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Abstract 

Obstructive sleep apnea (OSA) is a societal problem that affects individuals quality of life. 

Physical activity (PA) and exercise are non-pharmacological options to improve sleep 

parameters in patients with OSA and help with weight loss. The aim of the study was to 

examine if PA or exercise had a stronger association to OSA severity as past studies have 

used the terms interchangeably. This study spannded 12 weeks and used the International 

Physical Activity Questionnaire (IPAQ) and Self-Applied polysomnography on 65 adult 

Icelandic volunteers from the general population at different OSA severities. OSA severity 

was measured with AHI scores and participants ranged from healthy to severe. Participants 

had the mean age 47.9 years and 52% were females. The IPAQ gave information on 

participants‘ PA and exercise separately in metabolic equivalents. Body mass index (BMI) 

was measured at the beginning and end of the study. No significant association was found 

between OSA severity and PA or with exercise. However, when adjusted for gender, age, and 

BMI, the predicted value was stronger for exercise than for PA in moderate/severe OSA in a 

logistic regression. In conclusion, exercise had a stronger association with OSA severity than 

PA.  

 Keywords: Sleep, physical activity, exercise, obstructive sleep apnea, body mass 

index 

 

Útdráttur 

Kæfisvefn er vaxandi samfélagslegt vandamál og hefur áhrif á lífsgæði einstaklinga sem þjást 

af sjúkdómnum. Almenn hreyfing og skipulögð hreyfing hafa verið viðurkenndar sem leiðir 

til að minnka áhrif og alvarleika kæfisvefns. Hins vegar, hafa fyrri rannsóknir notast við 

hugtökin almenn hreyfing og skipulögð hreyfing sem eitt hugtak en þau hafa ólíka meiningu. 

Markmið þessarar rannsóknar var að skoða hvort að almenn- eða skipulögð hreyfing hefði 

sterkara samband við alvarleika kæfisvefns. Þessi rannsókn stóð yfir í 12 vikur á 65 

fullorðnum Íslendingum með mis alvarlegan kæfisvefn. Meðalaldur var 47.9 ár og 52% 

þátttakenda voru konur. Alþjóðlegi spurningalistinn um hreyfingu (International Physical 

Activity Questionnaire, IPAQ) var notaður og veitti annars vegar upplýsingar um almenna 

hreyfingu og hins vegar skipulagða hreyfingu þátttakenda og hlutlæg svefnmæling fyrir 

kæfisvefnsgreininguna. Líkamsþyngdarstuðull þátttakenda var mældur í byrjun og lok 

rannsóknarinnar. Niðurstöður sýndu ómarktækt samband bæði milli almennrar- og 

skipulagðrar hreyfingar við alvarleika kæfisvefns. Hins vegar, þegar aðlagað var fyrir kyni, 

aldri og líkamsþyngdarstuðli, hafði skipulögð hreyfing sterkara viðbótarspágildi við 

miðlungs/alvarlegann kæfisvefn heldur en almenn hreyfing. Ályktað var að skipulögð 

hreyfing hafi sterkara samband við alvarleika kæfisvefns heldur en almenn hreyfing.  

Lykilorð: Svefn, almenn hreyfing, skipulögð hreyfing, kæfisvefn, 

líkamsþyngdarstuðull 
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The effects of exercise are larger than physical activity on obstructive sleep apnea 

severity  

The definition of health is not standardized as some definitions focus on impairment 

and absence of disease but others on complete well-being and the ability to function without 

barriers as described by the World Health Organization (2021) (WHO). Independent of the 

definition used, sleep and physical activity (PA) both contribute greatly to the health and 

well-being of every individual (Schlarb, et al., 2012). Sleep is a crucial factor for physical 

and psychological health as well as general life quality. Sleep has been identified as a 

behavior because even though we are unconscious while sleeping, our brain is active (Carlson 

& Birkett, 2017). All individuals have the urge to fall asleep when feeling tired or sleepy. 

Therefore sleep is a behavior that everyone engages in, and it is recommended that adults get 

seven to nine hours of sleep per night (Hirshkowitz et al., 2015). Numbers from a 2017 

national survey in Iceland concluded that 28% of adults sleep less than six hours a night and 

therefore do not get enough sleep (Daníelsdóttir, 2018).  

