 
to do with light exposure. Light may have a positive 
effect on mood both directly and indirectly through 

Table 3. Social jetlag and behavior problems in adolescence per the youth self-report in the Bogotá school children cohort.

Behavior problems

Social jetlag (hours)a

P, trendb Per 1 hourc
<1 

n = 154
1 to <2 
n = 266

2 to <3 
n = 289

≥3 
n = 235

Externalizing problems
Total
Mean ± SD 51.5 ± 10.6 52.2 ± 9.2 52.1 ± 9.7 53.8 ± 9.4 0.03 0.6 (0.1, 1.1)
Adjusted difference (95% CI)d Reference 1.3 (−0.6, 3.3) 1.0 (−0.9, 3.0) 1.8 (−0.3, 3.8) 0.16 0.3 (−0.3, 0.8)

Aggressive behavior
Mean ± SD 56.2 ± 7.7 55.8 ± 6.7 55.8 ± 7.2 56.8 ± 7.9 0.31 0.3 (−0.1, 0.7)
Adjusted difference (95% CI) Reference 0.0 (−1.4, 1.4) 0.0 (−1.5, 1.5) 0.4 (−1.2, 2.0) 0.59 0.1 (−0.4, 0.5)

Rule breaking behavior
Mean ± SD 54.1 ± 4.6 54.0 ± 4.8 54.3 ± 4.9 55.0 ± 5.2 0.04 0.3 (0.0, 0.5)
Adjusted difference (95% CI) Reference 0.2 (−0.7, 1.1) 0.4 (−0.5, 1.3) 0.6 (−0.4, 1.6) 0.21 0.1 (−0.2, 0.4)

Internalizing problems
Total
Mean ± SD 52.2 ± 10.6 53.1 ± 9.9 54.0 ± 9.5 54.5 ± 9.6 0.02 0.5 (0.0, 1.0)
Adjusted difference (95% CI) Reference 1.0 (−1.0, 2.9) 1.9 (−0.1, 3.9) 1.7 (−0.4, 3.7) 0.07 0.3 (−0.3, 0.8)

Anxious/depressed
Mean ± SD 55.2 ± 6.5 55.2 ± 6.5 55.6 ± 6.7 55.8 ± 6.7 0.27 0.2 (−0.2, 0.5)
Adjusted difference (95% CI) Reference 0.0 (−1.3, 1.3) 0.4 (−0.9, 1.7) 0.3 (−1.1, 1.6) 0.54 0.0 (−0.3, 0.4)

Withdrawn/depressed
Mean ± SD 55.9 ± 7.5 55.1 ± 5.6 55.5 ± 6.0 55.6 ± 6.5 0.92 0.0 (−0.3, 0.4)
Adjusted difference (95% CI) Reference −0.7 (−2.0, 0.6) −0.5 (−1.8, 0.9) −0.3 (−1.8, 1.1) 0.89 −0.1 (−0.4, 0.3)

Somatic complaints
Mean ± SD 55.5 ± 6.5 56.8 ± 7.3 56.9 ± 7.3 57.7 ± 7.6 0.003 0.5 (0.2, 0.9)
Adjusted difference (95% CI) Reference 1.4 (0.1, 2.7) 1.8 (0.5, 3.1) 1.8 (0.4, 3.2) 0.02 0.4 (0.0, 0.8)

Other problems
Attention problems

Mean ± SD 51.8 ± 3.1 51.8 ± 3.0 51.9 ± 3.1 52.8 ± 4.5 0.006 0.2 (0.0, 0.4)
Adjusted difference (95% CI) Reference 0.1 (−0.5, 0.7) 0.1 (−0.5, 0.7) 1.0 (0.2, 1.8) 0.01 0.2 (0.0, 0.4)

Social problems
Mean ± SD 56.5 ± 7.9 55.9 ± 6.2 56.2 ± 7.0 57.0 ± 7.3 0.33 0.1 (−0.3, 0.5)
Adjusted difference (95% CI) Reference −0.5 (−1.9, 0.9) −0.2 (−1.7, 1.3) 0.3 (−1.3, 1.9) 0.56 0.0 (−0.4, 0.4)

Thought problems
Mean ± SD 54.7 ± 5.9 54.4 ± 5.5 54.1 ± 5.8 54.9 ± 6.1 0.79 0.0 (−0.3, 0.3)
Adjusted difference (95% CI) Reference −0.3 (−1.4, 0.9) −0.6 (−1.8, 0.6) −0.1 (−1.3, 1.2) 0.78 −0.1 (−0.4, 0.2)

aAbsolute difference in sleep midpoint between weekends and weekdays. 
bWald test for an ordinal variable representing chronotype categories introduced into a linear regression model as a continuous predictor. 
cFrom linear regression with social jetlag (hours) as a continuous predictor. 
dFrom multiple linear regression adjusted for age, sex, screen time, hours playing outdoors, stunting, food insecurity with severe hunger, and chronotype. 

