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Abstract 

Ample evidence suggests that sleep and pain are interrelated, but mechanisms 

and directionality have remained unclear. The current study aimed to 

experimentally examine if sleep deprivation would lead to increased levels of 

pain intensity and spreading of pain, and to also investigate the role of 

psychological factors. Twenty-nine healthy, pain-free women with good 

sleep, aged 25-40 years, were randomized to a sleep restriction group (n=15) 

or a control group (n=14). They underwent a delayed onset muscle soreness 

(DOMS) protocol to induce exercise pain, and then performed a standardized 

lifting task for three consecutive days to obtain pain measures. Results 

showed a trend, although non-significant, where the sleep restriction group 

experienced higher levels of pain intensity and multisite pain on the third day 

compared to the control group. Further, pain catastrophizing and positive 

affect was found to predict multisite pain after controlling for baseline 

measures and sleep. Positive affect was found to decrease due to sleep 

restriction. Fear of pain also helped predict multisite pain. These results can 

have implications for future research and if they were to be confirmed, this 

could have important  

clinical relevance when it comes to the development of treatment and early 

interventions.     
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The Effects of Sleep Deprivation on the Experience and Spreading of Pain 

          Pain is an uncomfortable but common experience, which nearly all humans suffer from 

at some point in their life. However, when pain turns chronic, it can have severe consequences 

both for the affected individual, for his or hers close ones and for the society at large. Pain is 

defined as “an unpleasant sensory and emotional experience associated with actual or 

potential tissue damage, or described in terms of such damage” (International Association for 

the Study of Pain, 2017). Furthermore, pain that continues for three months or longer is 

considered chronic (International Association for the Study of Pain, 2017).  

          Suffering from chronic pain is a frequent problem, with prevalence numbers ranging 

from 10-40% (Schrimpf, Liegl, Boeckle, Leitner, Geisler, & Pieh, 2015). A large survey 

executed in 15 European countries and Israel found that chronic pain of at least moderate 

severity affects 19% of European adults (Breivik, Collett, Ventafridda, Cohen & Gallacher, 

2006). Chronic pain patients often experience emotional distress such as depressed mood, 

anxiety and frustration, and pain can also affect the patients’ functionality through limiting 

everyday activities and participation in social life (International Association for the Study of 

Pain, 2017). It is one of the most common complaints in people attending primary care, with 

as many as 40 % of visits to primary being caused by pain problem (Mäntyselkä et al., 2001), 

and pain patients also use twice the amount of health care resources than the population in 

general (Henschke, Kamper & Maher, 2015). Beyond the personal consequences pain can 

have on quality of life and disability, it also has a vast impact on economics, with total costs 

of pain reported to be as high as 3 % of GDP (Henschke et al., 2015). 

The Role of Psychology in Pain  

          The experience of chronic pain is made up of multiple components, where biology 

interacts with social and psychological factors. Understanding how psychological factors 

contributes to the development and maintenance of chronic pain problem is therefore 
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important. In a review Nicholas, Linton, Watson, Main and the “Decade of the Flags” 

Working Group (2011) concluded that there is a stable relationship between psychological 

factors, such as distress, anxiety and stress, and the development from episodic acute pain to 

chronic pain.  

          Most prominently, high levels of pain catastrophizing and fear-avoidance beliefs about 

pain have been associated with sustained and increased functional disability after pain onset 

(Westman, Boersma, Leppert & Linton, 2011), and psychological factors have been shown to 

significantly contribute to the development of chronic pain (Linton, 2000). Other variables 

that have been associated with future disability and chronicity of pain are for example pain 

intensity and depression (Nicholas et al., 2011). Furthermore, depression is also related to 

onset of, as well as maintenance of pain (Linton, 2013).  

          Recent experimental studies with healthy subjects have also identified that pain 

catastrophizing and fear of pain are associated with an increased spreading of exercise-

induced pain in the body. These factors have a prospective value in predicting number of pain 

sites (Niederstrasser, Slepian, Mankovsky-Arnold, Larivière, Vlaeyen, & Sullivan, 2014) and 

they are also linked to pain intensity (Parr, Borsa, Fillingim, Tillman, Manini, Gregory, & 

George, 2012). Moreover, these psychological factors have been found to be related to the 

development of multisite pain following injury (Bortsov et al., 2003).  