Why we sleep is a question that has been attempted to be answered in various ways by 

different researchers (Mignot, 2008). Deep sleep has been linked to helping the body to 

restore and recover from the past day‘s activities and is important for cognitive abilities 

(Carlson & Birkett, 2017). Rapid eye movement (REM) sleep serves a purpose in brain 

development, memory processing, energy maintenance, and emotion regulation during 

wakefulness (Blumberg et al., 2020).  

Given the importance of sleep (Carlson & Birkett, 2017; Schlarb, et al., 2012), sleep 

disruptions and disorders are bound to have various effects on health (Uchiyama, 2019; Yang 

et al., 2000). According to the diagnostic and statistical manual of mental disorders (DSM-5), 

sleep disorders are disorders in which either length, quality, or amount of sleep is disturbed 

and affects the individuals‘ quality of life (American Psychiatric Association, 2013). Sleep 
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deprivation studies have shown that lack of sleep decreases cognitive function, memory, and 

learning abilities (Carlson & Birkett, 2017). Sleep-disordered breathing (SDB) is a term used 

to describe disorders that consist of difficulties in breathing during sleep, from habitual 

snoring to severe obstructive sleep apnea (OSA) (Panossian & Avidan, 2009).  

It is estimated that around one billion people worldwide between the ages of 30 and 

69 years have OSA (Benjafield et al., 2019). OSA patients have breathing events 

intermittently throughout the night, caused by the upper airway collapsing. These events are 

called apneas (complete closure)  and hypopneas (partial closures), which can cause sleep 

fragmentation, oxigen desaturations, daytime sleepiness, and other impairments (Park et al., 

2011). The respiratory events can last from 10 seconds up to one minute or longer (Panossian 

& Avidan, 2009). OSA has been diagnosed and its severity measured with the apnea-

hypopnea index (AHI), which counts the total amount of apnea or hypopnea events that occur 

per hour of the night (Bertelli et al., 2021). Many types of therapies and treatments for OSA 

have been developed, but the gold standard treatment is positive airway pressure (PAP) 

(Kakkar & Berry, 2007). PAP is a mask connected to a device and applied over the nose- or 

nose and mouth area (Ward et al., 2014). It is designed to help keep the airway open so 

patients can breathe more normally during night-sleep. However, the device has been 

described as uncomfortable and patients have stopped using PAP (Pépin et al., 1995; Ward et 

al., 2014) even though it is an effective treatment for OSA (Sawyer et al., 2011). E.g. an 

Icelandic study by Eysteinsdottir et al. (2017) found that two-thirds of participants with 

moderate/severe OSA and a high body mass index (BMI>30) were still using PAP after 

seven years.  

Given the negative effects OSA can have on people‘s quality of life (Yang et al., 

2000) past research has emphasized several predicting factors of OSA severity, including age, 

gender and BMI (Banhiran et al., 2014; Lin et al., 2019; Morris et al., 2008). OSA severity 
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has been shown to vary in intensity by gender as well as age and findings from Gabbay & 

Lavie (2012) study suggests that cut-off points, when diagnosing OSA, should also vary by 

those factors, as the clinical cut off point is often fixed to >5 AHI score (Kapur et al., 2017). 

Past studies have shown that OSA is more prevalent among males (Chan et al., 2012; Dancey 

et al., 2003) and that they tend to have more severe symptoms as well, such as habitual 

snoring and higher AHI scores, when compared to females (Zhang et al., 2020). More recent 

studies now showing that there might be a bias in participant referral and diagnosis against 

female participants (McKinney et al., 2015). Females with OSA are underdiagnosed and 

undertreated, according to studies, in part because their symptoms differ from males‘ 

(Lindberg et al., 2017; Pataka et al., 2020). Neck circumference (Dancey et al., 2003), 

menopause (Bixler et al., 2001), airway anatomy (Cho et al., 2019), and other factors explain 

the gender difference for OSA prevalence and severity.  

Increasing age has shown to be a strong predictor for mortality in severe OSA patients 

compared to the general population (Scrutinio et al., 2021). It has been hypothesized that 

physiological components in individuals‘ airway anatomy may worsen with age, making 

OSA more prevalent in older adults (Edwards et al., 2014). However, a couple of longitudinal 

studies have shown that OSA severity decreased over time for elderly individuals that were 

considered healthy (Sforza et al., 2012; Sforza et al., 2017). Further research is needed on the 

topic of age and OSA symptoms and severity. 

