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ABSTRACT 

Obstructive Sleep Apnea (OSA) is a sleeping disorder, which is characterized by 

daytime sleepiness and it has been linked to various physical and mental problems, 

like depression and anxiety. Although there is a range of possible treatments for OSA, 

research on the association of physical activity (PA) based on Self-determination 

Theory (SDT) with sleepiness, depression and anxiety is scarce. This study aimed to 

explore the interactions of SDT tenets and specifically the basic psychological needs 

of competence, autonomy and relatedness for exercise with depression, anxiety and 

daytime sleepiness. Additionally, whether PA, as measured in Metabolic Equivalents 

(METs), contributes to the improvement of daytime sleepiness among OSA patients 

and whether SDT contributes to the adoption of PA were examined. A total of 51 

adult patients diagnosed with OSA (males = 38 females = 13) and a mean age of 

approximately 51 years participated in the study. During a private meeting, 

participants filled questionnaires that measured PA, depression, anxiety and the 

psychological needs for exercise of competence, autonomy and relatedness. Results 

revealed several significant relationships between the variables. Also, exercisers 

showed lower depression and more competence satisfaction. Stepwise regression 

analyses yield a significant prediction of daytime sleepiness from moderate METs and 

a significant prediction of METs total from competence satisfaction. Present findings 

suggest that PA may have a beneficial effect on lowering depression and that 

especially PA of moderate intensity may reduce daytime sleepiness in OSA patients. 

Likewise, satisfaction of basic need of competence may lead to higher physical 

activity participation among OSA patients. However, more research is needed. 

Keywords: Obstructive Sleep Apnea (OSA); daytime sleepiness; physical activity; 

depression; Metabolic Equivalents (METS); need satisfaction. 
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1. INTRODUCTION 
 

       1.1 Obstructive Sleep Apnea 

 
Sleep disordered breathing (SDB) is a chronic condition which encloses two 

significant disorders related to problematic sleeping: Obstructive Sleep Apnea (OSA) 

and Central Sleep Apnea (CSA). The word “apnea” stems from the Greek language 

and it means “breathless” or “absence of breath”. What distinguishes OSA from CSA 

is the actual cause of disorder, but in both cases, the inflow of the air is being 

temporarily blocked. Thus, the people who are suffering from untreated sleep apnea 

are not able to breathe and sleep properly and continuously during the night (Ho & 

Brass, 2011). This can mean breathing interruptions and awakenings during nighttime 

because of hard breathing or choking sensation (Epstein, et. al., 2009). Among OSA 

and CSA, the most common type has been found to be OSA, with the percentage of 

prevalence being more than 85% when it comes to SDB cases (Ho & Brass, 2011). 

Nonetheless, in 1966 Gaustaut et al. included a third type of apnea: the “mixed” one, 

in which an obstructive event follows right after a central one (Gibson, 2004). 

  Obstructive Sleep Apnea is characterized by upper airway collapse and it can 

be experienced in two forms: complete inability (airflow cessation - apnea) and partial 

inability (airflow reduction - hypopnea) to breathe properly during night (Al Lawati, 

Patel & Ayas, 2008; Jordan, McSharry & Malhotra, 2014). An obstructive apnea 

episode can be defined as the absence of airflow for at least 10 seconds (Punjabi, 

2008) and it is assessed by polysomnography; an equipment-based medical 

examination which monitors the sleep for an entire night (Haensel  et al., 2007). At 

first, for OSA’s identification the apnea index (AI) was used, which was an indicator 

of the appropriate frequency of apneas (>5 events per hour/sleep). However, given 
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that: a) healthy individuals could have an AI > 5, b) the OSA symptoms could be seen 

in patients with hypoapnea and c) the severity spectrum ranges from mild to severe, 

the AI was rejected and ultimately replaced by the apnea - hypopnea index (AHI) 

(Gibson, 2004). AHI assesses the quantity of apneas and hypopneas that someone can 

experience per hour of sleep (Guilleminault & Abad, 2004; Punjabi, 2008; Young, 

Peppard & Gottlieb, 2002). According to AHI, apnea’s severity is categorized to: a) 

mild apnea (5 – 15events per hour/sleep), which is characterized by passive or 

sedentary sleepiness, b) moderate apnea (15 – 30 events per hour/sleep), in which 

sleepiness can be identified in inappropriate times, but without interfering with daily 

function and c) severe apnea (≥ 30 events per hour/sleep), in which sleepiness is 

really interfering with everyday life and it can be very harmful (Al Lawati, Patel & 

Ayas, 2008; Rossini, 2009).   

The reference to the disorder has been made in a range of terms such as: 

Obstructive Sleep Apnea (OSA), obstructive sleep apnea-hypopnea syndrome 

(OSAHS), sleep apnea-hypopnea syndrome (SAHS), sleep apnea syndrome (SAS) 

and obstructive sleep disordered breathing (OSDB). For the present study the term 

“Obstructive Sleep Apnea” (OSA) will be used, as it is the most common term and 

there is no particular difference in the hardcore symptomatology among all the above.  

1.2 Obstructive Sleep Apnea Symptoms and Affect 

Even though OSA is sometimes asymptomatic and thus difficult to be 

diagnosed, the most common and disabling symptom is daytime sleepiness (Franklin 

& Lindberg, 2015). Sleepiness is measured by the Epworth Sleepiness Scale (ESS) 

(Ho & Brass, 2011) and it is the main reason why people refer to a polysomnographic 

study (Macey, Woo, Kumar, Cross & Harper, 2010). Other clinical symptoms are: a) 
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loud snoring, b) morning headache with a sensation of fatigue and c) dry throat (Ho & 

Brass, 2011; Jordan et al., 2014).  

Obstructive Sleep Apnea can lead to cognitive and sexual dysfunction, 

reduced work performance, decreased quality of life (Punjabi, 2008) and poor sleep 

quality (Macey et al., 2010). Additionally, OSA can lead to personality and mood 

changes, insomnia (39%-58%) and to an increased risk for cardiovascular morbidity 

and mortality (Epstein, et al., 2009; Guilleminault & Abad, 2004; Luyster, Buysse & 

Strollo, 2010). For example, high risk of systemic hypertension ( ̴ 30%) (Punjabi, 

2008; Al Lawati, Patel & Ayas, 2009), myocardial infarction, heart failure (12-53%) 

and stroke (43%-91%) (Fogel et al., 2001; Bradley & Floras, 2009) have been 

reported. Also, it has been found that OSA can coexist with epilepsy in 10.2% of 

epileptic patients (Manni et al., 2003). Finally, OSA not only acts as a risk factor for 

car accidents due to sleepiness (0.4% - 30%) (Horstmann et al., 2000) but it is also 

linked to depression and anxiety even though their relationship remains unclear (Ejaz, 

Khawaja, Bhatia, & Hurwitz, 2011; Heinzer et al., 2015). 

1.3 Obstructive Sleep Apnea and Risk Factors 

A screening tool called STOP BANG questionnaire, has identified 8 risk 

factors in OSA: Snoring, Tiredness, Observed apneas, elevated blood Pressure, Body 

mass index (BMI; greater than 35 kg/m2), Age (greater than 50), Neck circumference 

(greater than 40 cm), and Gender (male) (Ho & Brass, 2011). BMI is closely related 

to another major risk factor for OSA, obesity and it has been found that patients with 

OSA are mostly overweight (Franklin & Lindberg, 2015; Palmer et al., 2003). For 

example, 58% of people with high BMI have been diagnosed with moderate or severe 

OSA, while excess body weight increases by 4-fold the prevalence of the disease 
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(Young et al, 1993). However, even though it has been proved that a 10% of weight 

change can be associated with a 30% change in the AHI, there is a limitation∙ the 

actual causal relationship between obesity and OSA remains uncertain (Palmer et al., 

2003; Schwartz, et al. 2008). According to studies (Barvaux, Aubert & Rodenstein, 

2000; Grunstein et al., 2007) weight decrease (either surgical or dietary) can affect the 

severity of OSA, even though weight loss maintenance doesn’t prevent the re-

occurrence of OSA symptoms (Sampol et al., 1998).  

Additional risk factors, yet not established for OSA, are considered to be 

smoking and alcohol consumption. Smoking (either passive or heavy) is linked to 

increased risk of snoring and/or sleep apnea and alcohol, mainly before sleeping, 

increases the number of sleep apneas and enhances their duration (Franklin & 

Lindberg, 2015; Punjabi, 2008). 

 

1.4 Obstructive Sleep Apnea and Age 

Obstructive Sleep Apnea is a global health problem as it dominates in general 

population. It affects more than 12 million adult Americans as well as Europeans, 

Brazilians and people from several Asian countries (Jordan et al., 2014). Even though 

children may suffer from OSA (Guilleminault, Korobkin & Winkle, 1981 for a 

review), it seems that when the age increases so does the frequency of the disorder, 

regardless of gender. For example, despite Bixler’s et al. (1998) support that OSA 

increases until the age of 55 and then it whether stops increasing or decreases, several 

studies have shown that even after the age of 60, OSA’s prevalence still augments 

(Durán, Esnaola, Rubio & Iztueta 2001; Ho & Brass, 2011; Franklin & Lindberg, 

2015). For instance, it has been proved that OSA can affect people over 65 years old 

up to 42% (Hoth et al., 2013). Similarly, Sforza et al., (2016) reported studies which 
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evidence that 24-62% of elderly people suffer from mild OSA and 19-44% of them 

suffer from moderate to severe OSA. So, Bixler’s et al. finding could be attributed to 

the fact that elderly people living alone show limited awareness of their OSA 

(Engleman & Douglas, 2004).  

 

1.5 Obstructive Sleep Apnea and Gender 

Findings regarding the prevalence rate of gender in OSA are controversial. 

Young et al. (1993) were the first to assess OSA’s prevalence in Wisconsin and they 

drew the conclusion that for people aged between 30 and 60 years old, the prevalence 

rate is 9-24% for men and 4-9% for women. According to a review, subsequent 

studies from 1993 to 2013 in this field identified a mean score of 22% for men, which 

ranges from 9-37% and a mean score of 17% for women, which ranges from 4-50%. 

However, according to the same review, more recent studies from 2008 to 2013 have 

reported 37% of prevalence in men and 50% in women (Franklin & Lindberg, 2015). 

Most likely, these differences over time could be attributed to technical factors and 

differences in the equipment, the design, the population and the interpretation of index 

scoring (Franklin & Lindberg, 2015).  

According to Senaratna et al., (2017), another range of studies has identified 

that men are more prone to the disorder than women, with a ratio of 10:1 for sleep 

clinic populations and approximately 3:1 in community-based population with a 

percentage of 4% for middle-aged men and 2% for middle-aged women (Fogel et al. 

2001; Campos-Rodriguez et. al., 2012; Hoth & al., 2013). This difference is supposed 

to be minimized after the age of 60, probably because of women’s menopause 

(Heinzer et al., 2015), as postmenauposal women’s likelihood of being affected by 

OSA is increased between 2- and 3-fold compared to premenopausal women.  That 
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means that hormonal status can affect a woman’s median score of apnea-hypopnea 

and protect her from this sleeping disorder (Al Lawati, Patel & Ayas, 2009; Heinzer et 

al., 2015).  Other factors that could possibly affect the gender differences is the more 

central distribution of body fat in men (Mortimore, Marshall, Wraith, Sellar & 

Douglas, 1998) and the lower neck circumference in favor of women (Heinzer et al., 

2015).  

