
 

 

 University of Groningen

Conflicted clocks: social jetlag, entrainment and the role of chronotype
Zerbini, Giulia

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2017

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Zerbini, G. (2017). Conflicted clocks: social jetlag, entrainment and the role of chronotype: From physiology
to academic performance; from students to working adults. [Thesis fully internal (DIV), University of
Groningen]. University of Groningen.

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://research.rug.nl/en/publications/971230b8-3e4c-4842-b6a7-ff5c896b351c


	

	

Chapter 7 
 
Annual rhythms in school attendance and school performance 
 
Giulia Zerbini, Vincent van der Vinne, Lana K.M. Otto, Till Roenneberg, Thomas 
Kantermann, and Martha Merrow   



	

	

Abstract 
 
The rotation of the earth around its axis and around the sun determines regular changes in the 
environment, such as the daily and seasonal alternation between day and night. While 
circadian rhythms have been extensively studied in humans, little is known about circannual 
rhythms. Examples of circannual variations have been described in birth and death rates, brain 
activation, sleep duration, and psychological state. The aim of this study was to investigate the 
impact of season on school attendance (late arrivals, dismissals from class, and sick leaves) 
and school performance (grades). We followed the same students over two consecutive school 
years (2013-2014 and 2014-2015). Students were asked to fill in the Munich ChronoType 
Questionnaire to assess chronotype, an estimation of individual phase of entrainment 
(synchronization). We found that school attendance varied according to time of year, with a 
peak in absenteeism in winter. Photoperiod (day length) was found to be the strongest 
predictor of school attendance. Early and late chronotypes did not differ in terms of seasonal 
variation of school attendance. In the school year 2013-2014, grades were highest in winter 
and lowest in summer. In the school year 2014-2015, grades were lower in fall compared to 
winter and summer. We would have expected grades to be lowest in winter (when 
absenteeism was highest) because our and previous studies showed a negative relationship 
between absenteeism and grades. However, it is possible that the effect of absenteeism on 
grades was delayed and not evident in winter. In addition, several other factors influence 
grades, decreasing the likelihood of detecting any seasonal variation in grades. This is 
supported by a different pattern in grades across seasons observed in the two academic years 
analyzed.  
Based on these results, schools could start later in winter to increase school attendance, 
especially at high latitudes where there are substantial changes in photoperiod.  



	

	

Introduction 
 
The rotation of the earth around its axis determines the alternation between day and night in a 
24-hour cycle. An internal time keeping mechanism – the circadian clock – gives the 
possibility to anticipate the regular changes in the environment rather than directly reacting to 
them. The clock regulates physiology and behavior creating a temporal structure that 
resonates with the 24h zeitgeber cycle. The earth’s rotation changes the angular orientation 
relative to the sun over 365 days. This results in seasons with concurrent, systematic changes 
in temperature and day length (photoperiod). 
 
While circadian rhythms have been extensively studied in humans, there are fewer studies on 
circannual rhythms. Most research about annual or seasonal biology concerns animals, where 
seasonality has economic consequences, e.g. fecundity (Paul, Zucker, & Schwartz, 2008; 
Rosa & Bryant, 2003). However, given that seasonality is so robust in many animals, it stands 
to reason that humans harbor some of this. Obviously, the amount of time required for this 
research limits the investigations in this field.  In addition, with industrialization, the shift 
from outdoor to indoor living has reduced humans’ exposure to seasonal signals such as 
photoperiod (day length) and temperature, possibly leading to a dampening of the seasonal 
variation in aspects of human life (Roenneberg, 2004). Studies investigating the seasonal 
variation in sleep behavior support this idea. In general, sleep is longer in winter than in 
summer, and this difference is much more pronounced in pre-industrial populations 
(Lehnkering & Siegmund, 2009; Okamoto-Mizuno & Tsuzuki, 2009; Yetish et al., 2015). 
 