Obese individuals have been shown to be at a higher risk of developing OSA (Gozal, 

2015; Rezaie et al., 2021). Respiratory functions in obese people can be vastly affected and 

lead to shortness of breath and a reduced lung volume (Littleton, 2012; Salome et al., 2008). 

A meta-analysis on the topic of exercise as a therapy for OSA showed a significant decrease 

in OSA severity even though body weight of participants showed minimal changes (Iftikhar 

et al., 2014). Additionally, Saint Martin et al. (2015) found that body fat components in 
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elderly OSA patients did not explain their OSA severity, contrary to research on middle-aged 

OSA patients (Gozal, 2015; Rezaie et al., 2021). These findings suggest that diagnosing and 

treating OSA should be approached differently for the elderly with varying levels of body fat. 

The underlying mechanism of the positive effects that exercise and physical activity have on 

OSA severity is still partially unknown (Torres-Castro et al., 2021). It has been hypothesized 

that hormonal activity (Kraemer et al., 1999) and improvement in the cardiovascular system 

are a part of those positive effects (de Andrade & Pedrosa, 2016) but further research is 

needed.  

Past studies have also shown that OSA patients have less sleep quality and less total 

sleep time (TST) than the general population (Kalcina et al., 2017). When sleep quality is 

measured subjectively, individuals are asked how they felt their sleep was the morning after 

(Åkerstedt et al., 1994). Impaired sleep quality and short sleep duration are related concepts 

that can lead to several diseases and dysfunctions (Wasey et al., 2022). Poor sleep quality has 

been proven to affect our DNA, linked to shortness of life and age-related diseases (Prather et 

al., 2015). Obesity has also been shown to have a bi-directional relationship to short and poor 

sleep (Anam et al., 2022). By improving sleep quality in OSA patients, with different kinds 

of interventions or therapies, the damaging effects of OSA can be lessened (Hilmisson & 

Magnusdottir, 2019). One of these interventions is PA or exercise (Abdi et al., 2016; Chen et 

al., 2012; Kline et al., 2011; Kredlow et al., 2015).  

PA was originally defined as a body movement performed by the muscles requiring 

energy output, often measured in calories burned (Caspersen et al., 1985). WHO (2020) 

supports the Caspersen et al. (1985) definition and adds that regular PA helps to prevent 

various diseases and recommends that adults should engage in at least 75-150 minutes of 

aerobic and muscle-strengthening PA over the week. The most common objective measure of 

intensity is heart rate monitoring, with a higher heart rate indicating more intensity (Trost & 



 8 

O’Neil, 2014). PA is measured subjectively with questionnaires, the International Physical 

Activity Questionnaire (IPAQ) being one of the most frequently used (Hagströmer et al., 

2006). The IPAQ is standardized and has been used in many populations and languages and 

its validity has been confirmed to be good (Craig et al., 2003: Kim et al., 2013). The IPAQ, 

therefore, covers most domains of peoples‘ lifestyles for the past seven days, not only 

counting exercise.  

Exercise has often been associated with PA but has a slightly different meaning. 

Exercise is defined as planned and repetitive PA intended to maintain or improve certain 

aspects of the exercise performed (Dasso, 2019). Past studies have often not made a clear 

distinction between PA and exercise regarding association with sleep- parameters and 

disorders (Morgan, 2003; Quan et al., 2007). Quan et al. (2007) concluded that three hours of 

vigorous PA/exercise per week showed an association with lower levels of SDB and had 

beneficial effects on daytime sleepiness. Morgan‘s (2003) findings suggest that PA/exercise 

may act as a protective factor against late-life insomnia. However, in both Morgan‘s (2003) 

and Quan's et al. (2007) studies, exercise and PA were concepts used interchangeably. 

Additionally, exercise has been noted to be a non-pharmacological way to improve sleep 

parameters for patients with different sleep disturbances and disorders (Lang et al., 2013). A 

study by Silva et al's. (2019) compared exercisers with severe OSA patients to non-

exercisers. Results showed that exercisers had 30% less frequent symptoms during the night 

compared to non-exercisers and both deep sleep and REM sleep were longer for the 

exercisers.  