1.6 Obstructive Sleep Apnea and Treatment 

Obstructive Sleep Apnea is a chronic disorder which needs to be addressed in 

a multidisciplinary way, even though a large proportion of people with moderate or 

severe OSA remain undiagnosed and thus untreated (Young, Evans, Finn & Palta, 

1997; Gibson, 2004). There are clinical (Continuous Positive Airway Pressure; CPAP 

and oral appliances; OA), behavioral (exercise, weight loss/diet, positional therapy 

and minimization of alcohol or sedatives consumption) and surgical OSA treatments. 

1.6.1 Continuous Positive Airway Pressure 

According to the American Academy of Sleep Medicine, continuous positive 

airway pressure (CPAP) or other oral appliances (OA) could be used for OSA 

treatment (Schmidt-Nowara et al., 1995). Continuous Positive Airway Pressure 

(CPAP) is a nose mask introduced by Sullivan et al. in 1981. Specifically, it’s the 

application of a positive pressure via the nose and sometimes the mouth, which helps 

in stabilizing the breathing, suppressing the snoring, normalizing the quality of sleep 

and minimizing the daytime symptoms (Gibson, 2004).  

When it comes to severe OSA, CPAP is recommended as a primary treatment 

(Iftikhar, Kline & Youngstedt, 2014). It is considered to be the most common and 

highly cost-effective treatment as it can improve: a) oxygen saturation during sleep 
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09/06/2024 08:54:38 EEST - 18.189.195.226



11 
 

(Ferguson et al., 1996) b) subjective daytime sleepiness and c) the quality of life 

(Epstein, et. al., 2009; McEvoy et al., 2016; Ferguson et al., 1996) and it can reduce 

the risk of cardiovascular disease both in middle-aged and elderly patients (Martínez-

García et al., 2012). In order for the treatment to be effective, the mask must be used 

at least 2 hours per night and those who use it 6 to 7 hours benefit the most (Scottish 

Intercollegiate Guideline Network, 2003). Thus, education about the proper utilization 

of the equipment, and information about the benefits and the minor but potential risks 

of this treatment are recommended prior to the application (Epstein et al., 2009).  

Despite CPAP’s effectiveness, the equipment’ acquisition is not affordable to 

all patients. Additionally, many of those who can afford it, they are intolerant and 

unwilling to comply with this therapy, probably due to claustrophobia, the noise of 

the machine or the side effects. Thus, they don’t use it in long-term (Gibson, 2004). 

Actually, it has been monitored that the average CPAP’s usage is less that 50% during 

the whole night, while the ones who discontinue the treatment the most are those who 

are less symptomatic. (Kribbs et al., 1993). 

1.6.2 Oral Appliances  

Oral appliances (OA) consist of devices that are inserted into the mouth in 

order to modify several structures of the upper airway, in an attempt to reduce the 

level of snoring and sleep apnea. OA have been used as a treatment to upper airway 

obstruction since early 1902 as an alternative treatment to dissatisfying or complex 

therapies (Schmidt-Nowara et al., 1995) According to a review conducted by 

Ferguson et al., in 2006, OA’s efficiency relies on: a) OSA severity (mild to 

moderate), b) BMI, c) level of AHI depending on sleep position (higher in supine 

rather than lateral) and d) amount of mandibular protrusion. In severe OSA, oral 

appliances are recommended as a second-line treatment (Iftikhar, Kline & 
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Youngstedt, 2014) and it can be used as an adjunct treatment to CPAP, as it leads to 

fewer side effects and greater satisfaction. (Ferguson, Ono, Lowe, Keenan & 

Fleetham, 1996; Iftikhar, Kline & Youngstedt, 2014). 

 

1.6.3 Behavioral Strategies 

Behavioral strategies for addressing OSA include lifestyle interventions like 

weight loss, exercise, minimization of alcohol or sedatives consumption before 

bedtime and positional therapy (Epstein et al., 2009).  

Weight loss should be definitely recommended for obese OSA patients, 

especially for those with mild and perhaps moderate OSA (Rossini, 2009) as it has 

been found to be preferable to surgical interventions or other medical therapies due to 

risks, side effects and effects on the sleeping pattern (Smith et al., 1985). Another 

behavioral therapy that could be used is positional therapy (Rossini, 2009). Its 

importance lies on the effect that sleeping position has on the upper airway system 

and the oxygen saturation. For this reason, with the use of a positioning device like a 

pillow, the patient is kept in a non-supine position leading to a normalized AHI 

(Epstein et al., 2009). However, not all patients experience such normalization in non-

supine (Morgenthaler et al., 2006). Finally, exercise has also been found to be a viable 

alternative treatment to OSA, as it improves a range of OSA related problems: AHI 

(Kline et al., 2011; Desplan et al., 2014), daytime sleepiness (Ackel-D’Elia et al., 

2012; Desplan et al., 2014), quality of life (Ackel-D’Elia et al., 2012), quality of sleep 

(Kline et al., 2011; Desplan et al., 2014)  and oxygen desaturation index (ODI; Kline 

et al., 2011). 
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Behavioral treatment is suggested to be used as an adjunct to basic treatment 

and not as treatment alone. That’s because even though it can improve OSA and the 

cardiovascular disease risk, its effects on the disorder may be delayed or 

unsustainable without surgery (Rossini, 2009; Chirinos et al., 2014).  Thus, behavioral 

strategies should be combined with a primary therapy, like CPAP (Rossini, 2009).  

1.6.4 Surgery 

The surgical treatment for OSA is the modification of the upper airway and it, 

actually, is the first treatment used for this disorder. Yet, there are several limitations. 

Particularly, the severity of OSA should be diagnosed in accordance with the 

eligibility evaluation, before subjecting a patient to an upper airway surgery. That 

means that experts of the field should assess the existence of any co-morbidities, 

(either medical or psychological), in order to avoid possible side effects after the 

surgery. Also, the patients must be informed about the benefits and the potential risks 

of this treatment. Surgery can be used as a primary treatment in cases of mild OSA, as 

a secondary when CPAP or OA are inadequate or ineffective or as an adjunctive 

therapy (Epstein, et al., 2009). In any case, OSA treatment should be individualized 

and continued long-term (Rossini, 2009). 

1.7 Obstructive Sleep Apnea and Depression - Anxiety  

According to World Health Organization (WHO; 2001), “depression is the 

leading cause of disability globally and ranks fourth in the ten leading causes of 

global burden of disease”. Likewise, anxiety is considered to be “the fundamental 

phenomenon and the central problem of neurosis, and it is one of the most pervasive 

psychological phenomena of our time” (Speilberger et al., 1971). 
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In Obstructive Sleep Apnea, both depression and anxiety have been found to 

be high and the most prevalent psychological disturbances in OSA patients (Macey et 

al., 2010; Rezaeitalab et al., 2014; Saunamaki & Jehkonen, 2007 for a review) even 

though anxiety has, generally, received less attention than depression (Andrews & 

Oei, 2014). More specifically, for diagnosed adult OSA patients, it has been found 

that 7-63% of them are experiencing depression and 11-70% are experiencing anxiety 

(Saunamaki & Jehkonen, 2007). Additionally, for people over the age of 65, it was 

found that anxiety was present in 38% of the sample and depression in 8% (Sforza et 

al., 2016). Those rates were evidenced regardless of OSA severity (AHI) (Macey et 

al., 2010). This could imply that factors other than AHI, could contribute to this 

phenomenon and mediate the OSA – depression/anxiety relationship. For example, it 

has been found that when health related problems like hypertension and obesity are 

controlled, the relationship between OSA and depression weakens (Bardwell, Berry, 

Ancoli-israel & Dimsdale, 1999).  

Studies investigating the prevalence of depression and anxiety in OSA patients 

have reported high rates of coexistence in both primary care (undiagnosed OSA) and 

clinical populations (entered the sleep clinics and diagnosed with OSA) ranging from 

5 to 63% according to a review conducted by Ejaz et al. (2011). Especially for 

depression, OSA patients seem to report higher rates compared to community settings 

(3-5%) and primary care (5-10%) (Harris, Glozier, Ratnavadivel & Grunstein, 2009 

for a review). Furthermore, a review by the Veterans Health Administration, reported 

higher rates of depression in OSA rather than general population (21.8% in contrast to 

9.43%) (Ejaz et al., 2011).  

Surprisingly, not all reviews support the aforementioned findings. For 

example, in a review made in 2005 several studies came up with no correlation 
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between depression and OSA, but this might be attributed to different sample size, 

study population, age, gender and different questionnaires used (Schröder & O'Hara, 

2005). Likewise, Andrews and Oei, (2014), reported in their review that not all 

researchers found a relationship between anxiety and OSA and that other factors like 

quality of life (QoL) could mediate this relationship. Thus, it could be supposed that 

once QoL is improved after OSA treatment, anxiety levels would be improved too. 

The causal relationship between OSA and the psychological disorders remains 

unclear. Actually, their relationship is rather complex, as many OSA symptoms, 

including sleep disturbances, are similar to those of the psychiatric disease of 

depression (Kjelsberg, Ruud & Stavem, 2005) and clinicians face a difficulty in 

identifying if: a) there is a mental disorder independent of OSA, b) the depressive 

mood occurs as a secondary disorder to the physical medical one, c) depression 

promotes OSA and d) depression doesn’t really exist (Sharafkhaneh et al., 2005; 

Macey et al., 2010; Andrews & Oei, 2004 for a review). One reason for that could be 

the inappropriate use of measures like Minnesota Multiphasic Personality Inventory 

(MMPI), and Profile of Mood States (POMS) which consist of items that are OSA 

core symptoms (Andrews & Oei, 2004). However, it is commonly recommended that 

depression acts as a secondary disorder to OSA and that when an individual 

experiences symptoms like mood disturbances, fatigue or issues on sleep patterns, 

they should be tested for OSA (Saunamaki & Jehkonen, 2007).  

When it comes to gender differences, women with OSA report more 

depressive and anxious symptoms even though men are more prone to OSA 

(Broström et al., 2007). This could be attributed to variations in neural injuries 

between men and women that are caused by the disorder (Lee, Han, & Ryu, 2015). 

For example, a study found that female OSA patients show several neural structures 
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with reduced integrity (e.g., white matter injury), which could be associated with the 

higher prevalence of psychological symptoms of depression and anxiety in women 

(Macey, Kumar, Yan-Go, Woo & Harper, 2012).  

 

1.8 Depression-Anxiety Treatment in Obstructive Sleep Apnea 

In cases that OSA is supposed to cause depression, then OSA therapies are 

expected to improve the mental disorder too (Harris et al., 2009). However, while in 

some studies with controlled trials CPAP was found to improve mood disturbances 

(Giles et al., 2006; Means et al., 2003), in other cases such an improvement was not 

evidenced. For example, Haensel et al., (2007), showed no significant differences in 

mood amelioration between intervention (therapeutic CPAP) and control (placebo-

CPAP) groups after two weeks of treatment. Similarly, Henke et al., (2001) using a 

randomized placebo-controlled (effective vs ineffective CPAP) study, drew the 

conclusion that there is no significant improvement in depression after a 2 to 3-week 

treatment with effective CPAP. 

