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Introduction 
Sleep is a key element of our everyday functioning, which must be valued throughout 
one`s life to maintain good health and stamina. The timing of work and other aspects of 
work organisation and health can affect an individual's sleep patterns and overall quality 
of life. In today’s society, more and more people are working at an inappropriate time 
for their health (Saulle et al., 2018). According to evidence, shifts and night work 
arrangements threaten sleep and health (Costa, 1996; Kantermann et al., 2010; Ohayon 
et al., 2010; Karhula et al., 2013) while Åkerstedt (2003), for example, reports that it is 
not entirely clear that shift work, which has lasted for a long time, causes sleep problems. 
The usual `nine-to-five` schedule disregards the needs of individual employees, which 
may result in a productivity decrease, including among creative research and 
development (R&D) employees (Ruubel and Hazak, 2018). 

Chronotype characterises an individual’s daily activity period preference. People are 
divided into morning-, neither- or evening-type based on their sleep, work, eating, or 
spending their free time according to their inherent circadian rhythms (Adan et al., 2012; 
Roenneberg, 2012); but all the three types often have to work with similar schedules. 
Approximately 60% of individuals are neither-type while approximately 40% belong to 
morning- or evening-type (Roenneberg, 2012; Fisher et al., 2017), which highlights the 
extent of the sleep and work schedule mismatch. The morning- and evening-types might 
work at an unfitting time considering their performance and health. This motivated the 
studies in the two papers underlying this thesis to investigate which types of employees 
feel that work constrains their sleep habits and whether the arrangement of work  
(e.g. flexibility in working time, possibilities for distance work, proportion of creative 
work) has an impact on how much work limits the sleep habits (Publication I), and 
whether chronotype limits the employment options of an individual (Publication II).  
The timing and location of work and other aspects of how work is organised may have a 
strong effect on sleep habits and overall wellbeing for employees, and chronotype, in 
turn, may affect the employment options of people. 

Sleep medicine is a rather new discipline. While many individuals do not realise that 
they might have any sleep problems, latest research has demonstrated an increase of 
insomnia, sleep-disordered breathing and other sleep disorders (Hillman and Lack, 2013; 
Punjabi, 2008). A person may not suspect himself of a prolonged sleep disorder and 
probably does not know how important sleep quality is for good health and work ability. 
There are numerous diagnostic methods available to diagnose sleep disordered 
breathing (SDB) and other sleep disorders. A key sensor for evaluation of respiratory 
events in sleep studies (e.g. polysomnography) is pulse oximetry. This is a simple method 
for screening hypoxaemia, sleep apnea and other SDB. Some of the occupations in which 
sleep related problems require closer attention are, for example, rescue workers, law 
enforcement officers, soldiers, construction workers, and drivers. It would be highly 
beneficial to validate their health status prior to work permission, but validation in 
clinical surroundings is cumbersome and expensive. While usage of wearable pulse 
oximeters enables generally sleep study at home during normal night sleep, any 
manipulation of the results has to be excluded. For example, in everyday work of the 
author of the thesis as a pulmonologist, situations where a patient has given the 
diagnostic device to a third person have been met. This motivates the invention 
(Publication III) on the description of a method and device for personalised pulse 
oximetry of a patient to investigate the sleep apnea syndrome wherein a wearable pulse 
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oximeter supplied for the patient for home use sleep study is able to identify whether 
the device is used by a third person during the period or not. After the implementation 
of the European Union directive 2014/85/EU on driver licensing in obstructive sleep 
apnea, the risk of manipulations of pulse oximetry results is particularly high in 
commercial drivers. 

The hypotheses of the thesis and the consequent aim of the publications is outlined 
in Section 1.7. The novelty of the research presented in this thesis is reflected in a unique 
study how the chronotype may impact employment options in R&D jobs. Second, the 
author of the thesis and her colleagues invented a method and a device for individual 
identification during pulse oximetry and related sleep studies. 

For Publications I and II, the data collected via a repeated questionnaire study of 
Estonian creative researchers and development workers was used. This is a specific type 
of employees whose work outcome is strongly determined by the creative capacity of 
the employee and driven by how rested the person is. The morningness-eveningness 
type of a creative R&D employee may limit their employment options as well as impact 
the effects of work arrangements on their sleep. For the quantitative statistical analysis, 
ordinary least squares (OLS) regressions, ordered probit regressions and recursive 
structural equation modelling (SEM) estimates have been used. These pilot studies seek 
to contribute to the investigation of the underlying matters but warrant future studies 
to gather further evidence. 

The publications and the invention have been presented at the European Sleep 
Research Congresses (Tallinn, 2014 and Basel, 2018), the Nordic Sleep Conference 
(Gothenburg, 2015), the Global Conference on Business and Finance (San Jose, 2018) and 
at Tallinn University of Technology research seminars. The author of the thesis has been 
the National Representative as Study Collaborator in the European Sleep Research 
Society’s projects “Wake Up Bus” (2015) and “Variability in recording and scoring of 
respiratory events during sleep in Europe: a need for uniform standards” (2016).  
The author of the thesis is currently leader of the working group of the projects  
“First-line diagnostic guidelines of sleep disorders among adults” (2019) and “Estonian 
eHealth for screening obstructive sleep apnea among drivers” (2019), strongly related to 
the topic areas of this thesis. 

The following sections of the thesis outline the physiological background to sleep, 
circadian rhythm regulation and chronotype. A discussion of the linkages between the 
chronotype and work arrangements follows, and an overview of sleep disorders and 
circadian rhythm disorders that may influence our everyday life and work arrangements 
is provided. The thesis provides an overview of pulse oximetry and its technical aspects, 
as pulse oximetry is an important channel in most diagnostic methods to evaluate 
hypoxaemia and SDB. The aim, data, methods and key results from the studies underlying 
the doctoral thesis are discussed along with implications for practice and policy 
suggestions. 
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Abbreviations 
AASM  American Academy of Sleep Medicine 
AHI  apnea-hypopnea index 
ASPS  advanced sleep phase syndrome 
BMI  body mass index 
DSPS  delayed sleep phase syndrome 
EDS  excessive daytime sleepiness 
EEG  electroencephalography 
EHIS  Estonian nation-wide Health Information System 
EMG  electromyography 
EOG  electrooculography 
ESS  Epworth Sleepiness Scale 
FRD  free-running circadian disorder 
Hb  deoxygenated hemoglobin 
HbO  oxygenated hemoglobin 
HC  Health Certificate 
ICSD  International Classification of Sleep Disorders 
ISWS  irregular sleep/wake syndrome 
JLD  jet lag disorder 
LEDs  light emitting diodes 
MCTQ  Munich Chronotype Questionnaire 
MEQ (meq) Morningness-Eveningness Questionnaire 
MSLT  Multiple Sleep Latency Test 
MSFWe  mid-sleep on weekends 
MWT  Maintenance of Wakefulness Test 
NREM  non-rapid eye movement sleep 
ODI  oxyhemoglobin desaturation index (i.e. oxygen desaturation index) 
OLS  ordinary least squares 
OSA  obstructive sleep apnea 
PSG  polysomnography 
REM  rapid-eye movement sleep 
R&D  research and development 
SaO₂  arterial oxygen saturation 
SD  standard deviation 
SEM  structural equation modelling 
SDB  sleep disordered breathing 
SO₂  oxygen saturation 
SpO₂  peripheral oxygen saturation 
SRBD  sleep-related breathing disorder 
SWD  shift-work disorder 
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Terms 
Apnea The cessation of breathing 

Apnea-hypopnea index Number of apnea and hypopnea events per hour 
during sleep 

Chronotype A feature that characterises an individual's daily 
activity period preference with preferred creative 
time 

Eveningness The characteristic of being most active and alert 
during the evening; being a “night owl” or “evening 
person” 

Morningness  The characteristic of being most active and alert 
during the morning; being a “lark” or a “morning 
person” 

Oxygen desaturation Decrease in oxyhemoglobin saturation; mainly due to 
an apnea or hypopnea; a measure of severity of 
respiratory failure 

Oxygen saturation Blood oxygen level; share of oxygen-saturated 
hemoglobin out of total hemoglobin (saturated plus 
unsaturated) in the blood 
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1 Background and Literature 

1.1 Sleep Regulation and Physiology 
Our knowledge of sleep has advanced considerably during the past centuries. Sleep has 
restorative and modulating effects (Horne, 1998), which are important, for example, for 
growing and immune function, as well as for glucose level and cardiovascular control (van 
Cauter et al., 2008). 

The implications of sleep for memory and cognitive function have attracted 
considerable research attention. Restrictions to sleep may bring along dysfunction of 
memory (Strickgold, 1998; Gais and Born, 2004). Inadequate quality of sleep and 
deficient sleep time may reduce concentration ability and cognition (van Dongen et al., 
2003). In addition, sleep deprivation is one of the largest epidemic conditions in 
industrialised nations (Hillman and Lack, 2013). 

The sleep and wake cycle is regulated by two opposing processes, circadian rhythm 
(known as process C) and homeostatic drive to sleep (known as process S).  
The neurologist von Economo described the regulating regions of sleep and wakefulness 
of the brain in his work on encephalitis lethargica in 1916 (Triarhou, 2006). The circadian 
rhythm is set in the hypothalamus through the suprachiasmatic nucleus that regulates 
the sleep-wake cycle (Saper et al., 2005). Sleep is highly determined by hypothalamic 
activity, γ-aminobutyric acid (GABA) and galanin (Steiger and Holsboer, 1997). Light 
enters the body through the retina and the suprachiasmatic nucleus work is synchronised 
with melatonin, melanopsin and cryptochrome receptors (Nakamura et al., 2011).  
The suprachiasmatic nucleus projects melatonin to the pineal gland, which promotes 
sleep. Light inhibits the release of melatonin from the pineal gland and thus affects the 
circadian cycle. However, the homeostatic process leads to somnolence, and it depends 
on sleep and wake regimen (Borbely, 1982; Borbely, 2009; Bassetti et al., 2014). Both the 
homeostatic and circadian regulation of sleep are important for daily functioning and 
safety, as well as for working capacity. Deterioration of the homeostatic regulation of 
sleep leads to a decrease in performance, judgment and alertness (Williamson et al., 
2011). 

A special form of sleep is microsleep. Microsleep is characterised by a short episode 
of mild sleep. Microsleep can occur in all people, especially during monotonous 
situations during the day. 

1.2 Chronotype and Sleep 
Human sleep and wakefulness are divided into a 24-hour period and controlled by 
biological rhythms. People are active during daytime, and at night time they are less 
active, because night hours are necessary for rest. Nathaniel Kleitman (born 1939) was 
the first to summarise the existing knowledge of sleep, and propose the basic sleep and 
wakefulness cycle (Kryger et al., 2014). Timing and total amount of sleep are determined 
by several factors, including environmental factors, endogenous circadian rhythms and 
time awake. Chronotype is individual and can be divided into eveningness (delayed sleep 
period) – approximately 22% of the population, morningness (advanced sleep period) – 
approximately 24%, and neither-type – approximately 54% (Adan and Almirall, 1991 and 
Randler, 2013). Recently it has been discovered that circadian rhythms have a genetic 
background (Kalmbach et al., 2017; reference should be made to 2017 Nobel Prize 
winners J. Hall, M. Rosbash and M. Young), and various personal and environmental 
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features may also play a role in chronotype formation (Kerkhof, 1985; Adan et al., 2012). 
Roenneberg et al. (2007) found that endogenous regulation of biological clock is different 
for morning- and evening-types. Lack et al. (2009) have found that evening-types tend to 
wake up 3 hours after morning-type people and evening-time people go to bed around 
two hours later than morning-types. The same was confirmed by Horne and Östberg 
(1976) who demonstrated earlier peak hours of morning-types. The sleep-wake rhythm 
correlates with changes in melatonin and cortisol levels (Zavada et al., 2005), while 
Gigertini et al. (1999) have identified a link between melatonin and circadian rhythm. 
Roenneberg et al. (2004) studied a large cohort with objectively measured activity and 
rest and found that sleep timing and duration are generally independent but depending 
on the chronotype, some people sleep longer on weekends. In addition, chronotype is 
both age (Roenneberg et al., 2004) and gender dependent (Roenneberg et al., 2007). 
Cross-sectional studies showed that chronotype changes towards a morningness type 
orientation with advancing age (Monk and Buysse, 2014). Another population-based 
study among adults in Finland showed that the proportion of early chronotypes 
increased with age (Merikanto et al., 2015). Fisher et al. (2017) in their twelve-year study 
conducted in the USA found that men are usually later chronotypes than women before 
the age of 40. For non-standard types, either morningness or “lark” and eveningness or 
“night owl”, it is more difficult to adapt to daily social and working life. Evening types are 
more prone to psychological and psychosomatic disorders (Randler, 2008) and 
depression (Merikanto et al., 2013). Keeping the sleep time of an individual in alignment 
with chronotype can therefore potentially reduce safety and health risks. 