Robust estimates of variance were specified in all models. Complete case analysis (n = 937).
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modification of the circadian cycle (Stephenson et al.  
2012), and persons with later chronotypes are exposed 
to less light in their waking hours. Hence, adolescents 
with later chronotypes could be less exposed to the 
beneficial mood-modulating effects of light. 
Rumination may be another explanatory mechanism 
of the association between chronotype and internalizing 
problems. Rumination, or a tendency to harbor repeti
tive negative thoughts, in the evening is strongly asso
ciated with depressive symptoms (Takano and Tanno  
2011). People with later chronotypes would be awake for 
more hours in the night, and, thus, have more time for 
evening rumination than those with earlier chrono
types, which can exacerbate their depressive symptoms. 
Reverse causation cannot be ruled out with this study 
design; sleeping late, or conciliation insomnia, is 
a documented symptom of internalizing problems like 
depression (Nutt et al. 2008).

We found that a late chronotype was associated with 
increased social jetlag and, in turn, social jetlag was 
related to increased somatic complaints and attention 
problems, consistent with previous research (McGowan 
et al. 2020; Wittmann et al. 2006). Social jetlag is defined 
as the difference between natural sleep-wake cycles and 
restricted sleep-wake cycles imposed by social or work 
constraints (Roenneberg et al. 2007). Adolescents have 
delayed sleep preferences driven by their pubertal devel
opment (Carskadon et al. 1993). This conflicts with their 
relatively early school-start times making them particu
larly vulnerable to social jetlag (Widome et al. 2020). In 
this study, social jetlag mediated 16% and 26% of the 
associations of later chronotype with somatic com
plaints and attention problems, respectively. Few pre
vious studies had quantitatively assessed the mediating 
role of social jetlag. The relatively small mediation of 

social jetlag in the association between chronotype and 
behavior problems suggests the presence of other causal 
pathways. One could involve sleep duration. Short sleep 
duration is a potential mediator of the association 
between late chronotype and attention problems; late 
chronotype is associated with shorter sleep duration 
which is, in turn, associated with attention problems 
(Gruber et al. 2012). Conversely, a direct path between 
chronotype and attention is also possible. Persons with 
later chronotype, irrespective of sleep deprivation status, 
displayed decreased activation of regulatory regions in 
the prefrontal cortex which can negatively influence 
attention span (Song et al. 2019).

Previous twin studies indicate that chronotype is influ
enced by both genetic and environmental factors, 52% 
and 48% respectively (Barclay et al. 2010). Other high risk 
sleep phenotypes such as poor sleep quality share over
lapping genetic polymorphisms with chronotype (Barclay 
et al. 2010). Despite the heritability of these sleep pheno
types, lifestyle factors can modify the risks associated with 
chronotype. Persons with evening chronotypes are more 
likely to use stimulants, such as caffeine and nicotine, 
(Siudej and Malinowska-Borowska 2021) and eat larger 
meals close to bedtime (Maukonen et al. 2017). These 
poor sleep hygiene practices are associated with sleep 
problems (Irish et al. 2015) and present potential modifi
able pathways between chronotype and behavior. As 
evidence of the role of modifiable factors on chronotype, 
a randomized controlled study among young adults suc
cessfully shifted the sleep time of evening chronotypes by 
2 h through interventions targeting caffeine intake, meal
times, exercise, and light exposure; this shift in sleep 
timing was associated with significant improvements to 
internalizing problems, such as depression (Facer-Childs 
et al. 2019).