 Likewise, there is no consistency in literature when it comes to anxiety’s 

treatment. Specifically, it has been found that compliance with CPAP therapy leads to 

lower levels of anxiety (Kjelsberg et al., 2005; Fidan et al., 2007). For example, in a 

longitudinal study it was found that there was a significant decline in both trait and 

state anxiety after 1 and 3 months of treatment with CPAP (Sánchez, Buela-casa, 

Bermudez & Casas-Maldonado, 2001). However, on the other part, in prospective 

controlled studies no improvement was indicated after 3 and 12 months of CPAP’s 

use (Muñoz et al. 2000; Borak et al., 1996).   
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Even though OA are an alternative treatment to OSA, only a limited number 

of studies have examined its effectiveness on depression, while for anxiety none study 

was found. According to a review conducted by Harris et al., (2009), a randomized 

controlled crossover trial reported an improvement on the somatic but not on the 

cognitive components of depression, after two 4-week treatment phases in favor to 

OA treatment, while another didn’t find a significant impact of OA in mood compared 

to placebo treatment after 3 months. Varying findings may be due to differences on 

study designs or due to different diagnostic tools (Harris et al., 2009). 

Other treatment suggested for depression and anxiety is a medical one, with 

the use of antidepressants and anxiolytic drugs like benzodiazepine and hypnotic. 

Still, in this way OSA may worsen, leading to an increased number and duration of 

apneas (Ejaz et al., 2011). In any case, OSA and depression and/or anxiety are 

comorbid disorders and even though results are not conclusive, patients with OSA 

display higher rates of depression compared to general population (Lee, Han, & Ryu, 

2015).  

 

1.9 Physical Activity 

Physical activity is defined as “any bodily movement produced by skeletal 

muscles that result in energy expenditure” (Caspersen & Christenson, 1985) and it is 

generally accepted that it plays a crucial role in healthy living (WHO, 1995). Physical 

activity can be expressed in different forms (endurance training, resistance training 

and combined training) (Silva et al., 2017) and it is difficult to be measured as not 

only everyday life includes many activities of different intensities and durations, but 

also because self-report questionnaires are prone to bias. Those questionnaires depend 
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on a person’s memory skills by asking them to recall the duration and/or the 

frequency of an activity during a specific period of time, which is not always reliable 

(Igelstrom, Emtner, Lindberg & Åsenlof, 2013). Especially in OSA patients, who 

show impaired memory (Naëgelé et al., 2006) and decreased concentration due to 

sleep impairment and daytime sleepiness (Igelstrom et al., 2013).  

A way of measuring physical activity is via the use of Metabolic Equivalents. 

Metabolic Equivalents (METs) are a process of quantifying the energy cost of 

activities and they provide a range of activities in which one can safely participate. 

Most physical activities range in an intensity scale from low to high: a) “low” when 

the activity produces only a slight increase in breathing above normal and a minimal 

perspiration (4 METs), b) “moderate” when the activity leads to an increased 

breathing above normal and a definite perspiration (6 METs) and c) “high” when a 

heavy breathing and perspiration is produced (10 METs) (Jette, Sidney & Blumchen, 

1990; Ainsworth et al., 2011). 

Based on the World Health Organization (WHO, 2010), and the physical 

activity guidelines, in order for an individual to have a healthy life and avoid chronic 

disease, at least 150min of moderate intensity per week or 75min of vigorous intensity 

per week are recommended. According to Silva et al. (2017), those who report 

moderate or vigorous activity for at least 10 minutes once a week are considered to be 

regularly active. Additionally, according to the aforementioned researchers 

occupational activity is another way of being physically active. It includes standing, 

walking, sitting, lifting, carrying, pushing and pulling. Workers with sedentary or 

light work are classified as non-active, while those with medium, heavy or very heavy 

work are classified as active. 
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 For patients and elderly people, it is proposed that moderate intensity 

activities (5-8 METs) could act as a sufficient training stimulus. However, in any 

case, any activity should be proposed after taking into account the fitness level of 

each participant (Jette, et al., 1990). Information about specific physical activities and 

their associated MET values can be obtained from the Compendium of Physical 

Activities, which is regularly updated, whenever new activities are identified 

(Ainsworth et al., 2011).  

 

1.10 Exercise 

 Even though exercise is used interchangeably with physical activity, they are 

not synonymous. Actually, even though they share several elements (involvement of 

any bodily movement, range from low to high, positive correlation with fitness), 

exercise is a subcategory of physical activity. Particularly, “exercise is a planned 

behavior, which is also structured and systematic, in an attempt to achieve something, 

like improving or maintaining one’s physical fitness or state”. Physical activities of 

moderate or high intensity could be considered as physical exercise, when the criteria 

mentioned above are met. Even activities such as occupational or household can be 

considered exercise, when they are performed in an attempt to improve or maintain 

one’s physical fitness (Caspersen & Christenson, 1985).  

 

1.11 Physical Inactivity - Sedentary Lifestyle 

Physical inactivity and sedentary lifestyle is responsible for 9% of premature 

mortality or >5.3 of the 57 million deaths in 2008 (WHO, 2011). Even though it is not 

known how much sedentary behavior is acceptable for maintaining a healthy life, it is 
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well established that 1hour increase in sedentary time per day has a negative impact 

on health (Igelstrom et al., 2013) and it can contribute to type 2 diabetes and 

cardiovascular disease (Mendelson et al., 2014; Simpson et al., 2015). It has been 

evidenced that the percentage of adults not meeting the physical activity guidelines is 

high, even though the rates vary. For example more than 70% of adults were found to 

be physically inactive according to WHO (Department of Health, 2004). In 2009, 

WHO reported that 17% of people were not meeting the guidelines, while in another 

study, it was found that 31% of world’s population was classified as inactive (Hallal 

et al., 2012). In any case, given the high prevalence of physical inactivity and its 

consequent harmful health, social and environmental consequences, this issue must be 

addressed as a global problem and must be seen as a health priority.  

 

1.12 Physical (in)Activity in Obstructive Sleep Apnea 

Physical inactivity acts as a risk factor for OSA (Mendelson et al., 2014; 

Simpson et al., 2015), even though the relationship between sedentary lifestyle and 

OSA is rather complicated and not fully examined. Nevertheless, the daily average 

sedentary time in OSA patients has been found to range from 8h to 9h and 55 min 

(Igelström et al., 2013) to 11 h and 45 min (Igelström, Emtner, Lindberg & Åsenlöf, 

2014). Additionally, even though sedentary lifestyle in work and leisure-time has 

been associated with higher obesity rates (King et al., 2001), studies have shown that 

time spent sitting during the day is positively related to increased AHI level (Redolfi 

et al., 2009), even regardless of obesity levels (Simpson et al., 2015). In addition, 

sedentary behaviors objectively measured by actigraphy (Mendelson et al., 2014) and 

self-reported lack of exercise (Peppard & Young, 1992) are associated with OSA 
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severity. However, the differences between males and females concerning physical 

inactivity are yet to be examined (Cintra et al., 2009).  

On the other part, physical activity and especially the number of steps walked 

during the day have been reversely correlated not only with comorbidities like 

hypertension, diabetes and obesity, but also with AHI during REM sleep in patients 

with moderate to severe OSA (Verwimp, Ameye & Bruyneel 2013). Regarding 

occupational activity, even though Simpson et al. (2015) revealed that work activity is 

associated with a decreased risk of moderate-severe OSA, Silva et al. (2017) reported 

no association between work activity and OSA severity, probably due to age, BMI 

and low rate of active exercisers in the working group.  

As a result, lifestyle interventions like physical activity could be a possible 

alternative treatment for OSA, because of the minimal cost and side effects and its 

evidenced effectiveness. However, more research is needed for confirmation of the 

promising findings (Araghi et al., 2013).   

 

1.13 Physical Activity - Exercise in Obstructive Sleep Apnea (RCTs) 

Physical Activity and exercise have been linked to OSA in a range of 

Randomized Controlled Trials (RCTs). In the RCT by Sengul et al., (2011), the 

effects of breathing and aerobic exercise were compared to a routine clinical 

treatment. A statistically significant effect in favor of the supervised exercise was 

found when it comes to AHI, quality of sleep (measured by Functional Outcomes of 

Sleep Questionnaire - FOSQ) and health-related quality of life (measured by Short-

Form 36 – SF-36) in patients with mild to moderate OSA. Nevertheless, after the 12-
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week intervention and during the follow-up, there were no statistically significant 

differences between the two groups. Another RCT (Ackel-D’Elia et al., 2012) 

compared the use of CPAP to CPAP + exercise for patients with moderate to severe 

OSA for two months. The results showed that both types of treatment were 

significantly effective in improving subjective excessive sleepiness (measured by 

ESS) and health-related QoL (measured by SF-36). Their difference lies in that CPAP 

+ exercise treatment was more effective in maintaining the improvement during the 1-

week washout (no treatment week).  

In 2011, Kline et al. examined the effects of exercise on sleep in OSA patients. 

Exercise training was favorably compared to stretching training, as after a two-week 

treatment it brought a statistically important effect on AHI, on subjective sleep quality 

(measured by Pittsburgh Sleep Quality Index - PSQI) and on oxygen desaturation 

index (ODI). However, objective sleep quality (measured by a monitor home 

sleep/wake status) was not significantly affected. Another RCT by Desplan et al. 

(2014) examined the effects of an inpatient rehabilitation program on sedentary 

patients with moderate to severe OSA, which included, among other, an 

individualized exercise training program (IET). It was compared to education activity 

sessions applied for one month. A statistically significant decrease of AHI and of 

daytime sleepiness (measured by ESS) and a significant improvement of sleep quality 

(measured by PSQI) in favor of IET program were depicted.  

Exercise effectiveness was also supported by Servantes et al. in 2012. The 

study examined the effects of a home-based exercise training divided into two groups: 

a) aerobic training b) aerobic training + strength training, compared to an untrained 

group. In the first two groups the sleep quality of OSA patients (measured by 

polysomnography) was improved with a statistically significance. Specifically, the 
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first group showed a statistically significant decrease in hypoapnea events, while the 

second showed a statistically significant decrease in both apneas and hypoapneas 

during the night. In addition the number of nocturnal arousals was also significantly 

decreased, associated with a significant increase in sleep efficiency, in contrast to the 

untrained group. Finally in the RCt of Schutz et al., (2013), aerobic / resistance 

exercise was favorably compared to CPAP and OA treatment on the symptom of 

subjective daytime sleepiness.  

 

1.14 Physical Activity - Exercise in Obstructive Sleep Apnea (meta-analyses) 

Several meta-analyses examined also the effects of exercise and physical 

activity on OSA symptoms. For example, Ifthikar et al. (2017), who recruited RCTs, 

found that CPAP was the most effective treatment in reducing OSA symptoms. 

Nevertheless, when exercise was compared to control condition of CPAP, Mandibular 

Advancement Device (MAD) or dietary weight loss, even though CPAP was the most 

effective in improving all the parameters of OSA severity, exercise training improved 

significantly apnea/hypoapnea levels and sleepiness scores. Similarly, Ifthikar et al. 