Other indications of seasonality have been described in some aspects of human life. Looking 
at birth records, Roenneberg and Aschoff found a seasonal pattern in European birth rates 
with a main peak in April/May and a second smaller peak in winter (Roenneberg & Aschoff, 
1990). In North America and Eastern Europe the pattern was bimodal with a first peak in 
April and a second peak in November. The authors suggest that the seasonality in birth rates 
was probably a result of seasonality in conception (e.g. changes in hormonal levels). 
Likewise, sudden (cardiac) death has also been shown to vary according to time of year, with 
a peak in winter and a trough in summer (Arntz et al., 2000).  
A recent study found evidence of seasonal variations in brain cognitive responses assessed 
with functional magnetic resonance imaging (Meyer et al., 2016). Interestingly the peaks and 
troughs in brain activation were shifted depending on the specific cognitive task that was 
assessed. 
Finally, another example of seasonality in humans is the occurrence of depressed episodes in 
the seasonal affective disorder, being significantly higher in winter (Rosenthal et al., 1984).   
 
Despite these studies, the function and the underlying mechanisms of circannual rhythms in 
humans are still poorly understood. For instance, the seasonal variation in sleep duration 
could be both related to changes in photoperiod and in temperature. Kantermann and 
colleagues (2007) found that sleep offset advances along with dawn from winter moving into 
spring, suggesting that humans are sensitive to changes in photoperiod (Kantermann, Juda, 
Merrow, & Roenneberg, 2007). Temperature (both internal and external) is also very much  



	

	

related to sleep, with especially the drop in core body temperature correlating with sleep onset 
(Kräuchi, 2007; Raymann, Swaab, & Van Someren, 2005). Both warmer and longer summer 
days could therefore hypothetically be signals to a circannual clock to modify sleep duration 
and timing according to season. 
 
A better understanding of the role of individual differences in response to seasonality could 
increase our knowledge about the function of circannual rhythms. Individual differences in 
synchronization to the external light-dark cycle (chronotype) have been shown in humans 
(Roenneberg & Merrow, 2007). This is described as a distribution of chronotypes, ranging 
from early to late types (Roenneberg et al., 2007a). Chronotype is under the control of the 
circadian clock and can be modulated by light exposure (Roenneberg & Merrow, 2007). For 
these reasons, it could play a role in modulating responses to seasonal changes. Chronotype 
can be easily measured with questionnaires (Horne & Ostberg, 1976; Roenneberg, Wirz-
Justice, & Merrow, 2003). 
 
In the current study, we collected indicators of school attendance and school performance 
throughout two consecutive school years (2013-2014 and 2014-2015). This allowed us to 
assess annual rhythms in school attendance in the same students, and to compare the influence 
of chronotype, day length, and weather conditions on school attendance. We hypothesized 
that absenteeism would peak in winter, because sick leaves are more likely to occur during the 
colder months, and because sleep timing, especially in late chronotypes, is later in winter 
compared to summer (Allebrandt et al., 2014). Based on this, we also hypothesized that late 
chronotypes would be absent more often (particularly late more often) than early types in 
winter compared to summer. Finally, we expected grades to be worse in winter because of the 
negative effect of absenteeism on grades that we previously described (chapter 3). Access to 
this information will be important for understanding all of the forces at work that shape 
success and failure in school. 
 
 
 
Methods 
 
The study was performed at a Dutch high school in Coevorden (52° 40' N / 6° 45' E), The 
Netherlands, between August 2013 and June 2015. Data on late arrivals (during the first 
hour), dismissals from class (number of times a student was sent out from class by the 
teacher), sick leaves (number of times a student was on sick leave), and sick leave duration 
(duration of the sick leave in days) were retrieved from the school’s registration system. The 
school day started at 8:15 h and ended at 15:45 h. 
 
Between October and November 2013 a total number of 687 students filled in the Munich 
ChronoType Questionnaire (Roenneberg et al., 2003) to assess their chronotype (midpoint of 
sleep on school-free days corrected for sleep debt on school days; MSFsc). Between August 
2013 and June 2015, a total of 77,206 grades from examinations taken by students attending 
the first three school years (523 students during the school year 2013-2014 and 501 students 



	

	

during the school year 2014-2015; age range: 11-17 years) were collected. Of these students, 
426 had filled in the MCTQ between October and November 2013.  
 