Past research results on this topic have been inconclusive as so many variables need to 

be considered. Although PA and exercise are both shown to have beneficial effects on sleep 

and sleep disorders (Lang et al., 2013; Morgan, 2003; Quan et al., 2007; Silva et al., 2019), 

the distinctive effects between the two concepts have yet to be compared. Exercise differs 
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from PA in that it is more intense (Dasso, 2019) and past studies have shown that more 

intense activities have a more positive effect on OSA severity (Aiello et al., 2016; de 

Andrade & Pedrosa, 2016; Iftikhar et al., 2014; Lang et al., 2013; Silva et al., 2019; Quan et 

al., 2007). Additionally, past studies have been criticized for not focusing on participants who 

need to improve their sleep, for example, people with SDB (Gerber et al., 2010; Raudsepp, 

2018). Instead, they have taken in participants who already have an optimal sleep which 

leaves little room for improvements, such as adolescents and healthy individuals. 

The objective of this study is to examine how PA, in comparison to exercise, is 

associated with OSA severity in general population participants and which is the better 

predictor of OSA severity. Hypothesis one is that exercise affects OSA severity more 

positively than PA. Hypothesis two is that when adjusted for gender, age, and BMI, exercise 

is a better predictor of less severe OSA compared to PA. 

Materials and Methods 

Study design 

This was a correlational study, meaning an analysis of a current statistical relationship 

between two phenomenons in the form of statistical data (Mitchell, 1985). Measures were 

collected over a 12 week period both objectively and subjectively.  

The independent variable was OSA severity, and the dependent variables were the 

participants‘ PA score versus exercise score from the IPAQ. Other moderating variables were 

participants‘ BMI, age and gender, sleep quality and TST. This study was a part of a bigger 

research conducted by the Sleep Revolution at Reykjavik University. 

Participants 

A total of 65 adults (34 women and 31 men) aged 18 and older (47.9 + 15.5) were 

invited to take part in this study. Participants had a wide range of BMI, and severity of OSA 

ranged from healthy to severe. Written informed consent was obtained from participants and 
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were told they could withdraw from the study at any time. The study was approved by the 

National Bioethics Committee of Iceland and the Data Protection Agency of Iceland (21-

070). All missing values for each variable were excluded from the statistical analysis for 

more valid results. BMI had one missing value, due to a missing body measurements. The 

exercise and PA variables both had four missing values, because participants did not fill in 

any IPAQ questionnaire. AHI scores had nine missing values due to missing data from the 

three night sleep measurement. Lastly, sleep quality and TST both had 12 missing values, due 

to lack of inputs from participants‘ sleep diaries.  

Measures 

Mobile applications 

 Measurements in the present study were gathered subjectively with the Sleep 

Revolution app continuously over a 12 week period. The Sleep Revolution app was 

developed to gather research information provided by the participants themselves. 

Participants answered questions about their sleep quality and TST in the morning, which is 

further discussed below.  

Anthropometric measurements 

Anthropometric measurements were conducted on height using a wall-mounted 

stadiometer (Renstrøm et al., 2012), by the closest 0.1cm and weight with a digital scale 

(TANITA MC-780), the precision of 100g (Ross & Marfell-Jones, 1982). Participants‘ BMI 

was calculated as kg/m2 (Keys & BroŽek, 1953).  

Body composition measures 

A body composition assessment was made with the TANITA MC 780 scale which 

gets its data from electrode signals that shoot through the body from the inside (Ling et al., 

2011). The participant stept on the scale barefoot and was asked to grip onto handles attached 

to the scale and hold them alongside their body for the measurement. The device gives data 
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on body fat percentage, muscle mass percentage, total muscle mass, and body fat mass. This 

method of measurement has been widely used in research and shown to be accurate (Gibson 

et al., 2008; Ling et al., 2011).  

Sleep measures.  

Sleep parameters were measured both objectively and subjectively for 12 weeks. The 

objective measures were conducted at the beginning of the 12 weeks with self-applied 

polysomnography using the Self-applied Somnography (SAS) setup of A1s devices (Nox 

Medical, Reykjavík, Iceland). Participants slept with the equipment at home for three nights. 