(2014), allocated three RCTs and two single group intervention studies for pre and 

post-intervention examination. A statistically significant effect for exercise in 

reducing apnea/hypoapnea and improving sleep efficiency (measured by overnight 

polysomnography and expressed as a percentage of time spent asleep in bed) was 

found. Also, exercise improved sleepiness, showing its potential in OSA management.  

In the meta-analysis of Thomasouli et al. (2016), twelve RCTs were included 

but only six of them compared an experimental group (lifestyle program which 

included dietary plus/or exercise) to a control group (dietary advice) for at least two 
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months. Lifestyle interventions led to a statistically significant reduction in the 

apnea/hypoapnea levels and a non-significant reduction in sleepiness scores. Aiello et 

al. (2016), recruited six RCTs and two single group intervention studies where 

supervised and unsupervised exercise programs were used as interventions. Results 

showed a statistically significant effect for exercise in decreasing apnea/hypoapnea 

levels and reducing sleepiness scores but a statistically non-significant effect in 

reducing BMI.  

In the meta-analysis of Mendelson et al., (2018) physical activity was 

favorably compared to control conditions (CPAP or dietary modification), showing a 

significant effect on apnea/hypoapnea and sleepiness improvement. Finally, given that 

OSA is related to obesity, a meta-analysis by Araghi et al. (2013), examined the 

impact of weight loss through diet and physical activity on apnea/hypoapnea level, 

daytime sleepiness measured by ESS and on ODI. The study recruited seven RCTs 

which showed that weight reduction programs (exercise or exercise + diet) can lead to 

a statistically significant decrease in apnea/hypoapnea level but not in daytime 

sleepiness. Additionally, the study recruited fourteen single-group before-after 

intervention studies. Those single intervention studies (exercise or exercise + diet) 

supported the significant decrease in apnea/hypoapnea. Regarding ODI, only the diet-

intervention studies reported a significant decrease.  

 

1.15 Exercise and Depression - Anxiety 

The primary treatment for depression is medication, which, even though it has 

been proved beneficial for severe depression (Fournier et al., 2010), it hasn’t been 

effective for mild to moderate depression (Kirsch et al., 2008; Prior, Wood, Lewis, & 
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Pill, 2003). Another type of treatment is counseling and psychotherapy, to which 

people turn, in an attempt to avoid the side effects of medication (e.g., nausea, 

vomiting, weight gain, sleepiness, and sexual problems). However, it can be 

expensive or unavailable (e.g., Demyttenaere, 2003).  

Hence, research has turned the attention to alternative treatments like physical 

activity and exercise. Although the American Psychiatric Association (APA; 2000), 

suggests that exercise may be of value, but only as an adjunctive therapy to 

antidepressants or psychotherapy, it has been proved that exercise is beneficial for 

both prevention (e.g: Ball, Burton, & Brown, 2009) and treatment for depression∙ 

specifically, it has been reported that physical activity can improve depression just 

like cognitive behavioral therapy (Mead et al., 2009) or medication (Blumenthal et al., 

1999; 2007).  

A meta-analysis of RCTs in which exercise was compared to placebo or 

control groups, a significant improvement in depressive symptoms was evidenced in 

favor of exercise (Mead et al., 2009). What is more, a significant improvement in 

depression was found, when exercise was used as an adjunct therapy to 

antidepressants (Mather et al., 2002), but not as an adjunct to cognitive behavioral 

therapy (Fremont & Craighead, 1987). Notably, the intensity of physical activity 

seems to play an important role, as low intensity exercise was found to have the same 

effect as a placebo in depression treatment (Dunn, Trivedi & O’Neal, 2001)∙ instead, 

higher intensity, meeting the guidelines proposed by WHO, was more effective 

(Singh, et al., 2005). Interestingly, even though exercise has been found to be more 

effective than no treatment and as effective as traditional interventions (medication 

and/or psychotherapy) (Daley, 2008 for a review) it seems that physical activity 

engagement is affected by several factors like low self-esteem or confidence, social 
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anxiety, weight problems or poor fitness levels (Donaghy & Taylor, 2010; Fava et al., 

2006; Taylor, 2010). 

Treatment of anxiety has received less attention, even though it is associated 

with inability to concentrate, to sleep and thus to carry out daily tasks (Hamilton, 

1983). Nevertheless, research focused on anxiety has shown that medication, 

relaxation and biofeedback are the strategies used in clinical practice, as they 

contribute to the improvement of both physiological and psychological components of 

anxiety (Shapiro, 1982). Additionally, it has been found that Cognitive Behavioral 

Therapy (CBT) can also reduce anxiety sensitivity, through feared somatic sensations, 

arousal reduction and cognitive-restructuring techniques (Telch et al., 1993). 

However, studies have evidenced that exercise and physical activity can play a crucial 

role in decreasing anxiety levels, too. For example, it was found that exercise reduced 

state anxiety for individuals who showed either normal or elevated levels of anxiety 

(Raglin, 1997). On the other part, a recent meta-analysis showed that physical activity 

was more effective in reducing anxiety levels in people with clinical rather than non-

clinical levels of anxiety (Wegner et al., 2014).  

When it comes to the type of physical activity, aerobic exercise was found to 

reduce state anxiety (Cox et al., 2004) or generalized anxiety, just like CBT (McEntee 

& Haglin, 1999). The same result was evidenced when aerobic exercise was 

compared to placebo (Books et al., 1998). In addition to that, not only aerobic but also 

non-aerobic exercise forms (muscular strength, flexibility, relaxation) were found to 

improve anxiety levels (Martinsen, Hoffart & Solberg, 1989). However, once again, 

even though people are aware of the exercise effectiveness, it doesn’t mean their 

willingness to stick with an exercise program (Buckworth & Dishman, 2002). 
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1.16 Self-determination Theory 

Self-Determination Theory (SDT) is a macrotheory of human motivation and 

personality and it is developed through five mini-theories which altogether constitute 

its theoretical framework. The Cognitive Evaluation Theory (CET) examines the 

social environment’s effect on the autonomous motivation’s enhancement or 

undermining and how factors like rewards, feedback and deadlines can have an 

impact on the important needs of competence and autonomy. Organismic Integration 

Theory (OIT) refers to the internalization of extrinsic motives, as the more 

autonomous motivation will lead to enhanced persistence on an activity and to greater 

performance. Internalization can be facilitated mostly by the satisfaction of autonomy, 

competence and relatedness. Causality Orientations Theory (COT) describes three 

types of causality orientation that affect the subsequent motivation: autonomy 

orientation which orients to what is interesting, control orientation which orients to 

control and rewards and imersonal orientation. Basic Psychological Need Theory 

(BPNT) connects well-being with the satisfaction of the psychological needs and 

examines differences between and within individuals across time. Finally, Goal 

Contents Theory (GCT) examines how goals are framed and the difference between 

extrinsic and intrinsic goals when it comes to their impact on need satisfaction and 

ultimately well-being (Ryan, 2009).  

   Self-Determination Theory emphasizes in the relationship between a person 

and its environment. It focuses on the support and satisfaction of the three innate 

psychological needs of competence, relatedness and autonomy and on how their 

enhancement or diminishment affects the individual’s psychological adjustment, self-

motivation and personality integration (Ryan & Deci, 2000). “Autonomy” is defined 

as the support of the person’s capacity to be self-initiating and autonomous, thus 
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being responsible for their own actions (Ryan & Deci, 2000). It has been 

differentiated from individualism and independence, while autonomy’s opposite is 

“heteronomy” which can be described as being forced to do something that doesn’t 

reflect someone’s authentic interests and integrated desires (Chirkov, Ryan, & Kim, 

2003). “Relatedness” points out the dynamic and important nature of our relationship 

with the significant others and the need to provide and be provided of love and care, 

meaning a sense of belonging and connected to others (Ryan & Deci, 2000; 

Vallerand, Koestner & Pelletier, 2008). “Competence”, on the other hand, is defined 

as the perceived effectiveness and a need to succeed at optimally challenging tasks, 

while extending one’s skills and attaining desirable outcomes (Ryan & Deci, 2000; 

Luyckx & Vansteenkiste, 2014).  

When all the needs are equally satisfied, an optimal motivation toward a task 

will be achieved and a sense of personal growth, constructive social functioning and 

well-being will be experienced. The connection between the psychological needs and 

well-being has been reported in diverse domains like sport, education, work, 

parenting, health care and psychotherapy, as mentioned by Ryan, (2009) or 

Bartholomew et al., (2011). This connection is universal and it refers to people from 

all cultures who share those basic and essential psychological needs (Ryan & Deci, 

2000). Actually, it has been found that giving choice and acknowledging someone’s 

feelings can increase the autonomous motivation toward an activity. In addition, when 

the needs are satisfied over time and in different contexts, while an individual is 

growing, then the creation of a strong autonomous motivation is facilitated (Ryan, 

2009).  

The thwarting of the basic needs can lead to cognitive, affective and 

behavioral patterns that represent a non-optimal adjustment. For example, controlling 
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motivational style can display a negative consequence on health and well-being and 

even lead to psychopathology. However, the difference between need dissatisfaction 

and need thwarting has not been explicitly identified. Nevertheless, the latter seems to 

be more related to negative outcomes and ill-being, independently of need 

satisfaction. As a result, an autonomy-supportive behavior fosters the positive 

psychological experience while a controlling one undermines it (Bartholomew et al., 

2011). What is more, when relatedness and competence are satisfied but autonomy is 

thwarted, then people tend to develop a more controlled orientation that can lead to 

controlled motivation (Ryan, 2009). 

Attention has been paid not only to the quantity of motivation but also the 

quality of it, as although it is important to know the amount of motivation toward 

behaviors, it is also crucial to be aware of the motivation’s type in order to be able to 

predict the behaviors’ maintenance (Deci & Ryan, 2015). According to SDT, 

motivation varies in a continuum ranging from amotivation to controlled motivation 

and ultimately to autonomous motivation.  

Most positive outcomes seem to derive from self-determined types of 

motivation like identified, integrated, and internal, which constitute the autonomous 

motivation (Vallerand et al., 2008). Some examples could be the enhanced 

performance, the heightened self-esteem and the persistence on the task. “Identified” 

motivation refers to the acceptance of the value of the activity and thus one is 

identifying with the importance of the behavior. “Intergrated” motivation refers to the 

assimilation of the identification, making the behavior part of “who” one is. Finally, 

“internal” motivation refers to the engagement in an activity as it produces 

enthusiasm, spontaneity, excitement and joy. On the other part, controlled motivation 

consists of external motivation, which is the participation in an activity because of 
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external rewards or punishment avoidance and the introjected motivation, which is the 

participation in an activity to avoid feelings of guilt (Ryan & Deci, 2000). 

Even though all people, from their time of birth share an inherent and deep 

inclination toward spontaneous interest, their maintenance and enhancement depend 

on the conditions which may sustain or undermine the innate propensity. As a result, 

the less self-determined types like introjected and external lead to negative outcomes. 

However, there is also the amotivation which is defined as the absence of motivation 

which leads to maladaptive outcomes (Vallerand et al., 2008).  