1.3 Chronotype and Work 
As society evolves, more and more people are working at inappropriate times for their 
sleep and health. According to a survey by Alterman et al. (2013), about 30% of all 
employees are engaged in shift work. Various studies (Megdal et al., 2005; Folkard et al., 
2005; Gan et al., 2015; Vetter et al., 2015 and 2016) associate unusual work schedules 
with advanced health and safety risks. Another study (Vettel et al., 2015) investigated 
the individual need for sleep and daily rhythms of workers; they found some positive 
effects of individualisation of working schedules. Gender, age, and chronotype 
characteristics may also play a role in individualising working time (Fisher et al., 2017). 
Roenneberg et al. (2012) and Fisher et al. (2017) suggest that young adolescents are 
primarily evening-types while people over 40 can be both morning- and evening-types 
(Figure 1.). Some studies have shown (Sack et al., 1992; Morgenthaler et al., 2007) that 
young people are more likely to have delayed sleep phase syndrome and elderly people 
have often different sleep disorders. It can be assumed that people of different ages 
suffer from different types of sleep disorders, such as circadian rhythm disturbances in 
adolescents. This may be the reason why people of different ages have different working 
time preferences. 
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Figure 1. Distribution of chronotypes by age, gender and years of employment. Author`s additions 
to Roenneberg (2012) and Fisher et al. (2017).  

 
Juda et al. (2013) found that during the working week, the late chronotypes 

accumulate significant sleep debt, which they offset on weekends by prolonged sleep. 
Certainly, the timing of sleep has changed during industrialisation for various reasons. 
The quality of sleep affects a person as a whole, from learning, memory, alertness and 
performance to quality of life. 

Employability represents the precondition for employment of individuals, and 
different jobs require different demands (Chan, 2000). Some studies (e.g. Pulakos et al., 
2000; Hall, 2002; Fugate et al., 2004) suggest that employees need to adapt to a changing 
environment in a competitive labour market and have to cope with the changes that are 
taking place all the time. Middle-aged workers also need to adjust their sleeping habits 
if they are to be more competitive in the workplace (Carrier et al., 1997; Taillard et al., 
1999). Kerkhof and von Dongen (1996) have found that time preferences and behaviour 
of morning- and evening-types result from phase differences in the endogenous 
circadian clock. Evening-type employees sleep less than the morning-types (Ishihara et al., 
1988) and they are more prone to have different health problems (Paine et al., 2006). 

Past research has documented the relationship between sleep duration and genetics 
(Utge et al., 2011; Goel, 2017) and work (Antillon et al., 2014; Ásgeirsdóttir and Ólafsson, 
2015). Some studies associate sleep with income levels (Biddle and Hamermesh, 1990; 
Grandner, 2010; Patel et al., 2010; Ásgeirsdóttir and Zoega, 2011; Sedigh et al., 2017). 
Differences in the employment options of different chronotypes have not been studied 
before. 

Workers’ sleep and quality of life are affected by working time and workplace location 
and other aspects of work organisation. The traditional “nine-to-five” work schedule is 
unlikely to fit the heterogeneous qualities of “normal” employees. Caldwell and O’Reilly 
(1990) emphasise the importance of individual attributes and work environment in 
improving the performance of their research. It is believed that flexible working hours 
are an important factor allowing employees to adjust their working hours to their 
personal preferences and to work at the time when they feel most productive. 
Golembiewski and Proehl (1978) refer to the positive impact of flexible working hours in 
controlling work and personal life in the analysis of working time studies. Golden et al. 
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(2013) show that flexible working time arrangements are associated with increased 
happiness. 

The main advantage of flexible working hours is that it allows employees to count on 
their individual circadian rhythms associated with sleep timing preferences. For example, 
morning-type people tend to go to bed early as well as to wake up early, and they are 
more alert at the beginning of the day. But people in the evening style prefer to go to 
bed later and also wake up later, and be more alert in the evening. Phase disturbances 
of circadian rhythmic functions may be large ranging from 2 to 12 hours between 
morning types and evening types (Roenneberg, 2012). 

An inappropriate work schedule that runs counter to a 24-hour clock can have an 
adverse effect on the employee. If the individual sleep-wake cycle is not synchronised 
with the individual circadian rhythms, the risk of multiple health risks increases (Veatch 
et al., 2017). Juda et al. (2013) among others have studied the chronotype and shift work 
connections. They confirmed that during night shifts, morning-type workers had reduced 
sleep duration, severe social jet breakdown, and increased sleep disorder. Similar 
symptoms were also observed for evening-type workers in an early shift. 

However, greater control over working time can be positive on workers’ sleep and 
health. Takahashi et al. (2011) investigated the relationship between working time 
control and fatigue, sleep disorders and symptoms of depression in daytime as well as 
shift workers. They discovered that greater working time control, measured both for 
working hours and holidays, was associated with a reduction in incomplete recovery, 
symptoms of insomnia (in men only), daytime sleepiness and symptoms of depression. 

The impact of working time weariness on employee health initiated by the company 
was investigated by Moen et al. (2011). They found that working time flexibility had a 
positive impact on employee health behaviour, including workers sleeping for almost an 
hour longer and being in general less sick. Mellner et al. (2016) found that work and sleep 
time flexibility improves the psychological health of employees. 

1.4 Sleep Disorders 
Good sleep is crucial to employees’ day-to-day well-being, work capacity and mood. 
Most people have experienced short-term sleep disturbances during their lives, for 
example due to stress or grief. However, sleep disorders can last for a longer period of 
time, interfering with both daytime coping and general health, whereas the sleep 
disorder may not be perceived by the person suffering from it. Several sleep disorders 
can lead to daytime sleepiness, fatigue, irritability, deterioration of attention and 
memory and cause performance impairment (Bassetti et al., 2014). 

On a practical note, while planning this study, the author could not find any validated 
guidelines in Estonia for the initial diagnosis of various sleep disorders that occur at the 
same time. Due to the limited possibility of screening for sleep disorders, the author 
initiated the preparation of a diagnostic guideline “First-line diagnostic guidelines of 
sleep disorders among adults” in Estonia, which was completed in 2019. For example, an 
increased motor vehicle accidental risk is mainly linked to EDS and work disability. 
Several sleep disorders are characterised by sleepiness, lack of energy and impaired night 
sleep (Bassetti et al., 2014). 

The International Classification of Sleep Disorders (ICSD-3) recommends that sleep 
disorders be classified as follows: insomnia, circadian rhythm disorders, sleep-related 
breathing disorders, hypersomnia, parasomnias, and sleep-related movement disorders. 
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All sleep disorders are often underdiagnosed. This thesis is primarily focussed on 
circadian rhythm disorders. 

Circadian rhythmicity regulates different physiological processes, like body 
temperature and levels of different hormones (Sack et al., 2007, part I). These processes 
differ by age, gender and morningness-eveningness type. As chronotype is not a sleep 
and wakefulness disorder, the expected maximum creative time of people with different 
chronotypes and sleep and wakefulness disorders are presented in Figure 2. Morning 
types prefer go to bed earlier and also experience earlier time of the day in alertness 
(Sack et al., 2007; Hofstra and de Weerd, 2008). Recent studies (also in animals) show 
specific differences between genotypes, including PER1, PER2 and PER3 genes, the 
CLOCK gene, and cryptochrome genes (CRY1 and CRY2) that lead to abnormalities in 
circadian rhythmicity (Viola et al., 2007; Dijk and Archer, 2009; Wulff et al., 2009).  
No routine genetic testing is currently available to general practice to establish these 
disorders (Sack et al., 1992; Morgenthaler et al., 2007). 

  
Figure 2. Schematic representation of normal sleep in different chronotypes and different types of 
circadian rhythm disorders with their hypothetical peak creative time. Adapted from Lu et al. 
(2006). 
 

Start of the use of artificial light changed the lifestyle due to disruption of natural 
cycles of light and darkness. Several studies show that changes in the timing of internal 
processes may cause diseases. For example, a study that used mice suggests that 
manipulation of meal timing may cause obesity and metabolic diseases (Arble et al., 
2009; Hatori et al., 2012). A study on hamsters shows that disruption of circadian 
organisation can lead to cardiomyopathy (Martino et al., 2008). Another study about 
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sleep-disrupted mice demonstrated increased development of inflammation and colitis 
(Tang et al., 2009). Reproductive abnormalities have been described in mice, including 
irregularities in oestrous cycles and failures in pregnancy (Miller et al., 2004; Summa et 
al., 2012). Levi et al. (2010) concluded that shift work is probably carcinogenic to humans. 

The International Classification of Sleep Disorders (ICSD-3) recommends that circadian 
rhythm disorders be classified as follows: 
• Delayed sleep phase syndrome (DSPS), or “night owl” syndrome, common in 

approximately 7% of young adults and adolescents (Sack et al., 1992; Morgenthaler 
et al., 2007). Typically, the delay sleep and waking time is 3-6 hours compared to 
normal sleep time. A person is usually sleepy and ready to go to bed from 2 am to  
6 am and wakes up at 10 am or later. 

• Advanced sleep phase syndrome (ASPS), or so-called “lark” syndrome is 
characterised by the onset of sleep and waking up 3 hours earlier than normal sleep 
time. Usually a person is sleepy and ready to sleep as early as 7 pm - 9 pm and wakes 
up at 5 am or earlier. The syndrome is rare, with approximately 1% of middle-aged 
adults being subject to ASPS (Hofstra and Weerd, 2008). 

• Free-running circadian disorder (FRD) is also called non-24-hour sleep-wake 
disorder. FRD occurs, for example, in psychiatric disorders, with both insomnia and 
somnolence, and is widespread among the blind (Skene and Arendt, 2007). 

• Irregular sleep/wake syndrome (ISWS) is a rare disease characterised by repeated 
episodes of sleep during the day with no complete night-time sleep. This syndrome 
is common in elderly patients with neurological disorders. 

• Shift-work disorder (SWD) is a work schedule driven disorder characterised by 
insomnia and sleepiness. SWD is common in every society where the service or 
production sector of the economy needs to be maintained 24 hours a day. Many 
individuals cope with shift work. The problem is increasing among employees aged 
over 50 years who have a history of some sleep disorder or alcohol abuse.  

• Jet lag disorder (JLD) may occur in a person while traveling at least two time zones, 
resulting in sleep disorders, fatigue, reduced concentration and attention, loss of 
appetite, or digestive disorders (Sack et al., 2007, Part I). 

The author of the thesis is convinced that it is very difficult to clearly distinguish 
between morning-type and ASPS as well as evening-type and DSPS by studying sleep 
more precisely, leaving some inherent circadian rhythm patterns of individuals 
potentially disregarded if those do not fall under specific sleep disorders. Moreover, the 
occurrence of circadian rhythm disorders and their overall impact on health and social 
life has been considered scarcely to date.  

1.5 Assessment of Chronotype, Sleep and Wakefulness 
The evaluation of chronotype, sleep and wakefulness disorders and various sleep 
disorders by subjective scales and evidence based studies should be interpreted in 
combination. Conducting questionnaires and collecting specific survey data can be 
organised at home as well as in a medical facility. 

Chronotypes can be investigated using straightforward questionnaires like the  
Horne-Ostberg morningness-eveningness questionnaire (MEQ) (Horne and Ostberg, 
1976) and the Munich Chronotype Questionnaire (MCTQ) that differentiate timing of 
the daily activities during workdays versus free days (Roenneberg et al., 2007).  
The author of the thesis notes that these questionnaires mainly take into account sleep 
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time in a week and some psychological factors (e.g., the occurrence of depression),  
but do not take into account the employee's working time preferences and the maximum 
peak of the expected (creative) work time. The Circadian Type (Inventory) 
Questionnaire by Flokard (1987) was originally developed to find people adaptable to 
shift work, but is not used today due to a lack of psychometric measurements 
(Greenwood, 1995). Roenneberg et al. (2003) developed a simple questionnaire MCTQ 
to assess a chronotype and validated this to MEQ (Zavada et al., 2005). 