Table 4. Mediation of social jetlag on the association between chronotype and behavior per the youth self-report in the Bogotá school 
children Cohort.a

Behavior problems

Adjusted difference (95% CI)

Percentage of 
association mediated

Chronotype-social 
jetlag interaction 

Adjusted difference 
(95% CI)

Direct chronotype-behavior 
problem associationb

Indirect chronotype-behavior problem 
association through social jetlag

Externalizing problems
Total 1.4 (0.8, 1.9) 0.1 (−0.1, 0.2) 6% −0.2 (−0.5, 0.0)
Aggressive behavior 0.7 (0.4, 1.1) 0.0 (−0.1, 0.1) 3% −0.2 (−0.4, 0.0)
Rule breaking behavior 0.4 (0.2, 0.7) 0.0 (0.0, 0.1) 6% −0.1 (−0.2, 0.1)

Internalizing problems
Total 0.7 (0.2, 1.1) 0.1 (−0.1, 0.2) 12% −0.3 (−0.6, 0.0)
Anxious/depressed 0.4 (0.1, 0.8) 0.0 (−0.1, 0.1) 3% −0.1 (−0.3, 0.0)
Withdrawn/depressed 0.2 (−0.1, 0.5) 0.0 (−0.1, 0.9) 0% −0.1 (−0.3, 0.1)
Somatic complaints 0.5 (0.2, 0.9) 0.1 (0.0, 0.2) 16% −0.1 (−0.3, 0.1)

Other Problems
Attention problems 0.1 (0.0, 0.3) 0.1 (0.0, 0.1) 26% −0.1 (−0.2, 0.0)
Social problems 0.5 (0.1, 0.8) 0.0 (−0.1, 0.1) 1% −0.2 (−0.4, 0.0)
Thought problems 0.4 (0.1, 0.7) 0.0 (−0.1, 0.1) 0% −0.1 (−0.2, 0.1)

aAdjusted differences and 95% CI from multivariable linear regression models. Chronotype-social jetlag associations were modeled with multivariable linear 
regression. Covariates included age, sex, screen time, hours playing outdoors, stunting, food insecurity with severe hunger, and chronotype. A chronotype- 
social jetlag interaction term was included in all models. All associations on behavior problems scores are estimated for a 1-hour chronotype difference from 
the baseline level of 3 hours past midnight. 

bEstimated with social jetlag set to 1.
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There are several strengths to this study. First, out
comes were assessed using two complementary instru
ments involving both self- and parental report. The 
consistency of the findings between the two outcome 
assessment methods indicates high internal validity. 
Second, the modeling strategy reduced confounding 
for many adolescent, maternal, and household factors. 
Third, considering chronotype and social jetlag as both 
categorical and continuous measures allowed us to 
assess potentially non-linear associations. Finally, the 
study was conducted in a low- and middle-income 
Latin American population. Since behavior can be cul
turally specific, results in this unique population sup
port the generalizability of previous findings.

Some weaknesses are also worth noting. First, 
reverse causation is a possibility. It is difficult to 
establish the temporal directionality of associations 
given the cross-sectional design. Second, residual con
founding cannot be ruled out. Although we adjusted 
the associations for many factors related to sleep and 
behavior, we lacked information on potential con
founders like stage of pubertal development and 
genetics. Genetic confounding is a possibility because 
chronotype and behavior may share genetic causes 
(Barclay et al. 2011). Third, bedtime data were col
lected through self-report. These questions had not 
been validated in this population and may be subject 
to reporting biases. Fourth, the questions about bed
time and waketime do not specify an exposure period. 
Thus, responses may be influenced by recency bias 
and misrepresent the overall sleeping habits. Fifth, 
sleep exposure was self-reported and may not be as 
accurate as objective measures of sleep such as acti
graphy. For example, self-reported bedtimes may not 
take into consideration the time it takes for a person 
to fall asleep. Sixth, we used bedtimes and waketimes 
on weekends as a proxy for bedtimes and waketimes 
on free days. However, adolescents may be subjected 
to other obligations on weekends that may influence 
their bedtimes and waketimes. Seventh, there may be 
error in the measurement of covariates. Playing out
doors is significantly correlated with objective mea
sures of physical activity in children (Burdette et al.  
2004), but it may be an imperfect measure of physical 
activity in adolescents. Finally, the results of this study 
may not be widely generalizable to populations with 
different characteristics.

In conclusion, later chronotype is associated with 
externalizing, internalizing, attention, social, and 
thought problems in adolescence. The associations 
with internalizing problems, somatic complaints, 
and attention problems are partially mediated through 
social jetlag. Future identification of potential 

mediating factors in the pathways between chrono
type and behavior could allow the design of interven
tions to decrease the burden of behavior problems 
related to eveningness.
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