          Psychological factors do not only play a role in the development of chronic pain, but 

pain can also have an effect on mental health, and be a key factor in the treatment of pain 

conditions. For example, chronic pain patients have been found to be twice as likely to also 

suffer from depression (Gureje et al, 2008) and anxiety disorders (McWilliams, Cox & Enns, 

2003). A recognized model that is helpful in understanding the role of psychological factors in 

the development of chronic pain, and the maintenance of pain, is the fear-avoidance model. 

This model clarifies how catastrophizing thoughts as a response to experiencing pain evokes 
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fear and avoidance of painful stimuli, which in turn leads to disability and depressed mood 

which then can augment the pain experience, making it a vicious maintaining cycle (Vlaeyen 

& Linton, 2000; Vlaeyen & Linton, 2012).This model also has important implications in the 

treatment of chronic pain, since it allows targeting interventions to individuals with high 

levels of pain catastrophizing and fear of pain, and a subsequent high risk of developing 

chronic pain after pain onset (Linton, 2013; Vlaeyen & Linton, 2000; Vlaeyen & Linton, 

2012). In sum, there is ample evidence demonstrating the importance of psychology in 

understanding and treating chronic pain.    

Sleep and Pain  

          Pain states are often closely intertwined with sleep problems. However, it is not entirely 

clear exactly how they affect each other. 50-88% of chronic pain patients suffer from sleep 

disturbances (McCracken & Iverson, 2002; Schrimpf et al., 2015), and 40-50 % of insomnia 

patients also suffer from chronic pain (Schrimpf et al., 2015; Taylor, Mallory, Lichstein, 

Durrence, Riedel & Bush, 2007). In a Swedish sample of over 800 chronic pain patients, 65% 

were found to simultaneously suffer from insomnia (Alföldi, Wiklund & Gerdle, 2013). It has 

also been found that patients suffering from painful long-term diseases are more likely to have 

disturbed sleep than patients with non-painful diseases (Roehrs, 2009). In other words, sleep 

and pain seem to be closely connected and the two are thought to augment and maintain one 

another, where pain is thought to disturb sleep by causing arousal (Lautenbacher, 

Kundermann & Krieg, 2006). However, recent evidence suggests that sleep disturbances 

might do a better job at predicting future pain than pain does at predicting future sleep 

disturbances, and longitudinal studies have found that sleep disturbances at baseline seems to 

increase the risk of new indices of chronic pain (Finan, Goodin & Smith, 2013).  

          Not getting enough sleep seem to impact both the quantity of experienced pain as well 

as how pain is experienced. Studies have found that the amount of hours slept can be an 
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indicator of how much pain is perceived the following day (Edwards, Almeida, Klick, 

Haythornthwaite & Smith, 2008). For example, Edwards et al. (2008) found that participants 

who slept less than three hours were 81% more likely to experience augmented pain than 

those participants who slept between 6 and 9 hours in one night. Haack and Mullington 

(2005) also found that bodily discomfort increased over several days with continual sleep 

restriction, as well as reported levels of generalized pain, backache and upset stomach. This 

suggests that not getting enough sleep might contribute to many cases of generalized pain 

(Haack & Mullington, 2005). It has also been suggested that insomnia patients have an 

abnormal pain processing, that their pain inhibition system might be dysfunctional, and that 

they also experience more unexpected pain than normal sleepers. Taken together, sleep 

deprivation might play an important role in the development and exacerbation of pain through 

affecting pain processing (Haack, Scott‐Sutherland, Santangelo, Simpson, Sethna & 

Mullington, 2012). So far sleep deprivation has been shown to create a state of generalised 

hyperalgesia (i.e. experiencing pain stimuli stronger than normally) (Schuh-Hofer, Wodarski, 