There are several scales and questionnaires for diagnosing sleep disorders.  
The Epworth Sleepiness Scale (ESS) is often used for evaluation of EDS. Higher scores 
indicate a higher probability of occurrence of EDS. The Multiple Sleep Latency Test 
(MSLT) is used for measurements of sleepiness using EEG electrodes. The Maintenance 
of Wakefulness Test (MWT) is used for quantitative assessment and objective 
documentation of daytime sleepiness. Both of the latter tests are performed in a sleep 
lab. People with excessive daytime sleepiness tend to get drowsy during the daytime in 
unsuitable situations such as driving or monotonous computer work. 

There are several diagnostic techniques for assessing sleep disorders. Historically, the 
most commonly used gold standard for diagnosing sleep disorders was overnight PSG 
(Epstein et al., 2009), which requires monitoring of oxyhemoglobin saturation among 
other channels (Malhotra et al., 2018). Alternative portable devices have been developed 
for more efficient use of healthcare resources and nowadays different polygraphies take 
the most important place in the diagnosis of SDB (Masa Jiménez et al., 2007). Several 
devices are currently available to be worn at home by patients during sleep. Sleep 
monitoring devices are classified according to completeness of the signals recorded and 
presence of technician overnight into different types (Collop et al., 2007). 

Looking for the most appropriate way for a sleep study device under this thesis, the 
author compiled a comparison of various devices used in sleep studies according to the 
number of channels, main channels, less frequently used channels (e.g. body position or 
leg movement) and needs for personnel involvement. As a result, a common channel for 
diagnosing all SDB – SpO₂ – was identified, which has proven, for example, to be one of 
the main channels for recent studies in pulmonary artery tonometry (PAT). PAT is one of 
the newest portable devices used to diagnose sleep apnea in combination with pulse 
rate, oximetry (SpO₂) and actigraphy (Penzel et al., 2010; Pittman et al., 2004), while 
Hedner et al. (2011) found its moderate agreement with standard PSG. Pulse oximetry is 
the most important channel for the diagnosis of SDB, as most sleep-related breathing 
problems are accompanied by some change in the level of oxyhemoglobin. The author 
of the thesis classified sleep studies into five levels of decreasing complexity, and found 
that pulse oximetry (SpO₂) is included in all types of those investigations. A survey among 
physicians working in academic sleep study centres in 22 European countries revealed 
that respiratory polygraphy (e.g. cardiorespiratory polygraphy) was used in more than 
70% of those for home study, while pulse oximetry was found to be used for diagnosis of 
OSA in 5 countries (Arnardottir et al., 2016). Similar information is reported by the 
Canadian Thoracic Society (Blackman et al., 2010; Fleetham et al., 2011).  
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Pulse oximeters are reliable and robust devices available for use in hospital and at 

home for measuring and monitoring a person's oxygen saturation (SO₂), also 
recommended by the AASM guidelines (Redline et al., 2007). Peripheral oxygen 
saturation (SpO₂), as determined by pulse oximeter, is well correlated with oxygen 
saturation (SaO₂), as determined by arterial blood analysis (Penneys, 1952). The device 
is useful for patients with cardiac and respiratory problems (Schlosshan and Elliott, 2004; 
Fu et al., 2004; Ewer et al., 2011; Chung et al., 2012; Amalakanti and Pentakota, 2016). 
Pulse oximetry was developed in 1972 (Severinghaus and Honda, 1987), and the device 
was commercialised by Biox in 1980 (Kelleher et al., 1989). Pulse oximetry is inexpensive 
yet safe, convenient and non-invasive (Norfleet and Watson, 1985). 

Before the home study, a person is informed by a healthcare professional how to use 
the device at home; the person performs the investigation at home and brings the device 
back to the hospital. There are special computer programs available for analysis and 
reporting of the results. Pulse oximeter is typically placed on the finger, more seldom on 
the ear, toe or across a foot. The study measures the absorption of transmitted light by 
the tissue (Herbert et al., 2012), and results displayed on the pulse oximetry monitor 
pulse rate and oxygen saturation. 

Pulse oximetry works based on the optical absorption of hemoglobin. 
Deoxyhemoglobin (Hb) is characterised by red-light absorption (wavelength 600-750 nm), 
and oxyhemoglobin (HbO₂) works on the infrared spectrum (850-1000 nm). There is no 
minimum technical specification or standard criteria specified (Berry et al., 2018).  
The sensitivity and specificity of pulse oximetry at different cut-points can range (Chiner 
et al., 1999). Pulse oximetry can show false negatives, especially in young patients, as 
well as false positives in patients having different comorbidities (Zamarron et al., 2003; 
Epstein et al., 2009). 

1.6 False Negative Results of Sleep Studies in Practice 
Until today, the exact reasons for the wish to conceal with sleep related information by 
some persons are not known. However, for example, from the experience of various 
sleep studies at the Department of Pulmonology at North Estonia Medical Centre since 
2002 (approx. 700 investigations per year), several persons have given the pulse oximetry 
device for home study to a third person. For example, the author of the thesis has found 
evidence of sleep studies where the pulse rate curve shows additional cardiac 
stimulation but the patient does not have artificial cardiac pacemaker really (Photo 1;  
A and B). These investigations were performed by a 41-year man in North Estonia 
Medical Centre in January 2013. 
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A) Investigation performed by a person having artificial cardiac pacemaker programmed 
at the pulse rate of 60 per minute 

 

  
  

B) Investigation performed by the same person after scoring of sleep studies where he 
was informed of not really having an artificial cardiac pacemaker 

 

 
 

Photo 1. Example of a pulse oximetry performed by different persons during home studies of a  
41-year male at North Estonia Medical Centre in January 2013. Photos by Erve Sõõru. 
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Among other sleep disorders, in some cases, untreated obstructive sleep apnea has 
been found to cause excessive daytime somnolence and is therefore a considerable 
source of risk for road accidents (Bonsignore et al., 2014). The number of sleep studies 
increased in general, following the implementation of the European Union (EU) Driving 
License Directive 2014 (Commission Directive 2014/85 / EU), with a greater need for 
cheaper and home-based surveys. It came as a surprise to many drivers who could not 
suspect obstructive sleep apnea. Under that EU Directive, drivers were afraid of losing 
their license (Ghosh et al., 2016) and false negative results of the study with incorrect 
decisions from medical personnel. As discussed earlier, there is practical evidence that 
some people have given the device for home use sleep study for a third person, which is 
also true for giving false negative answers when filling the questionnaires of sleepiness 
(Photo 2). 

 
A) ESS (in Estonian) filled by a driver in 2012, before the EU Directive on Driving Licenses 

 
  

B) ESS (in Estonian) filled by a driver in 2016, in fear of losing the license as per the EU 
Directive on Driving Licenses 
 

  
Photo 2. The Epworth Sleepiness Scale (ESS), a self-administered questionnaire with the higher 
score showing a person’s average sleep propensity in daily life or their daytime sleepiness. Photos 
by Erve Sõõru. 
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The author also found in practice that in some cases patients did not want to be 
treated. For example, after introducing the treatment method to a patient, he was 
interested in the treatment and was ready to use the positive pressure device at home 
during the test period. Surprisingly, during the next visit, the nurse discovered that the 
patient had not used the positive pressure device at home during the test period.  
Photo 3 demonstrates the comparison of (A) patient investigation when the patient did 
not sleep with the device on (the device was fixed with the mask to the pillow for nine 
hours and breathing was not detected) and (B) investigation results in the same patient 
after careful discussion with the patient, where Pressure, Sleep Therapy Flags, Normal 
Mask Fit and Results are available. These investigations were performed by a 34-year 
male in North Estonia Medical Centre in 2017. 

 

A)  
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B)  
 

Photo 3. Treatment protocols of obstructive sleep apnea with a continuous positive airway pressure 
device. Photos by Erve Sõõru. 

 
No previous studies have addressed the manipulation of identification sensors during 

sleep studies. There are no devices to identify the patient during sleep studies and the 
invention presented in this thesis aims to solve that problem. 

1.7 Aim of the Study 
Recognising the role of sleep for health, wellbeing and socio-economic performance has 
increased with the development of sleep medicine. Nowadays the diagnosis and 
treatment of sleep disorders are receiving increasing attention, though they can be 
underdiagnosed. In this developing field of research, this thesis is focussed on the 
relationship between sleep disorders/habits and circadian rhythm disorders/habits and 
work. Human chronotypes are normal variants that have been studied in the last few 
decades only, leading to new evidence based knowledge about the origins of “lark” and 
“nightowl” behaviours. Considering that a large share of people are distinctly  
morning-type or evening-type, in addition to those who are of neither type, there may 
be a considerable mismatch between the sleep preferences deriving from chronotype 
and work arrangements, like the timing of work. So far, the distinction between 
chronotypes has been largely based on the preferred time of awakening on weekdays 
and weekends, and vast differences have been identified in individual  
morningness-eveningness types. The usual operating hours in the society are, however, 
9 am-5 pm that may not be in alignment with the preferences of a large share of the 
population, in particular the evening types. More and more people are working at times 
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when they are not productive and sleep disorders affect general health. This is 
particularly relevant for knowledge employees who have to use their creative potential 
to perform their work. 

One of the areas where there is a gap of knowledge is - which types of creative 
knowledge workers suffer more from the consequences of their work organisation in 
terms of their sleep needs. The traditional daily work schedule of nine to five may not be 
suitable for all, and if employees follow those standard schedules, their sleeping patterns 
and daily rhythms may be adversely impacted. Also, non-standard work arrangements 
may have their impact on sleep. 

There is a lack of studies where sleep and work arrangements have been investigated 
together. Chronotype is age and gender dependent, and genetics of sleep seems to 
be a promising field. Identification of the spillover effects of chronotype on the  
socio-economic behaviour and performance is therefore an interesting path of research 
to complement the advances in sleep research to other disciplines. 

Another aspect in the sleep-work connection that warrants study is that morning and 
evening types might not have similar work opportunities given potential restrictions to 
employment options deriving from the timing of work. This, in combination with work 
related distractions to sleep, may have an adverse effect on efficient utilisation of 
people’s creativity, their work performance and health. Evening-type people might feel 
that their sleep is disturbed by the timing of their work. Moreover, evening-type people 
may feel that their natural sleep patterns set constraints on their employment 
opportunities. It is conceivable that it may be impossible or difficult for a person to adjust 
their chronotype to match the normal working hours prescribed by the employer, which 
in turn may reduce that person’s job opportunities. It can be taken into account that if 
an employer does not allow flexible working hours and sleeping arrangements, a talented 
evening person may not want a job which requires primarily a morning time readiness to 
perform duties. 

The literature review above suggests one more area in the sleep-work linkages where 
further research is needed – the use of diagnostic tools in identifying sleep problems that 
may hinder work performance. There are numerous diagnostic methods available to 
diagnose sleep disorders (Collop et al., 2007), including diagnostics of SDB. Both, the 
sleepiness and hypoxaemia might contribute to cognitive deficits (Englemann et al., 
2000). Out of the different sensors for the evaluation of sleep disorders, the most 
important one for the evaluation of respiratory events in sleep studies is pulse oximetry, 
which allows us to identify hypoxaemia, sleep apnea and other SDB, such as chronic 
obstructive pulmonary disease (Verbraecken, 2012). Some of the occupations in which 
sleep related problems require closer attention are rescue workers and drivers. 
Wearable pulse oximeters enable sleep study at home during normal night sleep, but 
manipulation of the results has to be excluded. The need for personalisation of sleep 
research arose during practice where the research apparatus was given to someone else 
to conduct the study. The false negative effects of sleep studies are described in various 
studies. Improper diagnosis could result in inappropriate patient treatment or 
workability assessment. However, a method that would detect the use of sleep 
investigation tools by a third person during the home study period has not been 
available. Based on literature review, out of the diagnostic techniques for the assessment 
of sleep disorders, a pulse oximeter appears to be the most appropriate device for 
personalising examinations.  
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Based on the literature overview on sleep, chronotype, work arrangements and 
diagnostic techniques for the assessment of sleep disorders, the research presented in 
this doctoral thesis proceeds from setting the following research hypotheses: 
1. In creative knowledge jobs, evening-type employees feel more intensely than 

morning-types that their sleep regimen is disturbed by their work. 
2. In creative knowledge jobs, evening-type employees feel more intensely than 

morning-types that their sleep habits restrict their employment options. 
3. In creative knowledge jobs, employees with longer sleeping hours feel more 

intensely than those with shorter sleeping hours that their sleep regimen is 
disturbed by their work. 