From those measurements their sleep data were analyzed automatically with Noxturnal 

software (Nox Medical, Reykjavík, Iceland). The subjective data were gathered with the 

Sleep Revolution app which was based on the Consensus Sleep Diary (Carney et al., 2012).  

Participants were divided into four groups of OSA severity for the ANOVA and eta-

squared analysis; healthy (<5), mild (5.1 - 15), moderate (15.1 - 30), and severe (>30). For 

the Binary Logistic Regression healthy and mild participants were merged and moderate and 

severe as well to meet the assumption of a binary dependent variable. Those categories 

depended on participants‘ highest measured AHI score from the three night sleep 

measurement.  

Sleep diary inputs. Every morning for 12 weeks, participants were notified to answer 

questions about their previous nights‘ sleep („In total, how long did you sleep?“). After the 

questions were answered, the participants rated their sleep quality, with five response options 

from „very poor“, to „very good“. 

From the sleep diary the variables for sleep quality and TST were used and calculated 

as a mean of total inputs. Sleep quality was divided into three categories; poor (< 2.4), fair 

(2.5 – 3.5), and good (3.6 - 5) depending on the mean (scale from 1-5). Participants were 

divided into those who slept less than 6:59 hours per night and those who slept more than 
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seven hours depending on participants‘ average TST from inputs from the sleep diary. The 

categories were based on the recommended hours of sleep for adults (Hirshkowitz et al., 

2015).  

Physical activity and exercise measures.  

PA was measured subjectively via an online platform called RedCap (REDCap, n.d.) 

where participants answered the long form of the IPAQ. Participants were asked to answer 

the IPAQ three times over the course of the 12 weeks. Protocols regarding the calculation of 

the METminutes/week were done according to the official IPAQ scoring guidelines (IPAQ, 

2005).  

The variables PA and exercise were calculated with information from the IPAQ into 

metabolic equivalents in minutes per week (METminutes/week) and divided into three 

categories; low (< 600), moderate (601-1499), and high (> 1500) (IPAQ, 2005). The exercise 

was calculated separately as METminutes/week from recreation, sport, and leisure time 

questions. As participants were asked to answer the IPAQ three times over the 12 weeks, the 

final score was an average from the total number of questionnaires participants answered. 

Both PA and exercise were separately presented as categorical and continuous variables.  

Procedure 

 The present study started in November 2021 and lasted 12 weeks for each participant. 

The Sleep Revolution advertised for participants in the general population for this study and 

those who were interested filled out a screening questionnaire with an inclusion/exclusion 

criteria. Those who were eligible to participate, as previously mentioned, had symptoms of 

OSA or were healthy sleepers. If the inclusion criteria were met then another questionnaire 

was sent to gather background information. The main procedure was divided into two visits 

at Reykjavik University.  
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The first visit consisted of a set up on the apps, anthropometric and body composition 

measurements, and participants received the three night sleep equipment. During the 12 

weeks, participants were asked to answer the IPAQ on three separate occasions and fill out 

the sleep diary daily in the evening and morning. After the 12 weeks, the participants 

returned to Reykjavik University for their second visit. The participants had their body 

measurements from the first visit repeated.  

Statistical Analysis 

The statistical analysis of the current study was made on SPSS, version 27 by IMB. A 

Chi-Square Test of Independence was performed to examine if there was a significant 

relationship between participants OSA severity to PA vs. exercise respectively as well as for 

sleep quality and TST. A one-way ANOVA test was performed to compare the means of 

different OSA severity to PA and exercises‘ METminute scores. Eta-squared (η2) effect sizes 

were calculated for PA and exercise within OSA severity. Values were considered small 

(η2<0.01), medium (η2<0.06) or large (η2<0.14) effect sizes (Richardson, 2011). Statistical 

outcomes from tests of PA and exercise were compared to see if there was a difference 

between the two in association to OSA severity. Statistical significance was determined at 

p<.05 (Greenland et al., 2016). 

A Binary Logistic Regression was performed to control for participants‘ 

characteristics and compare PA to exercise, those were divided into three models. Model 1 

consisted of participants‘ gender, age, and BMI, model 2 was adjusted for PA and model 3 

was adjusted for exercise. The three models were then compared to determine which was the 

best predictor for moderate/severe OSA. Cox & Snell R2 as well as Nagelkerke R2 implied 

the variation of the independent variables in the dependent variable explained by each model. 

