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1 Introduction 

1.1  Chronotype  

1.1.1 Defining Chronotype and Morningness-Eveningness 

Chronotype is an individual circadian preference, which can be loosely divided 

into a morning type, an evening type and an intermediate type (Natale and 

Cicogna, 2002). 

While some people go to bed early and perform at their mental and physical best 

in the morning, others reach their peak performance in the latter half of the day 

and prefer to stay awake longer (Roenneberg et al., 2003, Adan et al., 2012). The 

two types are often colloquially called “larks” and “owls” (Randler et al., 2017). 

Chronotype and the construct of morningness-eveningness (ME) are two terms 

in this context that vary slightly in their definition but are often used synonymously 

(Zerbini and Merrow, 2017, Di Milia et al., 2013). ME describes a preference for 

performing certain activities during a specific time of day. While chronotype also 

describes a daytime-dependent peak phase in mental and physical performance, 

it can be more objectively defined, for example by the midpoint of sleep on free 

days (MSF-SC) (Roenneberg et al., 2019). The midpoint of sleep is the midpoint 

between the sleep onset and offset timing (Benoit et al., 1981). The MSF-SC is a 

corrected midpoint of sleep, which is used to correct the midpoint of sleep for 

influencing factors, such as sleep debt (Roenneberg et al., 2004).  

The chronotype can as well be indicated by endogenous markers, such as 

melatonin levels and core body temperature (Kantermann et al., 2015, Lack et 

al., 2009, Duffy, 1999). Chronotype indices and the concept of diurnal 

preferences, as measured by questionnaires, correlate strongly (Zavada et al., 

2005). The correct use of both terms in the literature, however, is still a subject of 

discussion (Bauducco et al., 2020, Goldin et al., 2020). 

The circadian typology is influenced by individual and environmental factors 

(Adan et al, 2012). It also varies by age and sex (Randler et al., 2017). A 6-month 

longitudinal study on adolescent twin pairs found a high genetic influence on 

chronotype (Inderkum and Tarokh, 2018). Based on the knowledge of the role of 
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certain genes in the body’s circadian clock (Lowrey and Takahashi, 2011), 

multiple genetic variants that might influence the phenotypical expression of 

circadian preference were identified in genome-wide association studies 

(Kalmbach et al., 2017).  

The photoperiod at birth is discussed as an environmental factor in circadian 

preference, as children born in a decreasing photoperiod (September-October) 

were found to have a higher prevalence of morningness, while those born in an 

increasing photoperiod (March-April) were more often associated with 

eveningness (Caci et al., 2005). Other studies on the influence of the photoperiod 

showed a small effect in mostly Caucasian populations (Vollmer et al., 2012)  and 

no effect in an Asian study population (Takao et al., 2009). Canadian researchers 

observed an association between circadian preference and the season at birth, 

but stressed that the results were only partly explained by the length of the 

photoperiod (Mongrain et al., 2006). 

Studies also reported latitude to be a factor associated with circadian typology, 

as different latitudes have different daylight times and light intensity in relation to 

their distance from the equator (Leocadio-Miguel et al., 2017, Borisenkov, 2010, 

Borisenkov et al., 2012). Overall, the chronotype seems to be influenced by the 

season and the resulting change in daylength and photoperiod (Shawa et al., 

2018).  

1.1.2 Circadian preference in adolescents 

Adolescents and young adults have the highest prevalence of evening orientation 

(Roenneberg, Kuehnle et al. 2004). In an epidemiologic study in Germany, 

Austria, Switzerland and The Netherlands, circadian typology was shown to be 

almost normally distributed, with most people being intermediate types and the 

evening chronotype being slightly more prevalent than the morning type 

(Roenneberg et al., 2007).  

Children tend to be earlier, i.e. morning or intermediate, chronotypes 

(Roenneberg et al., 2007). During early adolescence, circadian preference shifts 

towards an evening orientation and is then progressively delayed until early 

adulthood (Randler et al., 2017). This process then reverses and reverts back to 
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an earlier sleep-wake rhythm (Roenneberg et al., 2007). This tendency towards 

eveningness in early adolescence is partly due to biological reasons, such as 

hormonal changes in puberty (Hagenauer and Lee, 2012, Carskadon et al., 1993, 

Jenni et al., 2005). Researchers found a progressive delay of phase preference 

until five years after their menarche in female adolescents (Frey et al., 2009). 

Further reasons are found in social and scholastic obligations (Carskadon, 2002), 

late-night media use (Cain and Gradisar, 2010), and psychosocial factors 

(Carskadon, 2002).  

The peak of lateness in chronotype is reached in adolescence and the early 20s 

(Randler et al., 2017, Roenneberg et al., 2004).  

1.1.3 Difficulties by chronotype in a social and environmental context 

At this age, young adults are expected to follow an early school schedule. While 

morning-oriented adolescents are alert and at their performance peak during 

school hours, strongly evening-oriented adolescents’ night sleep is cut short 

(Roenneberg et al., 2007). Studies showed that circadian phase preference has 

a substantial influence on school performance and that morning types tend to 

perform better in school than evening types (Zerbini and Merrow, 2017, Tonetti 

et al., 2015b). Morning types might have an advantage, as school starts early in 

most countries and exams usually take place in the morning as well. There was 

a significant difference in academic performance between the morning and 

evening hours, but not in the afternoon, in a study on the timing of examinations 

(van der Vinne et al., 2014). The authors hypothesized that neither chronotype 

was at a disadvantage at this time of day. 

The need for a more flexible or delayed school start has been pointed out in 

several studies and reviews (Valdez, 2019, Zerbini and Merrow, 2017). Recent 

evidence has supported these claims. A delayed school start improved academic 

performance in US-American secondary school children in a pre-post research 

study (Dunster et al., 2018) and in a longitudinal study (Kelley et al., 2017). A 

flexible school start in a secondary school in Germany had a positive effect on 

sleep deprivation and subjective performance (Winnebeck et al., 2019). An 

adaption of school start times to morning, midday or afternoon corresponding to 
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individual circadian preference also led to higher academic performance (Goldin 

et al., 2020).  

1.1.4 Chronotype in a health context 

Studies identified having an evening chronotype as a risk factor for several 

physical and mental health-related issues.  

In a nationally representative sample of Canadian adolescents, evening types 

had more back problems, headaches and unhealthy behaviors, such as the 

consumption of soft drinks and cigarettes (Gariépy et al., 2019). In another study 

in 1620 Korean adults, a significant association between evening types and 

metabolic syndrome and diabetes was observed (Yu et al., 2015). An evening 

chronotype was also repeatedly linked to a higher prevalence of obesity (Arora 

and Taheri, 2015, Olds et al., 2011, Cespedes Feliciano et al., 2019).  

Eveningness was found to be an independent risk factor for poor mental health, 

as well as emotional and behavioral problems in adolescents (Li et al., 2018). An 

evening chronotype was independently associated with a poorer self-regulation 

in another study (Owens et al., 2016). 

Researchers hypothesized that the higher prevalence of health-related issues in 

evening chronotypes is due to a chronic mismatch of their societal obligations 

and their biological prerequisites or, more specifically, their circadian timing 

(Gariépy et al., 2019, Kansagra, 2016).  

1.2 Measurement of chronotype 

1.2.1 Questionnaires 

An efficient way of gathering information on a population’s chronotype is by self-

assessment questionnaires.  

A very widely used chronotype questionnaire is the Morningness-Eveningness 

Questionnaire (MEQ) (Horne and Ostberg, 1976). A German translation of the 

19-item original version was validated against dim light melatonin onset and body 

temperature (Griefahn et al., 2001). In the 1990s, adaptations of the MEQ for 

specific use in children and adolescents were established (Ishihara et al., 1990, 
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Carskadon et al., 1993). A review by Tonetti et al. summarized numerous 

validation studies for the MEQ in children and adolescents (MEQ-CA), consisting 

of comparisons to actigraphy, oral body temperature and questionnaires (Tonetti 

et al., 2015a). The MEQ-CA contains the same number of items as the original 

MEQ for adults (Ishihara et al., 1990). Criticism of the length of the MEQ led to 

the introduction of a shortened, 5-item version (Adan and Almirall, 1991). The 

German version of the reduced MEQ (rMEQ) (Randler, 2013) was used in a 

large-scale study on the epidemiology of circadian preferences in a German 

population, ages 5 to 70 years. (Randler et al., 2016b). The rMEQ has been used 

in international adolescent populations, see for example studies from India 

(Haldar et al., 2020), Hungary (Urbán et al., 2011) and Finland (Kuula et al., 2018, 

Merikanto et al., 2017). It is unclear if these research groups used the adult 

version of the rMEQ or the rMEQ-CA, as only few studies explicitly stated an 

adaptation of the questionnaire to children and adolescents (Filardi et al., 2016). 

Another widely applied measure to determine circadian preference is the 

Composite Scale of Morningness (CSM) (Smith et al., 1989). Its 13 item-structure 

is a combination of nine MEQ-items and four of a second chronotype 

questionnaire, the Diurnal Type Scale (Torsvall and Akerstedt, 1980). Validation 

studies on the adult version of the CSM showed good validity against the original 

Diurnal Type Scale and subjectively reported sleep-wake parameters (Kato et al., 

2019), as well as against actigraphy (Thun et al., 2012) and the questionnaire-

derived midpoint of sleep (Jankowski, 2015). The German version of the CSM 

was validated against the MEQ in a mixed-age sample of adolescents and young 

adults with a mean age of 15.4 ± 3 years (Randler, 2007).  

The Morningness-Eveningness Stability Scale (improved; MESSi) was recently 

introduced as a new method of assessing chronotype (Randler et al., 2016a). It 

differs from previous questionnaires in that it uses three subscales, namely 

morningness, eveningness and distinctness/amplitude (see Material and 

Methods), to assess ME as a multidimensional construct. Validation studies for 

the MESSi consisted of a confirmatory factor analysis (Vagos et al., 2019), a 

validation against health and personality correlates (Díaz-Morales et al., 2017), 

and a cross-cultural comparison (Rahafar et al., 2017). The German version of 
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the MESSi was validated against actigraphy in a university student population 

(Faßl et al., 2019). In adolescents, it was validated against other chronotype 

questionnaires, such as the CSM and the Children’s Chronotype Questionnaire, 

as well as personality and assessments of affectivity (Weidenauer et al., 2019, 

Demirhan et al., 2019).  

The reduced version of the MEQ-CA (rMEQ-CA) was validated in a confirmatory 

factor analysis in Hungarian adolescents (Urbán et al., 2011), as well as against 

self-report questions on sleep habits (Danielsson et al., 2019). The validity of the 

CSM in adolescents was examined against the MEQ (Önder et al., 2013), cortisol 

(Randler and Schaal, 2010), and in a third study against the MSF-SC and self-

reported bed and wake times (Randler, 2009). In 2015, the CSM was validated 

against the MSF-SC and the Munich Chronotype Questionnaire in a Polish 

population (Jankowski, 2015).  

An extensive review of the literature on the use of chronotype questionnaires in 

adolescents was published in 2015 (Tonetti et al., 2015a). A 2020 literature 

review on pediatric sleep tools (Sen and Spruyt, 2020) completes these findings 

with validation studies for the rMEQ, the CSM and the MESSi. An overview of 

known validation studies in adolescents is shown in Table 1.  

Table 1. Known validation studies of chronotype questionnaires in 
adolescents 

Questionnaire Study Instrument 

of validation 

Age 

(years) 

Sample 

size 

(N) 

Result 

rMEQ-CA (Urbán et 

al., 2011)1 

Confirmatory 

factor 

analysis 

No 

age 

range 

stated, 

mean 

age 

15.3 

(SD 

0.56) 

2565 Construct validity 

in Hungarian 

adolescents 
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(Danielsson 

et al., 2019)2 

Self-

reported, 

questions on 

sleep habits  

16-26 1000 Significant 

negative 

correlations 

between rMEQ 

and all sleep 

variables 

CSM (Randler, 

2009)1 

Self-

reported 

sleep onset 

and offset 

times, MSF-

SC 

13-18 491 Significant 

correlations with 

sleep onset and 

offset times on 

weekends, sleep 

onset time on 

weekdays, and 

with the MSF-SC. 

(Randler 

and Schaal, 

2010)1 

Cortisol in 

saliva 

13–16 43 Significant 

correlations with 

cortisol awakening 

response 

(Önder et 

al., 2013)1 

MEQ, 

confirmatory 

factor 

analysis 

15-18 543 Convergent/ 

discriminant 

validity in Turkish 

high school 

students, construct 

validity 

(Jankowski, 

2015)2 

MCTQ, 

MSF-SC 

13-46 

a 13-15 

b 16-18 

952 

a 265 

b 150 

Construct and 

convergent/ 

discriminant 

validity in the 

Polish version 

MESSi (Weidenauer 

et al., 2019)2 

CSM, 

CCTQ, CFA 

11-17 215 Convergent/ 

discriminant 

validity in German 

high school 

students, construct 

validity 
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(Demirhan 

et al., 2019)2 

BIG-5, 

Subjective 

alertness 

level, PSQI, 

PANAS 

14-47 1076 Convergent/ 

discriminant 

validity in Turkish 

high school 

students 

1 as stated in 2015 review (Tonetti et al., 2015a), 2 as stated in 2020 review (Sen and 

Spruyt, 2020). a/b = subsample.   

BIG-5 = Big five inventory, CCTQ = Children’s chronotype questionnaire, CSM = 

Composite Scale of Morningness, MCTQ = Munich Chronotype Questionnaire, (r)MEQ(-

CA) = (reduced) Morningness-Eveningness Questionnaire (for Children and 

Adolescents), MESSi = Morningness-Eveningness Stability Scale, MSF-SC = Midpoint 

of sleep on free days, PANAS = Positive and Negative Affect Schedule, PSQI = Pittsburg 

Sleep Quality Index, SD = standard deviation 

1.2.2 Actigraphy 

There are several approaches to examine the validity of a questionnaire. One is 

by correlating it against other, already established questionnaires (i.e., Caci et 

al., 2009, Randler, 2007, Weidenauer et al., 2019). Another is by comparing the 

questionnaire to objectively measured behavior, such as recordings of the sleep-

wake rhythms. Polysomnography is the gold standard for examining sleep related 

behavior in a controlled environment (Marino et al., 2013). Another useful tool for 

estimating sleep and wake rhythms is actigraphy. An actigraph resembles a 

watch and noninvasively registers body movements. These are translated into 

activity counts, which yield information about sleep-wake and activity patterns 

(Mitchell et al, 2017, Troiano et al, 2007). In multiple studies which compared 

actigraphy to polysomnography, actigraphy was proven to be a valid instrument 

to examine sleep-wake rhythms (Ancoli-Israel et al., 2003, Quante et al., 2018, 

Sadeh et al., 1994, Marino et al., 2013). Actigraphy is often used as an alternative 

in validation studies, as it is easier to use for longer study durations and more 

applicable in a real-world setting (Faßl et al, 2018, Thun et al, 2012, Tonetti, 2007, 

Werner et al, 2009, Lucas-de la Cruz et al, 2016). Actigraphic data can also be 

applied in clinical settings and has been stated to improve the evaluation and 

monitoring of treatment responses in certain sleep disorders (Morgenthaler et al, 

2007). The third edition of the International Classification of Sleep Disorders 
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(ICSD-3) encouraged the use of actigraphy, self-assessment questionnaires and, 

in addition, biomarkers such as the dim light melatonin onset (DLMO) when 

diagnosing circadian rhythm sleep-wake disorders (Sateia, 2014).   