4. In creative knowledge jobs, employees with longer sleeping hours feel more 
intensely than those with shorter sleeping hours that their sleep habits restrict their 
employment options. 

5. In creative knowledge jobs, employees with fixed working arrangements feel more 
intensely than those with flexible working arrangements that their sleep regimen is 
disturbed by their work. 

6. Pulse oximetry can be combined with person´s identification capabilities to identify 
if a wearable pulse oximetry device has been used by a third person during the study 
period. 

The aim of the thesis is to: 
1. Identify, based on a questionnaire survey among Estonian creative R&D employees, 

which types of creative knowledge employees suffer from the adverse effects on 
their sleep regimen caused by work arrangements, with special focus on the 
morningness-eveningness types and sleep duration of employees as well as the 
availability of flexible working options. 

2. Identify, based on a questionnaire survey among Estonian creative R&D employees, 
which types of creative knowledge employees perceive restrictions that  
sleep habits set on the employment options, with special focus on the  
morningness-eveningness types and sleep duration of employees. 

3. Invent a method and a device for unambiguous identification of a person who 
undergoes sleep studies with a pulse oximeter. 
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2 Data and Methodology 
The studies underlying this thesis focus on linkages between sleep habits, chronotype, 
and work arrangements and opportunities among creative R&D employees.  
The research is based on survey data and provides a pilot study on constraints on 
employability and on work-related limitations to sleep that individuals of different  
morningness-eveningness preferences and with different sleep habits perceived under 
different work arrangements. Another element of the thesis is an invention of a new 
device for personalised pulse oximetry of a patient for the investigation of sleep 
disorders. The invention comprises a wearable pulse oximeter and sleep study sensors 
comprising a unit for identifying identity of the wearer of the pulse oximeter supplied for 
the patient for home use sleep study to identify if the device is used by any other person 
during the study period. 

2.1 Study Design 
The study (Publication I and Publication II) is based on an online survey including 
questions on work arrangements, work outcomes, sleepiness, sleep regimen, tiredness, 
health, and some socio-demographic characteristics. The respondents gave answers for 
their name, age, gender, education and work details. This research project was approved 
by the Tallinn Medical Research Ethics Committee on 9 February 2015 by decision  
No. 894 and informed consent was obtained from all the respondents. The research 
group performed the survey in 2015-2016, under two waves. The studies presented in 
this thesis are part of a broader research project that includes papers like Hazak et al. 
(2016; 2017; 2019), Virkebau and Hazak (2017) and Ruubel and Hazak (2018) using the 
same dataset. 

The invention (Publication III) is a technical solution created by the research group for 
a novel device and a diagnostic method and a combination thereof. First of all, the 
applied problem was identified, the various technical options to fix the problem were 
considered thereafter, followed by the creation and description of a new technical 
solution, and its registration and protecting the application of invention. 

2.2 Sample for the Study 
The sample (Publications I and II) was compiled by other members of the research group 
from the Statistics Estonia data on research and development. At first, the aim was to 
reach an entire population of interest of creative R&D workers in the country, which is 
represented by the category “researchers” in the Statistics Estonia classification while 
excluding the categories “technicians” and “supporting staff”. 4,400 full-time working 
creative R&D employees are covered by the Statistics Estonia database in the category 
“researchers” in Estonia in 2010-2014. First, the research group excluded about 3,400 
employees working in education and healthcare, and those employed at micro-size 
entities with fewer than fifteen creative knowledge employees from the population to 
be studied. The reason was the teaching schedules in educational entities, the 
procedures and appointments at medical entities, as well as the working practices at 
micro-size entities, where their work arrangements are quite specific and may distort the 
study of work, sleep, health and leisure time decisions that our project was targeted at. 
Therefore, approximately 1,000 creative R&D employees were eventually selected as 
targets for the study. 
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Those employees were working for 23 Estonian companies in both the private and 
public sectors, including researchers, product developers, IT developers and other 
creative R&D employees at private R&D companies, banks and technology and IT 
companies, and at public research institutes. All the 23 entities were invited for 
participation in the questionnaire survey, and 11 employers (48%) accepted the 
invitation. From those 11 organisations, we invited altogether 807 employees to 
participate, and 287 of them agreed. The survey was completed by 217 employees in at 
least one of the two waves. The overall response rate was 76% of all those who had 
agreed to participate. 

Only 34 persons from 217 participants appeared in both the first and the second wave 
of the survey. The differences between the two waves in how sleep was perceived to 
restrict work options and how work was perceived to impact sleep by the recurring 
respondents were statistically insignificant. The data from both survey waves was pooled 
for the regression analysis and after that it was selected randomly which of the two 
responses from the 34 recurring participants to use. Additional eliminations were made 
from the sample as outlined in Publications I and II. The reasons were logical 
inconsistencies in the responses and if the respondent was identified from certain 
control questions incorporated in the survey questionnaire as not being sufficiently 
engaged in R&D for their employer. 

The final sample consisted of 153 employees, which equals 53% of those who agreed 
to participate in the survey. The observations in the sample were allocated weights to 
match them with the population of interest for the employer’s area of activity and the 
employee’s gender. 

2.3 Dependent and Explanatory Variables in the Study 
The author of the thesis designed the sleep related elements of the questionnaire survey. 
Our research group used a Likert 1…5 scale response to the question “To what extent do 
you feel that your work is limiting or has limited your sleep regimen?“ (sleeplim) as the 
target variable for the regression analysis in Publication I. Publication II addresses the 
question of how much employees feel that their chronotype sets constraints on their 
employment. The answer to the question “To what extent do you feel that your sleep 
cycle limits or has limited your work options?” on a Likert 1…5 scale gives the dependent 
variable restriction in the models presented in Publication II. 

Explanatory variables are primarily derived from the previous literature. Based on 
Adan and Almirall (1991), the Reduced Morningness-Eveningness Questionnaire score 
(meq) captures the chronotype of the worker. Average sleep hours reflect actual daily 
sleep patterns. The key control variables incorporated for socio-demographic 
characteristics of the respondents are age, gender, whether they live alone, how many 
children younger than school age they have and their level of education, while the 
phealth variable controls the general health of the employee. The creative intensity 
desired for work is another explanatory variable and it seeks to capture the creative 
nature of the work that the employee prefers. Detailed description of the variables 
incorporated in the regression models is presented in Publications I and II. 
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2.4 Statistical Modelling Methods 
Our research group compiled six alternative models to estimate the extent to which 
employees perceived that their sleep regimen was limited by work for the research in 
Publication I. These models help to gain insight into how sleep and work arrangements 
may be related to each other, as well as help for robustness testing. Models 1 and 2 in 
Publication I are ordinary least squares (OLS) continuous estimations of sleeplim and 
Models 3 and 4 in Publication I show the ordered probit maximum likelihood estimations 
of the ordered discrete categories of sleeplim. The ordered probit estimation gave a 
better descriptive power for the dependent variable compared to the OLS model, 
because the distribution of the dependent variable is skewed and non-normal. 
In addition, structural equation models (SEM, Models 5 and 6) were composed in order 
to take into account the selection patterns arising from certain types of employees opting 
for flexible working time and for positions with different creative intensity. The latter two 
three-dimensional models present sleeplim as the final stage dependent variable with 
the ordered probit estimates of sleeplim in the main equation, containing flextime and 
creatime as the endogenous selection variables among other explanatory variables. 
We used the cmp (Conditional Mixed Process) module of the Stata version 14 software 
by StataCorp (USA). 

For the study in Paper II, our research team used ordinary least squares (OLS) 
estimations with restriction as a continuous variable (Models 1 and 2 in Publication II) 
and ordered probit maximum likelihood estimations with restriction as an ordered 
discrete category (Models 3 and 4). Stata version 14 by StataCorp (USA) was used for the 
estimates. 

2.5 Methodology for the Invention 
Activities of the author of the thesis related to the invention comprised the following: 
patent search and non-patent literature search and analysis of the search results; 
consultation on patentability of the invention with the patent examiner Traugott 
Läänmäe from the Estonian Patent Office; consultations with the patent attorney Margus 
Sarap; preparation of the documents for filing of the patent application (i.e. specification, 
claims, etc.) by Margus Sarap; filing of the US Provisional Patent Application 
(US Provisional Patent Application: US61/771,903, filing date: 03.03.2013). 
The Inventors/Applicants were Erve Sõõru, Mart Min, Paul Annus, and Raul Land. 

The aim of the screening of OSA is to prevent and reduce the risk of serious traffic 
accidents. Motor vehicle drivers suspected of having moderate or severe OSA during a 
medical examination should be referred for further examination to determine the 
presence of moderate to severe obstructive sleep apnea and the need for further 
treatment. Estonian nation-wide Health Information System (EHIS) is a powerful tool for 
doctors, granting them easy access to patient electronic health records from single 
electronic file. By logging into the Patient Portal, patient/driver can review his past doctor 
visits and current prescriptions, etc. and receive general health advice. eHealth services 
should aim to save time for both patients and doctors. When applying the EU Directive 
2014/85/EU in Estonia, our healthcare system was faced with the problem of finding 
sleepy drivers with sleep apnea. Drivers accustomed to sleep disorder and sleepiness, as 
a rule, do not suspect sleep disorder themselves, because with chronic sleepiness a 
person is unable to assess their sleepiness and therefore cannot complain. The author of 
the thesis presented possibilities of EHIS for screening obstructive sleep apnea among 
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drivers and integrated the whole process to the EHIS. The whole process is described, 
when a Health Certificate (HC) applicant logs into the Patient Portal and initiates the 
process for obtaining the HC and how HC applicant receives driver’s license. Screening of 
obstructive sleep apnea was based on questions with some objective measurements. 
Early diagnosis of OSA helps to save health and economic costs (Watson, 2016). 

Overall background to the invention is the false negative and positive results of sleep 
studies (incl. pulse oximetry) depending on the person’s choice on how to perform sleep 
investigations. The author of this thesis and Prof Mart Min, Paul Annus and Raul Land 
from Tallinn University of Technology studied the methods for identifying vital 
parameters of the patient for evaluating sleep disorders. The methods include 
determination of the pulse rate and calculation of oxygen saturation while the vital 
biological data of the patient is being analysed. During these studies, we found that pulse 
oximetry can be used as a screening or research method, which can also save medical 
costs. Thus, the present invention was registered as a sleep-breathing diagnostic device 
for personalised pulse oximetry. This device consists of a wearable pulse oximeter and a 
unit for the identification of the patient. The device is meant for in-home sleep studies 
and is able to detect the use by a third person during the study period. 

The author and co-authors of the invention found that the data needed to achieve the 
objectives of the invention may include: 
• temperature, thermal scanning of the fingerprint, electrical resistance, pressure, 

temperature and geometric measurements; 
• comparison of the data analysed with data previously stored in the device memory; 
• protection of data falsification. 

The identification unit comprises the means for extracting the bioimpedance data of 
the patient. For the impedance electrode solution, we decided that the impedance 
electrodes arrangement inside the portable pulse oximeter ensures the following: when 
the pulse oximeter is placed on a finger, one set of impedance electrodes is on one side 
of the finger and the other set of impedance electrodes is on the other side of the finger. 
A communication unit and a control unit are for transmitting biological data of the 
patient to said signal processing unit and for receiving control signals from said control 
unit to switch on/off bioimpedance electrodes, fingerprint sensors, optical transmitter, 
temperature sensors, pressure sensors. 

Also, the unit can identify the wearer. There are several ways for identification, which 
consist of all the means mentioned above or a combination of thereof. 