 

1.17 Self-Determination Theory and Obstructive Sleep Apnea 

 Several facilitators and barriers for adherence to CPAP have been identified, 

while some of them are related to SDT. For example, it has been identified that 

insufficient support from healthcare personnel, feelings of uncertainty toward OSA 

diagnosis and difficulty in understanding the need of CPAP treatment can act as risk 

factors. On the other part, a good relationship with the medical staff, one’s own belief 

in a positive CPAP effect, and a belief in one’s own capacity to manage the treatment, 

can act as protective factors and they seem to be important both before and during the 

treatment (Broström et al., 2010). 

Self-Determination theory has been applied in OSA patients, even though the 

studies are limited. It has been found that the application of a group-based program in 

recently diagnosed OSA patients, which uses the components of SDT as a facilitator, 

resulted in facilitative, adaptive and acceptable CPAP adherence levels (Broström et 

al., 2011). Additionally, a prospective, multi-site, RCT called “GotoSleep” by 

Matthias et al. (2014), used conversations with OSA patients based on SDT at 

baseline and intervention interviews (CPAP vs usual care). At 1-month follow-up 
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most of the patients were still motivated and trying to use the mask, in an attempt to 

overcome the physical discomfort and develop new bedtime routines. Some of them 

had given up and few reported that they were adhering to CPAP, recognizing its 

benefits, even though those benefits were not immediately apparent. However, none 

of them identified the use of CPAP as part of who they were, maybe due to 

insufficient time to integrate CPAP into their personal identity. Igelström et al. (2014) 

compared CPAP treatment + behavioral medicine intervention (based on SDT) to 

CPAP + advice, examining the association between weight and OSA. The 

intervention led to changes in eating behavior by OSA patients, which resulted in 

weight loss and reduction in waist circumference and ultimately in the facilitation of 

CPAP adherence.  

However, in the RCT by Bravata et al. (2018), it was found that an enhanced 

adherence intervention based on SDT didn’t differ from the standard protocol 

(focused on technical issues related to the CPAP equipment) in CPAP adherence in 

OSA patients with ischemic stroke/transient ischemic attack after one-year treatment.  

 Brostrom et al. (2011) identified several perceived barriers related to the 

disorder and its treatment, affecting OSA patients’ motivation: uncertainty of the 

CPAP or the OSA symptoms, and anxiety regarding the exposure to other participants 

of the program. Hence, by using small groups to increase patients’ opportunity to 

discuss their thoughts and concerns, their program led to an enhanced sense of 

satisfied need of competence (perceiving the program as a challenge which will lead 

to personal development), relatedness (interacting with others and receiving support) 

and autonomy (influencing the topics and the degree of difficulty of the information). 

As a result, higher CPAP adherence was observed.  
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1.18 Self-Determination Theory and sleep 

 Poor sleep is related to perceived stress, loneliness and financial strain and it 

leads to impaired cognitive functioning, diabetes, obesity and cardiovascular diseases. 

On the contrary, better sleep is related to mindfulness and gratitude. However, no 

psychological framework has been developed to explain how the identified sleep 

predictors are associated with sleep outcomes (Campbell et al., 2015). Given that SDT 

has been associated positively with general well-being and negatively with ill-being 

(Ryan, 2009), Campbell et al., (2015) wanted to explore the relationship between 

psychological need satisfaction and subjective measures to the physiological need of 

sleep. They found that need satisfaction was positively associated with good sleep 

quality, probably due to the creation of positive thoughts when falling asleep as a 

result of the positive daily experiences. Additionally, they found a decrease in the 

experienced daytime dysfunction and a positive but less pronounced relation between 

need satisfaction and sleep quantity. Finally, they found that mindfulness facilitates 

need satisfaction which leads to the acceptance of sleep-interfering thoughts, while 

financial strain thwarts need satisfaction as it undermines the feeling of competence 

and increases interpersonal conflicts, leading to an impaired sleep.  

 

1.19 Self-Determination Theory and Depression - Anxiety 

To date, depression has received great attention in clinical psychology, as it is 

one of the mental disorders linked to hopelessness and suicidal ideas (Beck et al., 

1993; Cavanagh et al., 2003 for a review). Boredom at work leads to feelings of being 

unchallenged, feelings of a meaningless work experience, to a loss of intrinsic 

motivation towards desired goals and ultimately to a depressive mood (Wiesner, 

Windle & Freeman, 2005; van Hooff & van Hooft, 2006). Those feelings can be 
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transferred to a home environment via the creation of work-related unpleasant 

feelings and thoughts which affect employees’ other life domains (Judge and Ilies, 

2004). According to SDT, the fulfillment of the three innate psychological needs can 

minimize the work-related negative effect and lead to positive emotions of happiness 

and enjoyment (Reis et al., 2000). Specifically, managers’ and subordinates’ provision 

of an autonomy-supportive climate (Baard, Deci and Ryan, 2004) and daily 

satisfaction of autonomy, competence and relatedness after work (van Hooff and van 

Hooft, 2006) can actually combat its negative effects and contribute to well-being.  

Except work-related negative feelings, SDT and need satisfaction have been 

related to depression and anxiety in a variety of other studies. For example, 

environments that tend to thwart the psychological needs via pressuring or intrusive 

strategies can cause depressive symptoms (Soenes et al., 2008). In the study of Dwyer 

et al. (2011), high autonomy need satisfaction in both depressed and anxious patients 

resulted in reduction of negative thinking and in more positive outcomes during a 

cognitive-behavioral therapy.  Additionally, individuals high in autonomy seem to 

react differently under stressful conditions. For example, relative to controlled 

motivation, autonomously motivated individuals reported a reduced threat response, 

less anxiety and an enhanced performance during a stressing interview (Hodgins et 

al., 2010). Similarly, Munster Halvari et al. (2010) found that patients’ perceptions of 

autonomy satisfaction were related to decreased anxiety for dental treatment, leading 

to enhanced dental clinic attendance and to minimized postponement of making an 

appointment. On the other part, Eberhart and Hammen (2006) found that unsatisfied 

relatedness on the part of family and peers can result in depressive symptoms during a 

2-year period.  
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Research focused on elderly people living in nursing homes, has shown that 

greater self-determination is linked to better psychological adjustment (O’Connor & 

Vallerand, 1994) and that perceived autonomy satisfaction provided by family, friends 

and the institutional staff was associated with lower depression and higher well-being 

(Kasser, 1999).  However, a more recent study in elderly people (80 years and over) 

living in residential homes, found that while individuals with high need satisfaction 

reported more personal growth and purpose in life than those with low satisfaction, no 

difference was reported in the depressive feelings between the two profiles (Ferrand, 

Martinent, & Durmaz, 2014).  

Depression and anxiety affect also university students as university life is 

associated with three main concerns: a) academic performance, b) pressure to 

succeed, c) post-graduation plans (Beiter et al., 2015). However, SDT and the 

psychological needs seem to be negatively related to depressive symptoms (Wei et al., 

2005), as greater need satisfaction (including provision of choices and meaningful 

rationales) in a supportive environment led to better outcomes and lower anxiety 

levels compared to low need satisfaction in a controlling environment (Sheldon and 

Krieger, 2007; Black and Deci, 2000).  

Depression is closely related to suicidal thoughts and behaviors. In 2010 

suicide was ranked as the tenth cause of American deaths (38,000), while those who 

attempted suicide that year were approaching the 1 million (Mcintosh & Drapeau, 

2012). Thwarted belongingness and feelings of burdensomeness in combination to 

one’s capability to cause lethal self-harm can lead to suicidal desire or behavior 

(Joiner, 2005). However, studies have shown that psychological intervention can act 

as a buffering and protective factor (e.g., Brown et al., 2005).  
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As depression has been associated with the basic psychological needs (Wei et 

al., 2005) SDT components might provide a solid ground for understanding the desire 

to die and creating a therapeutic relationship in an attempt to enhance individuals’ 

motivation for treatment. Tucker and Wingate (2014) found that satisfied needs lead 

to lower levels of suicidal ideation, thwarted belongingness and perceived 

burdensomeness and that the needs work through these two interpersonal risk factors. 

Additionally, they found that relatedness had a more direct effect on those factors 

even when the depressive symptoms were controlled, probably because it is linked to 

feelings of loneliness and lack of mutuality in close relationships.  

Given that applying the humanistic tenets of SDT could help therapists in 

motivating their clients/patients and thus leading to the enhancement of their 

therapeutic program’s efficacy (Sheldon et al., 2003), those tenets could also be 

beneficial to the treatment of suicidal ideation. Actually, Britton, Williams and 

Conner, (2008) proposed that: a) a client’s autonomy satisfaction (taking into account 

their perspective, giving them options and providing them with meaningful rationales 

for every recommendation) b) perceived competence satisfaction (positive feedback 

regarding their ability to start a treatment and engage in that) and c) relatedness 

satisfaction (encouragement, and emphasis on the therapeutic relationship’s quality), 

will ultimately lead to treatment engagement and treatment outcome.  

1.20 Self-Determination Theory and Physical Activity - Exercise 

Physical activity and exercise have been linked to physical and psychological 

well-being (e.g., Department of Health, 2004), even though population surveys show 

that only a minority of people engage in sufficient physical activity (e.g., Colley et al., 

2011; Sisson & Katzmarzik, 2008). Thus, attention has been turned to exercise 
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motivation. People seem to be amotivated due to low interest in exercise (Ryan, 

Williams & Deci, 2009), or they are insufficiently motivated because of several 

limitations: a) lack of sense of competence, b) other daily interests/demands or c) 

health issues (Korkiakangas, Alahuhta & Laitinen, 2009). Additionally, not all of the 

people who start exercising persist in exercise behaviors, probably because they are 

driven by external motivation (Ryan, Williams & Deci, 2009). Hence, researchers 

have tried to examine the factors that contribute to the uptake and maintenance of 

regular exercise or physical activity.  

Self-Determination Theory (SDT) is one theoretical perspective that helps in 

understanding the social and psychological processes that influence physical activity 

or exercise adherence (Ryan & Deci, 2000). According to Deci and Ryan (1985, 

2000) when the basic psychological needs are satisfied, more self-determined types of 

motivation will guide people’s behaviors (internal, integrated and identified 

motivation). As a result, more adaptive behavioral and cognitive outcomes will be 

achieved, like exercise engagement and commitment. What is more, the people will 

experience more vitality and well-being. Maladaptive outcomes, on the other part, are 

the result of the thwarting need satisfaction and the consequent less self-determined 

types of motivation (introjected and external motivation, amotivation). 

Previous research in exercise setting has shown that basic need satisfaction is 

associated with more self-determined than controlled exercise motives (Wilson, 

Rodgers & Fraser, 2002), which in turn lead to global and contextual well-being 

(Wilson et al., 2006). Higher perceived competence and autonomy are related to 

positive effects and autonomous motivation towards exercise participation (Markland, 

1999), while self-determined and autonomous motivation seem to mediate the 

relationship between psychological needs and exercise motivation (McDonough & 
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Crocker, 2007; Weman-Josefsson, Lindwall, & Ivarsson, 2015) or the relationship 

between need for competence and intensive exercise (Edmunds, Ntoumanis & Duda, 

2006). Intervention in exercise domain has shown that people who participated in 

exercise programs based on SDT, reported greater increase in competence satisfaction 

and positive affect (Edmunds, Ntoumanis & Duda, 2008). Even RCTs conducted in 

three different countries showed that the psychological needs are, indeed, universal 

and that when they are satisfied, autonomous motivation is prompted, which can 

ultimately predict physical activity (Fortier, Duda, Guerin, & Teixeira, 2012). For 

sustaining a physical activity and exercising behavior, Edmunds et al., (2006) 

suggested that it probably requires a lot of effort and an identification with the 

exercising outcomes, as having just fun or feeling challenged is not sufficient. This 

finding is in line with Koestner and Losier (2002), who proposed that in behavioral 

domains, engagement and persistence is not only based on internal motivation, but it 

requires also internalization of the outcomes. 