Pfau, Caspani, Magerl,  Kennedy & Treede, 2013), to increase pain sensitivity (Finan et al., 

2013; Sivertsen, Lallukka, Petrie, Steingrímsdóttir, Stubhaug & Nielsen, 2015) and pain 

intensity (Raymond, Nielsen, Lavinge, Manzini & Choinière, 2001) and to lower pain 

tolerance (Sivertsen et al., 2015), as well as to exacerbate pain in chronic pain patients 

(McCracken & Iverson, 2002; Roehrs, 2009). Altogether, sleep deprivation affects pain in 

several ways. To grasp the extent of the effect sleep deprivation can have on self-reported 

pain levels, Schrimpf et al. (2015) conducted a meta-analysis where they concluded that the 

effect size was medium large, which is comparable to the effect of many pain treatments.  

          Since sleep problems have been found to be a risk factor for developing chronic pain, it 

has been suggested that early interventions addressing insomnia might be interesting when 

attempting to treat chronic pain (Nitter, Pripp & Forseth, 2012). On the other hand, earlier 
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attempts to treat insomnia secondary to pain has not yielded promising results in affecting 

pain levels (Roehrs, 2009). For example, while cognitive-behavioral treatment (CBT) 

improved sleep measures in a study by Currie, Wilson, Pontefract and deLaplante (2000), no 

improvements were found on pain severity. Suffering from a painful disorder increases the 

likelihood to also suffer from sleep disturbances, and insomnia seems to worsen the 

experienced pain for patients already suffering from painful diseases (Roehrs, 2009). 

Considering this as well as the high comorbidity rates of sleep disturbances and chronic pain, 

it is clear that further research is needed to clarify this relationship.  

          One suggested mediator or moderator in the relationship between sleep and pain is 

affect. When directing future research in their review, Finan et al. (2013) proposed that one 

possible explanation on how pain and sleep are associated could be through negative and 

positive affect. It has been discussed that negative mood mediates how sleep disturbances 

affects the experience of pain, through influencing cognitive and physiological arousal or 

changes in daily activity levels (O’brien et al, 2010). Furthermore, positive affect has been 

shown to reduce the relationship between chronic pain and negative affect (Finan et al., 2013), 

and to moderate the impact of pain on depression and negative affect (Thong, Tan & Jensen, 

2017), and to boost psychosocial as well as physical function in patients with chronic pain 

problems (Finan et al., 2013). However, positive mood has been shown to decrease over 

prolonged sleep restriction (Haack & Mullington, 2005), and negative emotions have been 

found to result in a lowering of pain tolerance (Wiech & Tracy, 2009). In sum, positive and 

negative affect both seem to be associated with sleep and pain, and could possibly play an 

interesting role in the relationship between them.  

 

 

Multisite Pain and Fibromyalgia 
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          Pain is often found in more than one body site, and multisite or widespread pain is 

associated with even larger consequences than single-site pain. It is common that 

musculoskeletal pain is found in more than one place in patients with chronic pain, and 

multisite pain have been defined as pain in at least two body parts (Carnes et al., 2007). 

Multisite pain has been associated with higher levels of mental health problems and lower 

levels of overall health than single-site pain and no pain (Gureje et al., 2008; Kamaleri, 

Natvig, Ihlebaek, Benth & Bruusgaard, 2008), as well as increased functional consequences 

such as work disability (Kamaleri, Natvig, Ihlebaek, & Bruusgaard, 2009) and work 

absenteeism (Haukka et al., 2013).   