To study the patient's vital signs during sleep, the pulse oximeter is placed on the 
finger and biometric data (bioimpedance data, fingerprint data, or other) is collected and 
then stored in the device memory, which is protected against forgery. Alternatively, said 
data is collected previously during the testing and saved into the memory with  
anti-tamper protection of the oximeter by personalising said oximeter for the patient. 
The personalised oximeter will be handed out to the patient and according to the study 
plans, the patient puts oximeter on the finger. The control unit sends the control signal 
to the sensors to determine whether the oximeter is placed on the correct position on 
the finger. To protect personal data, the device comprises a module for encrypting the 
patient’s personal and biometric data to ensure its integrity. 
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3 Results 

3.1 Mismatch of sleep and work arrangements among research and 
development employees 
The results of the regression models on the R&D workers’ survey data that the author of 
the thesis and co-authors of the publications reached are presented in: 
1. Appendix 1 of Publication I - the OLS, ordered probit and SEM estimates of sleeplim 
2. Table 2 of Publication II - the OLS and ordered probit estimates of restriction, along 

with the Shorrocks-Shapely decomposition (Shorrocks, 1982) of R2 (OLS Model 1) 
and pseudo-R2 (ordered probit Model 3). 

Deriving from the hypotheses for the thesis, all the models incorporate meq and 
sleephours as explanatory variables. 

The results of the regression models provide support to the hypotheses of the thesis, 
as outlined in Section 1.7, as follows. In addition, some interesting exploratory findings 
were identified. 

In the study presented in Publication I, our research group found that compared to 
morning- and neither-types, evening-type employees are significantly more likely to 
perceive that work limits their sleep ‘to a large extent’ (sleeplim=4). Also, evening-types 
are significantly less likely to feel no work related limitations to sleep (sleeplim=1) than 
the morning- and neither-types. Therefore, the results of the study provide support for 
Hypothesis 1. 

The regression modelling results in Publication II show that evening types had a 
significantly higher likelihood to perceive that their sleep regimen limits or has limited 
their employment opportunities in comparison to morning types. Also, the  
Mann–Whitney U-test (Mann and Whitney, 1947) shows that at the 95% confidence 
level, there is a statistically significant difference between evening types and morning 
types in that perception. Thus, the results of the study provide support for Hypothesis 2. 

Results of Publication I reveal that the longer the sleeping hours of the employee, the 
more intensely the employee feels work-related limitations on their sleep. That 
relationship is statistically significant. Therefore, Hypothesis 3 is supported. 

Results of Publication II reveal that the longer the sleeping time of the employee, the 
higher the likelihood that the employee feels constraints to employment options. This 
statistically significant finding provides support for Hypothesis 4. 

Results of Publication I show that employees who have been granted flexible working 
hours and a distance work option feel work driven constraints on their sleep regimen 
with a significantly lower likelihood than the employees who do not have flexibility in the 
working time and working place. This supports Hypothesis 5. 

In addition to finding supporting evidence for the hypotheses of the thesis, the results 
of Publications I and II reveal some other drivers of limitations to sleep regimen and 
employment options among creative knowledge workers. First, creative intensity of work 
appears to have a negative connection with the work related sleep regimen distraction. 
Second, employees with worse general health perceive stronger the restrictions that 
sleep sets on their employment options. Third, gender is another determinant of feeling 
the constraints that work sets on sleep regimen, with women perceiving those 
constraints stronger. 
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3.2 Personalisation of sleep studies  
A method and a device are provided for personalised pulse oximetry (Publication III) of 
a patient to investigate the sleep disorders, sleep apnea syndrome, wherein wearable 
pulse oximeter supplied for the patient for home use sleep study is able to identify if the 
device is used by a third person during the period. Wearable pulse oximetry device is 
amended with a suitable biometric authentication unit discouraging falsification of the 
study results. Biometric authentication is achieved by means of physiological biometry 
(see Figure 3). 
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Figure 3. A schematic overview of the biometric capabilities of pulse oximetry personalisation. 
Reproduced from Publication III. 

 
The author recommends to use the invented device to diagnose obstructive sleep 

apnea among drivers and other mission critical tasks. The device is expected to be a 
secure device for identification. 

The advantages of a portable pulse oximetry device and method are: 
• The possibility of being used by another person excluded; 
• A significantly cheaper first-line research method compared to other internationally 

accepted sleep investigations; 
• Wide possibilities for finding sleep disorders; 
• Possibility to connect a driver with a medical certificate if a driver's license is applied 

for in the future; 
• Simple and accessible method; 
• The results of the study are expected to be of high specificity and sensitivity. 
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4 Discussion 
My observation in my family is that my husband prefers to do creative work in the 
morning hours and does not want to do it in the evening hours, contrary to my 
preference. The need for our sleep hours is quite similar and we go to bed and wake up 
more or less at the same time; the same is true for weekends. As a European Sleep 
Research Society (ESRS) certified somnologist, my belief is that neither of us has sleep 
disorders according to the International Classification of Sleep Disorders (ICSD-3), and 
there may be other reasons for the difference in our creative work time. Sleep disorders 
are mostly underdiagnosed and many less extreme sleep patterns may remain 
unnoticed, making it difficult to assess sleep related factors without a specific sleep 
study. 

To acquire a better insight into sleep and sleep disorders, different sleep studies have 
been conducted in both sleep laboratories and out-patient homes (Redline et al., 2007). 
The number of out-patient sleep surveys has boomed over the last decades as they have 
become cheaper, simpler and more accurate and informative. Knowledge of various 
sleep disorders has improved and developed very quickly, and sleep medicine may be 
considered one of the fastest developing medical fields (Shepard et al., 2005). Earlier, 
sleep time was considered to be a private rest period for every person, but many 
connections between sleep and severe health problems have now been found. Many 
sleep disorders cause significant daytime sleepiness manifested in fatigue, impaired 
performance, distraction, and coordination disorders. Some sleep disorders develop in 
an unnoticeable way for humans, or in other words, a person cannot easily suspect a 
developing sleep disorder. Also, fatigue related to insomnia often cannot be suspected 
by a person, although fatigue significantly reduces work capacity, the willingness to work 
and health in general. 

While further research is needed to study the link between a human chronotype and 
employment, the results of our exploratory pilot study outlined in this thesis point to a 
socially significant issue that evening type person may not have an equal opportunity 
compared to morning types to find a job because of their inherent daily rhythms, which 
are difficult to adjust. The study presented in this thesis showed that evening types have 
a considerably higher probability compared to morning types to feel that their sleep 
habits restrict their employment options. It is hypothetical, but genetic factors may play 
a role here. Apart from employment options, it may be thought that evening types also 
require untraditional time for social activities. However, individuals adapt and feel or are 
already considering their individual sleep limitations in their work choices. The author of 
the thesis believes that persons with a circadian rhythm disorder, such as ASPS, or  
so-called “lark” syndrome, prefer subconsciously working hours early morning times and 
may choose, e.g., a bakery profession although they may be capable of an intellectually 
much more demanding job for which the working hours do not match individual 
preference. The author of the thesis is also convinced that people often have several 
different sleep disorders or deviations from the social norms about normal sleeping time 
together, that the circadian rhythm disturbances receive too little attention in medicine 
as well as by employers, and that it is very difficult to clearly distinguish them from the 
normal variants. For example, the morning-type people and ASPS and the evening-type 
people and DSPS have quite similar patterns to sleep and creative hours. The occurrence 
of circadian rhythm disorders and their overall impact on health and social life is too 
rarely considered. 



33 

The research underlying this thesis also showed that evening-type workers perceive, 
compared to other chronotypes, their sleep mode to be considerably affected by their 
work. Traditional work schedules appear better suited for morning- or neither-type 
preferences, but do not correspond to the natural choice of evening-types. If the  
sleep-wake cycle due to the set working time does not take into account the human  
24-hour clock, it is most likely related to sleep disorders and health in general. As the 
sleep regime is related to the individual's genetic background, which the worker cannot 
obviously choose, the evening-type people appear to be unfairly disadvantaged because 
they have to follow a schedule that does not meet their needs. Understanding these 
“prima facie” problems and discussing changes in the organisation of working time are 
necessary. There are, however, social and behavioural factors which may play an 
important role in the sleep disturbances that individuals may attribute to their work. 
Working and leisure activities are increasingly intermingled in our daily lives. Using smart 
devices in the evening before bedtime may be linked to difficulties in falling asleep and 
insomnia - for example, the use of devices emitting cold light to encourage people to go 
to bed at bedtime. This can also be associated with younger people having difficulty 
falling asleep, as younger people are probably the most prone to using smart devices 
(Van der Maren et al., 2018). 

The research presented in this thesis reveals that individuals having longer sleep 
duration have a higher probability to feel that their sleep habits set constraints to their 
employment options. Considering the relationship between genetic factors and sleep 
duration (Utge et al., 2011; Goel, 2017), and its relationship to the chronotype (Ishihara 
et al., 1988), sleep hours may not be easy to adjust without sacrifices in alertness and 
overall health. Sleep time is individual and limiting sleep time may negatively affect 
performance. The author can firmly argue that limiting sleep time to getting up early in 
the morning can lead to chronic sleep deprivation and a variety of health problems. 
Failure to synchronise individual sleeping needs with individual circadian rhythms may 
induce various health related hazards (Veatch et al., 2017). 

There are specific questionnaires, scores, and sleep surveys to better understand a 
person's sleep and to distinguish problematic sleep from normal sleep. People's health 
and ability to work is affected by the quality of sleep and sleep disorders. A person may 
not be aware that they have a prolonged sleep disorder, and that it is their inherently 
long sleep time that restricts job choices. Once again, sleep disorders are usually 
underdiagnosed. For example, chronic insomnia appears in approximately 12-20% of 
people (Schutte-Rodin et al., 2008). Also, sleep-related breathing disorder (SRBD) may 
cause severe hypersomnia or long sleep time. By applying the same working hours to 
people with different sleeping hours, the exact beginning and end of the working time, 
we do not take into account their specifics and do not take into account their individual 
needs. The author of the thesis can assume that the health and social life of these people 
may suffer as a result. When an individual's sleep is disturbed, he or she is also not 
efficient and competitive at work. Those who are not ready to sacrifice their sleeping 
habits and prefer good sleep to good work can have limits to their work options.  
The results of this study on the sleep duration and work options linkage are generally in 
agreement with earlier studies by Antillon et al. (2014) and Ásgeirsdóttir and Ólafsson 
(2015). 

The research summarised in the thesis finds that workers having opportunities 
available for working time and workplace flexibility are much less affected by  
work-related sleep restrictions. Similar result has been reached by Takahashi et al. (2010) 
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and Moen et al. (2011), who have discovered that the choice of working time is 
associated with a reduction in work-family conflict, better sleep and better health. 

The research included in the thesis showed that female workers perceive with a higher 
likelihood their work as a constraint on their sleep regime. It is important to discuss this 
result in combination with another finding that men are more likely to get jobs that have 
flexible work schedules. Moreover, the study finds that, although it has generally been 
found earlier that women sleep more than men, men's average sleeping time is slightly 
longer than in women in the sample of our R&D staff. Women might be more 
conscientious and have more homework to do, thus limiting sleep and leisure time. 

Regarding other findings from the studies presented in this thesis, general health can 
have an effect on the perception of sleep related constraints to employment options,  
as people with weaker general health may feel limited in their job opportunities in 
general and because they may not be able to fulfil the job needs due to anomalous sleep 
(Lauderdale et al., 2016). It can be argued that employers should not take into account 
the employee's state of health when choosing workforce, at least not from the sleep 
deprivation related aspect. These findings may merit a political debate, as people's 
employment is important regardless of their state of health. 

Studies using the same sample data (Virkebau and Hazak, 2017; Ruubel and Hazak, 
2018; Hazak et al., 2016) show that workers living alone are less likely to utilise flexible 
work opportunities than people with families. This shades some light on why the 
research underlying this thesis shows that workers who live alone are perceiving less 
sleep related limitations to their employment possibilities. People with various family 
responsibilities who have to follow the time use and preferences of other family 
members have a number of additional restrictions on sleep time compared to those living 
alone. 

Employers may also be at a disadvantage because they do not know which creative 
workers do creative work best at the traditional working hours and which do not, so they 
may underestimate the abilities of some employees from observations from their  
“nine-to-five” performance. Employers’ consideration and provision of flexibility in 
working hours and the workplace may lead to a positive effect in sleep and productivity 
improvements, at least in creative R&D workers. 

