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Abstract: The aim of this study was to evaluate the association between chronotype, stress,
sleep and social jetlag (SJL) in Bulgarian sports students. In total, 29 male and female
university students were surveyed using the Horne-Ostberg morningness-eveningness
questionnaire, smart watch for measuring the peripheral skin temperature, perceived stress
scale (PSS), Pittsburgh sleep quality index (PSQI) and a self-report questionnaire to determine
SJL. It was determined that 2 students were morning type (MT), 7 were evening type (ET) and
20 were intermediate type (IT). Temperature measurements confirmed that. Mann-Whitney
U test showed an association between stress scores and gender groups, PSQI scores showed
association with PSS groups, chronotype and SJL. Females were more stressed than males.
Students with high SJL levels (n = 7) were ET (n =5). In our sample ET (n = 7) were more
than MT (n = 2). Usually athletes tend to be MT. Age has a great influence in chronotype
expression. ET perceived more stress and experienced more frequent daytime dysfunction than
MT and IT. Collectively, these results suggest that stress levels are higher when imbalance
exists between more than one circadian rhythm disruption indicators. Also training schedules
should be arranged when taking into account circadian preferences.
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Introduction

The importance of circadian rhythms and sleep in maintaining our physiological and
biochemical processes, and achieving optimal cognitive and physical performance continues to
emerge [14]. This relationship is particularly important for sports students. They are in a stage
when they exhibit different patterns of sleep and circadian timing such as shorter sleep duration,
late chronotype, and high levels of social jetlag (SJL). Sleep-wake cycle is governed by the
interaction of two systems — circadian and sleep. In modern society, sleep is influenced by social
cues. There may be differences in the sleep and functioning at different times of the day
depending on the individual circadian clock. These differences are called chronotype or
circadian typology [1]. There are three groups of chronotypes — morning type (MT),
intermediate type (IT), and evening type (ET) [15]. Chronotypes differ in their circadian
function from either biological parameter (e.g., sleep-wake, body temperature, melatonin,
and cortisol) or cognitive performance (e.g., attention, memory, executive functions) [2].
A non-invasive method to confirm the chronotype results from morningness-eveningness
questionnaire (MEQ) is to measure skin temperature, the rhythm of which is known to be
correlated to the core body temperature (CBT) rhythm with a measured phase occurring slightly
earlier than the CBT minimum [12]. During the onset of sleep, there is an increase of distal skin
temperature (e.g., hands) triggered by increased skin blood flow and resulting in heat loss,
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which downregulates CBT. It was proposed that the onset of melatonin secretion in the late
evening may act as a modulator of vascular tone, leading to changes in distal temperature then
fall of CBT [10]. Skin temperature is easily recorded in humans using wireless data loggers
[7, 16]. Under a day-oriented schedule, distal temperature rhythms are inverted compared with
the CBT rhythm, and display higher amplitude when measured in either controlled
(e.g., circadian rhythms) or field conditions [11, 12]. ET have higher skin temperature in the
early morning than MT because they go to bed later. And because of that ET has been related
to a number of health problems. These health issues are often connected with the “time lag”
between the circadian clock and the social clock. The SJL measures the inconsistency between
circadian and social clock which often leads to a chronic sleep loss [18]. MT, on the contrary,
tend to develop sleep debt during the weekend [20]. Although the negative effects of SIL and
stress on people are known, this is somehow inevitable for athletes who simultaneously hold
the role of a student. They experience a lot of additional demands that may disturb their
sleep-wake rhythm [13]. SJL can be a chronic condition and a reason for high stress levels [19].
Chronotype can influence both the severity of SIL and the susceptibility to stress. Therefore,
it is important to adapt students’ chronotype regarding SJL and to develop specific schedules
for promoting sleep quality. The aim of this paper was to explore the relationship between
chronotype, perceived stress, sleep quality and social jetlag in university athletes.

Materials and methods

Participants

The study was conducted from April to May 2024 in the laboratory of the Department of
Physiology and Biochemistry at National Sports Academy “Vasil Levski”, Sofia, Bulgaria in
accordance with the research ethical code of the University. Participants from different sports
were screened for eligibility and informed consent was taken. The subjects included in this
study were between 19 and 23 years old. Total of 40 students were screened based on inclusion
criteria and 29 students fulfilled them. The inclusion criteria were: age of 19-25 years,
good health (no drugs used 2 months prior the measurements), not taking night shifts and
submission of all tests and measurements.

Measures

The subjects were examined for the inclusion criteria and baseline data. Demographic and
anthropometric data of the participants were collected — height (in centimeters) and body mass
(in kilograms). The participants who met the inclusion requirements completed the
questionnaire for morningness-eveningness circadian rhythms [8]. Then skin temperature
(wrist temperature) was measured to confirm the results from MEQ. All 29 subjects completed
and the perceived stress scale (PSS) [6]; Pittsburgh sleep quality index (PSQI) [5] and
self-report questionnaire (SRQ) to determine SJL status.