1.2.3 Dim Light Melatonin Onset (DLMO) 

1.2.3.1 Human circadian rhythm 

Humans exhibit a near 24-hour circadian timing (Duffy and Wright, 2005). The 

inner rhythm is continuously being reset to this 24-hour period, prompted by 

exogenous stimuli, so-called Zeitgebers, such as light (Moore, 1997). This 

internal circadian rhythm is controlled by two factors: homeostatic sleep pressure 

and endogenous processes (Borbély, 1982). These processes are influenced by 

the suprachiasmatic nuclei in the hypothalamus, a region in the brain which is 

also called the internal circadian clock (Moore, 1997). The two factors can be 

described using a concept consisting of a process S and a process C. The 

process S describes an inner sleep drive, building up pressure during the day 

and resetting during sleep time. The circadian rhythmicity in the release of 

endogenous hormones is part of the process C (Borbély, 1982). These changes 

in hormone levels during the day can for instance be observed in the secretion of 

cortisol (Elverson and Wilson, 2005) and melatonin (Claustrat and Leston, 2015).  

1.2.3.2 Melatonin 

Melatonin is an endogenous hormone whose secretion from the pineal gland is 

suppressed by light (Lewy et al, 1980). Melatonin therefore reaches its peak level 

during nighttime and plays a key role in the decrease of core body temperature 

(Strassman et al., 1991). The internal circadian clock and melatonin 

concentration are strongly associated, as melatonin secretion is controlled by the 

suprachiasmatic nuclei (Moore, 1996).  

Melatonin concentration can be measured in bodily fluids, either directly in blood 

plasma or saliva (Voultsios et al., 1997), or by determining its metabolite in urine 

(Markey et al., 1985). Absolute melatonin concentration should either be 

determined in plasma or indirectly using its urinary metabolite, as both are 

representative of the melatonin production in the pineal gland (Claustrat et al., 
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2005, Markey et al., 1985). Saliva samples are, however, a valid method for 

measuring relative changes in melatonin levels (Laakso et al., 1990). Saliva 

sampling has one obvious advantage compared to plasma measurement in being 

non-invasive (Middleton, 2013). In addition, it allows more frequent sampling than 

the urinary metabolite measurement (Benloucif et al., 2008). It is, however, more 

susceptible to confounding factors, for example, in-mouth contamination through 

food or drinks (Kennaway, 2020).  

Researchers are currently working on ways to enable reliable and accurate at 

home-saliva sample collection (Burgess et al., 2015, Burgess et al., 2016). These 

findings would increase the efficiency of melatonin sampling and might enable 

larger epidemiologic studies.  

1.2.3.3 Measurement of Dim Light Melatonin Onset 

The dim light melatonin onset (DLMO) was introduced in 1989 (Lewy and Sack, 

1989). To date, it is considered the gold standard of circadian phase estimation 

(Reid, 2019). The DLMO is defined as the increase in melatonin levels in dim light 

conditions (Lewy and Sack, 1989). This increase is usually observed in the 

evening, approximately 2 to 3 hours before habitual bedtime (Benloucif et al., 

2008). Onset time correlates with circadian phase preference, as evening 

chronotypes were observed to have a later DLMO than morning types (Goulet et 

al., 2007). In a longitudinal study in a younger (9-10 years) and an older (15-16 

years) adolescent cohort, the DLMO phase and actigraphic sleep-wake 

parameters both shifted during the 2.5-year assessment, becoming later with 

increased age (Crowley et al., 2014).  

In the first DLMO analyses, plasma melatonin concentration was measured by 

gas chromatographic mass spectrometry (Lewy and Sack, 1989). The latest 

methods introduced for research and diagnostic purposes are the third-

generation immunoassays, i.e. commercially available radio immunoassays 

(RIA) or enzyme-linked immunosorbent assays (ELISA) (Kennaway, 2019).  

Although DLMO is considered the gold standard of circadian phase estimation, 

there are several factors that are needed to be taken into consideration to achieve 
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accurate results. For example, posture seems to have an impact on melatonin 

levels, as does cotton wool in sample holders (Kennaway, 2020).  

DLMO estimations can vary, as there are different methods of determining the 

exact time of melatonin onset. Both relative and absolute approaches have been 

used to measure the rise in melatonin concentration, which makes comparing 

published results difficult (Crowley et al., 2016, Molina and Burgess, 2011, 

Benloucif et al., 2008). The impact of using different threshold methods on the 

accuracy of the results is still being discussed (Molina and Burgess, 2011).  

The DLMO has been used to validate chronotype questionnaires such as the 

Munich Chronotype Questionnaire and the MEQ in adults (Kantermann et al., 

2015, Griefahn et al., 2001). Salivary DLMO phase estimation in adolescents was 

validated against self-reported sleep-wake times and the midpoint of sleep 

(Crowley et al., 2006).   

1.3 Objective and scientific hypothesis 

Adolescence is a critical phase in an individual’s life. Many health-related 

behaviors (Spear and Kulbok, 2001) and even disorders (Bartlett et al., 2013) 

develop during this phase. Chronotype and diurnal preferences were consistently 

shown to have an influence on academic performance and many health-related 

issues and behaviors. It is evident that a fundamental understanding of the impact 

on circadian preference is crucial for acting adequately on these findings. Large 

epidemiologic studies are required to obtain the necessary information. In order 

to do this, valid and reliable instruments are needed.  

Unfortunately, even for widely used and well-known questionnaires such as the 

rMEQ and the CSM, there are only few validation studies against objective 

measures in the adolescent age group (Tonetti et al., 2015a, Sen and Spruyt, 

2020, Table 1). To our knowledge, the CSM and the MESSi have not yet been 

validated against actigraphy or DLMO in this age group. The rMEQ was used in 

combination with actigraphy in two adolescent studies in Finland (Merikanto et 

al., 2017, Merikanto et al., 2020). A literature search on comprehensive validation 

studies for a set of multiple questionnaires and the corresponding objective 

measurements only yielded results in the adult age group (Thun et al., 2012). 
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Thus, our objective was to validate three adolescent chronotype questionnaires 

(MESSi, rMEQ-CA, CSM) against actigraphy and the DLMO. To accomplish this, 

we recruited 55 healthy 13- to 16-year-olds who provided us with information on 

their sleep-wake and activity patterns through actigraphy and a sleep diary. 

Participants also completed the Pediatric Daytime Sleepiness Questionnaire 

(PDSS). We measured the evening rise in melatonin concentration in saliva 

samples in a sub-sample of 24 adolescents.  

We hypothesized that there is a significant correlation between the 

questionnaires, actigraphy and the DLMO. We examined the reliability of the 

questionnaires and their associations with the DLMO, sleep timing, midpoints of 

sleep as well as with activity parameters from actigraphy (midpoints of highest 

and lowest activity). We explored the influence of chronotype on sleep onset and 

offset times and midpoints of sleep using univariate analyses. Based on the 

literature, we hypothesized that evening types have later sleep onset times in 

general and sleep offset times on free days, and therefore also later midpoints of 

sleep than morning types (Roenneberg et al., 2007, Thun et al., 2012).  

The influence of age, sex and the interaction between age and sex on the 

questionnaires was examined using a multivariate analysis, as age and sex both 

had an effect on chronotype in a meta-analysis based on chronotype 

questionnaires (Randler and Engelke, 2019). 

2 Material and Methods 

2.1 Study population 

Our study sample consisted of 55 healthy adolescents aged 13 to 16 (49.1% 

male, mean age ± SD = 14.4 ± 1.1 years). We recruited participants between 

February 2019 and February 2020 by distributing flyers at schools, word of mouth 

and e-mail-announcements using the University of Tübingen’s e-mail distribution 

list. The study was approved by the Institutional Review Board of the Medical 

Faculty of the University of Tübingen (Ref. No. 959/2018BO1). Each adolescent 

and their guardian signed an informed consent before participating in the study. 

Participants received compensation in form of a 20 € book voucher if they 
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participated in both parts of the study (actigraphy and DLMO), or a 10 € voucher 

for participation in only the actigraphic measurements.  

Inclusion and exclusion criteria 

Inclusion and exclusion criteria were enquired during a preliminary phone 

interview. A summary of the criteria is shown in Table 2. Our intent was to 

eliminate factors that might have an external influence on the sleep-wake rhythm.  

Table 2. Inclusion and exclusion criteria for study participation 

 

To give a better overview, our methods and respective study samples are 

summarized in the following flow chart (Figure 1).  

Inclusion criteria Exclusion criteria 

- Age 13 to 16 years 
 

 

- Regular intake of melatonin 
 

- Regular intake of any 
medication excluding oral 
contraceptives 

 

- Travel across more than 2 time 
zones in the last month 

 

- Previous diagnosis of a 
 

▪ Sleep disorder  

▪ Neurological disorder  

▪ Psychotic disorder  

▪ Bipolar disorder 

 

- Depression 

 

- Chronic medical condition or 
developmental disorder 
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Figure 1. Overview of procedure and study samples 

(Created with www.biorender.com) 

2.2 Instruments 

2.2.1 Questionnaires 

We asked all participants to report their age, height and weight. 

Participants also completed the following questionnaires, which consisted of 

three chronotype questionnaires and one sleepiness questionnaire:  

Morningness-Eveningness Stability Scale (improved; MESSi) 

The MESSi (Randler et al., 2016a) is a self-assessment questionnaire consisting 

of three subscales. The morning affect subscale (MA) and the eveningness 

subscale (EV) measure individual diurnal preference in activity, performance and 

mood. The distinctness/amplitude subscale (DI) assesses the stability of a 
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subject’s circadian phasing throughout the day. Each subscale has five items, 

which can be answered by checking the applicable answer on a five-level scale. 

Four items are reverse-coded. Attainable scores range from five to 25 points on 

each subscale. High scores in the MA or the EV subscales reflect a higher 

expression of morning- or eveningness. Higher scoring in the DI indicates a 

higher amplitude in the individual circadian rhythm, which means more fluctuation 

in performance and mood during the day.  

Reduced Morningness-Eveningness Questionnaire for Children and Adolescents 

(rMEQ-CA) 

In the reduced version of the Morningness-Eveningness Questionnaire (Horne 

and Ostberg, 1976), chronotype is assessed by five items (Adan and Almirall, 

1991). Three of them are timelines on which subjects are supposed to indicate 

their preferred wake time, the time they usually grow tired and their subjective 

peak of performance and well-being. The participants are also asked how tired 

they are in the first half-hour after waking up and to self-assess their chronotype. 

We adapted some wordings of the German version of the rMEQ (Randler, 2013) 

to make them more suitable for adolescents, i.e. changing the formal address 

“Sie” to the more informal “Du”.  

The scoring of the rMEQ-CA classification is described in the comparative table 

(Table 3).  

We had two participants who scored 17.5 points. In this case we decided to 

classify them as Intermediate Types (IT). 

Composite Scale of Morningness (CSM) 

With the CSM (Smith et al., 1989), participants can self-assess their circadian 

rhythmicity by answering questions about their sleep-wake rhythm and diurnal 

preferences regarding academic and physical performance. We used the 

German version of the CSM (Randler, 2007). The questionnaire has 13 items and 

participants can score between 13 and 55 points. Participants can classify 

themselves as either morning, intermediate or evening type. Cut off scores are 

dependent on the individual study population, as the 90th and the 10th percentile 
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are used to score morning and evening types, respectively (Smith et al., 1989, 

Randler, 2007).  

Table 3. Comparison of the three chronotype questionnaires 

 MESSi rMEQ-CA CSM 

Items 15 

(5 per 

subscale) 

5 13 

Scoring 15-75 

(5-25 per 

subscale) 

4-25 13-55 

Scaling Rating 

scale (5 

levels) 

3 timelines 

2 rating scales 

 

Rating scale (4-5 levels) 

Chronotype 

Classification 

None - 22-25 pts: Definitive 

MT 

- 18-21 pts: Moderate 

MT 

- 12-17 pts: IT 

- 7-11 pts: Moderate 

ET 

- 4-7 pts: Definitive 

ET 

- ≤ 10th percentile: ET 

- >10th < 90th percentile: 

IT 

- ≥ 90th percentile: MT 

Published in Paciello et al., 2022.  

CSM=Composite Scale of Morningness, ET=Evening Type, IT=Intermediate Type, 

MESSi=Morningness-Eveningness Stability Scale, MT=Morning Type, pts = points, 

rMEQ-CA= Reduced Morningness-Eveningness Questionnaire for Children and 

Adolescents 

Pediatric Daytime Sleepiness Scale (PDSS)  

The PDSS is a scale that measures excessive daytime sleepiness in children 

(Drake et al., 2003). The scale is built up in a Likert-type format (0 = always to 4 

= never). One answer is reverse-coded. We used the German version (Schneider 
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and Randler, 2009), which consists of eight items. Results can range from 0 to 

32 points. Higher scores indicate greater sleepiness (Drake et al., 2003).  

Note (concerning all questionnaires): In cases in which two answers were 

checked or the participant’s answer on a timeline covered two or more scoring 

ranges, we used the mean value to score the questionnaire.  

2.2.2 Habitual sleep onset and offset times 

Habitual sleep onset and offset times on weekdays and weekends were self-

assessed by the participants when filling out the questionnaires. 

2.2.3 Actigraphy 

Individual activity levels and sleep-wake rhythms were measured by actigraphy. 

Participants were instructed to wear an actigraph for seven consecutive days and 

asked to only remove the actigraph during water-based activities (e.g., bathing or 

swimming). We used the model GT3X+ of the ActiGraph series (ActiGraph, 

Pensacola, FL-USA), which was validated against polysomnography for use in 

adolescents (Quante et al., 2018). The actigraph resembles a watch and is worn 

on the non-dominant wrist. A person wearing the actigraph is shown in Figure 2 

for better visualization. The actigraph has a built-in accelerometer which registers 

body movements. The data is downloaded after measurement using the 

corresponding software (ActiLife, Pensacola, FL-USA).  

 

Figure 2. A person wearing the actigraph GT3X+ 

An established procedure (Quante et al., 2019) was followed, i.e. the actigraphy 

was considered valid if there were at least 10 hours of valid signal during wake 

hours and at least 4 valid days in total, one of them being a weekend night. 
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Activity counts were measured in 1-minute epochs for 7 consecutive days. One 

recording day equaled 24 hours.   

We didn’t use one Saturday night for actigraphy analyses, as 13 adolescents 

participated in the saliva sample collection on that day. 

2.2.4 Sleep Diary 

A sleep diary is a daily record of an individual’s sleep timing. The literature 

recommends the use of an additional sleep diary in actigraphy studies, as 

actigraphy has certain limitations in differentiating, for example, rest and inactive 

wake periods (Sadeh, 2011). For this reason, all participants completed a sleep 

diary established in clinical use (Paciello et al., 2019), which was specifically 

adapted for this study. The participants were asked to note their sleep onset and 

offset times as well as naps and awakenings during the night. They were also 

requested to document when the actigraph was taken off.  

2.3 Data scoring 

2.3.1 Sleep-wake parameters 

We also followed an already established procedure in the sleep-wake rhythm 

scoring process using the ActiLife software (Mitchell et al., 2017). Sleep and wake 

periods were manually identified as sharp increases or sharp decreases in activity 

counts and could then be compared to the sleep timing reported in the sleep diary 

(Figure 3). The major sleep period (the time frame between a subject’s sleep 

onset and offset time) and nap times during the day were scored using the 

combined information from actigraphy data and the sleep diary. If the times noted 

in the sleep diary differed too much from the actual decrease in activity measured 

by the actigraph (> 30 minutes), sleep periods were visually determined from 

changes in activity.  
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Figure 3. Scored actigraphy data from three consecutive nights 
(Wednesday to Friday, March 2019) 

The upper figure is of a participant who scored high on the rMEQ-CA (22,5 points, 

Definitive Morning Type), the lower of a participant who scored low on the rMEQ-CA (9 

points, Evening Type). Sleep periods are marked in red and green. 

The data was then processed using the Cole-Kripke sleep-wake algorithm (Cole 

et al., 1992). We did a wear time validation to be able to differ between times the 

actigraph was worn or not worn using the Troiano algorithm (Troiano et al., 2008) 

and counterchecked with the information in the sleep diary. 