Limitations arising from the sample size and response rate as well as the specific 
industry and country focus need to be kept in mind when interpreting the results. Please 
refer to the enclosed papers (Publications I and II) for further discussion of those aspects.  

At the start of the studies for this doctoral thesis, there was lack of validated translated 
questionnaires in Estonian for sleep disorders diagnostics and the exclusion of  
study-specific sleep studies were the limiting factors. The author of the thesis is currently 
leader of the working group of the projects “First-line diagnostic guidelines of sleep 
disorders among adults” (2019), being thus directly involved in some practical 
implications and implementations of the results of this doctoral thesis. 

There is a link between sleepiness caused by obstructive sleep apnea and traffic 
accidents, and research and treatment of possible sleep disorders is recommended to 
ensure safe traffic. The aim of the screening of OSA is to prevent and reduce the risk of 
serious traffic accidents. The author of the thesis presented possibilities of EHIS for 
screening of obstructive sleep apnea among drivers and integrated the whole process to 
the Estonian nation-wide Healthcare Information System. The whole process is 
described, when a Health Certificate (HC) applicant logs into the Patient Portal and 
initiates the process for obtaining the HC and how an HC applicant receives driver’s 
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license. Screening of obstructive sleep apnea is based on questions with some objective 
measurements. 

Early diagnosis of OSA helps to save health and economic costs (Watson, 2016). 
However, some drivers consider their sleep a personal matter, and they do not think they 
have sleep problems. Apparently, they do not know, in their daily habituation to sleep, 
that they may have sleep problems. Maybe they are afraid to conduct a sleep study, 
considering that if they get diagnosed with obstructive sleep apnea, they cannot drive 
anymore. This is revealed by analysing the results of the study. For example, if a study 
has been conducted in another person, a study of a patient without a pacemaker is 
believed to have been performed on a person having a pacemaker installed. It has 
subsequently become clear that the patient gave an out-patient study to another person, 
such as his mother who had a pacemaker installed. In this case, the health care 
professional will also make the wrong treatment decision based on false study data.  
This led to the idea of creating an invention protecting a patient and a health professional 
because of possible wrong treatment decisions. 

Generally, the field of medical devices includes a wide range of products ranging from 
personal devices to out-patient clinic and hospital equipment. Diagnostic devices have 
no therapeutic effect and are used to diagnose, prevent, monitor, treat or alleviate 
diseases. According to the experiences of the author of the thesis, the use of medical 
devices for therapeutic purposes and their therapeutic effects are poorly inspected in 
many countries, probably also in Estonia. The author believes that some people are afraid 
to use medical devices for diagnostic and therapeutic purposes, because they do not 
believe in their diagnostic or therapeutic effect. The author hypothesises that individuals 
regard sleep as a very personal subject and allow it to be studied with great care. 

The author of the thesis with co-authors of the invention proposed a method for 
identifying vital parameters of the wearer of a pulse oximeter for evaluating sleep 
disorders during sleep, comprising the steps of determining the pulse rate and 
calculation of oxygen saturation with the analysis of vital biological data of the wearer.  
A method and a solution for a medical device were provided for personalised pulse 
oximetry of a patient to investigate the sleep apnea syndrome. Pulse oximetry is a 
promising and widely used monitoring tool also in modern healthcare systems  
(Chai-Coetzer et al., 2011; Mechanick et al., 2013). It is a fairly straightforward and  
non-invasive technology allowing the patient with consistent and relatively stress free 
supervision. The wearable pulse oximeter supplied for the patient for home use sleep 
study is able to identify if the device is used by another person during the period. 

The suggestion of the author of the thesis is that the wearable pulse oximetry device 
amended with a suitable biometric authentication unit has an important discouraging 
effect on falsification of sleep study results. For biometric authentication, different 
physiological possibilities of biometrics in human body and physiology can be used.  
The author and co-authors of the invention found that the data needed to achieve the 
objectives of the invention may include temperature, thermal scanning of the fingerprint, 
pressure, temperature and geometric measurements. In addition, the authors of the 
technical solution presented in the thesis conclude that the wearable pulse oximetry 
device is proposed to be used for screening obstructive sleep apnea among vehicle 
drivers and other executors of mission critical tasks by using pulse oximetry, involving a 
secure identification of the patient. This solution has a wide application potential and is 
expected to be used with other recognised sleep studies. Also, it could be a considerably 
cheaper first line investigation method compared with PSG or any other multi-channel 
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sleep study. Pulse oximetry has a wide potential of use for detecting sleep disorders and 
their consequences. It can be combined with the vehicle driver’s medical certificate when 
applying for a driver’s license for work in the future as a simple and accessible method. 
The technical solution of our invention may be of interest to future device manufacturers 
and testers. 

Telemedicine has been developing very quickly in recent years. In their research, 
Anttalainen et al. (2016) have described an oximeter as a device of continuous 
technological development and even consider it one of the first and important steps in 
the field of telemedicine to evaluate the effectiveness of telemonitoring of patients.  
Our invention could be used in personalised outpatient sleep studies, especially in the 
diagnosis of sleep disordered breathing, and potentially as an element in carrying out 
telemonitoring in the future. Continued search for cost-effective diagnostic and 
therapeutic approaches will make portable diagnostic and therapeutic devices very 
attractive. This method is likely to save the working time of medical personnel and reduce 
medical costs. 

Data protection with reference to Directive 95/46/EC, General Data Protection 
Regulation, is another issue of significance. Personal data contain information that 
enables a person to be identified and the collection and processing of personal data can 
only take place (in Estonia) if there is a legal basis. Security measures must be used when 
processing personal data. The person whose data is being processed has the right to be 
informed about it and has the right of access to personal data concerning them, as well 
as the right to have their data corrected, deleted, processed, etc. Data protection is 
generally directed to the protection of privacy, but a large part of personal data 
processing is done by automated decision-making by various technological solutions, 
with the possibility to use medical devices for the collection of personal data in the 
future, such as diagnostic devices for future home sleep surveys. 

The author of the thesis has been able to participate as the national representative in 
European projects “Sleepiness at the wheel across Europe: a survey of 19 countries” 
(2015) and “Variability in recording and scoring of respiratory events during sleep in 
Europe: a need for uniform standards” (2016), with current position as leader of the 
working group of the project “First-line diagnostic guideline of sleep disorders among 
adults” (2019) and Estonian eHealth for screening obstructive sleep apnea among drivers 
(2019), which are progressive projects for both Estonia and on international level. 

It can be concluded that sleep, sleep disorders, daily work ability, working time 
preferences, work organisation and factors affecting them are a complex but a promising 
set of phenomena to study. The results of this research may be regarded as a step 
forward in this wide area. 
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5 Conclusion 
The research presented in this thesis is based on two empirical research papers and an 
invention that contributes to the area of pulse oximetry, a common sensor for  
out-patients in sleep studies. Both of the research papers focus on the linkages between 
sleep regimen and organisation of work, and consequent constraints to employment 
options and sleep habits among creative R&D employees. The key issue of the 
investigation in the papers is how chronotype and other personal characteristics in sleep 
regimen interact with various work arrangements, like flexibility of working time and 
place, creative intensity of work and other. The pilot studies on which the thesis is based 
use questionnaire study data of over 150 Estonian creative knowledge workers and the 
starting point for the research is that standard work schedules may not be optimal 
because they are not in line with preferences and productivity. The invention presented 
in the thesis relates to another aspect of the relationship between sleep and work 
organisation, providing a novel method and device for individual identification during 
pulse oximetry and various other sleep studies. 

The main results deriving from the two research papers on the employees in the 
sample are as follows: 
• Evening-type employees have a much higher probability to feel that their sleep 

regimen is disturbed by their work than other types of chronotype. While the  
morning-type employees seem to accommodate with the usual ‘nine-to-five’ 
schedules better than the evening types of chronotype do, the evening-type people 
seem much more disadvantaged by having to follow daily time routines that are not 
how they would prefer to work. 

• Moreover, the evening types have a considerably higher probability to feel that their 
sleep habits restrict their employment options. As outlined in the literature review, 
recent advances in sleep studies point to some linkages between genetics and 
chronotype, meaning that chronotype is not easy to alter. The finding (Publication II) 
that people with different chronotypes may not be equal in employment opportunities 
is therefore particularly important. 

• Individuals whose sleep duration is higher have a higher probability to feel their sleep 
habits set constraints to their employment options. Considering that sleep duration is 
related to individual characteristics, as discussed in the literature review section of the 
thesis, any sleep duration related constraints to work options may present elements 
of unjustifiably disadvantaged employment opportunities. 

• Employees who can flexibly choose both working time and working place perceive 
much less time-dependent restrictions on their sleeping habits. This result aligns to 
previous literature, showing that better control over the timing and place of work may 
enable better sleep and overall better health. 

• Female employees are significantly more likely than men to feel limitations that their 
sleep regimen poses on their work. In parallel, the study reveals that women are less 
likely to get jobs that provide flexible work schedules. These findings highlight a gender 
gap, and a new gender-based understanding of work organisation and sleep. 

• Employees whose creative intensity of work is higher are less likely to perceive the 
limitations that their working poses on sleeping patterns compared to employees 
whose job has a larger element of non-creative tasks. Considering how non-creative 
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tasks may distract the creative work and bring along additional strain, potential 
adverse effects on the sleep of the employee may occur. 
While presenting novel results and showing interesting avenues for further research, 

the empirical studies incorporated into this thesis have their limitations due to a small 
sample size of 153 employees and potentially remaining sample biases despite the 
measures taken to mitigate these. Future studies on different and larger samples 
therefore provide interesting opportunities for expanding the research. Overall, the pilot 
studies included in the thesis hint that individuals with different chronotype and sleep 
regimen may need different work schedules as employees cannot choose their individual 
genetic background for a specific chronotype or inherent sleep regimen. 

The invention incorporated into this thesis also looks into personal sleep regimen and 
work, and seeks to provide novel approaches for sleep investigations by an improved 
method and device for personalised pulse oximetry. The invention provides a better way 
of identifying whether a wearable pulse oximeter supplied for a patient for home use 
sleep study may have been used by a third person during the period. The advantages of 
a personalised pulse oximeter device and method are cost-effectiveness in the first-line 
study method, as well as comparatively high specificity and sensitivity compared to PSG 
or other multi-channel sleep studies in the study of SRBD. The added features to pulse 
oximetry provided by this invention have a wide potential of use for better detecting 
sleep disorders and their consequences in a particular individual. For example, there are 
possibilities to combine it with vehicle drivers’ medical certification when applying for a 
driver’s license for work in the future as a simple and accessible method. 

Overall, most of the hypothesis posed for the research presented in the thesis found 
support and the invention solves the applied needs in sleep medicine, as outlined in the 
aims of the thesis. 
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List of figures and photos 
 
Figure 1. Distribution of chronotypes by age, gender and years of employment. Author’s 
additions to Roenneberg (2012) and Fisher et al. (2017).  
 
Figure 2. Schematic representation of normal sleep in different chronotypes, and 
different types of circadian rhythm disorders with their hypothetical peak creative time. 
Adapted from Lu et al. (2006). 
 
Figure 3. A schematic overview of the biometric capabilities of pulse oximetry 
personalisation. Reproduced from Publication III. 
 
Photo 1. Example of a pulse oximetry performed by different persons during home 
studies of a 41-year male at North Estonia Medical Centre in January, 2013. Photos by 
Erve Sõõru. 
A comparison of the A) Investigation performed by a person having artificial cardiac 
pacemaker programmed at the pulse rate of 60 per minute and B) Investigation 
performed by the same person after scoring of sleep studies, where  he was informed of 
not really having an artificial cardiac pacemaker.   
 
Photo 2. The Epworth Sleepiness Scale (ESS), a self-administered questionnaire with the 
higher score showing a person’s average sleep propensity in daily life or their daytime 
sleepiness. Photos by Erve Sõõru.  
A comparison of A) ESS (in Estonian) filled by a driver in 2012, before the EU Directive on 
Driving Licenses and B)  ESS (in Estonian) filled by the driver in 2016, in fear of losing the 
license as per the EU Directive on Driving Licenses. 
 