The Hosmer & Lemeshow Test was reported to establish the goodness of fit for the Binary 

Logistic Regression models. 
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Results 

Descriptive statistics 

Descriptive statistics of the participants characteristics are presented in table 1. The 

participants were 65 in total (31 males and 34 females). The age ranged from 19-80 years, 

with a mean age of 47.9 years. The participants‘ BMI ranged from 19.1 to 42.3 kg/m2. From 

the IPAQ, METminutes/week for PA ranged from an average of  0 to 23.3 and exercise 

METminutes/week from 0 to 13.2. AHI scores were participants‘ highest scoring AHI and 

ranged from 2.5 to 71.7 apnea events.  

 

Table 1 

Characteristics of the study sample 

Participants‘ characteristics N Mean + SD 

Gender   

   Male 31  

   Female 34  

Age (years) 65 47.9 + 15.5 

BMI (kg/m2 ) 64 28.7 + 5.0 

General PA (METminutes) 61 3870.4 + 5148.6 

Exercise (METminutes) 

AHI (events/hour) 

61 

56 

2996.7 + 3309.4 

21.5 + 2.1 

Note. AHI = apnea-hypopnea index,  BMI = Body Mass Index, PA = Physical activity, 

METminutes = metabolic equivalents in minutes per week, SD = Standard Deviation 

 

The characteristics and distribution of participants‘ sleep quality, TST, PA, and 

exercise can be seen in figure 1. Healthy participants were eight (14%), participants with mild 

OSA were 20 (35.1%), moderate OSA were 12 (21.1%) and lastly severe OSA were 17 

(29.8%). 4.2% of participants felt their sleep quality to be poor, 60.4% fair and 35.4% rated 



 15 

their sleep quality as good. No participants rated their sleep „very poor“ or „very good“. 

Participants who slept on average less than 7 hours were 35.4%. 

PA, assessed with METminutes/week divided participants down to low activity 

participants (<600 METminutes) being 29.8%, moderately active participants (601-1499 

METminutes) 22.6% and very active participants (>1500 METminutes) 56.1% (IPAQ, 2005). 

Participants‘ exercise was divided down to low activity (33.3%), moderately active (12.3%) 

and very active (54.4%) from the IPAQ leisure time segment.  

 

Figure 1 

Distribution of participants‘ rated sleep quality, TST, PA and exercise groups within OSA 

severity categories 

 

Note. OSA = Obstructive Sleep Apnea; TST = Total Sleep Time; PA = Physical activity. 
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Association between OSA severity and PA versus exercise 

Chi-Square results were not significant for OSA severity and PA (χ2(6, N = 57) = 

3.234, p = .78) or exercise groups (χ2(6, N = 57) = 7.331, p = .29). Chi-Square results for 

sleep quality (χ2(6, N = 48) = 6.015, p = .42) as well as TST (χ2(6, N = 48) = 2.428, p = .49) 

were also not significant. ANOVA results showed no significant difference between OSA 

severity groups and means of PA (F(3, 52) = .903, p = .45) or exercise METminutes (F(3, 52) 

= 0.1.671, p = .18). Eta-squared (η2) effect size was calculated for the dependent variables to 

determine the fraction of variance within the independent variable. The effect size for PA 

within OSA severity groups was calculated as small (η2  = .05) and exercise as medium (η2 = 

.09). 

Predicting likelihood of moderate/severe OSA based on PA versus exercise, adjusted for 

gender, age and BMI 

Table 2 displays results from the Binary Logistic Regression for none/mild vs 

moderate/severe OSA adjusted for participants‘ characteristics and based on PA versus 

exercise. Model 1, participants‘ gender, age, and BMI, was significant (χ2(3) = 21.782, p < 

.001). The model explained 32% - 43% of the variance in OSA severity and had 78.6% 

correctly classified cases. The only variable not significant in model 1 was BMI (p = .10). 

With increasing age, participants were 1.09 times more likely to have moderate/severe OSA 

per year. Lastly, females were less likely to have moderate/severe OSA or 0.19 times less 

likely than males. 