MEQ [8] comprises 19 items, with usually 4 or 5 answers that are scored from 1 to 4 or 5 points.
The higher scores, the more intense the morningness preference. The total scores range from
16 (definite ET) to 86 (definite MT). The MEQ is a reliable instrument for chronotype
assessment (with Cronbach’s alpha («), value of 0.75).

Peripheral skin temperature was assessed two times per day in one day at the wrist on the
nondominant hand. Temperature measurements were done by a wristband (A series smart
bracelet V0338, China). The accuracy of the measurements is + 0.10 °C. The detection range is
noncontact type, 2 cm to the object for most accurate measuring.
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Perceived stress was assessed by the PSS [6]. It is a 10 item scale that evaluates the intensity of
perceived stress during the previous month. The responses are given on a 5 point Likert-type
scale. The total scores range from 0 (no stress) to 40 points (extreme stress).

PSQI [5] was developed in 1989. It assesses sleep quality over a one month time interval.
The questionnaire includes 19 items (4 of them are descriptive, and the remaining 15 are
weighted on 0-3 scale) that allow distinguishing 7 components that are summed to produce
a global score (range from 0 to 21 where higher scores indicate lower sleep quality).
Results above 5 indicate “poor sleep”. In this study, the cut-off criteria for “low sleep” quality
were set at 6 or more points. The originally reported Cronbach’s alpha (a) in [5] was 0.83.

Procedure

Before the start of the activities, the participants of the study were informed about the aim of
the research. Following ethical principles of academic research, each participant was assured
that could resign from further participation at any stage of the study and that the collected data
would be used for scientific purposes only. The participants individually filled out a set of
questionnaires, and each received detailed feedback on the results obtained. Then a single
measurement of wrist temperature was conducted with a smart watch twice per day.

Statistical analyses

All analysis were executed using software platform SPSS for Windows (IBM® SPSS®
Statistics V19, statistical package for the social sciences). Data gathered in the study were
normally distributed. The comparison between the student athlete groups in accordance with
MEQ and PSS were conducted by employing T-test, Kruskal-Wallis H test and Mann-Whitney
U test. The statistical significance was set at p <0.05. The effect size was measured with
eta-squared test (»?). Variables that were statistically significant (p < 0.05) were included in
the results.

Results and discussion

Participant characteristics

The general characteristics of the participants are presented in Table 1. The mean age of all
subjects was 21 +0.8. The mean weight and body mass index were statistically significant
according to gender. The mean chronotype scores of all participants was 46.3+7,
which indicates IT. Definite MT and definite ET are not presented in our sample.
Individuals defined as ET were seven — more than those two assigned as MT. The wrist
temperature measurements confirmed the expressed chronotype from MEQ. Mean scores from
PSS was 20 and shows moderate levels of stress. We did not find association between
PSS scores and chronotype. Mean PSQI scores was 6.1 which indicates sleep loss. Our results
showed that there is association between PSQI scores and stress groups, but no association with
chronotype. We also used a SRQ to determine the difference between sleep hours in free days
and work days and our sample was divided into 3 groups: no SJL (< 1 h/week), moderate SJL
(1-2 h/week) and high SJIL (> 2 h/week). Then it was found that there is association between
SJL groups and scores of MEQ and PSQI. However, there was no connection between SJL and
PSS scores.
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Table 1. General characteristics of the participants divided by subgroups.

The data are presented as mean + standard deviation (SD),

(*) indicates statistical significance (p < 0.05)

Characteristics
Groups Nurr_1pers of Age, Body mass, Height, Boi%gl(?ss
participants | [years] [ko] [cm] [kg/m?]

Gender
Male 16 21+10 | 735+49 | 178.0+6.3 23.2+15
Female 13 20+06 | 57.8+8.7 | 167.8+4.3 205+24
P > 0.05 0.04* > 0.05 0.03*
Chronotype
MT 2 21+0.7 | 59.0+2.8 | 168.0+2.8 209+1.6
IT 20 21+09 | 68.3+11.1 | 1740+7.0 223+24
ET 7 20+04 | 63.5+10.0 | 1725+8.2 21.2+2.2
P > 0.05 >0.05 > 0.05 > 0.05
Stress level
High 4 2005 | 65.6+7.6 | 175.0+7.5 21.1+£2.2
Moderate 19 21+0.9 | 68.0+10.0 | 174.0+7.1 224+23
Low 6 21+05 | 60.0+£12.9 | 167.1+7.6 21.1+3.0
P > 0.05 > 0.05 > 0.05 > 0.05

Social jetlag, sleep, stress and chronotype

Kruskal-Wallis H test showed that chronotype scores had strong association with SJL groups
(¢ (2) = 14.8, p = 0.001). The within group comparison of the three chronotypes was done with
Mann-Whitney U test, which revealed that ET subjects were with higher levels of SIL compared
to IT and MT. Kruskal-Wallis H test failed to represent that PSQI scores had association with
SJL groups and with chronotype. But Mann-Whitney U test showed that there is association
between PSQI scores and SJL groups (moderate SJL — high, p = 0.05). Then we examined the
PSQI subgroups (use of sleep medications, daytime dysfunction, sleep efficiency and sleep
disturbance). It was found that all SJL groups had reported daytime dysfunction (p = 0.05) and
MT had better sleep efficiency than IT (p = 0.04). The results are presented in Table 2.