Statistical analyses were done using R software version 3.3.0 (The R Core team, 2013) unless 
otherwise specified. The annual rhythm in weekly totals of late arrivals, dismissals from class, 
sick leaves, and sick leave duration was assessed using Circwave analysis in MS Excel (van 
der Veen, Mulder, Oster, Gerkema, & Hut, 2008). To investigate the effect of chronotype on 
the annual rhythm in school attendance, the students with known chronotype were divided 
into two equal sized groups of early (MSFsc ≤ 4.31) and late (MSFsc > 4.31) chronotypes. 
Circwave analysis was repeated in these two groups separately and the resulting fits were 
compared. A stepwise backward regression analysis was performed to investigate the 
significance and strength of the unique contribution of several predictors to the yearly 
variance in school attendance. The factors analyzed in the model were weekly incidence of 
influenza registered in the Netherlands (per 100,000 inhabitants), weekly average day length 
(photoperiod in hours), and weekly average wind speed (in milliseconds), temperature (in 
degrees Celsius), and precipitations (in the hours from 6:00 h to 9:00 h, 1 hour time 
resolution, in millimeters) (sources: www.knmi.nl, Hoogeveen weather station: WMO 
#06279, 52° 43' N / 6° 28' E; http://ecdc.europa.eu/en/Pages/home.aspx).  
Grades were collected during 4 periods (Fall: August - October; Winter: November - January; 
Spring: February - April; Summer: May - July). The annual rhythm in grades was assessed 
using a multilevel mixed model with grades as dependent variable and period of the year as 
independent variable. Student ID was analyzed as random factor nested within class and 
within level of education. Sex, school subject (geography, history, Dutch, English, biology, 
mathematics, chemistry, and physics), chronotype (MSFsc), and school attendance variables 
were entered in the model as covariates. Age was not significantly associated with grades and 
therefore was not included in the model. Bonferroni correction was chosen for the post hoc 
tests.  
 
The study was conducted according to the principles of the Medical Research Involving 
Human Subjects Act (WMO, 2012), and the Declaration of Helsinki (64th WMA General 
Assembly, Fortaleza, Brazil, October 2013). The Medical Ethical Committee of the 
University Medical Centre of Groningen (NL) and the head of the school approved the study. 
 
 
 
Results 
 
The number of students enrolled in the school years 2013-2014 and 2014-2015 was 
respectively 1,709 and 1,722. Data about chronotype and sleep timing were collected using 
the Munich ChronoType Questionnaire (MCTQ) in 687 students (350 females and 337 males, 
mean age 14.05 ± 1.63 SD; age range 11-18 years). Demographics and sleep timing data of 
these students are reported in Table 1. The number and percentage of students absent from 
class at least one time per school year in addition to the total number of late arrivals, 
dismissals from class, sick leaves, and total sick leave duration are reported in Table 2.  



	

	

 



	

	

There was a significant annual rhythm in these parameters (Fig. 1A, late arrivals F2,75 = 40.51, 
p < 0.0001; Fig. 1B, dismissals from class F2,74 = 6.183, p = 0.0033; Fig. 1C, sick leaves F2,75 
= 49.50, p < 0.0001; Fig. 1D, sick leave duration F2,75 = 60.57, p < 0.0001). All parameters 
peaked in winter, albeit each in a different week: late arrivals peaked during the first week of 
December; dismissals from class peaked during the last week of January; number of sick 
leaves and sick leave duration peaked during the second week of January.  
 
To assess the influence of chronotype on school attendance in relation to time of year, the 
presence of an annual rhythm in school attendance was tested in two equal-sized groups of 
early (MSFsc ≤ 4.31) and late (MSFsc > 4.31) chronotypes. Our results show that the annual 
rhythm in all indicators of school attendance was present in both groups. Visual inspection of 
the data did not suggest differences in phase or amplitude across the year between early and 
late chronotypes (Fig. 2). Late chronotypes were more often absent than early chronotypes 
independent of time of year (data in chapter 3). 
 