2.3.2 Rest-activity parameters 

We derived rest-activity patterns using using a publicly available algorithm 

(https://github.com/nsrr/actiCircadian). 

The code generates rest-activity patterns following two different approaches 

during a during a 24-hour day (Mitchell et al., 2017). The cosinor approach uses 

a regression model that is based on the assumption of a known, because 

synchronized to a 24-hour rhythm, time period (Cornelissen, 2014). The non-

parametric approach was introduced as an alternative to the cosinor analysis, 

because rest-activity rhythms do not completely correspond to a sinusoidal wave 

form (Mitchell et al., 2017). The non-parametric analysis does not require any 
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assumption of the waveform of the circadian rhythm (Van Someren et al., 1999). 

We applied both codes to MATLAB (version R 2019a).  

We used the following rest-activity parameters in subsequent statistical analyses 

(Table 4, Figure 4): 

Table 4. Cosinor and non-parametric variables 

Cosinor analysis  

Acrophase Time point of peak activity 

Non-parametric analysis 

M10-midpoint Midpoint in time and activity counts of 

the most active 10-hour period 

L5-midpoint Midpoint in time and activity counts of 

the least active 5-hour period 

Definitions of Acrophase and M10- and L5-midpoint according to Mitchell et al., 2017.  

 

Figure 4. Schematic illustration of rest-activity parameters  

(created with www.biorender.com) 

2.4 Statistical analysis  

IBM© SPSS© for Windows (version 25) was used to statistically analyze the data.  

We calculated the respective average sleep duration and midpoint of sleep for 

weekdays and weekends (MS) from actigraphy and self-assessed sleep timing. 

The midpoint of sleep is the midpoint between the sleep onset and offset times 

(Benoit et al., 1981).  We also calculated the midpoint of sleep on free days (MSF-
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SC), which refers to the midpoint of sleep corrected for sleep debt (Roenneberg 

et al., 2004) from self-assessed sleep onset and offset times. We also determined 

the respective overall average sleep duration from actigraphy and self-assessed 

sleep onset and offset times (Table 5).  

Table 5. Calculations of sleep midpoints during the week, on free days 
(MSF-SC) and overall average sleep duration 

Overall 

average sleep 

duration 

 

(5×𝑤𝑒𝑒𝑘𝑑𝑎𝑦 𝑠𝑙𝑒𝑒𝑝 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛+2∗𝑤𝑒𝑒𝑘𝑒𝑛𝑑 𝑠𝑙𝑒𝑒𝑝 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛)

7
  

 

Midpoint of 

sleep 

𝑠𝑙𝑒𝑒𝑝 𝑜𝑛𝑠𝑒𝑡 𝑡𝑖𝑚𝑒 + (
1

2 
 𝑠𝑙𝑒𝑒𝑝 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛)  

 

MSF-SC 𝑤𝑒𝑒𝑘𝑒𝑛𝑑 𝑀𝑆 −   
1

2
 × (𝑤𝑒𝑒𝑘𝑒𝑛𝑑 𝑠𝑙𝑒𝑒𝑝 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛 −

𝑜𝑣𝑒𝑟𝑎𝑙𝑙 𝑠𝑙𝑒𝑒𝑝 𝑑𝑢𝑟𝑎𝑡𝑖𝑜𝑛)  

Published in Paciello et al., 2022.  

MS = midpoints of sleep, MSF-SC = midpoint of sleep on free days. 

We examined the reliability of the questionnaires using Cronbach’s alpha 

(Cronbach, 1951) within the interpretation guidelines by George & Mallery, which 

range from α=<0.5 (inacceptable) to α=>0.9 (excellent) (George and Mallery, 

2003). We applied Spearman correlations to assess correlations between the 

different questionnaires and actigraphy. Correlations were interpreted as follows: 

0.00 to 0.19 as very weak, 0.20–0.39 as weak, 0.40–0.59 as moderate, 0.60–

0.79 as strong and 0.80–1.00 as very strong (Swinscow, 1997).  

The influence of chronotype classification on sleep-wake parameters was 

analyzed using univariate analysis. We examined whether age, sex, or the 

interaction between age and sex had an influence on questionnaire scores in 

multivariate analyses. Levene’s test for homogeneity was interpreted using the 

median. We chose Bonferroni post-hoc testing for all parametric uni- and 

multivariate analyses. Effect sizes were calculated as partial Eta-squared (pη²). 

We interpreted a partial Eta-squared from 0.1 to 0.3 as weak, 0.3-0.5 as moderate 

und > 0.5 as strong (Cohen, 1988). The significance level was at p < 0.05. 
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We transformed data which were not normally distributed to fit parametric 

univariate analyses, using the natural logarithm (ln) of the variables. We did a 

comparative ANOVA with non-transformed variables. 

In the parametric multivariate analyses (MANOVA), there were also groups which 

were not normally distributed (PDSS female group, CSM 16-year-old group). The 

MANOVAs was, however, shown to be robust enough against violations of 

normal distribution (Finch, 2005).  

2.5 Dim Light Melatonin Onset 

2.5.1 Sample collection 

In order to measure the DLMO, we collected saliva samples of our subsample of 

24 participants. The sample collection took place on the evening of March 16, 

2019, and followed the procedure described by Crowley et al. (Crowley et al., 

2016). The participants watched two age-appropriate movies (Jumanji and 

Forrest Gump) in dim light (< 20 lux) during the sampling window from 8 p.m. to 

12 a.m. During these 4 hours, we collected approximately 2 ml of saliva in 

Salivettes (Sarstedt, Nümbrecht, Germany) every 30 minutes, resulting in 9 

samples per participant.   

In order to avoid cross-reactivity with the melatonin-assay, participants were 

asked to refrain from the consumption of non-steroidal anti-inflammatory drugs 

(NSAIDs), alcohol, nicotine, chocolate or caffeine in the 72 hours before and 

during saliva collection. Consumption of bananas was also not allowed during 

sample collections because of a possible cross reactivity. Subjects were allowed 

to eat gummi-bears until 15 minutes before and to drink water until 10 minutes 

before each sample collection. Participants who had consumed food or 

beverages in the time between sample collections had to rinse their mouth 15 

minutes before the next sample was taken. 

If a subject needed to use the restroom during the sampling window, we ensured 

they wore sunglasses. We made a list of participants’ restroom breaks in order to 

check for possible aberrations in these samples later on. Participants were not 
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allowed to leave their seats in the 10 minutes before each sample collection in 

order to minimize interference by posture changes. 

Light readings were taken every 30 minutes during sample collection using a lux 

meter (Figure 5).  

 

Figure 5. Light readings before sampling time and during the movies 
(provided by Christoph Randler). 

Y-axis = Brightness in lux, x-axis = time points of light readings 

After collection of the final samples, participants were either picked up by their 

guardian or driven home in a taxi.  

The samples were then frozen at -20 degrees.  

2.5.2 Sample analysis 

The saliva samples were analyzed by performing enzyme-linked 

immunosorbent assays (ELISA). We used a commercially available kit from IBL 

Germany (Melatonin direct saliva ELISA, Reference No. RE54041). Following 

the kit’s instructions, samples were first thawed and centrifuged for 10 minutes 

at 2000 – 3000 x g. The subsequent analysis followed the procedure described 

in the kit’s manual (direct excerpt from the IBL Germany RE54041 manual (IBL) 
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downloadable at https://www.ibl-international.com/de_de/non-extraction-

melatonin-saliva-elisa, last accessed on May 9, 2021, 10:36 am): 

1) “Pipette 100 μL of each Standard, Control and sample into the respective 

wells of the microtiter plate. 

2) Pipette 50 μL of Antiserum solution into each well. Cover plate with 

adhesive foil. Shake plate carefully for 10 seconds. 

3) Incubate 16 -20 h at 2 -8°C. 

4) Remove adhesive foil. Discard incubation solution. Wash plate 4 x with 

250 μL of diluted Wash Buffer. Remove excess solution by tapping the 

inverted plate on a paper towel. 

5) Pipette 100 μL of Biotin solution into each well. Cover plate with adhesive 

foil. 

6) Incubate 2 h at RT (18 -25°C) on an orbital shaker (500 rpm). 

7) Remove adhesive foil. Discard incubation solution. Wash plate 4 x with 

250 μL of diluted Wash Buffer. Remove excess solution by tapping the 

inverted plate on a paper towel. 

8) Pipette 100 μL of Enzyme Conjugate into each well. Cover plate with 

adhesive foil. 

9) Incubate 1 h at RT (18 -25°C) on an orbital shaker (500 rpm). 

10)  Remove adhesive foil. Discard incubation solution. Wash plate 4 x with 

250 μL of diluted Wash Buffer. Remove excess solution by tapping the 

inverted plate on a paper towel. 

11)  Pipette 100 μL of TMB Substrate Solution into each well. 

12)  Incubate 15 min at RT (18 -25°C) on an orbital shaker (500 rpm). 

13)  Stop the substrate reaction by adding 100 μL of TMBStop Solution into 

each well. Shake briefly. Color changes from blue to yellow. 

14)  Measure optical density with a photometer at 450 nm (Reference-

wavelength: 600-650 nm) within 15 min after pipetting of the Stop 

Solution.”  

We first carried out an analysis of the samples from 13 participants (117 samples) 

at the laboratory of Molecular Psychiatry of the University of Tuebingen. In these 

samples, the coefficient of variation in double determinations was too high. The 
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coefficient of variation is a method to ensure measurement precision and 

reliability (Schultheiss and Stanton, 2009). It reflects the deviance of duplicate 

measurements in the same batch (intraassay) or the batch-to-batch consistency 

of the measurements (interassay) (Salimetrics, 2021). Several samples were not 

measurable due to being above the maximum range. Sample dilution of 1:5 and 

1:10 still resulted in abnormally high values. Possible reasons for both issues will 

be explored in the discussion section.   

To understand whether these difficulties were due to technical problems or 

aberrant samples, we did comparative measurements with the help of the IBL 

laboratory in Hamburg, Germany. The IBL laboratory performed an analysis on 

participants’ samples that had very high values in our previous analysis. We 

analyzed samples with already known melatonin concentrations from IBL. Due to 

lower coefficients of variation and the melatonin values being within the 

measurable range in the IBL measurement of our samples, we decided to stop 

our measurements in the Tuebingen laboratory. 

The final analysis of all samples took place at the Dr. Bayer laboratory 

(Leinfelden-Echterdingen, Germany), following the procedure described above. 

The results of this analysis were used in subsequent statistical analyses.   

The functional sensitivity limit (FSL) of the assay is 1.0 pg/ml according to the 

kit’s manufacturer. The FSL is defined as the minimum salivary melatonin 

concentration measurable with an intra-assay coefficient of variation lower than 

20 % (Davies, 2013). We followed the convention that values beneath the FSL 

are assigned to the value of functional sensitivity (here 1.0 pg/ml) (Kennaway and 

Salkeld, 2017). 

We did not use values for analyses if variation in double determinations was too 

high or if there was not enough saliva left to measure in duplicate. To our 

knowledge, there is no reference on how much variation is allowed in melatonin 

saliva measurement. For this reason, we decided to use the cortisol values 

defined in the 2019 guidelines of laboratory medicine, as cortisol also follows the 

human circadian rhythm. The upper limit of allowable variation in ring trials was 

30 % (Bundesärztekammer, 2019).  
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The overall coefficient of variation of double determinations of the samples was 

15 %. Looking only at the samples within our defined range of variation (30%), 

the overall coefficient of variation was 10%. Samples were measured in duplicate 

but not on the same plate. For this reason, it was not possible to state an 

intraassay coefficient of variation. 

2.5.3 Dim Light Melatonin Onset calculations and statistical analysis 

Currently, four ways of determining the DLMO can be found in the literature:  

a) Using an absolute threshold (3 or 4 pg/ml in saliva) (Crowley et al., 2016, 

Benloucif et al., 2008)  

b) Determining the average of three baseline values and adding 2 standard 

deviations (Voultsios et al., 1997) 

c) Using twice the minimum detection limit of the assay (Deacon and Arendt, 

1994)  

d) Visually estimating the DLMO as an increase in melatonin levels (Benloucif et 

al., 2008) 

Obviously, results from these methods vary. This was already recognized by 

researchers who compared the results obtained by different methods (Crowley et 

al., 2016, Molina and Burgess, 2011). Other researchers introduced using a 

consensus of a relative and an absolute method for better comparability of the 

results (Benloucif et al., 2008).  

In this study, we used a fixed threshold (4 pg/ml) for DLMO calculations (Crowley 

et al., 2016). DLMO was determined in Windows Excel (version 2011) by linear 

interpolation of the mean values directly above and below the threshold value. 

We did not calculate the DLMO if all samples were above the threshold value. 

We were able to calculate the DLMO in 12 participants by linear interpolation of 

the 4 pg/ml threshold (Figure 6).  
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Figure 6. Example of melatonin concentration at time points of sampling 

Grey = melatonin concentration at time points of sampling, blue = linear interpolation of 

threshold time point (i.e., DLMO). Y-axis = melatonin concentration in pg/ml, x-axis = 

time in hours.  

The resulting values were then correlated against the questionnaires using 

Spearman correlations and interpreted as described in section 2.4.  

3 Results 

Parts of the following results (demographics, convergent validity, correlations with 

actigraphy data) and their subsequent discussion were published in the Journal 

of Sleep Research in 2022 (Paciello et al., 2022).  

3.1 Demographics  

All participants in our sample filled out the questionnaires and the sleep diary and 

took part in actigraphy measurements (49.1% male, mean age + SD = 14.4 ± 1.1 

years).  

Three participants failed to complete the rMEQ-CA- and the CSM-questionnaire. 

We had to discard the actigraphy data of three subjects because of missing or 

insufficient actigraphy or sleep diary data.   
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We discarded one MESSi questionnaire answer in one participant because the 

answer seemed to be an obvious outlier. The participant put 10:44 am as his 

average wake time on weekdays, which doesn’t correspond to the starting times 

of the German school system.  

The descriptive statistics of our study sample (N=55) including demographics, 

questionnaire scores and sleep-wake and activity parameters are shown in Table 

6.  

Table 6. Descriptive overview of the demographic values, questionnaire 
scores and actigraphic sleep-wake and activity parameters 

Demographics  Mean (SD) or 

percentage 

Age (in years) a 14.4 (± 1.1) 

Height (in cm) a 168.5 (± 10.1) 

Weight (in kg)  a 56.8 (± 12.4) 

BMI, mean (SD) (in kg/m2)  a 19.8 (± 2.7) 

z-score a -0.22 (± 1.02) 

Female (%) a 28 (50.9 %) 

Sleep and chronotype questionnaire scores Mean (SD) 

MESSi-Morningness subscale a 17.4 (4.3) 

MESSi-Eveningness subscale a 15.7 (3.7) 

MESSi-Distinctness subscale a 15.3 (4.7) 

rMEQ-CA c 14.8 (3.1) 

CSM c 37.2 (6.7) 

PDSS a 11.0 (7.2) 

Actigraphic sleep-wake parameters Mean (SD) 
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Partly published in Paciello et al., 2022.  

a N=55, b N=53, c N=52, d N=51, e N=12, with mean (SD) or median (Q1, Q3). 

BMI = Body Mass Index, dec. = decimal hours, CSM = Composite Scale of 

Morningness, DLMO = dim light melatonin onset, MESSi = Morningness-Eveningness-

Stability Scale, PDSS = Pediatric Daytime Sleepiness Scale, rMEQ-CA = reduced 

Morningness Eveningness Questionnaire for Children and Adolescents, SD = standard 

deviation. 