          Fibromyalgia is a disorder that is characterized by chronic pain in multiple sites of the 

body, increased pain sensibility and sleep disturbances and it has been linked to multiple 

consequences. Fibromyalgia can have a severely negative effect on the lives of affected, and 

has been linked to changes in occupational functioning, relationships, social life, levels of 

physical activity as well as decreased daily activity levels (Arnold, Crofford, Mease, Burgess, 

Palmer, Abetz & Martin, 2008). To determine a fibromyalgia diagnosis, the amount of pain 

sites is combined with severity of fatigue, feelings of waking unrefreshed and cognitive 

symptoms, and multiple pain sites are defined as widespread pain (Wolfe et al., 2010). A 

study conducted in five European countries showed a prevalence number of 2.9 % in the 

general population (Branco et al., 2010), and similar prevalence numbers for fibromyalgia has 

been reported in other studies (Queiroz, 2013; White & Harth, 2001; Wolfe, Ross, Anderson, 

Russel and Hebert, 1995). Furthermore, a higher prevalence of fibromyalgia has been found 

among women than men (Mas, Carmona, Valverde & Ribas & the EPISER Study Group, 

2008; Queiroz, 2013).  

          A number of studies have examined how sleep disturbances affects the experience of 

pain in fibromyalgia patients. As many as 85-99% of people with fibromyalgia experience 
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sleep problems in the form of nighttime awakenings, problems falling asleep and sleep being 

nonrestorative (Bigatti, Hernandez, Cronan & Rand, 2008; Davies, Macfarlane, Nicholl, 

Dickens, Morriss, Ray & McBeth, 2008), and in 2010 sleep disturbances was added as a 

criteria for diagnosis (Wolfe et al., 2010). Further explaining how intertwined widespread 

pain and sleep disturbances are in fibromyalgia sufferers, Affleck, Urrows, Tennen, Higgins 

and Abeles (1996) found that women with fibromyalgia experienced a more painful day after 

a night of poor sleep, while the painful day might also be followed by a night of poor sleep. 

Nicassio, Moxham, Schuman and Gevirtz (2002) also found that more pain was experienced 

the day after a bad night's sleep.  

          Poor sleep has also been found to make chronic pain patients suffering from 

fibromyalgia more reactive to both pain and stress while patients who slept well did not react 

with affect when pain increased, suggesting that sleep quality affects how well patients 

manage their pain (Hamilton, Catley & Karlson, 2007). From a long-term perspective, sleep 

disturbances at baseline have been found to predict pain at a one-year follow up among 

fibromyalgia patients (Bigatti et al., 2008), and sleep problems has been deemed a risk factor 

for developing fibromyalgia (Mork & Nilsen, 2012). Sleep seems to play an important role in 

how pain is experienced, and even though longitudinal studies indicate a relation between 

sleep disturbances and consequent pain, this needs to be examined experimentally in order to 

clarify directionality and causality. Despite the strong association between pain and sleep in 

fibromyalgia, current recommended treatments lack guidelines for treatment of sleep 

disturbances (Martínez, Míro, Sánchez, Díaz-Piedra, Cáliz, Vlaeyen & Buela-Casal, 2014). 

Attempts to treat insomnia in fibromyalgia patients have shown promising results on sleep-

related measures, but they do not seem to affect levels of pain severity (Edinger, 

Wohlgemuth, Krystal & Rice, 2005; Mártinez et al., 2014), suggesting that further research is 

needed to better understand the mechanisms involved.  
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Delayed Onset Muscle Soreness  

          Studying pain experimentally can be troublesome due to ethical issues concerning 

causing participants’ pain and harm. Analogues for actual pain has therefore been created, and 

one of them is to induce delayed onset muscle soreness (DOMS) through exercise. Delayed 

onset muscle soreness is in many ways similar to actual musculoskeletal pain, even though it 

does not include potential traumatic and affective experiences of actual injury (Niederstrasser, 

Meulders, Meulders, Slepian, Vlaeyen, Sullivan, 2015). The exercises used in these protocols 

focus on eccentric movements which causes micro-injury in the muscles, leading to a 24-48 

hour period of strength loss and muscle soreness (Cheung, Hume, & Maxwell, 2003; 

Niederstrasser et al., 2014). DOMS further resembles acute injury through similar 

pathophysiological responses, such as inflammation, pain, decreased functio n and mobility 

and swelling in the targeted muscles (George, Dover & Fillingim, 2007). Many different 

exercise protocols have been used to study delayed onset muscle soreness, and what they have 

in common is the focus on eccentric movements. For example, eccentric resistance training 

has been used, as well as cycling, downhill running as well as isokinetic dynamometry 

(Cheung et al., 2003). A delayed onset muscle protocol including four exercises of eccentric 

resistance training was used by Niederstrasser et al. (2014) and Niederstrasser et al. (2015), to 

examine the prospective value of psychological factors on the spreading of pain. Although 

delayed onset muscle soreness does not mimic all the factors of actual musculoskeletal injury, 

it is recognized as a valid way for experimentally studying pain (Niederstrasser et al., 2015), 

and it was used in this study.     