Model 2, adjusted for PA, was significant (χ2(4) = 22.807, p < .001). The model 

explained 33.5% - 44.6% of the variance in OSA severity and had 75% correctly classified 

cases. Odds ratio showed no association between moderate/severe OSA and PA. However, 

variables that were not significant were BMI (p = .14). and PA (p = .32).  
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Table 2 

Binary Logistic regression predicting the likelihood of moderate/severe OSA based on PA or 

exercise 

 Model 1 Model 2 Model 3 

Variable B SE OR B SE OR B SE OR 

Constant -5.924* 2.484 .003 -6.222* 2.578 .002 -5.604* 2.597 .004 

Gender -1.693* .677 .184 -1.816* .698 .163 -1.653* .699 .191 

Age .077* .029 1.080 .082* .030 1.085 .089* .030 1.093 

BMI .110 .069 1.116 .105 .072 1.111 .100 .072 1.105 

PA    .000 .000 1.000    

Exercise       .000 .000 1.000 

Cox & Snell R2 .322 .335 .368 

Nagelkerke R2 .430 .446 .490 

Hosmer & 

Lemeshow test 
p = .171 p = .531 p = .512 

Note. *p < .05; BMI = Body Mass Index; PA = Physical activity; B = The Unstandardized 

Regression Weight; SE = Standard Error; OR = Odds Ratio; OSA severity (0 = healthy and 

mild OSA, 1 = moderate and severe OSA). 

 

Lastly, model 3, adjusted for exercise, was also significant (χ2(4) = 25.674, p < .001). 

The model explained 36.8% - 49% af the variance in OSA severity and classified cases were 

80.4%. Odds ratio showed no association between moderate/severe OSA and exercise. 

However, model 3 had two variables that were not significant, BMI (p = .16) and exercise (p 

= .08), albeit a trend for exercise was found (p < .10). The Hosmer & Lemeshow test results 

were not significant for all models, indicating that the models were a good fit. 

Discussion 

The associations between PA and exercise variables to OSA severity were not 

significant. The eta-squared effect size was small for PA, or 5% while exercise effect size 

was medium, 9%. That indicates that exercise explained 9% of the variance within OSA 
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severity and had slightly stronger association to OSA severity compared to PA. When 

adjusted for gender, age, and BMI, the model including exericse had a stronger predicting 

value for moderate/severe OSA than PA. 

As no past study has compared PA to exercise, the current results are therefore 

difficult to compare to past research results. However, given the difference in intensities, 

exercise being more intense than PA (Dasso, 2019), the current study results are consistent 

with past research, which have shown that moderate or vigorous exercise positively affects 

OSA symptoms (Aiello et al., 2016; de Andrade & Pedrosa, 2016; Iftikhar et al., 2014; Lang 

et al., 2013; Silva et al., 2019; Quan et al., 2007). Although the mechanism behind the 

beneficial effects of exercise is still unknown, weight loss in itself might not be the sole 

factor that minimizes the severity of OSA but rather a loss of fat mass (Iftikhar et al., 2014; 

Torres-Castro et al., 2021). The respiratory function of obese individuals are worse than the 

average population (Littleton, 2012), and it has been shown that the weight sitting on the 

upper body of obese individuals might be causing more difficulties in breathing and therefore 

leading to more severe OSA (Littleton, 2012; Tuomilehto et al., 2013). Therefore, by 

reducing the fat mass around the upper body, individuals may relieve the airway and ease 

breathing during night-sleep.  

 Our results showed that exercise had the stronger predicting value for 

moderate/severe OSA when compared to PA (model 2), and gender, age and BMI only, 

(model 1). Odds ratio for both PA and exercise showed no significant association to OSA 

severity within the models, however, explained variance and correctly classified cases were 

both higher for the exercise model and a trend for significance found for exercise. In model 1, 

participants tended to be 1.12 times more likely to have moderate/severe OSA with a higher 

BMI (nonsignificant variable) and 1.09 times more likely to have moderate/severe OSA with 

increasing age. These results correspond with past studies on the topic that have shown that 
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with increasing age, OSA severity increases as well (Gabbay & Lavie, 2012). Past studies 

have also demonstrated individuals with higher BMI tend to have more severe OSA (Gozal, 

2015; Rezaie et al., 2021) which also align with the current study results. In correspondance 

to some past findings (Chan et al., 2012; Dancey et al., 2003; Zhang et al., 2020), the current 

study showed females to be 0.19 times less likely to have moderate/severe OSA than males. 