Subsample 

Average Sleep Duration (hours) d 8:41 (0:47) 

Midpoint of Sleep Weekdays (hours) d 02:28 (0:29) 

Midpoint of Sleep Weekends (hours) d 03:54 (0:49) 

Actigraphic activity parameters Mean (SD) or Median 

(IQR) 

M10 Whole Week (dec. hours) c 14.3 (12.0,15.9) 

M10 Weekdays (dec. hours) c 14.3 (11.9,15.7) 

M10 Weekends (dec. hours) c 15.7 (14.4,17.6) 

L5 Whole Week (dec. hours) c 2.7 (1.0) 

L5 Weekdays (dec. hours) c 2.3 (1.1) 

L5 Weekends (dec. hours) c 2.5 (1.8,3.8) 

Acrophase Whole Week (dec. hours) c 14.3 (0.7) 

Acrophase Weekdays (dec. hours) c 13.9 (0.7) 

Acrophase Weekends (dec. hours) c 15.5 (1.1) 

Dim Light Melatonin Onset Mean (SD) 

DLMO (hours) e 20:48 (0:12) 
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A subsample of our participants (N=24) also provided us with saliva samples for 

DLMO analysis. We calculated the DLMO of 12 participants (25% male, mean 

age + SD = 14.0 ± 0.95 years) by linear interpolation of the 4 pg/ml threshold. 

An exploration of differences in demographics in the subsample using a Mann-

Whitney U test showed no significant difference in age, height, BMI and the BMI’s 

z-score in the subsample with melatonin measurements compared to the overall 

cohort (N=12, p ≥ 0.05). A chi-squared test indicated an almost significant 

difference in sex (p=0.06), the percentage of females in the subsample was 

higher (75%). 

3.2 Chronotype distribution and daytime sleepiness 

Chronotype distribution 

In the CSM questionnaire, we used the 10th and the 90th percentile to classify 

morning and evening types. In male participants, this corresponded to ≤ 27.2 

points to classify evening types and ≥ 46.8 points to classify morning types. Cutoff 

values were ≤ 25.6 points and ≥ 44.2 points for female participants. According to 

the CSM, 12 participants were classified as Morning Type (MT, 23%), 35 as 

Intermediate Type (IT, 67%) and 5 as Evening Type (ET, 10%). 

In the rMEQ-classification, only one participant classified as a Definite Morning 

Type and no participant as a Definite Evening Type. For this reason, we 

subsumed both Morning Types and Evening Types into one respective group for 

the following statistical analyses. The rMEQ-CA classified seven participants as 

MT or definite MT (14%), 36 as IT (69%) and nine as ET (17%).  

An overview of the chronotype distribution according to sex can be found in Table 

7.  

Table 7. Chronotype classification according to sex 

Questionnaire Morning Types  Intermediate 

Types  

Evening Types 

rMEQ-CA (N=52)  ♂ N=4  

♀ N=3 (DM N=1) 

♂N=15  

♀ N=21 

♂N=6  

♀N=3 
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CSM (N=52) ♂ N=6 

♀ N=6 

♂N=17 

♀ N=18 

♂N=2  

♀N=3 

♂= male, ♀= female. 

CSM = Composite Scale of Morningness, DM = Definite Morning Type, rMEQ-CA = 

reduced Morningness Eveningness Questionnaire for Children and Adolescents. 

In a sign test, the chronotype classification of the CSM and the subsumed 

classification of the rMEQ-CA differed significantly from each other (p < 0.01, 

Figure 7).  

 

Figure 7. Comparison of chronotype classification according to rMEQ-CA 
and CSM questionnaires 

Y-axis = Number of participants in respective group (N), x-axis = chronotype group. 
Morning Types and Definite Morning Types subsumed into “Morning Type” in the rMEQ-
CA group. 
CSM=Composite Scale of Morningness, rMEQ-CA= Reduced Morningness 
Eveningness Questionnaire for Children and Adolescents 

 

The MESSi subscales measure the extent of morningness, eveningness and 

distinctness and don’t classify into specific chronotypes. Figure 8 shows the 

distribution of subscale scores in relation to the rMEQ-CA chronotype 

classification (Figure 8). Here, it is demonstrated that a participant classified as 

MT scored highest on the Morningness subscale, while a participant classified as 
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ET scored highest on the Eveningness subscale. Scores on the distinctness scale 

were lower in IT.  

 

Figure 8. Distribution of MESSi-scores according to chronotype (rMEQ-CA 
classification) 

Y-axis = Score in points, x-axis = chronotype group. 

Sleepiness questionnaire 

The threshold of the PDSS for conspicuous results is at > 26 points for children 

aged 13 years and younger and >29 points for children aged over 13 years. None 

of the participants scored above the threshold value for their age.  

3.3 Reliability 

We examined reliability in each questionnaire. Table 8 shows Cronbach’s α for 

the rMEQ-CA, the CSM and the PDSS. As the MESSi consists of three individual 

subscales (MA, EV and DI), we tested reliability in every subscale. The 

questionnaires’ respective reliability ranged from acceptable (Cronbach’s α > 0.7) 

to excellent (Cronbach’s α > 0.9). 
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Table 8. Reliability of the questionnaires 

Questionnaire Number of 

items 

α 

rMEQ-CA  5 0.70 

CSM d 13 0.91 

PDSS f 8 0.82 

MESSi MA a 5 0.88 

MESSi EV b 5 0.74 

MESSi DI b 5 0.83 

Published in Paciello et al., 2022.  

a N=55, b N=54, c N=53, d N=52, e N=51, f N=50 

CSM=Composite Scale of Morningness, DI = Distinctness/Amplitude subscale, EV = 

Evening affect subscale, MA = Morning affect subscale, MESSi=Morningness-

Eveningness Stability Scale, PDSS = Pediatric Daytime Sleepiness Scale, rMEQ-CA= 

Reduced Morningness-Eveningness Questionnaire for Children and Adolescents 

3.4 Spearman correlations  

3.4.1 Correlations between the questionnaires  

We conducted a Spearman correlation analysis between the questionnaires 

(Table 9). Here, the MESSi MA correlated strongly positively with the CSM (0.84) 

and the rMEQ-CA (0.71). Negative correlations with the other MESSi subscales 

were weak (EV-subscale -0.38, DI-subscale -0.37).  

The MESSi EV showed moderate correlations with a lower CSM (-0.48) and a 

higher PDSS score (0.49) and correlated weakly negatively with the rMEQ-CA (-

0.34, p < 0.05). Other than the described association with the MESSi MA, the 

MESSi DI only correlated positively with the PDSS (0.51). A higher PDSS score 

was also strongly correlated with a lower rMEQ-CA (-0.64), CSM (-0.78) and 

MESSi MA score (-0.76). The CSM and the rMEQ-CA correlated very strongly 

positively with each other (0.88).  
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Table 9. Spearman correlations between the questionnaire scores 

 MESSi 

MA 

MESSi 

EV 

MESSi 

DI 

rMEQ-CA CSM PDSS 

MESSi 

MA 

-  -0.38** a  -0.37** 

a  

0.71** b 0.84** b -0.76** a  

MESSi 

EV 

-0.38** a - 0.12 a  -0.34* b -0.48** b 0.49** a  

MESSi 

DI 

-0.37** a 0.12 a - -0.16 b -0.25 b 0.51** a  

rMEQ-

CA 

0.71** b -0.34* b -0.16 b - 0.88** b -0.64** b 

CSM 0.84** b -0.48** b -0.25 b 0.88** b - -0.78** b 

PDSS -0.76** a  0.49** a 0.51** a  -0.64** b -0.78** b - 

Published in Paciello et al., 2022.  

a N=55, b N=52, ** p < 0.01, * p < 0.05 

CSM=Composite Scale of Morningness, DI = Distinctness/Amplitude subscale, EV = 

Evening affect subscale, MA = Morning affect subscale, MESSi=Morningness-

Eveningness Stability Scale, PDSS = Pediatric Daytime Sleepiness Scale, rMEQ-CA= 

Reduced Morningness-Eveningness Questionnaire for Children and Adolescents 

3.4.2 Correlations with actigraphy 

Correlations with sleep-wake parameters 

Higher MESSi MA, rMEQ-CA and CSM scores moderately correlated with earlier 

bedtimes on weekdays (-0.42, -0.44 and -0.48, respectively), as well as on 

weekends (-0.33, -0.51, -0.52, respectively). The MESSi EV correlated positively 

with sleep onset (0.28) and offset times (0.28) on weekends. A higher PDSS 

score correlated moderately with a later sleep onset time both on weekdays 

(0.46) and weekends (0.56) and with a later sleep offset time on weekends (0.31). 

Correlations with sleep offset times on weekdays were not significant (Table 10). 
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Table 10. Spearman correlations of sleep-wake parameters and 
questionnaire scores 

 Weekday 

sleep 

onset 

time 

Weekday 

sleep offset 

time 

Weekend sleep 

onset time 

Weekend  

sleep offset 

time 

MESSi MA -0.42**a -0.08a -0.32*b -0.28*b 

MESSi EV 0.24a 0.15a 0.28*b 0.28*b 

MESSi DI 0.21a 0.10a 0.09b 0.01b 

rMEQ-CA -0.44**c -0.20c -0.51**d -0.45**d 

CSM -0.48**c -0.20c -0.52**d -0.51**d 

PDSS 0.46**a 0.16a 0.56**b 0.31*b 

Published in Paciello et al., 2022.  

a N=52, b N=51, c N=49, d N=48, **p < 0.01, * p < 0.05 

CSM=Composite Scale of Morningness, DI = Distinctness/Amplitude subscale, EV = 

Evening affect subscale, MA = Morning affect subscale, MESSi=Morningness-

Eveningness Stability Scale, PDSS = Pediatric Daytime Sleepiness Scale, rMEQ-CA= 

Reduced Morningness-Eveningness Questionnaire for Children and Adolescents 

In a comparative correlation analysis, the MS of actigraphy and the MS of self-

assessed sleep onset and offset times showed moderately positive correlations 

on weekends (0.59). Correlations between the respective weekday MS were 

strong (0.77, Table 11).  

Table 11. Spearman correlations of the respective midpoints of sleep from 
actigraphy with self-assessed sleep onset and offset times  

 Weekday MS Actigraphy Weekend MS Actigraphy 

Weekday MS SA 0.77**b 0.50**c 

Weekend MS SA 0.52**a 0.59**b 

Published in Paciello et al., 2022.  

a N=51, b N=50, c N=49, ** < 0.01, * < 0.05.  

MS = midpoint of sleep, SA = self-assessed sleep onset and offset times. 

A later actigraphic MS on weekdays correlated with a lower MESSi MA, rMEQ-

CA and CSM score (-0.43, -0.51 and -0.54, respectively), and a higher MESSi 
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EV (0.29) and PDSS (0.49) score. On weekends, the actigraphic MS showed 

similar correlations, a later MS was correlated with lower MESSi MA (-0,41), 

rMEQ-CA (-0.57) and CSM (-0.66) and with higher MESSi EV (0.38) and PDSS 

(0.55) scores. The weekday MS calculated from self-assessed sleep onset and 

offset times showed moderate to strong negative correlations with the MESSI 

MA, CSM and rMEQ-CA scores (-0.46, -0.62, -0.65, respectively) and positive 

correlations with the PDSS and MESSi EV scores (0.56 and 0.31, respectively). 

The weekend MS correlations with these variables were of similar strength 

(MESSI MA -0.48, CSM -0.58, rMEQ -0.60, MESSI EV 0.31, PDSS 0.42). The 

rMEQ-CA, CSM and MESSi MA scores had strong negative correlations with the 

MSF-SC (-0.67, -0.66 and -0.51, respectively). The correlations of the MESSi EV 

and PDSS scores with the MSF-SC were of similar strength compared to those 

of the other MS. The MESSi DI did not correlate with any MS or MSF-SC (Table 

12). 

Table 12. Spearman correlations of MS and MSF-SC determined by 
actigraphy and self-assessed sleep onset and offset times with the MESSi 
and other survey scores 

 Self-assessed sleep onset and 

offset times 

Actigraphy 

 Weekday 

MS 

Weekend 

MS 

MSF-SC Weekday MS Weekend MS 

MESSi 

MA 

-0.46** b -0.48** a -0.51** b -0.43** b -0.41** c 

MESSi 

EV 

0.31* b 0.31* a 0.36** b 0.29* b 0.38** c 

MESSi 

DI 

0.12 b 0.08 a 0.14 b 0.22 b 0.01 c 

rMEQ-

CA 

-0.65** e -0.60** d -0.67** e -0.51** e -0.57** f 

CSM -0.62** e -0.58** d -0.66** e -0.54** e -0.66** f 

PDSS 0.56** b 0.42** a 0.57** b 0.49** b 0.55** c 
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Published in Paciello et al., 2022.  

a N=53, b N=52, c N=51, d N=50, e N=49, f N=48, ** p < 0.01, * p < 0.05. 

CSM=Composite Scale of Morningness, DI = Distinctness/Amplitude subscale, EV = 

Evening affect subscale, MA = Morning affect subscale, MESSi=Morningness-

Eveningness Stability Scale, MS = midpoint of sleep, MSF-SC = midpoint of sleep on 

free days, PDSS = Pediatric Daytime Sleepiness Scale, rMEQ-CA= Reduced 

Morningness-Eveningness Questionnaire for Children and Adolescents 

Correlations of rest-activity parameters 

The correlation analyses of the activity parameters Acrophase and L5-midpoint 

with the questionnaire and sleep-wake parameters are shown in Table 13. We 

analyzed the seven-day average (whole week) and separately weekday and 

weekend variables. The analysis of the M10-midpoint variable is displayed in the 

appendix (Table S1). Correlations with the M10-midpoint were not significant in 

all cases (p ≥ 0.05).  

We first examined correlations between the cosinor and the non-parametric 

approach. The full-week non-parametric L5-midpoint and M10-midpoint were 

strongly (M10 = 0.70) to moderately (L5 = 0.47) correlated with the cosinor 

variable Acrophase. Correlations became weaker when comparing the respective 

weekday and weekend variables.  

Regarding the full-week variable, a later Acrophase timing correlated with lower 

rMEQ-CA (-0.38), CSM (-0.44) and MESSi MA scores (-0.31) and was positively 

correlated with the PDSS-score (0.42). There was no significant correlation with 

the other MESSi subscales. Acrophase correlated positively with sleep offset 

times on weekdays (0.35), but not on weekends, as well as with weekday (0.61) 

and weekend sleep onset times (0.59). All correlations with the actigraphic MS 

and MS from self-assessed sleep onset and offset times were significant and 

ranged from weak (weekend MS SA 0.37) to strong (weekday MS Actigraphy, 

0.67).  

When separated into a weekday and a weekend variable, the weekday 

Acrophase did not correlate with any of the other variables except weekday sleep 

offset times (0.34). However, Acrophase timing on weekends corresponded to 
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lower rMEQ (-0.34) and CSM (-0.40) scores, and higher PDSS scores (0.38). 

There was no correlation with the MESSi subscales. A later weekend Acrophase 

timing correlated with later sleep onset (0.45) and offset times (0.51) on 

weekends and later sleep offset times during the week (0.39). Correlations of 

weekend Acrophase with MS were stronger on weekends (MS Actigraphy = 0.62, 

MS SA = 0.49, MSF-SC SA = 0.40) than on weekdays (MS Actigraphy = 0.41, 

MS SA = 0.33, MSF-SC SA = 0.40).   

We did not see any significant correlation regarding the L5-midpoint variables 

with the questionnaire scores. An exception was a weak correlation of the PDSS 

score with the full-week L5-midpoint (0.32).  

The full-week L5-midpoint showed positive correlations with sleep onset time on 

weekdays (0.42) and sleep offset times on weekends (0.29), but not with any 

other sleep onset and offset times. The only correlation with the MS was a weak 

positive correlation of L5-midpoint with the actigraphic weekend MS (0.36). 