 

1.21 Self-Determination Theory and exercise/Physical Activity in 

Depression/Anxiety 

 Despite people’s awareness of exercise and physical activity effectiveness, 

their engagement is rather limited (Donaghy & Taylor, 2010; Fava et al., 2006; 

Taylor, 2010; Buckworth & Dishman, 2002). For this reason, research focused on 

how to increase motivation for physical activity among individuals with psychiatric 

problems, like depression and anxiety.  

Self-Determination Theory (SDT) proposed by Deci and Ryan (2000) could be 

used as a theoretical framework in understanding how to increase motivation in this 

population. For example, Sorensen (2006) found that population of psychiatric 
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patients who had experienced self-determined physical activity during their treatment, 

were more motivated in continuing physical activity. Most of them showed introjected 

(“ought to for my health”) and internal motives (pleasure), which were linked to 

higher activity level. Given that autonomous motivation is associated with increased 

physical self-esteem (Wilson & Rodgers, 2003), positive attitudes towards exercise 

(Wilson et al., 2004), and greater participation and exercise adherence (Chatzisarantis 

& Hagger, 2009), Haase et al., (2010) conducted a study. They found that a complex 

exercise intervention based on motivational interviewing (Miller & Rollnick, 2002) 

and on psychological need satisfaction, was effective in reducing depression and cost-

effective compared to usual care. Additionally, Duda et al., (2014) found that an 

exercise intervention based on SDT, led to great reduction in reported anxiety, 

pointing out the importance of need supportive consultations, which will enhance 

participants’ basic need satisfaction and motivation for engagement.  

 

1.22 Aim of Study 

To our knowledge, no research examined before the levels of depression, 

anxiety, daytime sleepiness and physical activity in relation to Self-Determination 

Theory (SDT) in Obstructive Sleep Apnea (OSA).  The present study was an attempt 

to extend the current literature in the physical activity-OSA area with a threefold aim: 

a) to explore the interactions of SDT tenets and physical activity with depression, 

anxiety and OSA symptom of daytime sleepiness, b) to examine whether physical 

activity can contribute to the minimization of daytime sleepiness among OSA patients 

and c) to examine whether SDT can contribute to the adoption of physical activity in 

OSA patients.  
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2. METHODS 

 2.1 Subjects 

 Participants of the present study were 51 (males = 38, females = 13) adult 

patients (meanage =  ̴ 51 y.o) diagnosed with Obstructive Sleep Apnea. They were 

recruited from a pneumonological clinic of a university hospital, in which they were 

evaluated for suspected OSA via a full night sleep study using polysomnography. 

Basic demographic information was obtained from a self-reported checklist. Inclusion 

criteria were: a) aging above 18 years but no older than 65 y.o. and b) having an AHI 

≥ 5/h, regardless OSA severity and CPAP use. Participants provided written informed 

consent prior to the fulfillment of the questionnaires (demographics presented in 

Table 1).  

2.2 Measures 

 Daytime Sleepiness was evaluated using the Epworth Sleepiness Scale (ESS), 

a self-report scale regarding how likely participants would be to fall asleep in eight 

everyday situations. Scores range from 0 to 24 with 10 and above considered as 

excessive sleepiness (Johns, 1991). 

Beck Depression Inventory-II (BDI-II) is a 21-item self-report scale that 

evaluates symptoms of depression over the past 1 week. Each item is rated on four-

point scale (0-3), while scores range from 0 to 63. Higher scores reflect greater 

depression (Beck, Steer & Brown, 1996). 

State Trait Anxiety Inventory is a 40-item self-report scale, which includes two 

subscales: state and trait anxiety. It assesses the presence and severity of anxiety 

symptoms and each item is rated in a Likert scale, from 1 (not at all) to 4 (very much 

so), based on what they feel the current moment. Scores range from 20 to 80 and the 
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higher the score, the higher the level of anxiety (Spielberger, Gorsuch & Lushene, 

1994).  

Patient Health Questionnaire (PHQ-9) is the Major Depressive Disorder 

(MDD) module of the full PHQ. It assesses the presence of depressive symptoms over 

the past 2 weeks and monitors their severity. It consists of 9 items and the scores 

range from 0 to 27. Higher scores are associated with decreased functional status and 

increased symptom-related problems. The last item is not included in the scores, 

although it can be used as an indicator of the patients’ overall impairment. A score 

greater than 10 indicates a major mood disorder of sufficient severity to warrant 

treatment, whereas scores greater than 15 (moderately severe) or 20 (severe) indicate 

an urgent need for immediate treatment (Kroenke, Spitzer & Williams, 2001). 

Physical Activity Questionnaire (IPAQ) is used for the evaluation of physical 

activity. It assesses vigorous, moderate, walking and sitting activities, over the 

previous 7-day period. A total activity score comes from the summation of the 

duration (in minutes) and frequency (days). Only activities lasting 10 minutes or more 

are to be included. (Craig et al., 2003).  

Basic Need Satisfaction in Exercise Questionnaire is a 14-item self-report 

scale used to assess whether the needs of autonomy, competence and relatedness are 

satisfied, in a Likert-type scale ranging from 1 to 7. Higher scores indicate higher 

needs’ satisfaction for those tend to continue exercising systematically or those who 

tend to start exercising systematically (Vlachopoulos & Michailidou, 2006).   

 

2.3 Procedure 

The study was approved by Internal Ethics Committee of the Department of 

Physical Education and Sport Science, University of Thessaly, prior to subject 
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enrollment. In collaboration with the University Hospital of Larisa, Greece, a list of 

OSA patients was provided. The initial contact with the patients was made via 

telephone, during which they were informed about the cause of the study, the time 

needed and the importance of having face-to-face meetings. They were informed that 

during the meeting they would fill several questionnaires addition, that their 

participation would be voluntary and that the data would be anonymous.  

During the meetings with the patients that agreed to take part in the study, they 

were asked to read the consensus form and sign their consent. They were informed 

that they were free to ask any question and that they could stop the procedure anytime 

they wanted. Ultimately, none interrupted the whole process and several 

questionnaires were filled by the patients and some by the researchers, when needed.  
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2. RESULTS 

Participants scored minimal on depression. However, 27% of the patients 

showed depressive scores on the BDI-II within the clinical range (>14). (Beck, Steer 

& Brown, 1996). Likewise, on the PHQ-9, 27% of the patients showed psychometric 

diagnosis of major or other depressive disorders, according to the cutoff score (≥10) 

(Kroenke et al., 2001). They also scored lower to higher normal on daytime sleepiness 

(Murry, official website of ESS) and they showed moderate trait and marginally high 

state anxiety (Kayikcioglu, Bilgin, Seymenoglu & Deveci, 2017). Finally, they scored 

moderate to high need satisfaction. Descriptive statistics and Cronbach’s Alpha and 

coefficients are presented in Table 2. 

Correlations showed a statistically significant moderate positive relationship 

between depression and sleepiness, a significant moderate to large positive 

relationship between depression and state anxiety and a significant large positive 

relationship between depression and trait anxiety. Additionally, depression showed a 

significant moderate negative relationship with competence and autonomy. Sleepiness 

revealed a significant moderate positive relationship with METS moderate. 

Competence showed a significant high and moderate positive relationship with total 

METS and relatedness, respectively and a significant moderate negative relationship 

with trait anxiety. Trait anxiety yielded a significant high positive relationship with 

state anxiety, while moderate and low METS showed significant moderate and large 

positive relationships with total METS, respectively. Finally, a moderate positive 

relationship between BMI and depression was found, even though non-significant. 

Correlations between all variables are presented in Table 3. 
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 T-tests were computed to test for differences in sleepiness and depression 

between exercisers and non-exercisers. For sleepiness, the analysis showed non-

significant differences, t(49) = 1.37, p = .18. For depression, the analysis showed 

significant differences, t(49) = 1.75, p < .05, with exercisers having lower depression 

scores than non-exercisers. The mean scores for the two groups on sleepiness and 

depression are represented in Table 4. 

 Two one-way MANOVAS were performed to test for differences on the two 

dimensions of anxiety (state, trait) and the three dimensions of basic need satisfaction 

(competence, autonomy, relatedness). For anxiety, the analysis revealed non-

significant multivariate effect, F(2,48) = .98 p = .38. For basic need satisfaction, the 

analysis revealed non-significant multivariate effect F(3,47) = 2.28, p =.91. 

Examination of the univariate effects showed a significant effect for competence, 

F(1,49) = 6.99, p < 0.5 and non-significant effects for autonomy, F (1,49) = 2.84, p = 

.98 and relatedness, F(1,49) = .43, p = .52, showing that exercisers feel more 

competent than non-exercisers. The mean scores of the two groups are also presented 

in Table 4.  

 To examine the degree to which low moderate or high METs could predict 

sleepiness, a regression analysis with a stepwise method was employed. Results 

yielded a significant prediction F(1,36) = 5.78, p < .05. The model explained 11% of 

the variance of sleepiness (see Table 5). The examination of each METs showed that 

only METs moderate contributed significantly to the prediction (beta = -.34) 

 To examine the degree to which basic need satisfaction could predict METs 

total, another regression analysis with a stepwise method was employed. Results 

yielded a significant prediction F(1,46) = 7.30, p < . 05. The model explained 14% of 

the variance of METS total (see Table 6). The examination of each dimension of the 
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basic need satisfaction showed that only competence contributed significantly to the 

prediction (beta = .37). 
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3. DISCUSSION 

 This study aimed at examining the relationship of depression and anxiety with 

PA as measured in Metabolic Equivalents (METS; Jette et al., 1990) and daytime 

sleepiness in patients diagnosed with OSA, based on basic need satisfaction (Self-

Determination Theory - Ryan & Deci, 2000).  

We identified that daytime sleepiness was positively associated with 

depression. This finding is congruent with previous studies (e.g., Reynolds et al., 

1984; Bixler et al., 2005; Kjelsberg et al., 2005), suggesting that OSA patients with 

increased levels of sleepiness during the day reported a higher risk of depression. In 

addition, a negative relationship was found between daytime sleepiness and METS of 

moderate intensity. This finding is in line with previous research (e.g: Loprinzi & 

Cardina, 2011; McClain et al., 2014) displaying the negative relationship between 

exercise and daytime sleepiness in general population and showing that PA is 

inversely related to daytime sleepiness. This fact applied to those meeting the PA 

guidelines of World Health Organization (WHO, 2010). When it comes to OSA, lack 

of regular exercise in men with OSA is significantly associated with excessive 

daytime sleepiness (Basta et al., 2008). More significantly, studies have shown that 

exercise has a significant impact on reducing sleepiness (e.g: Norman et al. 2000; 

Desplan et al., 2014). 