With the number of factors that can affect the gender difference in OSA patients (Bixler et 

al., 2001; Cho et al., 2019; Dancey et al., 2003), it would be impossible to say what the 

reason is behind these current results. Even though males were more likely than females to 

have moderate/severe OSA, the diagnosis and recognition of OSA in females needs to be 

improved with generation of female specific OSA models. 

 Associations between sleep quality and TST to OSA severity were not significant. 

Contrary to past studies that have shown that OSA patients have less sleep quality and TST 

when compared to the general population (Kalcina et al., 2017). These results might be due to 

the sample size being relatively small. Nevertheless, sleep quality and TST in OSA patients 

are factors in need of improvement with treatment, such as exercise (Abdi et al., 2016; Chen 

et al., 2012; Kline et al., 2011; Kredlow et al., 2015). 

The current study has some limitations. First, the effects of Covid-19 could have 

affected participants‘ sleep, PA or exercise levels as some restrictions were still obligatory by 

the government during the time of the study. Covid-19 also made the participants‘ visits be 

postponed or canceled. It was not accounted for if patients had tested positive for Covid-19 

before, and it is unknown how sleep can be affected in those individuals. Therefore, the 

results can not be fully generalized and compared to past studies that were not conducted 

during the Covid-19 pandemic. In addition to the timing, participants‘ routines may have 

been affected by christmas and the holidays. Second, the sample size could be argued to be 

fairly small. Third, PA, exercise, and sleep were only subjectively measured. The original 
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plan was to have the participants wear a smartwatch for the duration of the study and use data 

from the watches as objective measures. Due to technical difficulties, the data from the 

smartwatches had to be discarded from this study because of the limited time factor of a BSc 

thesis, however, the data are to be analyzed later. For objective data, the smartwatches allow 

measurement of all three parameters; PA, exercise, and sleep (Óskarsdóttir et al., 2022). 

However, subjective data is also an important and valid method of measuring all of the 

above-mentioned components. Future studies should aim to consider using both subjective 

and objective measurements. 

Although there were a few limitations, the study widens the knowledge about PA and 

exercises‘ association to OSA severity and may well be the first study to compare the two 

concepts. The IPAQ questionnaire allowed the comparison of PA to exercise as the sections 

of the questionnaire split up into job-related; transportational; housework; family-related PA, 

which could then be compared to leisure; and sport- related PA/exercise (Hagströmer et al., 

2006). Therefore, the PA variable was a strong definition of participants‘ lifestyles and made 

the comparison to exercise more clear. Even though the study sample was small, the 

participants were diverse in age, BMI range and OSA severity which can be considered a 

strength of the study. The study extends the understanding of predicting values with exercise 

being more strongly associated to moderate/severe OSA than PA. Information from this study 

may also suggest that future clinical professionals, treating OSA patients, should consider 

exercise as therapy and be in consultation with fitness and exercise professionals to better the 

lives of their patients.  

This topic has a great body of research behind it, however, many questions are still 

unanswered. Future studies can aim to answer what exercise model could best minimize OSA 

severity. That is, what type, duration, and intensity of exercise could be best recommended to 

patients with OSA to reduce symptoms and severity? That could be done by comparing 
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aerobic to strengthening exercises, upper body to lower body exercises, and so forth. It would 

be interesting to see results from a controlled study that compares exercise modes to OSA 

severity as a sole treatment for OSA to see even more precise results.  

Concerning gender and age, future research should aim to treat each gender by their 

age group individually, as past studies have shown severity and symptoms to differentiate 

between both age and genders (Dancey et al., 2003; Edwards et al., 2014; Gabbay & Lavie, 

2012; McKinney et al., 2015; Zhang et al., 2020).  

Conclusion 

In conclusion, the results of this study indicate that exercise had a stronger association 

to OSA than PA based on the effect size and predicting values to OSA severity. Exercise, 

when adjusted for gender, age and BMI had a stronger predicting value for moderate/severe 

OSA than PA. In correspondance to past findings, males, older individuals and participants 

with higher BMI were more likely to have moderate/severe OSA but exercise potentially has 

additional protective value. Further research is needed to compare PA to exercise in relation 

to OSA to better understand the true mechanism behind the effects that exercise has on OSA 

symptoms and severity. 
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