Looking at the weekday and the weekend variable separately, L5-midpoint on 

weekdays correlated positively with sleep onset (0.29) and sleep offset times 

(0.46) on weekdays, as well as with sleep onset times on weekends (0.42). Both 

weekday MS (MS Actig. = 0.44, MS SA 0.35) and the actigraphic MS on 

weekends (0.34) were positively correlated with the weekday L5-midpoint.  

A later weekend L5-midpoint correlated weakly with a later MS on weekends (MS 

Actig. = 0.29, MS SA = 0.28), and did not show any other correlations with sleep 

onset and offset times or MS.  

Table 13. Spearman correlations of activity parameters Acrophase and L5-
midpoint with questionnaire scores and sleep wake parameters 

 Acrophase 

Whole 

Week hrs 

Acrophase 

Weekdays 

hrs 

Acrophase 

Weekends 

hrs 

L5 

Whole 

Week 

hrs 

L5 

Weekdays 

hrs 

L5 

Weekends 

hrs 

MESSi MA -0.31* a -0.07 a -0.20 a -0.21 a -0.12 a -0.03 a 

MESSi EV 0.17 a -0.09 a 0.26 a 0.20 a 0.08 a 0.08 a 

MESSi DI 0.13 a 0.18 a 0.07 a -0.05 a -0.07 a -0.02 a 
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rMEQ-CA -0.38** d 0.05 d -0.34* d -0.12 d -0.25 d -0.02 d 

CSM -0.44** d 0.03 d -0.40** d -0.27 d -0.26 d -0.12 d 

PDSS 0.42** a 0.05 a 0.38** a 0.32* a 0.25 a 0.20 a 

Sleep onset 

time 

Weekdays 

0.61** a 0.13 a 0.39** a 0.12 a 0.29* a 0.09 a 

Sleep offset 

time 

Weekdays 

0.35* a 0.34* a 0.20 a 0.42** a 0.46** a 0.13 a 

Sleep onset 

time 

Weekends 

0.59** b 0.19 b 0.45** b 0.29* b 0.42** b 0.13 b 

Sleep offset 

time 

Weekends 

0.23 b -0.19 b 0.51** b 0.22 b 0.11 b 0.26 b 

MS 

Weekdays 

Actigraphy 

0.67** a 0.22 a 0.41** a 0.27 a 0.43** a 0.13 a 

MS 

Weekends 

Actigraphy 

0.51** b -0.02 b 0.62** b 0.36* b 0.34* b 0.29* b 

MS 

Weekdays 

SA 

0.54** c 0.07 c 0.33* c 0.19 c 0.35* c 0.17 c 

MS 

Weekends 

SA 

0.37** b -0.13 b 0.49** b 0.17 b 0.11 b 0.28* b 

MSF-SC SA 0.54** c 0.01 c 0.40** c 0.19 c 0.28 c 0.21 c 

M10 hrs 

Week/ 

Weekdays/

Weekends 

0.70** a 0.26 a 0.34* a 

L5 hrs 

Week/ 

Weekdays/

Weekends 

0.47** a 0.30* a 0.28* a 

Correlations with Acrophase published in Paciello et al., 2022.  

a N=52, b N=51, c N=50, d N=49, ** p < 0.01, * p < 0.05.   
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CSM=Composite Scale of Morningness, DI = Distinctness/Amplitude subscale, EV = 

Evening affect subscale, Hrs = hours, MA = Morning affect subscale, MESSi = 

Morningness-Eveningness Stability Scale, MS = midpoint of sleep, MSF-SC = midpoint 

of sleep on free days, PDSS = Pediatric Daytime Sleepiness Scale, rMEQ-CA= 

Reduced Morningness-Eveningness Questionnaire for Children and Adolescents, SA = 

self-assessed sleep onset and offset times. 

 

3.4.3 Correlations with the Dim Light Melatonin Onset  

The DLMO did not have any significant correlations with the questionnaires, sleep 

onset- and offset times, midpoints of sleep or activity parameters (p ≥ 0.05, Table 

S2 can be found in the appendix). 

We were able to calculate the DLMO in 50 % of our subsample (N=12). The 

average DLMO in our sample was at 20:48 ± 0:12.  

In the other 50 % of our subsample, we did not have a lower value for interpolation 

because values were either 

a) already above the threshold, or  

b) discarded because their variations in double determination were too high.  

This will be explored in the discussion of the method in the following section.  

An exploratory data analysis showed that early sleepers in our subsample went 

to bed at 22:34 ± 0:08 or 22:30 ± 0:15 (depending on chronotype classification), 

which is important for the discussion of sample collection timing.  

3.5 Influence of chronotype in univariate analyses 

Parametric analysis (ANOVA) 

We analyzed the influence of chronotype classification on sleep-wake 

parameters and midpoints of sleep using a parametric univariate test (ANOVA). 

As the chronotype classifications differed significantly in the sign test, we did two 

separate analyses using either the subsumed rMEQ-CA or the CSM 

classification.  

ANOVAs with transformed variables (ANOVAs 1 and 2) 
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Since the required normal distribution of the dependent variable was not given in 

all groups (Shapiro-Wilks test ≥ 0.05), we transformed the variable into its natural 

logarithm (ln). We did not examine a variable in these first ANOVAs if the variable 

could not be transformed to normal-distribution using common transformation 

approaches (i.e., natural logarithm, square root, inverse of the variable). This was 

the case in the variable “sleep offset time on weekdays from actigraphy” in the 

analysis using the rMEQ-classification.  

We controlled for homogeneity of all variables (Levene’s test p ≥ 0.05). It should 

be noted that Levene’s test was significant in the weekday MS for the self-

assessed sleep onset and offset times.  

In the ANOVAs on sleep onset and offset times, we could show that sleep timing 

differed significantly when separated by chronotype, except for sleep offset times 

on weekdays (Table 14). The midpoints of sleep also differed significantly when 

separated by chronotype (Table 15). Descriptive statistics indicated that MT had 

the earliest sleep onset and offset times and midpoints of sleep, followed by IT 

and then by ET. An exception was the sleep offset time on weekdays, which did 

not differ significantly between groups. 

As the CSM-classified SA weekday MS turned out to be significant in the 

Levene’s test, we compared the result of the ANOVA using the more robust 

Welch-ANOVA, where the influence on the MS was also significant (F (2,20.048) 

= 25.899, p < 0.01). 

Table 14. ANOVAs 1: Influence of chronotype on sleep onset- and offset 
times 

 Class. MT IT ET Anova 

F 

p-value (Partial) 

η² 

Sleep 

onset time 

Weekdays 

CSM 21:39 ± 

0:34 c 

22:19 ± 

0:50 b 

22:56 ± 

0:33 g 

5.84 0.006 0.20 

rMEQ-

CA 

21:46 ± 

0:36 e 

22:11 ± 

0:50 a 

22:51 ± 

0:38 e 

3.39 0.04 0.13 

CSM+ .1.87 ± 

0.04 c 

1.91 ± 

0.06 b 

1.90 

± 0.07 g 

1.74 0.19 0.07 
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Sleep 

offset time 

Weekdays 

rMEQ-

CA 

- - - - -  

Sleep 

onset time 

Weekends 

CSM 22:20 ± 

0:36 d 

23:24 ± 

1:04 b 

23:34 ± 

0:19 g 

5.75 0.006 0.20 

rMEQ-

CA+ 

3.10 ± 

0.02 f 

3.15 ± 

0.05 a 

3.16 ± 

0.01 e 

4.82 0.01 0.18 

Sleep 

offset time 

Weekends 

CSM 7:52 ± 

1:01 d 

8:47 ± 

1:03 b 

9:05 ± 

0:27 g 

3.98 0.03 0.15 

rMEQ-

CA 

7:33 ± 

1:15 f 

8:43 ± 

0:59 a 

8:53 ± 

0:56 e 

3.72 0.03 0.14 

Published in Paciello et al., 2022.  

+ = ln-transformed variable, time in hours ± standard deviation. p < 0.05  

a N=35, b N=32, c N=12, d N=11, e N=7, f N=6, g N=5.  

Class. = classification, CSM=Composite Scale of Morningness, ET = evening type, IT = 

intermediate type, MS = midpoint of sleep, MSF-SC = midpoint of sleep on free days, 

MT = morning type, rMEQ-CA= Reduced Morningness-Eveningness Questionnaire for 

Children and Adolescents. 

 

Table 15. ANOVAs 2: Influence of chronotype on midpoints of sleep 

 Class. MT IT ET Anova 

F 

p-

value 

(Partial) 

η² 

MS 

Weekdays 

Actigraphy 

CSM+ 0.72 ± 

0.15 e 

0.91 ± 

0.18 d 

1.03 ± 

0.12 j 

7.76 0.001 0.25 

rMEQ-

CA+ 

0.74 ± 

0.15 h 

0.88 ± 

0.19 b 

1.02 ± 

0.14 h 

4.31 0.02 0.16 

MS 

Weekends 

Actigraphy 

CSM 03:06 ± 

0:42 f 

04:05 ± 

0:47 d 

04:20 ± 

0:20 j 

8.23 0.001 0.27 

rMEQ-

CA 

02:49  

± 0:48 i 

04:00 ± 

0:46 b 

04:13 ± 

0:35 h 

6.935 0.002 0.24 

CSM + 0.66 ± 

0.12 f 

0.83 ± 

0.15 c 

0.94 ± 

0.04 j 

8.50 0.001 0.27 
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MS 

Weekdays 

SA 

rMEQ-

CA+ 

0.65 ± 

0.10 i 

0.80 ± 

0.15 b 

0.91 ± 

0.15 g 

6.05 0.005 0.21 

MS 

Weekends 

SA 

CSM 02:27 ± 

0:25 f 

03:00 ± 

0:41 b 

03:53 ± 

0:53 j 

7.91 0.001 0.25 

rMEQ-

CA 

02:26 ± 

0:22 i 

02:52 ± 

0:34 a 

03:45 ± 

1:01 g 

8.80 0.001 0.27 

MSF-SC 

SA 

CSM+ 0.73 ± 

0.11 f 

0.90 ± 

0.16 c 

0.11 ± 

0.10 j 

10.12 0.001 0.30 

rMEQ-

CA 

02:04 ± 

0:08 i 

02:25 ± 

0:22 b 

02:52 ± 

0:28 g 

8.82 0.001 0.27 

Published in Paciello et al., 2022.  

+ = ln-transformed variable, time in hours ± standard deviation. p < 0.05.  

a N=36, b N=35, c N=34, d N=32, e N=12, f N=11, g N=9, h N=7, i N=6, j N=5 

CSM=Composite Scale of Morningness, ET = evening type, IT = intermediate type, MS 

= midpoint of sleep, MSF-SC = midpoint of sleep on free days, MT = morning type, 

rMEQ-CA= Reduced Morningness-Eveningness Questionnaire for Children and 

Adolescents, SA = self-assessed sleep onset and offset times. 

 

The results of Bonferroni post-hoc tests are shown in Table 16.  

In the post-hoc tests using the CSM classification, the MT group differed 

significantly from the ET group regarding sleep onset times on weekdays, as well 

as all midpoints of sleep. Differences between MT and IT were significant for 

sleep onset times on weekdays and weekends, as well as sleep offset times on 

weekends. MT and IT also differed significantly in all midpoints of sleep except 

for SA weekend MS. Here, differences were only significant between the IT and 

the ET group.  

Post hoc-tests with the rMEQ-CA classification showed equally significant 

differences between MT and ET for weekday sleep onset time and all midpoints 

of sleep. The results of the rMEQ-CA classification analysis differed slightly from 

the CSM classification. Here, MT and ET differed significantly regarding sleep 

onset time on weekends. The difference between MT and IT was not significant 

in sleep onset time on weekdays, both weekday MS or the MSF-SC. 
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Table 16. Bonferroni post hoc-tests transformed ANOVAs 1 and 2 

 Groups Mean 

difference 

Standard 

deviation 

p-value 

Weekday 

sleep onset 

time 

MT to IT 1 -0:40* 

2 -0:25 

0:15 

0:19 

0.04 

0.59 

MT to ET 1 -1:16* 

2 -1:05* 

0:24 

0:25 

0.008 

0.04 

IT to ET 1 -0:36 

2 -0:39 

0:21 

0:19 

0.30 

0.15 

Weekend 

sleep onset 

time 

MT to IT 1 -1:04* 

2 -0.05*+ 

0:19 

0.018 

0.007 

0.02 

MT to ET 1 -1:14 

2 -0.06*+ 

0:30 

0.02 

0.06 

0.02 

IT to ET 1 -0:09 

2 -0.01+ 

0:27 

0.02 

1.00 

1.00 

Weekend 

sleep offset 

time 

MT to IT 1 -0:54* 

2-1:10* 

0:21 

0:26 

0.04 

0.04 

MT to ET 1 -1:13 

2-1:19 

0:32 

0:33 

0.09 

0.07 

IT to ET 1 -0:18 

2 -0:09 

0:29 

0:25 

1.00 

1.00 

MS Weekdays 

Actigraphy 

MT to IT+ 1 -0.19*+ 

2 -0.14+ 

0.06 

0.07 

0.006 

0.23 

MT to ET 1 -0.31*+ 0.09 0.004 
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2 -0.28*+ 0.10 0.02 

IT to ET 1 -0.12+ 

2 -0.15+ 

0.08 

0.07 

0.44 

0.17 

MS Weekends 

Actigraphy 

MT to IT 1 -0:59* 

2 -1:10* 

0:15 

0:20 

0.001 

0.003 

MT to ET 1 -1:13* 

2 -1:23* 

0:24 

0:25 

0.01 

0.006 

IT to ET 1 -0:14 

2 -0:12 

0:21 

0:18 

1.00 

1.00 

MS Weekdays 

SA 

MT to IT 1 -0.16*+ 

2 -0.15+ 

0.05 

0.06 

0.004 

0.06 

MT to ET 1 -0.28*+ 

2 -0.27*+ 

0.08 

0.08 

.002 

.003 

IT to ET 1 -0.12+ 

2 -0.11+ 

0.07 

0.05 

0.27 

0.13 

MS Weekends 

SA 

MT to IT 1 -0:32 

2 -0:26 

0:13 

0:17 

0.07 

0.42 

MT to ET 1 -1:25* 

2 -1:19* 

0:21 

0:20 

0.001 

0.001 

IT to ET 1 -0:52* 

2 -0:53* 

0:19 

0:14 

0.03 

0.002 

MSF-SC SA MT to IT 1 -0.17*+ 

2 -0:21 

0.05 

0:09 

0.006 

0.11 

MT to ET 1 -0.34*+ 0.08 0.001 
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Published in Paciello et al., 2022.  

+ = from ln-transformed variable, * = p < 0.05. Mean difference in hours (non-

transformed variables) or decimal hours (ln-transformed variables) ± standard 

deviation. 

1 = CSM classification, 2 = rMEQ-CA classification.  

ET = evening type, IT = intermediate type, MS = midpoint of sleep, MSF-SC = midpoint 

of sleep on free days, MT = morning type. SA = self-assessed sleep onset and offset 

times. 

 

Comparison of back-transformed variables 

We did a comparative ANOVA with the non-transformed variables. When 

comparing the back-transformed values to the results with the non-transformed 

variables, the values only differed by minutes, which can be explained by small 

differences in rounding the numbers (Table 17). The high correspondence of 

these results led us to the conclusion that the ANOVA is robust enough to analyze 

our non-normally distributed variables. In the following section, the results of the 

ANOVA with non-transformed variables will be reported and compared.  