Aim of The Current Study   

          Summarizing existing literature concerning pain and the relationship among pain, sleep 

and psychological factors, it seems clear that there is indeed an association among these 

variables. However, there are still questions of the directionality and causality between these 
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factors, and further experimental studies are needed to investigate this. The current study 

aimed to experimentally examine how sleep deprivation affects the experience of pain, 

measured as pain intensity, as well as the spreading of pain in the body. It also aimed to 

increase understanding of how psychological factors such as pain catastrophizing, fear of pain 

and positive and negative affect interact with and play a role in the relationship between sleep 

and pain, and to examine if psychological factors are affected by sleep deprivation. The 

hypothesis was that sleep deprivation would increase experienced pain intensity and lead to 

pain spreading to multiple sites of the body. It was also hypothesized that fear of pain and 

pain catastrophizing would be associated with increased pain intensity and spreading of pain. 

Furthermore, an increase in negative affect and decrease in positive affect was expected in the 

sleep restriction group. The purpose of better understanding these relationships is to create a 

better foundation on which to develop future treatments for patients at risk for or already 

suffering from comorbid sleep disturbances and widespread pain, for example fibromyalgia 

patients.    

Method 

Participants 

          A total of 29 healthy females aged 25-40 years participated in the study. Fifteen 

participants were randomized to an experimental group and fourteen to a control group. The 

mean age was 29.66 years. Participants were recruited on the basis that they normally slept 

well, were pain-free and healthy, not presently pregnant, and that they in the last six months 

hadn’t engaged in regular resistance training of their upper body. The sample was restricted to 

females since females have been found more likely than males to experience widespread pain 

(Mansfield, Sim, Jordan & Jordan, 2016), multisite pain (Niederstrasser et al., 2014) as well 

as fibromyalgia (Queiroz, 2013). The age span of 25-40 was set to minimize the risk that 

normal developmental changes during youth, middle age and older age would influence the 
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results. Physical and mental health were criteria to make sure that participants were not 

exposed to risk of psychological or physical consequences due to participation. Since the aim 

of the study was to examine whether restricted sleep had an impact on pain and psychological 

factors, it was important that participants normally slept well. This would also decrease the 

risk of participants developing sleep disturbances as a consequence of participation. The 

criterion of lack of upper body resistance training was set to ensure muscle soreness would be 

achieved through the training program.      

          Recruitment was done through information on Örebro University’s homepage, 

advertisement in social media, posters at campus and the city of Örebro, flyers and verbal 

information spreading. Students in the psychology program, psychologists as well as 

employees in the psychology department were excluded from participation, since their 

knowledge of psychology could have affected their participation and their reporting on 

different variables. 

Measurements 

         Readiness for Physical Activity. Participants filled in the Physical Activity Readiness 

Questionnaire (PAR-Q) as a screening measure to make sure that the participant was healthy 

and had no medical condition, for example heart disease, chest pain or any other condition 

that could indicate a risk for the participant to perform physical activity. Participants reporting 

any risk factors were excluded from the study, as done by Niederstrasser et al. (2014). 

          Sleep. A short sleep diary was filled out by participants on all occasions. The sleep 

diary measured when participants went to bed, when they fell asleep and when they woke up. 

It is known that subjective sleep measures can differ from objective sleep measures (McCall, 

C., & McCall, 2011), why actigraphy was used to provide an additional means for assessing 

sleep. However, an actigraph does not measure sleep, it measures movement and therefore 

errors could occur when interpreting results (Sadeh, 2011). It is often recommended to use 
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both actigraphy and sleep diaries complementary to control for limitations of respective 

measurements (Carney, Lajos & Waters, 2004; Sadeh, 2011). 