Depression was associated positively with state/trait anxiety in our study, 

suggesting their coexistence in OSA patients, just like it is reported in other studies 

(Harris et al., 2009; Ejaz et al., 2011; Lee, Han, & Ryu, 2015). Also, depression was 

negatively associated with the needs of autonomy and competence, which supports 

previous research in depressive population, as less competence and autonomy 

satisfaction for exercise has been related to greater vulnerability in experiencing 
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depression (Haase et al., 2010; Morres et al., 2017). Any study examining the 

relationship of depression and needs of competence and autonomy for exercise in 

OSA patients, though, wasn’t found. Ultimately, even non-significantly, we found 

that depression is positively associated with Body Mass Index (BMI), indicating that 

higher BMI is associated with higher rates of depression and vice versa (Zhao et al., 

2009; Baumeister & Härter, 2007). When it comes to OSA patients, higher BMI has 

been associated with depression, but only with the cognitive dimension of BDI-II 

(Aloia et al., 2005).  

The need of competence was positively associated with METS total in our 

study, supporting previous research that reports that greater need satisfaction of 

competence is associated with higher exercising behavior (eg: Vlachopoulos & 

Michailidou, 2006; Vlachopoulos & Neikou, 2007). However, no study, at least to our 

knowledge, has previously examined this relationship regarding OSA patients. 

Additionally, competence was positively related to autonomy, just like in other 

studies (Vlachopoulos & Michailidou, 2006; Moreno-Murcia et al., 2012) and 

negatively related to trait anxiety, showing that when the participants were feeling 

more autonomous and competent, they were less likely to experience and report stable 

negative emotions. Though, again, no study, to our knowledge, seems to have 

explored before the latter relationship.  

 

Given that daytime sleepiness was strongly and negatively associated with METS 

moderate, we wanted to examine further the differences between exercisers and non-

exercisers. In our study, no statistical significant differences were found. This result 

occurred probably because non-exerciser and exercisers were, respectively, 

marginally higher and lower compared to the OSA cutoff score indicating some 
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symptoms of sleepiness (OSA cutoff score = >10). Thus, exercisers seem to belong to 

a normal population range with lower normal symptoms of sleepiness (mean= 4.83), 

while non-exercisers represent a marginally not clinically defined group, as they 

revealed higher normal symptoms of sleepiness (mean= 6.42). 

 In line to our study, previous research has shown that sleepiness is associated 

with increased depression in OSA patients. Specifically, Reynolds et al. (1984) found 

that more depressed men were complaining more frequently about excessive daytime 

sleepiness than the less depressed, pointing the importance of being assessed for 

depression in case of experiencing feelings of sleepiness (Bixler et al., 2005). A 

strong association between sleepiness and depression scores regarding OSA patients, 

was also evidenced in both Kjelsberg’s et al., (2005) and Ishman’s et al., (2010) 

studies. In the first study (Kjelsberg’s et al., 2005) the researchers used hospitalized 

population, showing that higher depression is associated with higher sleepiness. In the 

latter (Ishman’s et al., 2010), the researchers compared OSA to other diseases and 

found that OSA patients with daytime sleepiness are more likely to have depression. 

What is more, in the study of Basta et al., (2008) depression acted as a significant 

predictor of sleepiness in patients with OSA. 

Given the association between depression and sleepiness and the link of 

sleepiness to PA, we also wanted to examine the potential differences in depression 

between exercisers and non-exercisers. Indeed, a difference was found in favor of 

exercisers, who showed lower depression scores. This result could be attributed to 

that, generally, physical exercise is associated with lower levels of depression (e.g., 

Goodwin, 2003). In accordance with this finding, in the meta-analysis of Morres et 

al., (2018) it was found that aerobic exercise can lower the depression levels in 

patients diagnosed with Major Depressive Disorder (MDD). In another study with 
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MDD patients, it was also reported that moderate exercise could be as effective as 

pharmacotherapy, minimizing the depressive symptoms at the end of a 4-month 

treatment and leading to a persistence of this improvement for at least 6 months after 

the treatment. Especially in cases that exercise was continued over time (Babyak et 

al., 2000).  

Likewise, Cooney’s et al. (2013) review, which included RCTs examining the 

effectiveness of physical exercise on depression, found that exercise is moderately 

more effective than control interventions (e.g., placebo or no therapy) and no less 

effective than pharmaceutical or psychological therapies in reducing depression. 

Furthermore, not only exercise but also general physical activity was found to 

contribute to lower depression. For example, Strawbridge et al. (2002) which 

included cross-sectional and longitudinal analyses found that physical activity 

(frequency of long walks, exercise, sports, and swimming), can act as a protective 

factor on subsequent depression. 

Given our finding that OSA patients who exercise show reduced levels of 

depression and as depression is positively related to sleepiness, a potential scenario 

could be that when depression is lowered, the feelings and complaints of daytime 

sleepiness could be reduced too. However, further research is needed to draw causal 

inferences. 

 Comparing exercisers to non-exercisers in state and trait anxiety no difference 

was found showing that both groups experience moderate level of trait and marginally 

high level of state anxiety. Instead, comparing our patients in basic need satisfaction, 

we found that exercisers feel more competent than non-exercisers, albeit competence 

was positively and significantly related to autonomy. This finding is congruent with 

previous research, suggesting that psychological need satisfaction and most 
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importantly autonomy and competence satisfaction is associated with exercise 

adherence (Wilson & Fraser, 2002; Wilson et al., 2003), especially when it comes to 

habitual exercisers who might have internalized the importance of a systematic 

physical activity, thus making it part of their actual identity (Wilson et al., 2009).  

 

  Our data analysis focused on METS of moderate intensity, as it revealed the 

highest negative relationship with OSA symptom. Particularly, we found that exercise 

of moderate intensity predicted significantly lower levels of daytime sleepiness 

showing and supporting that exercise programs (e.g., aerobic) in OSA patients, can 

reduce daytime sleepiness (Norman et al. 2000). 

Generally, decreased exercise frequency in general population (e.g: Chasens, 

Sereika, Weaver & Umlauf, 2007) and a lack of regular PA in OSA patients (Basta et 

al., 2008), has been associated significantly with excessive daytime sleepiness, 

pointing out the importance of exercise in promoting healthy aging and maintaining 

the functional ability. In accordance to that, RCT studies conducted in OSA patients 

support this finding∙ for example, both Schutz et al. (2013) and Desplan et al. (2014), 

compared exercise to control groups (CPAP/OA and one-month education activity 

session, respectively) and found that exercise could modify and reduce subjective 

sleepiness. Likewise, Kline et al., (2012), compared low-intensity stretching treatment 

to moderate-intensity aerobic and resistance training, in their RCT. They found that 

PA contributed to the improvement of daytime sleepiness. Notably, moderate-

intensity exercise was preferred in those studies, except for Desplan et al., that didn’t 

mention the exercise’s intensity. Additionally, the RCT of Ackel-D’Elia et al. (2012), 

showed that adjusted exercise (to each patient’s needs) can be effectively combined 

with a primary treatment (CPAP) and reduce subjective excessive sleepiness, 
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maintaining the improvement even after 1 week off treatment. However, Norman et 

al. (2000) found that even though exercise training can have a positive effect on OSA 

symptoms, it cannot stand alone but rather as an adjunct therapy in the conservative 

management of patients with mild-moderate OSA.  

 The finding that PA can reduce daytime sleepiness is also supported by several 

meta-analyses. For example, Aiello et al., (2016), who included RCTs and 

observational studies, found that exercise training can reduce daytime sleepiness. In 

line with that, other meta-analyses (Ifthikar et al., 2017; Ifthikar et al., 2014; 

Mendelson et al., 2018), who recruited RCTs, reported the significant contribution of 

PA to the improvement of sleepiness, when compared to control conditions including 

CPAP, MAD or dietary loss/advice. 

 

Generally, OSA patients have a sedentary lifestyle (Igelström et al., 2013; 

Igelström, Emtner, & Lindberg, 2013), which is linked to higher obesity (King et al., 

2001), increased AHI level (Redolfi et al., 2009) and increased daytime sleepiness 

(Chasens et al., 2007). In line with previous studies, we found that 65% of our sample 

did not satisfy items 1-4 in IPAQ and thus, they were defined as a sample of not 

meeting the physical activity guidelines, recommending at least 150min of moderate 

intensity per week or 75min of vigorous intensity per week (WHO, 2010). Hence, we 

wanted to examine whether basic need satisfaction could predict physical activity 

participation, as according to Deci & Ryan (2000), the psychological needs of 

autonomy, competence and relatedness are “organismic necessities that are crucial for 

one’s psychological growth, integrity and well-being”.  

In our study, only the need of competence seemed to predict METS total, 

albeit competence was positively correlated with the need of autonomy.  
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In line with our finding, Smith et al. (2007) found that there may be an 

association between the subjective competence and the amount of exercise, regardless 

of BMI and AHI, meaning that OSA patients may want to start exercising, but they 

lack of confidence in their ability to. So, competence is defined as the perceived 

effectiveness and a need to succeed at optimally challenging tasks, while extending 

one’s skills and attaining desirable outcomes (Ryan & Deci, 2000; Luyckx & 

Vansteenkiste, 2009).   

Previous research supports our finding in general population∙ Vlachopoulos 

and Michailidou (2006) examined the predictive validity of the Basic Psychological 

Needs in Exercise Scale (BPNES) in exercise participants and they found that 

competence was the stronger and only significant predictor of concentration during 

exercise, attitude towards exercise, intention for continued exercise participation and 

the exercise frequency. In another study conducted by Vlachopoulos and Neikou 

(2007) in organized exercise programs the need of competence was the main predictor 

of exercise attendance and exercise adherence or drop out. What is more, Rahman et 

al., (2011) found that autonomy and competence satisfaction during a 12-week 

supervised program predicted habitual physical exercise. Especially competence 

satisfaction was higher in program completers than the non-completers, suggesting 

that those with higher confidence in their ability to exercise were more likely to 

complete the program. Similarly, an intervention in exercise domain showed that 

people who participated in exercise programs based on SDT, reported greater 

competence satisfaction and positive affect (Edmunds et al., 2008). Interestingly, 

Lovell et al., (2016) found that satisfaction of competence in exercising mothers was 

more related to group settings than individual settings, suggesting that, probably, the 

Institutional Repository - Library & Information Centre - University of Thessaly
09/06/2024 08:54:38 EEST - 18.189.195.226



52 
 

receiving feedback provided by the instructors and the co-exercisers or/and by direct 

comparison, contributed to this finding.  

Other studies though, have reported controversial findings suggesting that: a) 

even though need for competence and relatedness are important for exercise adoption 

stages, for inactive working women, autonomy satisfaction was even more important 

in the adherence phase (Kinnafick, Thøgersen-Ntoumani, & Duda, 2014) and that b) 

the needs for autonomy and relatedness are more important for sport continuance and 

dropout than the need for competence, at least in adolescence (Calvo et al., 2010). 

Concerning OSA, interestingly, no study was found, in which competence predicts 

exercise in OSA patients.  

In order for an individual to feel competent, he/she must engage in an activity 

which is considered stimulating, optimally challenging and adjusted to one’s skill 

level, because if it is very easy it can be boring, while if it is very difficult it can result 

in anxiety and avoidance (Deci, 1975). On the other part, via participating in activities 

that arouse curiosity and afford challenge, they will be allowed to test and expand 

their capabilities (Deci & Ryan (Eds.) 2002).  