Note: While the mean values of the variables separated by chronotype 

corresponded well to the values generated by the ANOVA of the non-transformed 

values, the back-transformed standard deviation (SD) seemed to have a 

systematical error. Back-transformed SD were systematically at 1:01, 1:02 or 

1:03 hours, which corresponds neither to the SD of the non-transformed ANOVA 

nor to the SD in a general explorative analysis of mean sleep onset and offset 

times and MS. We believe that this happened due to the program failing to turn 

negative logarithmic values (log (x < 1)) into standard deviations (which are 

positive). Hand-corrected values were in the range of SD generated with the non-

transformed ANOVA. 

2 -0:48* 0:11 0.001 

IT to ET 1 -0.17+ 

2 -0:26* 

0.07 

0:08 

0.06 

0.008 
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Table 17. Comparison of mean sleep onset- and offset times and 
midpoints of sleep 

 ET IT MT 

Sleep offset time Weekdays 

Original variable 6:42 6:44 6:30 

Log-transformed 

result 

1.90 1.91 1.87 

Back-transformation 6:42 6:43 6:30 

Sleep onset time Weekends rMEQ-CA 

Original variable 23:33 23:17 22:06 

Log-transformed 

result 
3.16 3.15 3.10 

Back-transformation 
23:33 23:16 22:05 

MS Weekdays Actigraphy CSM 

Original variable 
02:49 02:32 02:05 

Log-transformed 

result 
1.03 

 

0.91 

 

0.72 

 

Back-transformation 
02:48 02:29 02:03 

MS Weekdays Actigraphy rMEQ-CA 

Original variable 
02:48 02:26 02:07 

Log-transformed 

result 
1.02 0.88 0.74 

Back-transformation 
2:46 2:24 2:05 

MS Weekdays SA CSM 

Original variable 
02:34 02:18 01:57 

Log-transformed 

result 
0.94 0.83 0.66 

Back-transformation 
2:33 2:16 1:56 

MS Weekdays SA rMEQ-CA 

Original variable 
02:30 02:15 01:55 

Log-transformed 

result 
0.91 0.80 0.65 

Back-transformation 
2:29 2:13 1:54 
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MSF-SC SA CSM  

Original variable 
02:56 02:30 02:06 

Log-transformed 

result 
1.07 0.90 0.73 

Back-transformation 
2:55 2:27 2:04 

CSM = Composite Scale of Morningness, ET = Evening type, IT = Intermediate type, 

MT = Morning type, MS = midpoint of sleep, MSF-SC = midpoint of sleep on free days, 

rMEQ-CA = Reduced Morningness-Eveningness Questionnaire for Children and 

Adolescents, SA= self-assessed sleep onset and offset times. 

ANOVA with original variables (ANOVAs 3 and 4) 

Homogeneity of the variables was given in all cases except the MS on weekdays 

of the self-assessed sleep onset and offset times of the CSM classification (Table 

18).  

Table 18. Levene’s test of ANOVAs 3 and 4 

 Levene statistic df1, df2 p-value 

Sleep onset time 

Weekdays 

Actigraphy 

1 1.326 

2 0.833 

2.46 

2.46 

0.28 

0.44 

Sleep offset time 

Weekdays 

Actigraphy 

1 1.466 

2 0.350 

2.46 

2.46 

0.24 

0.71 

Sleep onset time 

Weekends 

Actigraphy 

1 2.25 

2 2.90 

2.45 

2.45 

0.12 

0.07 

Sleep offset time 

Weekends 

Actigraphy 

1 1.42 

2 0.34 

2.45 

2.45 

0.25 

0.71 

MS Weekdays 

Actigraphy 

1 0.79 

2 0.48 

2.46 

2.46 

0.46 

0.62 

MS Weekends 

Actigraphy 

1 0.86 

2 0.29 

2.45 

2.45 

0.43 

0.75 

MS Weekdays SA 1 3.64 

2 1.53 

2.47 

2.47 

0.03 

0.23 
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MS Weekends SA 1 0.78 

2 2.22 

2.48 

2.48 

0.47 

0.12 

MSF-SC SA 1 2.63 

2 1.97 

2.47 

2.47 

0.08 

0.15 

Published in Paciello et al., 2022.  

Interpreted based on the median, p-value < 0.05.  

1 = CSM-classification ANOVAs, 2 = rMEQ-CA-classification ANOVAs.  

Hrs = hours, MS = midpoint of sleep, MSF-SC = midpoint of sleep on free days, SA = 

self-assessed sleep onset and offset times. 

Similar to the ANOVAs using ln-transformed variables, the midpoints of sleep and 

all sleep onset and offset times except the sleep offset time on weekdays were 

significantly different in both chronotype classifications (Tables 19 and 20). All 

effects were weak (0.1 < pη² < 0.3). The comparative Welch-analysis of the non-

homogeneously distributed MS weekday SA variable was also significant (F 

(2,19.116) = 24.905, p < 0.01). 

Table 19. Non-transformed ANOVAs 3: Influence of chronotype on sleep 
onset- and offset times 

 Class. MT IT ET Anova 

F 

P-

value 

(Partial) 

η² 

Sleep 

onset time 

Weekdays 

CSM 21:39 ± 

0:34 c 

22:19 ± 

0:50 b 

22:56 ± 

0:33 g 

5.84 0.006 0.20 

rMEQ-

CA 

21:46 ± 

0:36 e 

22:11 ± 

0:50 a 

22:51 ± 

0:38 e 

3.39 0.04 0.13 

Sleep 

offset time 

Weekdays 

CSM 6:30 ± 

0:14 c 

6:44 ± 

0:23 b 

6:42 ± 

0:29 g 

1.73 0.19 0.07 

rMEQ-

CA 

6:28 ± 

0:17 e 

6:42 ± 

0:22 a 

6:45 ± 

0:25 e 

1.30 0.28 0.05 

Sleep 

onset time 

Weekends 

CSM 22:20 ± 

0:36 d 

23:24 ± 

1:04 b 

23:34 ± 

0:19 g 

5.75 0.006 0.20 

rMEQ-

CA 

22:06 ± 

0:29 f 

23:17 ± 

1:05 a 

23:33 ± 

0:18 e 

4.52 0.02 0.17 

CSM 7:52 ± 

1:01 d 

8:47 ± 

1:03 b 

9:05 ± 

0:27 g 

3.98 .03 .15 
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Sleep 

offset time 

Weekends 

rMEQ-

CA 

7:33 ± 

1:15 f 

8:43 ± 

0:59 a 

8:53 ± 

0:56 e 

3.72 0.03 0.14 

Published in Paciello et al., 2022.  

a N=35, b N=32, c N=12, d N=11, e N=7, f N=6, g N=5, * = p < 0.05. Time in hours ± 

standard deviation. 

CSM = Composite Scale of Morningness, ET = Evening type, IT = Intermediate type, 

MT = Morning type, rMEQ-CA= Reduced Morningness-Eveningness Questionnaire for 

Children and Adolescents, SA = self-assessed sleep onset and offset times. 

 

Table 20. Non-transformed ANOVAs 4: Influence of chronotype on 
midpoints of sleep 

 Class. MT IT ET Anova 

F 

P-

value 

(Partial) 

η² 

MS 

Weekdays 

Actigraphy 

CSM 2:05 ± 

0:19 e 

 2:32 ± 

0:29 d 

2:49 ± 

0:22 j 

6.46 0.003 0.22 

rMEQ  2:07 ± 

0:19 h 

2:26 ± 

0:29 b 

2:48 ± 

0:24 h 

3.85 0.03 0.14 

MS 

Weekends 

Actigraphy 

CSM 03:06 ± 

0:42 f 

04:05 ± 

0:47 d 

04:20 ± 

0:20 j 

8.23 0.001 0.27 

rMEQ 02:49  

± 0:48 i 

04:00 ± 

0:46 b 

04:13 ± 

0:35 h 

6.94 0.002 0.24 

MS 

Weekdays 

SA 

CSM  1:57 ± 

0:14 f 

2:18 ± 

0:21 c 

2:34 ± 

0:06 j 

7.56 0.001 0.24 

rMEQ 1:55 ± 

0:11 i 

2:15 ± 

0:20 b 

2:30 ± 

0:20 g 

5.74 0.006 0.20 

MS 

Weekends 

SA 

CSM 02:27 ± 

0:25 f 

03:00 ± 

0:41 b 

03:53 ± 

0:53 j 

7.91 0.001 0.25 

rMEQ 02:26 ± 

0:22 i 

02:52 ± 

0:34 a 

03:45 ± 

1:01 g 

8.80 0.001 0.27 

MSF-SC 

SA 

CSM 2:06 ± 

0:14 f 

2:30 ± 

0:24 c 

2:56 ± 

0:18 j 

9.67 0.001 0.29 

rMEQ 02:04 ± 

0:08 i 

02:25 ± 

0:22 b 

02:52 ± 

0:28 g 

8.82 0.001 0.27 
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Published in Paciello et al., 2022.  

a N=36, b N=35, c N=34, d N=32, e N=12, f N=11, g N=9, h N=7, i N=6, j N=5 

Time in hours ± standard deviation. Class. = classification, ET = evening type, IT = 

intermediate type, MS = midpoint of sleep, MSF-SC = midpoint of sleep on free days, 

MT = morning type, SA = self-assessed sleep onset and offset times.  

 

The post-hoc analyses of the non-transformed ANOVA mirrored the significant 

results of the preceding post-hoc tests of the ln-transformed ANOVA. The 

ANOVA was robust enough to show the same results even if the requirements of 

normal distribution were not given in every case.  

Comparing the post-hoc tests of the two chronotype classifications, the CSM 

classification found significant differences between MT and IT groups regarding 

six sleep variables, while only three of those were significant in the rMEQ-CA 

analysis. Differences between IT and ET groups were significant only in the self-

assessed weekend MS in the CSM analysis. IT and ET groups showed significant 

differences in the self-assessed weekend MS, as well as the MSF-SC, in the 

rMEQ post-hoc tests (Table 21).  

Table 21. Bonferroni post hoc-tests of non-transformed ANOVAs 3 and 4 

 Groups Mean 

difference 

Standard 

deviation 

p-value 

Weekend sleep 

onset time 

MT versus IT 1 -0:40* 

2 -0:25 

0:15 

0:19 

0.04 

0.59 

MT versus ET 1 -1:16* 

2 -1:05* 

0:24 

0:25 

0.008 

0.04 

IT versus ET 1 -0:36 

2 -0:39 

0:21 

0:19 

0.30 

0.15 

Weekend sleep 

onset time 

MT versus IT 1 -1:04* 

2 -1:11* 

0:19 

0:25 

0.007 

0.02 
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MT versus ET 1 -1:14 

2 -1:27* 

0:30 

0:32 

0.06 

0.03 

IT versus ET 1 -0:09 

2 -0:16 

0:27 

0:23 

1.00 

1.00 

Weekend sleep 

offset time 

MT versus IT 1 -0:54* 

2-1:10* 

0:21 

0:26 

0.04 

0.04 

MT versus ET 1 -1:13 

2-1:19 

0:32 

0:33 

0.09 

0.07 

IT versus ET 1 -0:18 

2 -0:09 

0:29 

0:25 

1.00 

1.00 

MS Weekdays 

Actigraphy 

MT versus IT 1 -0:26* 

2 -0:21 

0:08 

0:11 

0.01 

0.29 

MT versus ET 1 -0:44* 

2 -0:41* 

0:14 

0:14 

0.009 

0.02 

IT versus ET 1 -0:17 

2 -0:21 

0:12 

0:11 

0.52 

0.20 

MS Weekends 

Actigraphy 

MT versus IT 1 -0:59* 

2 -1:10* 

0:15 

0:20 

0.001 

0.003 

MT versus ET 1 -1:13* 

2 -1:23* 

0:24 

0:25 

0.01 

0.006 

IT versus ET 1 -0:14 

2 -0:12 

0:21 

0:18 

1.00 

1.00 

MS Weekdays 

SA 

MT versus IT 1 -0:21* 

2 -0:20 

0:06 

0:08 

0.008 

0.08 
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Time in hours ± standard deviation. * p < 0.05. 

1 = CSM classification, 2 = rMEQ-CA classification. 

ET = evening type, IT = intermediate type, MS = midpoint of sleep, MSF-SC = midpoint 

of sleep on free days, MT = morning type, SA = self-assessed sleep onset and offset 

times. 

 

3.6 Effect of age and sex in multivariate analyses  

Influence on questionnaires 

MT versus ET 1 -0:36* 

2 -0:35* 

0:10 

0:10 

0.003 

0.004 

IT versus ET 1 -0:15 

2 -0:15 

0:09 

0:07 

0.33 

0.13 

MS Weekends 

SA 

MT versus IT 1 -0:32 

2 -0:26 

0:13 

0:17 

0.07 

0.42 

MT versus ET 1 -1:25* 

2 -1:19* 

0:21 

0:20 

0.001 

0.001 

IT versus ET 1 -0:52* 

2 -0:53* 

0:19 

0:14 

0.03 

0.002 

MSF-SC SA MT versus IT 1 -0:24* 

2 -0:21 

0:07 

0:09 

0.009 

0.11 

MT versus ET 1 -0:50* 

2 -0:48* 

0:11 

0:11 

0.001 

0.001 

IT versus ET 1 -0:26 

2 -0:26* 

0:10 

0:08 

0.05 

0.008 
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In a multivariate analysis (MANOVA) of the influence of age and sex on the 

questionnaires, we found that age, sex and the interaction between age and sex, 

had no significant effect (Table 22).  

Levene’s test for homogeneity of the dependent variables was non-significant in 

all cases. Two groups were not normally distributed (PDSS female group, CSM 

16-year-old group). 

Table 22. MANOVA of the influence of age, sex and the interaction of age 
and sex on questionnaires 

 Wilk’s 
Lambda 

F (hypothesis df, error 
df) 

 
p-value pη² 

Constant term 0.01 1320.12 (6,39) 0.001* 0.10 

Sex  0.83 1.38 (6,39) 0.25 0.18 

Age 0.65 1.02 (18,110.79) 0.45 0.13 

Age – Sex interaction 0.62 1.14 (18,110.79) 0.32 0.15 

Published in Paciello et al., 2022.  

Wilk‘s lambda, F-values, * p-value < 0.05, pη² = partial η². 

 

Influence on midpoints of sleep 

The MANOVA of the influence of age and sex on the midpoints of sleep showed 

no significant influence of sex and the interaction of age and sex (Table 23). Age 

had a weak effect (F (12,100.83) = 3.20, p < 0.01, pη² = 0.25, Wilk’s Λ = 0.43).  

 
Table 23. MANOVA of the influence of age, sex and the interaction of age 
and sex on midpoints of sleep. 

 Wilk’s 
Lambda 

F (hypothesis df, error 
df) 

 
p-value pη² 

Constant term 0.00 70622.96 (4,38) .001* 1.00 

Sex  0.89 1.21 (4,38) .33 0.11 

Age 0.43 3.20 (12,100.83) .001* 0.25 

Age – Sex Interaction 0.62 1.68 (12,100.83) .08 0.15 

Published in Paciello et al., 2022.  

Wilk‘s lambda, F-values, * p-value < 0.05, pη² = partial Eta-squared 

In the subsequent univariate analysis, age had a moderate effect on the weekday 

MS of actigraphy (F= 12.31, p < 0.01, pη² = 0.47), the SA weekday MS (F= 5.86, 

p < 0.01, pη² = 0.30) and the MSF-SC (F= 6.66, p < 0.01, pη² = 0.33), and a weak 

effect on the SA weekend MS (F= 4.00, p < 0.05, pη² = 0.23) (Table 24).  
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Table 24. Age effects on midpoints of sleep 

 F  p-value pη² 

MS Weekdays Actigraphy 12.31 0.001* 0.47 

MS Weekends Actigraphy 2.03 0.12 0.13 

MS Weekdays SA 5.86 0.002* 0.30 

MS Weekends SA 4.00 0.01* 0.23 

MSF-SC SA 6.66 0.001* 0.33 

Published in Paciello et al., 2022.  

F-values, * p < 0.05, partial η².  