To explore the observed annual rhythm in school attendance in more detail, the influence of 
several predictors that vary with time of year was assessed using backward stepwise 
regression (Fig. 3A-3D). Here we report the estimates (b coefficients) for the predictors 
present in the final model. The standardized coefficients (β) of each predictor in the initial and 
final model are reported in Table S1 (Supplementary Information). Day length and wind 
speed were the only factors significantly contributing to the variance in late arrivals (adjusted 
R2 = 0.53; day length: b = -6.861, t (75) = -9.425, p < 0.0001; wind speed: b = -4.775, t (75) = 
-3.059, p = 0.0031). The model predicts that for each additional hour of daylight, there is a 
decrease by almost 7 late arrivals per week at the school level. Outdoor temperature was the 
only significant predictor of weekly number of dismissals from class (b = -1.023, t (75) = -
3.498, p = 0.0008). The model predicts that if outside temperature increases by 1 °C, the 
weekly number of dismissals from class decreases by 1 unit at the school level. Both day 
length and outside temperature contributed significantly to the variance in number of sick 
leaves (adjusted R2 = 0.59; day length: b = -6.122, t (75) = -4.244, p < .0001; temperature:  b 
= -3.583, t (75) = -4.001, p = 0.0001), and to the variance in sick leave duration (adjusted R2 = 
0.62; day length: b = -14.798, t (75) = -5.231, p < .0001; temperature: b = -6.375; t (75) = -
3.629, p = 0.0005). The model predicts that with each additional hour of daylight the number 
of sick students decreases by 6, and that the duration of the sick leaves decreases by 15 days 
at the school level. The model also predicts that when outside temperature increases of 1 °C 
the number of sick students decreases by 3, and the duration of sick leaves decreases by 6 
days. The same analysis was repeated separately in early (MSFsc ≤ 4.31) and late (MSFsc > 
4.31) chronotypes to assess whether the predictors explaining the variance in school 
attendance were different depending on chronotype. The only difference between the two 
chronotype groups was found in relation to number of sick leaves. While in early chronotypes 
the only significant predictor was outside temperature (adjusted R2 = 0.32, b = -0.909, t (76) = 
-6.085, p < .0001), in late chronotypes both outside temperature and day length contributed in 
explaining the variance in sick leaves (adjusted R2 = 0.37; temperature: b = -0.552, t (75) = 
0.0228; day length: b = -1.153, t (75) = -3.013, p = 0.0035). Day length was a stronger 
predictor than outside temperature for number of sick leaves in late chronotypes (day length: 
β = -0.380; temperature: β = -0.293). 



	

	

 
Figure 1. Annual rhythm in indicators of school attendance between September 2013 and June 2015.  
Week number 1 is the first week of January 2014. Curves represent the least-squares fits obtained 
using Circwave analysis. (A) The weekly number of late arrivals varied with time of year, with a peak 
in the first week of December. (B) The weekly number of dismissals from class varied with time of 
year, with a peak during the last week of January. (C-D) The weekly number of sick leaves and days 
missed due to sickness varied with time of year, with a peak during the second week of January. 



	

	

 
Figure 2. Annual rhythm in indicators of school attendance between September 2013 and June 2015 
for early and late chronotypes.  
Week number 1 is the first week of January 2014. Curves represent the least-squares fits obtained 
using Circwave analysis. The amplitude and peak phase of the yearly rhythm are equivalent for early 
and late chronotypes. 
 
 
 
 
 



	

	

 

 
 
Figure 3. Annual rhythm in indicators of school attendance, temperature, and day length between 
September 2013 and June 2015. 
Week number 1 is the first week of January 2014. Black curves represent the least-squares fits 
obtained using Circwave analysis for (A) late arrivals, (B) dismissals from class, (C) sick leaves, and 
(D) sick leave duration. In red and in blue the weekly values of outside temperature and of day length 
are plotted (reversed y axis). 
 