 A way of enhancing one’s perceived competence is via providing positive 

feedback (Ryan, 1982). Negative feedback, on the contrary, thwarts the sense of 

competence (Deci & Cascio, 1972), especially when it is provided in a critical manner 

(Vallerand & Reid, 1984). Furthermore, by giving choice and avoiding external 

rewards not only perceived competence but also autonomy can be fostered (Deci & 

Ryan, 2000), which is in line with the positive relationship we found between the two 

variables. Modeling, is another way of enhancing sense of competence, as important 

others and their persistence in their own competence-relevant actions could affect an 

individual (Deci & Ryan (Eds.) 2002) Finally, presenting clear and neutral 
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information about behavior and outcomes, developing appropriate goals and 

reinforcing self-motivational statements could enhance perceived competence (Silva 

et al., 2008). 

Generally, psychological need satisfaction not only contributes to CPAP 

adherence in OSA patients, but it has also been proved to help in improving sleep 

quality and reducing daytime dysfunction, through mindfulness and the acceptance of 

sleep-interfering thoughts (Campbell et al., 2015). Additionally, need satisfaction 

seems to contribute to several other life domains. For example, it has been reported 

that a) in working contexts (Reis et al., 2000; Baard, Deci & Ryan, 2004), b) in health 

contexts, like dental treatment (Munster Halvari et al., 2010), obesity treatment 

(Williams et al., 1996) or tobacco cessation (Williams et al., 2006), c) in interpersonal 

contexts (Eberhart & Hammen, 2006), d) in academic contexts (Cole, 1990; Smári, 

Pétursdóttir & Porsteinsdóttir, 2001) and e) in residential contexts (O’Connor & 

Vallerand, 1994; Kasser, 1999), when the needs are satisfied, depression and 

depressive feelings are less likely to be experienced.  

 

To conclude, for over two decades, clinical studies have revealed an 

association between depression and OSA, even though their relationship is rather 

complex and their causal relationship is yet to be examined. Nevertheless, it has been 

found that in both diagnosed and undiagnosed OSA patients, the rates of depression 

are high, ranging from 5 to 63%, according to review conducted by Ejaz et al. (2011). 

Additionally, according to another review (Harris et al., 2009), OSA patients seem to 

report higher rates of depression compared to community settings (3-5%) and primary 

care (5-10%). 
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Five of the main sources of epidemiological data for major depressive disorder 

(MDD) are: a) the Epidemiologic Catchment Area (ECA) study, using the Diagnostic 

Interview Schedule (DIS) based on DSM-III, b) the National Comorbidity Survey 

(NCS) using the Diagnostic and Statistical Manual of Mental Disorders-Third Edition 

Revised, c) the National Comorbidity Replication Survey (NCS-R) using the World’s 

Health Organisation (WHO) Composite International Diagnostic Interview (CIDI), 

based on DSM-IV, d) the National Epidemiologic Survey on Alcoholism and Related 

Conditions (NESARC), using the Alcohol Use Disorder and Associated Disabilities 

Interview Schedule–DSM-IV Version (AUDADIS-IV) and e) the National Survey on 

Drug Use and Health. The aforementioned studies, which have been outlined by 

Strine et al., (2008a), report that the current depressive symptoms rate ranges between 

3.0% and 8.6%, a 12-month depression rate between 5.3% and 7.7%, and a lifetime 

depression rate of between 5.2% and 16.2% .  

A cross-sectional community study by the European Outcome of Depression 

International Network (ODIN) comprising five countries used both International 

Statistical Classification of Diseases and Related Health Problems (ICD-10) and 

DSM-IV in an attempt to examine depression prevalence. A mean 12-month 

prevalence of 6.6% was reported based on the ICD-10 and a mean 12-month 

prevalence of 6.7% was reported by DSM-IV (Ayuso-Mateos et al., 2001).  

According to the PHQ-9, in our study 14 patients (27%) showed a 

psychometric diagnosis of major or other depressive disorder. Specifically, 5 patients 

showed major depressive disorder and 9 patients showed other depressive 

disorder. Based on the BDI-II, a total of 14 patients (27%) showed scores of 

depressive symptoms within the clinical range. Particularly, 8 patients scored mild 
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depression (14-19 BDI-II score), 5 patients scored moderate depression (20-28 BDI-

II) and, finally, 1 patient scored severe depression (29-63).  

Depression is prevalent in other health disorders as well. For example, 

approximately 15% of patients with cardiovascular disease (CVD) were found to have 

major depression (Colquhoun et al., 2013). Additionally, in a review conducted by 

Van Ede, Yzermans and Brouwer (1999), individuals with Chronic Obstructive 

Pulmonary Disease (COPD), like asthma, reported a depression rate ranging from 7 to 

42%. In a more recent study, it was found that 19.4% of people with asthma were also 

diagnosed with current depression (in contrast to 7.7% for those without asthma) and 

for those with a diagnosis of lifetime depression, the depression rate was 30.6% in 

contrast to 14.4% (Strine et al., 2006). Finally, that obesity has also been associated 

with increased risk of depression (e.g: Dong, Sanchez, & Price, 2004; Luppino et. al., 

2010). Specifically, it has been reported that people with a diagnosis of depression 

(either current or lifetime) are 60% more likely to be obese (Strine et al., 2008b). 
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4. CONCLUSION 

The aim of the present study was threefold. Our first aim was to determine 

whether there are any interactions between our variables in OSA patients∙ the 

basic psychological needs of competence, autonomy and relatedness and 

depression, anxiety and daytime sleepiness. Secondly, we wanted to examine 

whether SDT contributes to the adoption of PA among OSA patients and thirdly, 

whether PA can have an actual impact on improving daytime sleepiness 

associated with OSA. The results showed that there are several statistically 

significant positive and negative relationships between the variables and that 

exercisers were feeling more competent and experienced lower depression than 

non-exercisers. Most importantly, it was found that PA of moderate intensity 

predicted lower levels of daytime sleepiness in OSA patients and that competence 

satisfaction predicts significantly PA participation. 

Given our findings, in OSA patients, depression is linked to daytime 

sleepiness meaning their coexistence in the sleeping disorder. Hopefully, based on 

our results, we may suggest that provision of physical activities that lay on 

competence satisfaction can actually increase the patients’ PA participation. In 

addition to that, PA of moderate intensity may act as a viable treatment to the core 

and most disabling OSA symptom, which is linked to psychosocial morbidity, 

accidents and poor quality of life∙ daytime sleepiness. Finally, as exercisers were 

found to be less depressed than non-exercisers, we could suppose that when 

daytime sleepiness is reduced, then depression is lowered too. When it comes to 

STAI no significant findings were reported, pointing out the importance of further 

research for examining and supporting the present results.  
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APPENDIX 

 

Table 1. Demographic information of the sample 

 
 

N; % Age 

Total group 51; - Mean= 50.75          SD=10.16 

Males 38; 74,5%  

Females 13; 25,5% 

Marital Status  

Single 
 

5; 9,8% 

Married 40; 78,4% 

Divorced 3; 5,9% 

Widowed 1; 2% 

Not reported 2; 3,9% 

Education  

Students 1; 2% 

Primary 8; 15,7% 

Secondary  27; 52,9%   

Tertiary 12; 23,5%   

Not reported 3; 5,9%   

Job Status    

Employed 33; 64,7%   

Unemployed 16; 31,4%   

Retired 9; 17,6%   

Not reported 2; 3,9%   

Smoking    

Smokers 19; 37,3%   

Non-Smokers 32, 62,7%   

Cigarettes per day    Mean= 18.84      SD= 13.68   

Cigarettes previous day    Mean=15.89       SD= 9.23   

BMI    Mean=  33.86     SD= 7.01   

N= Number; SD= Standard Deviation; BMI: Body Mass Index 
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Table 2. Descriptive Statistics and Cronbach’s alpha of outcome measures 

Patients (N=51) Cronbach Alpha Mean SD 

Epworth .69 5.86 4.01 

BDI .85 10.29 7.57 

Anxiety    

State Anxiety .85 45.59 8.23 

Trait Anxiety .82 41.00 7.68 

Need Satisfaction    

Competence  .95 4.61 1.67 

Autonomy .84 4.63 1.33 

Relatedness .92 5.77 1.41 

METS    

METS total  321.96 372.38 

METS high  19.27 103.47 

METS moderate  48.31 130.87 

METS low  248.62 329.17 

Epworth: Sleepiness Scale; BDI: Beck Depression Inventory; METS: Metabolic 
Equivalents 
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Table 3. Correlations between Sleepiness, Depression, METS, Psychological Needs, 
Anxiety and BMI 

Variables 1 2 3 4 5 6 7 8 9 10 11 12 

    1. Epworth             

    2. BDI .35*            
Anxiety             

 3. State Anxiety .11 .56**           

    4. Trait Anxiety .22 .74** .73**          

Psychological 
Needs 

            

     5. Competence -.16 -.36** -.10 -.32*         

     6. Autonomy -.25 -.33* .09 -.21 .61**        

     7. Relatedness -.22 -.10 -.09 .01 .13 .43**       

METS             
 8. METS total -.17 -.20 -.12 -.21 .37** .19 .01      

  9. METS low -.03 -.17 -.11 -.17 .25 .10 -.06 .89**     

  10. METS mod -.31* -.15 -.08 -.15 .23 .09 .06 .35* .01    

  11. METS high -.06 .01 .02 -.04 .25 .26 .14 .28 .02 -.07   

     12. BMI -.03 .30 .19 .18 -.18 -.06 -.11 -.22 -.24 -.02 .04  

Epworth: Sleepiness Scale; BDI: Beck Depression Inventory; METS: Metabolic 
Equivalents; BMI: Body Mass Index; *p < .05; **p < .01 
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Table 4. Comparisons between exercisers and non-exercisers on outcome measures 

 Exercisers (N=18) Non-Exercisers (N=33) 
 M SD M SD 

     Epworth 4.83 4.12 6.42 3.90 

             BDI 7.83* 4.59 11.64 8.54 

Anxiety     

State Anxiety 44.33 7.90 46.27 8.44 

Trait Anxiety 39.00 6.77 49.09 8.02 

Need Satisfaction     

          Competence 5.40* 1.29 4.18 1.71 

        Autonomy 5.05 1.35 4.40 1.29 

          Relatedness 5.94 1.50 5.67 1.36 

*Exercisers were less depressed and were feeling more competent than non-exercisers 
(p < .05) 
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Table 5. Stepwise Regression Analysis for Sleepiness  

 Beta t p F R2 change 

Significant Predictor     5.79* .11 

       METS mod -.34 -2.41 .020*   

Excluded Predictors       

       METS lo -.03 -.21 .84   

       METS hi -09 -.62 .54   

METS mod: Metabolic equivalents moderate; METS lo: Metabolic equivalents low; 
METS hi: Metabolic equivalents high; *p < .05 
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Table 6. Stepwise Regression Analysis METS total 

 Beta t p F R2 change 

Significant Predictor     .37* .14 

    Competence .37 2.70 .010*   

Excluded Predictors       

    Autonomy -.09 -.47 .64   

    Relatedness -.04 -.25 .80   

METS total: Metabolic equivalents total; *p < .05 
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