MS = midpoint of sleep, MSF-SC = midpoint of sleep on free days, SA = self-assessed 

sleep onset and offset times.  

16-year-olds had a significantly later actigraphic MS on weekdays compared to 

every other age group. 13-year-olds had a significantly earlier SA weekday MS 

as well as SA MSF-SC than 14- and 16-year-olds. The SA MS on weekends only 

differed significantly between the 13- and the 16-year-olds (Table 25). 

Table 25. Bonferroni post-hoc test, influence of age on midpoints of sleep 

 (I)Age (J)Age 

Mean 

Difference(I-J) Standard error p-value 

MS Weekdays Actigraphy 13 14 -0:23 0:10 0.16 

15 -0:14 0:07 0.45 

16 -0:57* 0:09 <0.001 

14 13 0:23 0:10 0.16 

15 0:09 0:10 1.00 

16 -0:33* 0:11 0.04 

15 13 0:14 0:07 0.45 

14 -0:09 0:10 1.00 

16 -0:43* 0:09 <0.001 

16 13 0:57* 0:09 <0.001 

14 0:33* 0:11 0.04 

15 0:43* 0:09 0.00 

MS Weekdays SA 13 14 -0:24* 0:08 0.03 

15 -0:15 0:06 0.10 
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16 -0:33* 0:07 0.001 

14 13 0:24* 0:08 0.03 

15 0:08 0:07 1.00 

16 -0:08 0:09 1.00 

15 13 0:15 0:06 0.10 

14 -0:08 0:07 1.00 

16 -0:17 0:07 0.16 

16 13 0:33* 0:07 0.001 

14 0:08 0:09 1.00 

15 0:17 0:07 0.16 

MS Weekends SA 13 14 -0:44 0:17 0.09 

15 -0:22 0:13 0.57 

16 -0:52* 0:16 0.02 

14 13 0:44 0:17 0.09 

15 0:22 0:16 1.00 

16 -0:07 0:19 1.00 

15 13 0:22 0:13 0.57 

14 -0:22 0:16 1.00 

16 -0:29 0:15 0.43 

16 13 0:52* 0:16 0.02 

14 0:07 0:19 1.00 

15 0:29 0:15 0.43 

MSF-SC SA 13 14 -0:30* 0:09 0.02 

15 -0:17 0:07 0.10 

16 -0:38* 0:08 0.001 

14 13 0:30* 0:09 0.02 

15 0:12 0:09 1.00 

16 -0:08 0:10 1.00 

15 13 0:17 0:07 0.10 

14 -0:12 0:09 1.00 

16 -0:20 0:08 0.12 

16 13 0:38* 0:08 0.001 

14 0:08 0:10 1.00 
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15 0:20 0:08 0.12 

Published in Paciello et al., 2022.  

* p < 0.05. Mean difference in hours ± standard error.  

MS = midpoint of sleep, MSF-SC = midpoint of sleep on free days, SA = self-assessed 

sleep onset and offset times. 

3.7 Summary of results 

We examined the validity of three chronotype questionnaires by comparing them 

against actigraphy data from 55 healthy adolescents. Overall, we found good 

internal consistency as well as good convergent validity.  

Chronotype classification differed by type of questionnaire. In both classifications, 

most participants were classified as IT. No participant showed excessive daytime 

sleepiness in the PDSS questionnaire. All questionnaires showed a high level of 

reliability.  

MESSi MA subscale, CSM and rMEQ-CA scores correlated strongly with each 

other and showed weak to moderate negative correlations with the MESSi EV. 

Participants who scored higher on the MA subscale and in the CSM and rMEQ-

CA had lower PDSS scores, while EV subscale and PDSS scores were positively 

correlated. The DI subscale only correlated moderately with higher PDSS and 

weakly with lower MA subscale scores. Higher MESSi MA subscale, CSM and 

rMEQ-CA scores correlated moderately with earlier overall sleep onset times and 

earlier sleep offset times on weekends. Correlations of higher MESSi EV and 

PDSS scores with later sleep onset and offset times on weekends were weak to 

moderate. There was no significant correlation with sleep offset times on 

weekdays.  Higher MESSi MA, rMEQ-CA and CSM scores were moderately to 

strongly linked to earlier midpoints of sleep, while higher MESSi EV and PDSS 

scores weakly to moderately corresponded to later midpoints of sleep. The DI 

subscale did not correlate significantly to the midpoints of sleep.  

In correlation analyses with the activity parameters, the cosinor variable 

Acrophase showed more significant correlations to the questionnaires and sleep-

wake parameters than the non-parametric M10- and L5-midpoints. The M10-
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midpoint variables did not correlate significantly with the questionnaires or sleep-

wake parameters.   

Both chronotype classifications had a significant influence on the sleep onset and 

offset times and midpoints of sleep, except the sleep offset time on weekdays, in 

the ANOVA. Post-hoc analyses showed that MT had significantly earlier sleep 

onset times during the week than ET. Midpoints of sleep were also significantly 

earlier for MT than for ET. The number of significant differences between 

chronotype groups in post-hoc tests differed by chronotype classification. In the 

MANOVA analysis, age had a weak to moderate influence on all midpoints of 

sleep except the weekend MS of actigraphy. Older adolescents (16 years versus 

13 years) had a later actigraphic MS on weekdays, as well as a later self-

assessed MS and MSF-SC. Sex and the interaction between age and sex had 

no significant influence on questionnaire scores or the midpoints of sleep. We 

were able to determine a DLMO time point in 50 % of our subsample. Correlation 

analyses did not yield any significant results. 

4 Discussion 

Questionnaires are an efficient way to gather information on circadian preference 

in large samples. Although well established, few studies have provided objective 

validation data for the use of the rMEQ-CA, the CSM and the MESSi in 

adolescents.  

Our study objective was to validate these three chronotype questionnaires 

against actigraphy and the DLMO.  

Therefore, we examined correlations between the questionnaires, sleep-wake 

parameters and chronotype indices, such as the midpoints of sleep and the 

melatonin onset. In addition, we compared participants’ rest-activity patterns and 

sleep-wake parameters with the questionnaire scores. We also evaluated the 

influence of age and sex on the questionnaire scores and MS.  

This is, to our knowledge, the first comprehensive study to validate a set of 

chronotype questionnaires against sleep parameters determined via actigraphy. 
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Chronotype 

The CSM and the rMEQ-CA showed significant differences in classifying the 

participants into the respective chronotype groups. The rMEQ-CA-classification 

classified a higher proportion of participants as ET, while the CSM classified more 

participants as MT. This could be due to the questionnaires’ two different scoring 

approaches. The rMEQ-CA classifies by fixed cut-off points, while the CSM uses 

percentiles as relative cut-off scores.  

In an adult study, the rMEQ also identified less participants as MT and more as 

ET as compared to the CSM (Randler, 2013). The two scoring approaches don’t 

agree very well. It is debatable which type of scoring is a better reflection of the 

participants’ circadian preference or if a fixed classification into different 

chronotype groups should be used at all. This point was already highlighted by 

other researchers (Caci et al., 2009).  

Reliability 

Overall, Cronbach’s alpha showed a good internal consistency of the 

questionnaires. Alpha values regarding the MESSi subscales were very similar 

(MA 0.89, EV 0.82 and the DI 0.71) in a previous study (Weidenauer et al., 2019). 

Alpha values for the rMEQ were higher than previously stated values in an 

adolescent sample (0.54; Urbán et al., 2011) and closer to the 0.72 stated for an 

adult sample (Randler, 2013). In our sample, the CSM showed an alpha higher 

than 0.9, which can indicate a redundancy of the items in the questionnaire 

(Streiner, 2003). The CSM has already been criticized for this reason (Randler et 

al., 2016a). A 2015 review, however, found a comparatively lower alpha range of 

0.61–0.86 for the CSM in literature (Tonetti et al., 2015a).  

Correlations of the questionnaires  

The results of our correlation analyses confirmed the good convergent validity of 

the chronotype questionnaires. In a previous validation study of the MESSi in 

adolescents (Weidenauer et al., 2019), correlations between the CSM and the 

MESSi MA and the MESSi EV subscale were at 0.88 and -0.57 (N = 46), 

respectively, and therefore in a comparable range. The same study showed 
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correlations between the PDSS and the MA and EV subscale at -0.72 and 0.37 

(N = 118), respectively.  

A higher PDSS score correlated with higher EV and lower rMEQ, CSM and MA 

scores in our study. This indicates that evening-oriented participants in our 

sample experienced more daytime sleepiness. In a US-American study on high 

school students, eveningness (lower chronotype questionnaire score) and 

sleepiness were moderately associated (-0.44; Owens et al., 2016). Of note, 

chronotype and sleepiness were measured using different questionnaires as in 

our study.  

In our correlation analysis of the MESSi subscales, the DI subscale correlated 

moderately with the MA subscale and did not correlate with the EV subscale. This 

fits the hypothesis that morning-oriented adolescents show lower amplitude in 

mood and performance and, therefore, have a higher stability (Weidenauer et al., 

2019). We did not find a positive correlation between DI and EV, as seen in the 

previous validation study. 

Comparative data for correlations between the rMEQ and the MESSI subscales 

could only be found in the adult age range. In this validation study (Faßl et al., 

2019), correlations with both the MA (0.91) and the EV subscale (-0.87) were 

stronger than in our analyses.  

Similar correlations between the rMEQ and the CSM have been reported in 

German (0.89; Randler, 2013) and French university students (0.90; Caci et al., 

2009).  

Correlations with sleep-wake parameters 

The questionnaire scores correlated well with sleep onset and offset times, 

except for sleep offset times on weekdays. This was not surprising, as for most 

participants, sleep offset times on weekdays followed a fixed school schedule 

and not personal preference. Otherwise, a later sleep timing correlated with lower 

rMEQ-CA, CSM and MESSi MA scores. This shows that higher eveningness was 

associated with a later sleep-wake timing. Sleep onset and offset times were 

earlier in morning-oriented participants. The MESSi EV score correlated with 
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sleep onset and offset times on weekends, but, to our surprise, not with sleep 

onset times on weekdays.   

A study in German adolescents, which compared self-reported sleep onset and 

offset times to the CSM, also found that sleep offset timing on weekdays did not 

significantly correlate with the questionnaire score. Pearson correlations of the 

other self-reported sleep onset- and offset times yielded similar results (-0.40 

sleep onset on weekdays, -0.45 sleep onset on weekends and -0.56 sleep offset 

on weekends; N = 491; Randler, 2009). In a comprehensive validation study of 

seven chronotype questionnaires including the MEQ, rMEQ, and CSM against 

actigraphy in university students, Pearson correlations between sleep onset and 

offset times and the CSM were also significant (-0.55 and -0.57, respectively; N 

= 166; Thun et al., 2012).  Unfortunately, this study did not differentiate between 

weekday and weekend sleep onset and offset times. University students often 

follow a less fixed schedule on weekdays, in contrast to school children, where 

differentiating between work and non-work days could be more important.  

Later actigraphically measured midpoints of sleep correlated, as expected, with 

lower rMEQ-CA, CSM and MESSi MA scores. Surprisingly, the EV subscale did 

not correlate with sleep onset time on weekdays. However, it did show the 

expected correlation with MS on weekdays. This correlation was very weak 

(0.29). Our study had a rather small ET group and we might have been 

underpowered in this regard. A higher score on the EV score should reflect a 

stronger tendency towards eveningness. Our participants’ sleep timing on school 

days might have been influenced by their parents’ and not just their personal 

preference.  

Midpoints of sleep calculated from self-reported sleep onset and offset times 

correlated moderately to strongly with the midpoints of sleep calculated from 

objective data (actigraphy). This shows that the adolescents in our study were 

able to accurately estimate and report their sleep onset- and offset times when 

filling out the questionnaire.  

Correlations with activity parameters 
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We compared the chronotype questionnaires to rest-activity patterns derived 

from two different approaches, both the cosinor and the non-parametric 

approach. As chronotypes have different timings of peak performance (earlier in 

MT, later in ET) (Adan et al., 2012), we hypothesized that earlier peak activity 

would correlate with higher morningness (indicated by higher MA, rMEQ-CA and 

CSM and lower EV scores). Similarly, we expected evening-oriented adolescents 

to have later peak activity (Acrophase, M10 midpoint), as well as a later lowest 

activity (L5-midpoint).  

Rest-activity patterns’ descriptive results were of similar range as reported before 

in a normative study in children (N = 58, age 11.6 ± 3.8) (Mitchell et al., 2017). 

An earlier full-week Acrophase correlated moderately with higher MESSi MA, 

rMEQ-CA and CSM scores and with less daytime sleepiness (PDSS score). M10- 

and L5-midpoint did not correlate with the questionnaire scores. This is in line 

with the validation study of the MESSi in a university student sample (N = 97) 

(Faßl et al., 2019), in which M10 and L5 midpoint also had no significant 

correlations with the MESSi subscales. In the cited study, however, correlations 

of the full-week Acrophase with the MA and EV subscales were high (-0.71 and 

0.69, respectively), and of similar strength when separated into a weekday and 

weekend variable. This is in contrast to our results, where correlations of the full-

week variable and the MA subscale were only moderate (-0.31) and where 

correlations with the EV subscale were not significant. Furthermore, the weekday 

and weekend variables did not show significant correlations with the subscales 

at all. These differences might be explained by the larger study sample in the 

university student population.  

Overall, the cosinor variable correlated better with our questionnaires and sleep-

wake variables than the non-parametric variables indicating that in our study, the 

cosinor approach was the better fit. The cosinor model should work best in 

subjects with a circadian rhythm resembling a cosinor curve (Cornelissen, 2014).  

Correlations with DLMO 
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The correlations of the DLMO with questionnaires, sleep-wake and activity 

parameters did not yield any significant results. A previous study found significant 

correlations between the DLMO and the MEQ (-0.70), as well as with the MSF-

SC derived from another chronotype questionnaire (0.68) (Kantermann et al., 

2015). In a study in adults (N = 13), moderate to strong correlations of the DLMO 

with M10- and L5-midpoints were reported (Bonmati-Carrion et al., 2015). We 

had a very limited sample size for the correlation analyses and were probably 

underpowered. 

The average DLMO in our sample was at 20:48 ± 0:12. This is close to the 

averages stated in previous adolescent studies, which are displayed in a 

timeline (Figure 9). In the study of Crowley et al., DLMOs were stated for a 

summer (vacation) group and a school group (age 13-16, summer group N=29 

and school group N=54) (Crowley et al., 2006). The mean DLMO of both groups 

is shown in the timeline. However, as our study took place during the school 

year, our DLMO is more comparable to the school group’s average DLMO 

(20:33 ± 0:48).  

 

Figure 9. Literature values for dim light melatonin onsets in adolescents 

 (created with www.biorender.com).  

1 (Dolsen and Harvey, 2018), 10-18 yo.  
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2 (Crowley et al., 2014), ranging from 2a-2b in 11-18 yo. 2c 20:34±0:57 (15 yo), 2d 

20:50 ±0:59 (16 yo), 2e 21:27±0:49 (13 yo) 

3 (Crowley et al., 2016), 14-17 yo, 3a 2D threshold, 3b 3 pg/ml threshold, 3c 4 pg/ml 

threshold 

4 (Crowley et al., 2006), 9-17 yo.  

Red: Mean DLMO in our participants  

yo = year-olds 

Univariate analyses 

The influence of chronotype classification on sleep onset and offset times and 

midpoints of sleep was significant in every case except for sleep offset time on 

weekdays. This showed again that wake time on weekdays rather reflected social 

obligations than personal circadian timing in our participants.   

In the post-hoc analyses, the MT group had significantly earlier midpoints of sleep 

and weekday sleep onset times than the ET group in both chronotype 

classifications, as well as an earlier weekend sleep onset time in the rMEQ-

classification.  