 
The multilevel mixed model revealed that grades varied depending on season (Fig. 4A, 2013-
2014: F 3, 32979 = 38.489, p < .0001; Fig. 4B, 2014-2015: F 3, 21804.9 = 6.267, p = 0.0003).  
In the school year 2013-2014, grades were significantly different in each period, being best in 
winter and worst in summer. Compared to winter, grades were 0.06 units lower (on a scale 
from 1 to 10) in fall (b = -0.059, t (32962) = -2.68, p = 0.042), 0.14 units lower in spring (b = 
-0.135, t (32958.5) = 6.21, p < .0001), and 0.22 units lower in summer (b = -0.217, t 
(32989.3) = 10.22, p < .0001). In chapter 2 and 3 we described a chronotype-effect on grades, 
with late chronotypes obtaining lower grades compared to early chronotypes. To explore 
whether the strength and significance of this effect varied with time of year we added an 
interaction effect (chronotype x period) to the model and compared grades of early (MSFsc < 
4.25) and late chronotypes (MSFsc ≥ 4.25) in the four seasons. The interaction effect was 
significant (F7, 3456 = 17.656, p <.0001), showing that early chronotypes obtained better grades 
in summer compared to late chronotypes (b = 0.2, t (625.5) = 2.78, p = 0.024). In particular, 
grades of early chronotypes were on average 0.2 units higher (on a scale 1 to 10). During the 
other seasons, early chronotypes always obtained better grades compared to late chronotypes, 
but the differences were not significant (fall:  b  = 0.2, t (690.1), = 2.49, p = 0.052; winter: b  
= 0.1, t (627.5), = 2.23, p = 0.104; spring: b  = 0.1, t (656.5) = 2.2, p = 0.112). 



	

	

 

 
Figure 4. Annual rhythm in grades. 
Data points represent mean grades with standard error of the mean (SEM). The grade averages were 
calculated on the row data per period (fall, winter, spring, and summer). In the school year 2013-2014 
(A) grades were highest in winter and lowest in summer. In the school year 2014-2015 (B) grades 
were lower in fall compared to both winter and summer (p < .05 with Bonferroni correction). 
 
 
In the school year 2014-2015, grades significantly differed only between fall and winter (b = -
0.078, t (21803.5) = -2.74, p = 0.036) and between fall and summer (b = -0.119, t (21821.4) = 
-4.31, p < .0001). Compared to winter and summer, grades were respectively 0.08 and 0.12 
units lower in fall. The interaction effect between chronotype and season was significant (F7, 

2436.5 = 3.013, p = 0.0037), but the post hoc analysis did not reveal significant differences 
between early and late chronotypes over the four seasons (fall:  b  = 0.1, t (482.5), = 1.46, p > 
.05; winter: b  = 0.1, t (450.1), = 0.96, p > .05; spring: b  = 0.1, t (656.5) = 2.2, p > .05; 
summer: b = 0.1, t (424.6) = 1.17, p > .05). 
 
 
 
Discussion 
 
The main aim of the current study was to assess whether school attendance and school 
performance vary with time of year. Indicators for school attendance were collected between 
August 2013 and June 2015. We found an annual rhythm in school attendance with a winter 
peak in late arrivals, dismissals from class, sick leaves, and sick leave duration. Day length 
and weather conditions vary with time of year and may explain the observed variation in 
school attendance. The variation in day length in Coevorden (52° 40' N / 6° 45' E) is between 
7:36 h (21st of December) and 16:53 h (21st of June), and the range in temperature between 
August 2013 and June 2015 in the hours from 6:00 h to 9:00 h (the time interval in which 
most students commute to school) was -4.7 °C and 24.8 °C, with the coldest temperatures 
between December and March. Winter has been associated with a peak in sick leaves because 
of a weaker antiviral response of the immune system at low temperatures (Foxman et al., 
2015).  