Our results revealed the relationship between PSQI subgroups and stress, as well. When we
examined the relationship between PSQI subgroups and stress, with Mann-Whitney U test,
the results exposed that:
e subjects with high stress reported sleep quality problems more often than those with
moderate stress (p = 0.05);
¢ subjects with moderate stress reported sleep disturbance more often than those with low
stress (p = 0.03).
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Table 2. Comparison of SJL groups by MEQ and PSQI scores.
The data are presented as mean + standard deviation (SD),

(*) indicates statistical significance (p < 0.05)

o MEQ scores by SJL groups
Participants: -
Chronotype | total number out of 29, NoSJL  |Moderate SJL | High SJL
n [%6] total n =9, total n = 13, totaln=7, | p-value
n [%0] n [%] n [%]
2 2
i [6.9] [52.9 £ 5.3] - - -
T 20 7 11 2 B
[69.0] [46.8+57] | [48.0+57] | [43.0+8.0]
T 7 B 2 5 B
[24.0] [37.1+80] | [26.0+4.0]
value B 0.03* 0.005* 0.001* <0.001*
P [1:2] [2:3] [1:3] all)
PSQI 29 Mean+SD p-value
scores [100] 57+23 55+ 15 7.8+29 0.05*

All participants (n = 29) completed the MEQ. The mean MEQ score was 46.3+7. According to
the mean scores from MEQ there was no difference in chronotype distribution when comparing
participants by age and by level of physical activity. This finding was most likely due to the
relatively small sample size. Surprisingly, in our sample there were more ET (n = 7) than MT
(n=2). And ET females (n = 3) were more than MT females (n = 2). One reason may have
been the age of the subjects (mean age for females 20). Women (in their early 20’s) have body
clocks that are delayed, with the delay reaching its peak at around the age of 20 years
(i.e., they manifest a late chronotype) [9]. In previous study we found that chronotype and
perceived stress are strongly related (> = 0.302; ET had higher stress scores than IT and MT)
[22]. But, interestingly, in the present study there was no association found. This may be due to
small sample size, expressed IT and moderate levels of stress in the sample.

The main purpose of the presented study was to examine how sleep, chronotype and stress could
be interrelated in Bulgarian sport students. Our results showed that sleep is associated with
stress, chronotype and SJL (»? = 0.166). Sleep efficiency, use of sleep medications and daytime
dysfunction scores as well as total sleep quality scores of IT individuals and ET individuals
were found to be significantly higher than MT (p < 0.05). Similar to our findings was the results
in [21]. Also, females (n=15) experienced more often sleep disturbances, like daytime
dysfunction, than males (n=0) and more often consumed sleep medications. That is in
accordance with [4]. Our study results showed issues with the sleep efficiency (time spent
sleeping) according to chronotype (in IT compared to MT, p = 0.04) and sleep quality according
to stress (in moderate stressed subjects compared to low stressed subjects (p = 0.03)). Authors
in [13] reported that the perceived stress (measured by a questionnaire and related to everyday
life) is a significant mediator in the relation between the chronotype and sleep quality
(partial mediation), which means that perceived stress can further aggravate sleep problems that
arise from the chronotype of an individual. We found a connection between daytime
dysfunction and stress, and between daytime dysfunction and SJL in our sample.
These negative effects over the sleep quality of sports students are, probably, due to frequent
changes of beds, bedrooms, nosy environment, when there are many people sleeping in the
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same room [17]. Also our results may be due to the fact that classes usually start early in the
morning, which may be a reason for a greater perception of stress among students, especially
when they were assigned with ET. This was supported by the results in [3].

A questionnaires, although a subjective method, is useful, inexpensive and suitably informative
for a general assessment of a group’s chronotype, perceived stress and sleep quality.

Limitations

The presented results should be approached with some caution. It is mainly due to the small
number of MT individuals and that we did not examine in which phase of the menstrual cycle
the females were. Yet, perceived stress and sleep were assessed solely on the basis of
self-description, and future research should take into account its biological markers,
e.g. hormone levels.

Conclusion

Students with an evening type had higher levels of social jetlag than morning type and
intermediate type. Because of that, they find it difficult to actively participate in morning
activities. We believe that determination of an athlete’s chronotype through a questionnaire
should be done in any case, if possible and that effective coping with stress may be a buffer to
help reduce sleep problems. Measurements of peripheral skin temperature, done by a wristband,
are suitably informative and useful methods to verify the results from subjective methods for
assessing chronotype.
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