In a study on Finnish adolescents (N=183), the MT group also had significantly 

earlier midpoints of sleep than the ET group (Merikanto et al., 2017). Thun et al. 

observed that the MT group had significantly earlier sleep onset and offset times 

than the ET group in pairwise t-tests, but did not differentiate, as described above, 

between weekdays and weekends (Thun et al., 2012).  

Multivariate analysis 

Evening preference and a delayed sleep timing seemed to be more prevalent in 

boys (i.e.,Adan and Natale, 2002, Randler, 2011), as summarized in a 

comprehensive review from 2012 (Adan et al., 2012). Several studies also found 

a shift towards eveningness during early adolescence (Roenneberg et al., 2004, 

Roenneberg et al., 2007, Randler et al., 2017). For these reasons, we examined 

the effect of age and sex on the questionnaires and the midpoints of sleep.  

In our multivariate analyses, age had a weak to moderate effect on the midpoints 

of sleep (except for the actigraphic weekend MS), but not on the questionnaires. 
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Sex did not have an effect. In post-hoc tests, the youngest age group (13 years) 

had a significantly earlier MS than the oldest age group (16 years) in all four 

examined midpoints of sleep. 16-year-olds had a later MS than every other age 

group on weekdays.  

General strengths and limitations 

A strength of our study cohort was that it had an almost even sex distribution. We 

were able to obtain data on each participant, since we had no drop outs. A 

limitation of our study were the relatively small sample sizes (N=55 and N=24  

[DLMO subgroup]). Also, self-selection bias might have played a role, as 

interested adolescents had to contact our group in order to participate in the 

study.  

Actigraphy 

We used an objective method to measure activity and sleep-wake rhythms 

(actigraphy). A potential weakness of actigraphy is that it is not able to 

differentiate between real sleep and inactive phases (Sadeh, 2011). For this 

reason, we used the sleep diary to countercheck the information.  

Our study might have been limited by the short actigraphy recording duration. 

Seven recording days are the common duration in actigraphy studies (Thun et 

al., 2012, Quante et al., 2019, Tonetti, 2007). The seven recording days could 

have been indicative of habitual sleep-wake patterns in our participants. They 

could, however, also have been externally influenced by sickness or unusual 

obligations. An example for this is that we had to discard one weekend night in 

13 participants because their sleep onset timing was influenced by the 

participation in our movie night. We tried to pay attention to potentially conflicting 

factors by including the question “Was today a normal day?” in the sleep diary. 

However, a longer study duration might have reflected habitual sleep onset- and 

offset times more accurately. In a review on actigraphy measurements, seven 

days were stated as the minimum duration of data collection. The authors 

recommended a two-week measurement if differences between weekdays and 

weekends are of interest (Meltzer et al., 2012). 
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Dim Light Melatonin Onset 

Sample collection procedures took place in a rather controlled setting, as all 

participants were seated in a dimly lit room. Our study team was present 

throughout the whole collection period and thus able to control for possible 

confounders of evening melatonin secretion, such as light exposure, posture and 

consumption of certain foods and beverages during collection (Kennaway, 2020).  

Our sample collection possibly started too late for the early sleep onset time of 

some adolescents. We were not able to determine a baseline melatonin 

concentration in our participants, as we didn’t have enough values to calculate a 

baseline average before melatonin concentration started to increase. In 8 

participants, first values were already above the threshold. According to the 

literature, the melatonin onset takes place approximately two or three hours 

before habitual bedtime (Benloucif et al., 2008). An exploratory data analysis 

showed that early sleepers in our subsample went to bed around 10:30 p.m. This 

would have resulted in an expected melatonin onset at (approximately) 7:30 to 

8:30 pm for adolescents who are habitual early sleepers. A better starting time 

for sample collection would have been 5 pm or earlier. It would have provided us 

with a baseline value of melatonin levels and would have ensured that we didn’t 

miss the early rise in melatonin concentration in some participants. Other DLMO 

studies in adolescents started sample collection at 5 hours (Crowley et al., 2006, 

Crowley et al., 2016) or 5.5 hours (Dolsen and Harvey, 2018) before habitual 

bedtime. We were not able to compare different methods of calculating the 

DLMO, as the relative methods require a baseline value. 

In our first internal laboratory analyses, concentration levels were implausibly 

high in some subjects. Nighttime melatonin concentration is highly variable in 

individuals and concentration in saliva can range from low (around 20 pg/ml) to 

very high concentration levels around 200 pg/ml (Middleton, 2013). This shows 

that the possible range for melatonin concentration is very broad. However, we 

obtained results > 300 pg/ml. Assuming that melatonin concentration in saliva is 

approximately 30 % of plasma melatonin levels (Middleton, 2013), this would 

imply a plasma melatonin concentration of 1000 pg/ml. This seemed implausibly 
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high. There are several reasons for too high results. Contamination of the saliva 

sample through traces of food or beverages in the mouth can lead to cross-

reactivities. This is also observable after the consumption of certain foods or 

medication in the days prior to sample collection (Kennaway, 2020). Participants 

were instructed not to consume certain products for a defined period of time in 

advance, but breaches in compliance to these instructions are possible. The 

additional results from an external laboratory (IBL, Hamburg, Germany) were in 

a more plausible range, while the CVs in our own analyses were too high. It was, 

therefore, more convincing that our results were due to either human technical 

error or equipment failure (i.e., pipette calibration, plate washer or photometer 

programming errors).  

The final analysis which yielded the results examined in this study took place 

externally (Bayer laboratory in Leinfelden-Echterdingen, Germany). Due to 

communication errors, samples were measured in duplicate but not on the same 

plate. This complicated using the average of these double determinations in 

subsequent calculations. This and other factors, such as the small sample size 

of calculatable DLMOs, mean that results obtained from our statistical analysis 

using the DLMOs should be regarded with caution.  

Conclusion and Outlook 

Overall, we were able to successfully validate three chronotype questionnaires 

against an objective method of sleep assessment, namely actigraphy, in a group 

of healthy adolescents. We could show that stronger evening preference 

corresponded to later sleep-wake timing and midpoints of sleep, while morning 

preference was associated with earlier sleep-wake rhythms. To our knowledge, 

this was the first comprehensive study that validated multiple questionnaires 

against actigraphy in this age group. Actigraphy was a suitable tool for different 

chronotype dimensions of the questionnaires (rMEQ-CA, CSM, MA and EV 

subscale). We did not, however, use the right tools to validate the DI subscale of 

the MESSi. The DI subscale is an indicator of the (in)stability of mood and 

performance during the day. Therefore, this subscale is independent of the 

dimensions measured in the MA and EV subscales (Randler et al., 2016a). This 



72 
 

is why, in contrast to the other two subscales, the DI dimension cannot be 

validated by being correlated with sleep-wake patterns. Morning-oriented people 

possibly show higher stability (Weidenauer et al., 2019). The DI subscale should 

be examined with more adequate tools in future adolescent studies, for example 

by testing its convergent validity against the distinctness/amplitude dimensions in 

other chronotype questionnaires.  

Overall, the questionnaires showed good internal consistency and good 

convergent validity. 

We were not able to validate the questionnaires against the DLMO and discussed 

several possible reasons why this has failed. It would have been interesting to 

further investigate how much the results of different means of DLMO estimation 

differ from each other and how this variation impacts accurate phase estimation 

in adolescents, where samples sizes are often rather small due to the required 

parental agreement. DLMO is considered the gold standard for measuring 

circadian rhythms (Reid, 2019). This makes improving the accuracy and 

comparability of the results an important objective for further research.  
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5 Summary (English and German) 

5.1 Summary  

Chronotype and diurnal preferences have consistently been shown to influence 

academic performance and many health-related issues and behaviors. A 

fundamental understanding of the impact of circadian timing is crucial for acting 

adequately on these findings. Large epidemiologic studies are required to obtain 

the necessary information. In order to conduct these studies, valid and reliable 

instruments are needed. Unfortunately, there are few known validation studies 

against objective measures in the adolescent age group even for widely used and 

well-known questionnaires such as the rMEQ-CA and the CSM. Our study was 

the first validation study of the MESSi in adolescents against an objective 

instrument. 

At total of 55 healthy 13- to 16-year-olds completed the MESSi, rMEQ-CA and 

CSM and provided information about their sleep-wake rhythm through a 7-day 

actigraphy monitoring and a sleep diary. Participants also completed the pediatric 

daytime sleepiness scale (PDSS). We examined correlations between sleep-

wake and activity parameters and the questionnaires and analyzed the influence 

of chronotype classification on sleep-wake parameters, age and sex using uni- 

and multivariate analyses. We measured the evening rise in melatonin 

concentration in 24 adolescents and examined correlations with the 

questionnaires.  

The questionnaires had good internal consistency and convergent validity. 

Spearman correlations revealed earlier sleep onset and offset times and 

midpoints of sleep in more morning-oriented participants and later respective 

timings in participants with a stronger evening orientation. Due to technical 

problems, we were underpowered and could not examine correlations of the 

DLMO with the questionnaires. The cosinor activity parameter Acrophase 

showed stronger correlations with questionnaire scores and sleep onset and 

offset times than comparative non-parametric parameters. Chronotype 

classification differed significantly between questionnaires. Age and sex had no 

significant influence on questionnaire scores.  
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5.2 Zusammenfassung 

In der aktuellen Literatur wurde bereits mehrfach ein Einfluss des Chronotyps 

und der Tagespräferenzen auf akademische Leistungen, gesundheitliche 

Probleme und gesundheitsspezifische Verhaltensweisen bei Jugendlichen 

nachgewiesen. Um auf diese Ergebnisse adäquat reagieren zu können, ist ein 

grundlegendes Verständnis des Einflusses des individuellen zirkadianen Timings 

essenziell. Es sind valide und reliable Messinstrumente erforderlich, um die 

nötigen Daten im Rahmen von epidemiologischen Studien erheben zu können. 

Leider sind selbst für sehr häufig verwendete Fragebögen wie den CSM und den 

rMEQ-CA nur wenige Validierungsstudien bei Jugendlichen bekannt. Die hier 

vorliegende Dissertation ist die erste Validierungsstudie des MESSi gegen 

andere objektive Messinstrumente im Jugendalter.  

Insgesamt füllten 55 gesunde Jugendliche im Alter von 13 bis 16 Jahren den 

MESSi, den CSM und den rMEQ-CA aus. Eine siebentägige Aktigraphiemessung 

und das Ausfüllen eines Schlaftagebuchs gaben Aufschluss über den Schlaf-

Wach-Rhythmus der Probanden. Ebenso füllten die Jugendlichen den PDSS, 

einen Tagesschläfrigkeits-Fragebogen, aus. Wir untersuchten die Korrelationen 

zwischen den Fragebögen und Schlaf-Wach- und Aktivitätsparametern und 

analysierten den Einfluss des Chronotyps auf Schlaf-Wach-Rhythmen, Alter und 

Geschlecht in uni- und multivariaten Analysen. Wir versuchten den abendlichen 

Anstieg der Melatoninkonzentration bei 24 Jugendlichen zu bestimmen, um 

dessen Korrelation mit den Fragebögen zu analysieren. Aufgrund technischer 

Probleme war diese Analyse leider underpowert.   

Die Fragebögen zeigten eine gute interne Konsistenz und konvergente Validität. 

In den Spearman-Korrelationen zeigten sich frühere Schlaf- und Wachzeiten und 

Schlafmittelpunkte bei morgenorientierten Teilnehmern und jeweilig spätere 

Zeitpunkte bei abendorientierten Jugendlichen. Der Kosinor-Aktivitätsparameter 

Acrophase zeigte stärkere Korrelationen mit den Fragebögen und Schlaf-Wach-

Parametern als die entsprechenden non-parametrischen Variablen. Die 

Chronotypklassifizierung unterschied sich zwischen den Fragenbögen. Alter und 

Geschlecht hatten keinen signifikanten Einfluss auf die erreichte Punktzahl in den 

Fragebögen.  
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10 Appendix:  

10.1 Tables of non-significant results 

Table S1. Spearman correlations of M10 midpoint with the questionnaires 

and sleep-wake parameters. 

 M10 Whole 

Week hrs 

M10 Weekdays 

hrs 

M10 

Weekends hrs 

MESSi MA -0.13a -0.08 a -0.02 a 

MESSi EV -0.04 a -0.07 a 0.04 a 

MESSi DI 0.09 a -0.16 a 0.17 a 

rMEQ-CA -0.06 d -0.01 d -0.10 d 

CSM -0.14 d -0.08 d -0.10 d 

PDSS 0.17 a 0.14 a 0.14 a 

Sleep onset time 

Weekdays 

0.20 a 0.19 a 0.04 a 

Sleep offset time 

Weekdays 

0.02 a 0.04 a 0.06 a 

Sleep onset time 

Weekends 

0.23 b 0.19 b 0.17 b 

Sleep offset time 

Weekends 

0.11 b 0.10 b 0.03 b 

MS Weekdays 

Actigraphy 

0.19 a 0.19 a 0.02 a 

MS Weekends 

Actigraphy 

0.24 b 0.21 b 0.18 b 
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MS Weekdays SA 0.16 c 0.13 c 0.04 c 

MS Weekends SA 0.07 b 0.08 b 0.02 b 

MSF-SC SA 0.17 c 0.14 c 0.01 c 

a N = 52, b N = 51, c N = 50, d N = 49, * p < 0.05.  

CSM=Composite Scale of Morningness, DI = Distinctness/Amplitude subscale, EV = 

Evening affect subscale, Hrs = hours, MA = Morrning affect subscale, 

MESSi=Morningness-Eveningness-Stability-Scale, MS = midpoint of sleep, MSF-SC = 

midpoint of sleep on free days, PDSS = Pediatric Daytime Sleepiness Scale, rMEQ-

CA= Reduced Morningness-Eveningness Questionnaire for Children and Adolescents, 

SA = self-assessed sleep onset and offset times. 

 

Table S2. Spearman correlations of the Dim Light Melatonin Onset with 

questionnaire scores and sleep-wake parameters 

 DLMO 

MESSi MA -0.14 

MESSi EV 0.15 

MESSi DI 0.32 

rMEQ-CA -0.08 

CSM -0.23 

PDSS 0.05 

Sleep onset time 

Weekdays  

-0.01 

Sleep offset time 

Weekdays 

0.21 

Sleep onset time 

Weekends 

-0.38 

Sleep offset time 

Weekends 

0.22 
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MSF-SC SA -0.46 

N = 12, * p < 0.05.  

CSM=Composite Scale of Morningness, DI = Distinctness/Amplitude subscale, DLMO 

= Dim light melatonin onset, EV = Evening affect subscale, Hrs = hours, MA = Morrning 

affect subscale, MESSi=Morningness-Eveningness-Stability-Scale, MS = midpoint of 

sleep, MSF-SC = midpoint of sleep on free days, PDSS = Pediatric Daytime 

Sleepiness Scale, rMEQ-CA= Reduced Morningness-Eveningness Questionnaire for 

Children and Adolescents, SA = self-assessed sleep onset and offset times 
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10.2 Declarations of consent / Recruitment 

Declarations of consent: Parents  
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Declarations of consent: Adolescents 
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Data consent 
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Recruitment Flyer 
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10.3 Questionnaires 

Morningness-Eveningness Stability Scale (improved; MESSi) (Randler et al., 

2016a) and self-assessed habitual sleep onset and offset times  
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Reduced Morningness-Eveningness Questionnaire for Children and 

Adolescents (rMEQ-CA) (Randler, 2013), adapted for adolescents in this study 

(2018) 
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Composite Scale of Morningness (CSM), German version (Randler, 2007) 
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Pediatric Daytime Sleepiness Scale (PDSS) (Drake et al., 2003), German 

version (Schneider and Randler, 2009) 
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Sleep diary (Paciello et al., 2019), adapted for this study (2018) 

 