Photo 3. Treatment protocols of obstructive sleep apnea with a continuous positive 
airway pressure device. Photos by Erve Sõõru.  
The comparison of A) patient investigation, when the patient did not sleep with the 
device on (the device was fixed with the mask to the pillow for nine hours and breathing 
was not detected) and B) investigation results in the same patient after careful discussion 
with patient, where Pressure, Sleep Therapy Flags, Normal Mask Fit and Results are 
available. 
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Abstract 
Mismatch of Sleep and Work Arrangements among Research 
and Development Employees and Personalisation of Sleep 
Studies 
Interest in sleep and sleep disorders has grown during the recent decades. Sleep 
problems are increasingly common; they interfere with people’s daily coping and can 
impair work performance. Individuals can be categorised by their circadian rhythms as 
morning-type, evening-type or neither-type. Traditionally, all of those are expected to 
follow “nine-to-five” work schedules where individual needs cannot be necessarily 
accommodated. However, working in the early morning hours may not be appropriate 
for all chronotypes and some types would prefer working hours that are different from 
the traditional ones. The research presented in this thesis focused on creative R&D 
employees who might be expected to need a flexible work schedule and whose creative 
work result is more dependent on alertness and good sleep. The linkages between 
circadian rhythms on socio-economic behaviour have been scarcely studied, but this area 
of research could be of practical value for policy, management and individual needs. 

Frequent sleep disorder – obstructive sleep apnea – among drivers is a key contributor 
to road accidents due to daytime sleepiness. The number of sleep tests has increased 
after the implementation of the European Union (EU) Driving License Directive in 2015, 
which required suspects to be screened for sleep apnea. According to the author’s 
observation in her everyday work, some people gave the device that is meant for home 
use sleep study to a third person to register their results. One of the reasons is that by 
registering sleep study results of a third person, it would misinform medical personnel 
and lead to that person being able to keep their driver’s license. The role of person 
identification sensors and methods for patient identification in sleep studies have not yet 
been covered in previous studies. 

The aim of this thesis was to find out which chronotypes are disturbed by their work 
patterns and which types of chronotypes suffer from their sleeping habits in employment 
options. The purpose of those pilot studies is to initiate the research in those topics while 
larger scale research should be undertaken in future. The research presented in this 
thesis employs questionnaire study data of Estonian research and development 
professionals (n = 153). Linkages between employment options, chronotypes, sleep 
duration and different individual and work characteristics were studied. The research 
uses different statistical methods for finding the results. 

The second goal was to invent a solution for a device for person identification during 
sleep studies. Pulse oximetry is the most widely used sensor for investigations of  
sleep-disordered breathing and early identification of hypoxaemia and level of 
oxyhemoglobin desaturation during the night. 

The results of the questionnaire based study presented in the thesis showed that 
employment options appeared to be more limited among evening types and workers 
who have longer sleeping hours. Evening type workers, women and those whose  
work is with a lower creative intensity are more likely to feel that their work is setting 
restrictions on their sleep. Also, those workers who have no flexible work hours and no 
teleworking possibilities feel more the impact of work on their sleep patterns.  
The studies presented in the thesis suggest that giving working time and workplace 
flexibility and avoiding excessive administrative burdens on creative workers improves 
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their sleep. This contributes to their well-being and performance. Employees are 
expected to find it difficult to change their sleep related preferences because 
chronotypes may have a genetic background. It may be suggested that people with 
different sleep needs may not have equal opportunities to find work in creative jobs. 

Our research group developed a method and a device for personalised pulse oximetry 
in patient’s sleep investigation. Wearable pulse oximeter complemented with the 
invention and supplied for the patient for home use sleep study is able to identify if the 
device is used by a third person during the period. Although both pulse oximetry and 
biometric detection principles are already well known, different physical methods and 
devices for personalising oximetric data have not been previously combined. Portable 
devices are simple and relatively cheap. Further studies should focus on the diagnostic 
opportunities and cost effects associated with the widespread use of information 
technology in outpatient research. In addition, this solution may be considered in 
personalised telemonitoring. 
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Lühikokkuvõte 
Teadus- ja arendustöötajate une ja töökorralduse ebakõlad 
ning uneuuringute personaliseerimine 
Huvi une ja unehäirete vastu on viimastel aastakümnetel kasvanud. Unehäireid esineb 
järjest sagedamini, need häirivad inimeste igapäevast toimetulekut ja võivad halvendada 
töötulemusi. Inimesi võib liigitada oma ööpäevaste rütmide järgi hommikutüübiks, 
õhtutüübiks ja liigitamata tüübiks. Tavapäraselt eeldatakse, et kõik eelnimetatud tüübid 
peavad järgima „üheksast viieni“ töögraafikuid, kus individuaalseid vajadusi ei ole 
võimalik arvestada. Siiski võib arvata, et kõikidele kronotüüpidele ei sobi töötamine 
varastel hommikutundidel ja mõned tüübid eelistaksid tööaega, mis on erinev 
tavapärasest. Oma töös keskendusin loovatele teadus- ja arendustöötajatele, kes võiksid 
eeldatavalt vajada paidlikku töögraafikut, ja kelle loomingulise töö tulemuslikkus sõltub 
enam vaimsest erksusest ja heast unest. Tsirkadiaanrütmi seoseid sotsiaal-majandusliku 
käitumisega on vähe uuritud, kuid tegemist on uue uurimisvaldkonnaga, mis on praktilise 
väärtusega poliitika kujunduses, juhtimises ja individuaalsete vajadustega arvestamisel. 

Sagedane unehäire – obstruktiivne uneapnoe on liiklusõnnetuste puhul oluline 
riskitegur, mis on tingitud päevasest liigunisusest. Uneuuringute arv kasvas pärast 
Euroopa Liidu (EL) juhilubade direktiivi rakendamist 2015. aastal, mis määras, et 
uneapnoe kahtlusega isikuid peab uneapnoe esinemise suhtes uurima. Autor märkas 
oma igapäevatöös, et mõned inimesed andsid koduseks kasutamiseks mõeldud 
uneuuringu seadme kolmandale isikule tulemuste registreerimiseks. Üheks põhjuseks on 
meditsiinipersonali eksitamine kolmanda isiku tulemuste kaudu ning seeläbi oma 
juhtimisõiguse säilitamine. Uneuuringutel kasutatavate identifitseerimisandurite ja 
identifitseeritavate uneuuringumeetodite rolli ei ole varasemates uuringutes veel 
käsitletud. 

Käesoleva doktoritöö eesmärk oli välja selgitada, millist tüüpi kronotüüpide unereziim 
on häiritud töökorralduse tõttu, ning  leida, milliste kronotüüpide loominguline tööhõive 
kannatab magamisharjumuste tõttu. Selle pilootuuringu eesmärk on teema algatamine, 
jättes samas ruumi edasisteks suuremahulisemateks uuringuteks.  
Uuring põhineb küsitlusel, kuhu on kaasatud Eesti loomingulised teadus- ja 
arendustegevuse töötajad (N = 153). Uuriti kronotüüpe, une kestust ning erinevaid 
individuaalseid ja tööomadusi. Uurimistöös on kasutatud erinevaid statistilisi meetodeid 
tulemuste leidmiseks. 

Töö teiseks eesmärgiks oli leiutada uneuuringuteks kasutatav isiku tuvastamise 
meetod ja seade. Kõige sagedamini kasutatav andur unehäirete uurimiseks on 
pulssoksümeeter, millel on oluline roll hüpokseemia varajases avastamises ja 
oksühemoglobiini desaturatsiooni demonstreerimisel öötundidel. 

Doktoritöös esitatud küsitluspõhise uuringu tulemused näitasid, et oma töövõimalusi 
tunnetasid unest enam piiratud olevat õhtust tüüpi ja pikema uneajaga töötajad. 
Õhtutüüpi töötajad, naised ja madalama loomingulise intensiivsusega töö tegijad 
tunnetasid, et töö seab piiranguid nende unele. Töötajad, kellel on võimalus valida 
paindlikku töögraafikut ja töötegemise kohta, tunnetasid tööst tingitud piiravat mõju 
unerežiimile vähem. Doktoritöös esitatud uurimustest selgus, et tööaja ja töökoha 
paindlikkuse võimaldamine ning ülemääraste administratiivkohustuste vältimine 
parandab loovate teadus- ja arendustöötajate und, aidates sellega kaasa töötajate 
heaolu ja töötulemuste parandamisele. Arvatavalt on töötajatel oma une-eelistusi raske 
muuta, sest kronotüüpidel võib olla geneetiline taust. Võib arvata, et erineva 
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unevajadusega inimestel ei pruugi olla võrdsed võimalused töö leidmiseks, vähemasti 
teadus- ja arendustegevuses. 

Doktoritöö autori ja kolleegide arendusena valminud meetod ja seade on mõeldud 
individuaalse uneuuringu läbiviimiseks kodustes tingimustes. Personaliseeritud 
pulssoksümeeter suudab tuvastada, kas seadet kasutab uuringu perioodi jooksul keegi 
kolmas isik. 

Ehkki nii pulssoksümeetria seadmed kui ka biomeetrilised tuvastuspõhimõtted on 
teada juba pikemat aega, ei ole varem oksümeetriliste andmete personaliseerimiseks 
erinevaid füüsikalisi meetodeid ja seadmeid kokku viidud. Kaasaskantavad seadmed on 
lihtsad ja suhteliselt odavad. Loodetavasti keskendutakse edaspidi ambulatoorsetes 
uuringutes kasutatava infotehnoloogia laialdase kasutamisega seotud 
diagnostikavaldkonnale ja kuludele. Lisaks võib selle lahenduse kasutamist kaaluda 
personaliseeritud telemonitooringus. 

 



 



 

55 

Appendix 1 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Publication I 
Hazak, Aaro; Sõõru, Erve; Hein, Heili; Männasoo, Kadri (2018). Effects of work 
arrangements on the sleep regimen of creative R&D employees. International Journal of 
Occupational Safety and Ergonomics. Taylor & Francis. Epub ahead of print.  
DOI: 10.1080/10803548.2018.1504854 (Web of Science, Scopus) 
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Appendix 2 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Publication II 
Sõõru, Erve; Hazak, Aaro; Rebane, Marit (2018). Does chronotype restrict the 
employment options of creative R&D professionals? Biological Rhythm Research.  
Taylor & Francis. Epub ahead of print. DOI: 10.1080/09291016.2018.1528681 (Web of 
Science, Scopus) 
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Appendix 3 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
Invention 
Invention: A method and device for personalized pulse oximetry; Owners: RES-MEDICA 
OÜ, ELIKO Tehnoloogia Arenduskeskus OÜ; Authors: Erve Sõõru, Mart Min, Paul Annus, 
Raul Land; Priority number: US 61/771,903; Priority date: 3.03.2013. 
 