	

	

Likewise, the winter peak in late arrivals could have been explained by unfavorable weather 
conditions due to cold temperatures (e.g. presence of ice and snow on the streets). However, 
our results show that the strongest significant predictor for the annual rhythm in late arrivals 
was day length. Timing and duration of natural light exposure, together with other factors like 
genetic background, sex, and age, modulate an individual’s phase of entrainment (chronotype) 
(Roenneberg et al., 2007a; Roenneberg & Merrow, 2007; Roenneberg et al., 2004). Thus 
sleep timing varies with the changes in day length across the year (especially at latitudes far 
from the equator), resulting in later and longer sleep in winter (Allebrandt et al., 2014; 
Kantermann et al., 2007). The number of late arrivals in our study also varied with day length, 
showing a peak in December when hours of daylight were lowest. If light exposure can 
influence school attendance through seasonal changes in phase of entrainment, we would 
expect to find less pronounced seasonal variation in school attendance in schools that are 
located closer to the equator (due to less annual rhythm in day length).  
 
We did not observe differences in phase or amplitude of late arrivals depending on time of 
year between early and late chronotypes. Late chronotypes were throughout the year always 
more often late, but both early and late chronotypes showed the same annual rhythm in school 
attendance, with a peak in absenteeism in winter. During the winter months the students were 
exposed to less natural light: in December and January sunrise in Coevorden was later than 
the time at which the school started (mean sunrise time in December and January 08:35h, 
range 08:22h – 08:48h; school start time 08:15h). Indeed, exposure to a weak zeitgeber has 
been suggested to contribute to delayed sleep timing (Roenneberg, Kumar, & Merrow, 
2007b). We did not assess sleep timing throughout the school year and, therefore, we can only 
speculate that students slept later and longer in winter compared to spring and summer, 
contributing to more late arrivals. When comparing early and late chronotypes, the same 
predictors for the different indicators of school attendance were found. The only difference 
between early and late chronotypes was related to sick leaves. In addition to temperature, day 
length was a significant predictor of sick leaves only in late chronotypes. It is possible that the 
sleep of late chronotypes is particularly influenced by the lack of winter morning light, 
leading to later sleep timing, more sleep deprivation and health related problems. To support 
this, increased exposure to natural light was shown to advance the melatonin phase more in 
late chronotypes than in early chronotypes, suggesting that changes in light exposure can have 
a bigger impact on sleep of late chronotypes (Wright et al., 2013).  
The yearly variation in dismissals from class was less pronounced than that of late arrivals 
and sick leaves, and we do not have a clear explanation for this observation. 
 
Finally, the seasonal variation in grades was different depending on school year. In 2013-
2014, the average grade was different in each season, with the best grades obtained in winter 
and the worst in summer. In 2014-2015, grades were lower in fall compared to winter and 
summer. In contrast to the school attendance data, the grades were not collected on a weekly 
basis, but at the end of each period. This limited our seasonal variation analysis in that we 
could not try to fit a cosine wave through the data. Based on the observation of increased 
absenteeism in winter, we did not expect the grades to be highest at that time of year (2013-
2014). However, it is possible that the negative effect of absenteeism on grades found in 
chapter 3 is delayed and becomes evident later in the school year via cumulative effects.   



	

	

In addition, grades are influenced by many other factors, which also vary with time of year 
(for instance topics might be easier at the beginning of the school year), making any detection 
of a seasonal variation in grades depending on biological and environmental (e.g. 
photoperiod) factors very difficult.  
 
Taken together, our novel finding that school attendance shows a significant annual rhythm 
with a peak in absenteeism during winter stimulates new ideas on how to increase school 
attendance and student performance. At high latitudes, for instance, schools could start later 
only in winter, reducing the higher rates of absenteeism during this time of year. In summer, 
an earlier school starting time could be kept, to increase morning light exposure in students 
and to also allow for after school – outdoor – activities.  
 
 
 
Acknowledgments  
 
We thank Jorrit Waslander and Hilde de Vries for their help in collecting the data. Our work 
is supported by the Technology foundation STW grant P10-18/12186 and the University of 
Groningen. 
 
  



	

	

Supplementary Information 
 

	


	Chapter 7