 
 
 
 
 
 
 
 
 
 
 
 

 
 





































 

101 

Curriculum vitae 
Personal data 
 Name:    Erve Sõõru 
 Date and place of birth:  18.12.1968, Tartu, Estonia 

Citizenship:   Estonian 
 
Contact data 
 E-mail:    sooru.erve@gmail.com 
 
Education 
 

Educational institution Graduation 
year 

Education  
(Field of study/degree) 

Tallinn University of Technology, 
Department of Health Technologies 

exp. 2019 PhD in Health Technologies  

University of Tartu, Tartu 
University Lung Clinic, Residency in 
Pulmonary Medicine 

2002 Pulmonologist 

University of Tartu, Faculty of 
Medicine, Internship 

1997 License in General Medicine 

University of Tartu, Faculty of 
Medicine 

1993 MD, Physician in sports 
medicine and rehabilitation 

Tallinn Sports Boarding School, 
Otepää Branch 

1986 Secondary education, biathlon 

 
Language competence 
 

Language Level 
Estonian Mother tongue 
English Very good 
Russian Very good 

 
Professional employment 
 

Period Organization Position 
2016 to date Confido Private Medical Centre Specialist in pulmonary 

medicine and sleep medicine 
2013 to date    Tallinn University of Technology, 

Department of Health Technologies 
Lecturer (0.2) 

2002 – 2019 North Estonia Medical Centre, 
Department of Pulmonology 

Specialist in pulmonary 
medicine; Senior adviser 

1998 – 2002 Tartu University Lung Clinic,  
Department of Pulmonology,  
Residency of Pulmonary Medicine 

Assistant physician 

2001 – 2003 Estonian Genome Project Research investigator 



102 

1993 – 1998 University of Tartu, Faculty of 
Medicine 

Physician-intern 

Managerial and administrative work 

Period Position 
1998 to date Estonian Respiratory Society, Member 
1999 to date European Respiratory Society, Member 
2005 to date Estonian Sleep Medicine Association, Founder, Member of board, 

President (2011 – 2018) 
2012 to date   European Sleep Research Society, Member 
2012 – 2018 European Sleep Research Society,  22nd Congress, Chair of local 

organising committee (2014, Tallinn) 
2012 – 2018 European Sleep Research Society, Assembly of National Societies, 

national representative 
2013 to date Nordic Sleep Society, Member of board 
2013 European Sleep Research Society, accredited as an Expert in Sleep 

Medicine  
2014 – 2017 Nordic Sleep Conference, Chair of organising committee (2017, 

Tallinn) 
2016 – 2019 Nordic Lung Conference, Member of scientific and organising 

committee (2019, Tallinn) 

Publications 

1. Sõõru, E. Täiskasvanute unehäirete esmane diagnostika. (2019). Eesti Arst;
98(7):375–376.

2. Põld, K., Sõõru, E., Hion, T., Kiens, O. Eesti Unemeditsiini Selts  Põhjamaade
unemeditsiinikonverentsil. (2019) Eesti Arst; 98(7):412–413.

3. Hazak, Aaro; Sõõru, Erve; Hein, Heili; Männasoo, Kadri (Epub ahead a print).
Effects of work arrangements on the sleep regimen of creative R&D
employees. International Journal of Occupational Safety and
Ergonomics.10.1080/10803548.2018.1504854 .

4. Sõõru, E., Ingerainen, D., Hion, T., Pallo, V., Immato, E. (2019). Estonian
eHealth for screening obstructive sleep apnea among drivers. Poster
presentation. The 49th Nordic Lung Congress. Endorsed by European
Respiratory Society. Tallinn, Estonia, 12–14 June, 2019.

5. Sõõru, E., Hion, T., Põld, K. et al. (2019). Täiskasvanute unehäirete esmane
diagnostika. Eesti Haigekassa. Ravijuhend. (RJ-G/28.1-2018).

6. Sõõru, E., Hazak, A., Rebane, M. (Epub ahead of print). Does chronotype
restrict the employment options of creative R&D professionals? Biological
Rhythm Research.

7. Sõõru, E., Hazak, A., Männasoo, K. (2018). Effects of work arrangement on
sleep regimen in creative R&D employees. Journal of Sleep Research, 27: 24th
Congress of the European-Sleep-Research-Society (ESRS). Basel, Switzerland:
Wiley, 208−208. (S1).10.1111/jsr.12751.



 

103 

8. Sõõru, E., Hazak, A., Partinen, M., Virkebau, M. (2018). Daytime sleepiness: 
impacts of work organisation. Journal of Sleep Research, 27: 24th Congress 
of the European-Sleep-Research-Society (ESRS). Basel, Switzerland: Wiley, 
208−208. (S1).10.1111/jsr.12751.  

9. Sõõru, E., Hein, H., Hazak, A. (2017). Why force owls to start work early? The 
work schedules of R&D employees and sleep. In: TUT Economic Research 
Series. (TUTECON Research Briefs; No. RB-2017/3). 

10. Arnardottir, E. S., Verbraecken, J., Gonçalves, M., Gjerstad, M. D., Grote, L., 
Puertas, F. J., Mihaicuta, S., McNicholas, W. T., Parrino, L.; National 
Representatives as Study Collaborators. (Sõõru, E. et al.). (2016). Variability 
in recording and scoring of respiratory events during sleep in Europe: a need 
for uniform standards. J Sleep Res. 2016 Apr; 25(2):144–157.  
doi: 10.1111/jsr.12353. 

11. Hazak, A., Virkebau, M., Tuulik, V., Tint, P., Pille, V., Sõõru, E. (2016). Social 
innovation potential in working arrangements of R&D employees:  
Repeated employee survey from Estonia. In: 2016 IEEE International 
Conference on Emerging Technologies and Innovative Business Practices  
for the Transformation of Societies (EmergiTech) (210−213). 
IEEE.10.1109/EmergiTech.2016.7737340. 

12. Hazak, A., Virkebau, M., Tuulik, V., Tint, P., Pille, V., Sõõru, E. (2016). 
Employee Performance, Working Time and Tiredness in Creative R&D Jobs: 
Employee Survey from Estonia. The Economies of Balkan and Eastern Europe 
Countries in the Changed World. Book of Abstracts: 8th International 
Conference EBEEC. Split, Croatia: Eastern Macedonia and Thrace Institute of 
Technology, 77. 

13. Hazak, A., Virkebau, M., Sõõru, E., Männasoo, K., Tuulik, V. (2016). Effects of 
working time patterns on creative R&D work outcome. Hard Times?:  
The Eighth Nordic Working Life Conference, Tampere, 2–4 November 2016. 
University of Tampere, 49−49. 

14. Sõõru, E., Ross, P., Sepper, R. (2015). E-health and screening possibilities of 
obstructive sleep apnea among drivers. 16th Nordic Sleep Conference jointly 
organized with the 8th Annual Congress of the Swedish Sleep Society. 
Gothenburg, Sweden, 21–23 May, 2015. 

15. Gonçalves, M., Amici, R., Lucas, R., Åkerstedt, T., Cirignotta, F., Horne, J., 
Léger, D., McNicholas, W. T., Partinen, M., Téran-Santos, J., Peigneux, P., 
Grote, L.; National Representatives as Study Collaborators (Sõõru, E.  
et al.).(2015). Sleepiness at the wheel across Europe: a survey of 19 countries. 
J Sleep Res. Jun; 24(3):242–253. 

16. Sõõru, E., Innos, K., Sepper, R. (2015). The effect of age, BMI and different 
diseases on the oxygen desaturation index among men and women. 16th 
Nordic Sleep Conference jointly organized with the 8th Annual Congress of 
the Swedish Sleep Society. Gothenburg, Sweden, 21–23 May, 2015. 

17. Sõõru, E. (2014). Management of obstructive sleep apnoea among drivers in 
Estonia. European Sleep Research Society 22nd Congress, Tallinn, Estonia,  
16–20 September, 2014. 

18. Sõõru, E., Innos, K., Sepper, R. (2014). The effect of age, gender, BMI and 
hypertension on the oxygen desaturation index. European Sleep Research 
Society 22nd Congress, Tallinn, Estonia, 16–20 September, 2014. 



 

104 

19. Sõõru, E., Kõre, K., Nagelmann, A. (2011). Effects of the Home-Realized 6 
Months Follow-up Study Individually Designed Exercise Programme in 
Patients with Severe Chronic Obstructive Pulmonary Disease. CHEST:  
The annual meeting of the American College of Chest Physicians, Honolulu, 
Oct. 22 to 26 2011. American College of Chest Physicians. (Chest; 140  
(4 Meeting Abstracts)).10.1378/chest.1117548. 

20. Sõõru, E. (2007). Mitteinvasiivne ventilatsioon - meie võimalused uneaegsete 
hingamishäirete ravimisel. Eesti Arst, Lisa 10: III Eesti Unemeditsiini 
Konverents ”Mida parem uni, seda turvalisem elu”. Eesti 
Rahvusraamatukogu, 13 Aprill, 2007. 

21. Sõõru, E., Kõre, K., Nagelmann, A. (2006). Effects of the home-realized 6 
months follow-up study individually designed exercise programme on 
patients with severe chronic obstructive pulmonary disease. ERS Annual 
Congress 2006 - ABSTRACTS. 553s. 

22. Sõõru, E., Jõgi, R., Jaanus, M. (2004). Obstruktiivne uneapnoe: diagnostika ja 
ravi. Ravijuhend. Tartu: Tartu Ülikool. 

23. Tuvik, P., Sõõru, E. (2003). ANCA-positiivsed vaskuliidid - kolm haigusjuhtu 
kopsuarsti vaatevinklist. Eesti Arst, 5, 254. 

24. Sõõru, E., Jõgi, R. (2002). Overview of the current situation in diagnosing and 
treating obstructive sleep apnoea in Estonia. Medicina Thoracalis:  
Soome-Ugri Kopsuarstide Kongress, Pecs, Ungari, 23–25 May 2002. 46−47. 

25. Sõõru, E., Altraja, A. (2001). Obstruktiivse uneapnoe sündroom ja selle  
CPAP-ravi kui ravi valikmeetod. Eesti Arst, 80(8):341−346. 

 
Invention 
A method and device for personalized pulse oximetry; Owners: RES-MEDICA OÜ, ELIKO 
Tehnoloogia Arenduskeskus OÜ; Authors: Erve Sõõru, Mart Min, Paul Annus, Raul Land; 
Priority number: US 61/771,903; Priority date: 03.03.2013.  



 

105 

Elulookirjeldus 
Isikuandmed 
 Nimi:    Erve Sõõru 
 Sünniaeg ja -koht:  18.12.1968, Tartu, Eesti 
 Kodakondsus:   eesti 
 
Kontaktandmed 
 E-mail:    sooru.erve@gmail.com 
 
Hariduskäik 
 

Õppeasutus Lõpetamise aeg Haridus 
(Eriala/kraad) 

Tallinna Tehnikaülikool, 
Tervisetehnoloogia Instituut, 
Doktorantuur 

Oodatav 
2019 

Tervisetehnoloogia- PhD 

Tartu Ülikool, 
Tartu Ülikooli Kopsukliinik, 
Residentuur 

2002 Kopsuarsti kutse 

Tartu Ülikool, 
Arstiteaduskond, Internatuur 

1997 Üldarsti kutse 

Tartu Ülikool, 
Arstiteaduskond 

1993 Meditsiinidoktor, ravi eriala;  
spordimeditsiini ja taastusravi 
arsti kutse 

Tallinna Spordiinternaatkool 
(TSIK), Otepää filiaal 

1986 keskharidus, laskesuusatamine 

 
Keelteoskus 
 

Keel Tase 
Eesti Emakeel, kõrgtase 
Inglise Kõrgtase 
Vene Kõrgtase 

 
Teenistuskäik 

Töötamise aeg Tööandja nimetus Ametikoht 
2016 –    Confido Erameditsiinikeskus Kopsuarst - unearst 
2013 –  Tallinna Tehnikaülikool, 

Tervisetehnoloogia instituut 
Lektor (0,2) 

2002 – 2019 Põhja-Eesti Regionaalhaigla, 
Pulmonoloogia osakond 

Kopsuarst-vanemarst 

1998 – 2002 Tartu Ülikool, Arstiteaduskond,  
Residentuur pulmonoloogia 
erialal 

Arst- resident  

2001 – 2003 Eesti Geenivaramu Uuringute monitoorija 
1993 – 1997 Tartu Ülikool, Arstiteaduskond, 

Internatuur 
Arst-intern 



106 

Teadusorganisatsiooniline ja administratiivne tegevus 
Periood Tegevus 
1998 –    
1999 – 
2005 –   

Eesti Kopsuarstide Seltsi liige 
Euroopa Kopsuarstide Seltsi liige 
Eesti Unemeditsiini Seltsi asutaja, juhatuse liige, president 

2012 –    
2012 – 2018 

2012 – 2018 
2013 – 
2013 

2014 – 2017 

2016 – 2019 

(2011 – 2018) 
Euroopa Unemeditsiini Seltsi liige 
Euroopa Unemeditsiini Seltsi kongressi korralduskomitee juht 
(2014, Tallinn) 
Euroopa Uneuurijate Seltside Kogu, rahvuslik esindaja 
Põhjamaade Unemeditsiini Selts, juhatuse liige 
Euroopa Uneuurijate Seltsi poolt akrediteeritud unemeditsiini 
ekspert  
Põhjamaade Unemeditsiini Kongressi korralduskomitee juht (2017, 
Tallinn) 
Põhjamaade Kopsuarstide Kongressi korralduskomitee ja 
teaduskomitee liige (2019, Tallinn) 


	Blank Page
	Blank Page
	Blank Page
	Blank Page