          Actigraphs in the model wActisleep-BT were used. Participants were instructed to wear 

the device on their non-dominant wrist throughout their participation, except for when in the 

shower. As recommended in the review by Migueles et al. (2017), sampling frequency was set 

to 30 hz, and the normal filter was used in order to identify sedentary time. Epoch lengths to 

keep score of activity counts was set to 60 seconds, which is what has been commonly used in 

regards to sleep measures (Migueles et al., 2017). To score sleep-related behaviors the Sadeh 

algorithm (Sadeh, Sharkey & Carskadon, 1994) was used, since it is recommended when the 

device is wrist-worn (Migueles et al., 2017). The Sadeh algorithm is, among others, pre-

installed in the Actilife software. Actigraphy data was analyzed with the Actilife software 

(Actigraph 2009-2015, ActiLife 6.13.3). 

          Insomnia. The Insomnia Severity Index (ISI) was used to assess how intrusive the 

participants sleep patterns were experienced. It is a 7-item self-report scale which assesses 

how the participant experiences her sleep. Items include questions such as “How 

satisfied/dissatisfied are you with your current sleep pattern?”, and “How worried/distressed 

are you about your current sleep pattern?”. The ISI has been found to have good psychometric 

properties and to be a reliable and valid measure of insomnia (Bastien, Vallieres & Morin, 

2001; Morin, Belleville, Bélanger & Ivers, 2011). 

          Positive and Negative Affect. The Positive and Negative Affect Scales-20 (PANAS-

20) was used to measure participants’ positive and negative affect with 20 items, where 10 

items were related to positive affect and 10 items were related to negative affect. The 

participants answered with a 5-point scale, where they could rate between “very little or not at 

all” and “very much” on how well the item represented how the participant felt during the last 

week. Examples of items of positive affect are “Strong” and “Inspired”, and for negative 
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affect examples are “Hostile” and “Scared”.  Two separate measures are reported from this 

scale, Positive Affect (PA) and Negative Affect (NA). The PANAS-20 has been shown to 

have good validity and reliability (Watson, Clark & Tellegen, 1988).  

          Pain Catastrophizing. The Pain Catastrophizing Scale (PCS) was used to measure the 

degree of the participants’ pain-related catastrophic thinking. Participants rated how often the 

13 requested thoughts and feelings were experienced while experiencing pain. Examples 

included thoughts such as “When I’m in pain I worry all the time about whether the pain will 

end” and “When I’m in pain I become afraid that the pain will get worse”. A five-point scale 

was used for ratings, ranging from 0 (not at all) to 4 (all the time). The PCS has shown good 

reliability and validity in research (Osman, Barrios, Gutierrez, Kopper, Merrifield & 

Grittmann, 2000; Sullivan, Bishop & Pivik, 1995). 

          Depression. The Patient Health Questionnaire-9 (PHQ-9) was used to measure the 

participants’ level of depression. The questionnaire consists of 9 items where the participants 

answer on a four-point scale, where 0 is “not at all” and 3 is “almost every day”, how they felt 

the last two weeks. Items included rating if the participant had been “Feeling down, depressed 

or hopeless”, or had “Trouble concentrating on things, such as reading the newspaper or 

watching television”. The PHQ-9 was also used as a screening measurement during the first 

experiment session, where participants reaching a level indicative of major depressive 

disorder according to DSM-5 (American Psychiatric Association, 2013), i.e. rating five out of 

nine items “more than half of the days”, where one of these five items were either item a or 

item b, were excluded. Participants who reported any level of suicidal ideation (item i), were 

excluded from participation. The PHQ-9 has been shown to have adequate psychometric 

properties and to have clinical significance since it is developed from actual diagnostic criteria 

(Titov, Dear, McMillan, Anderson, Zou & Sunderland, 2011), and it has been found to have 

good validity (Kroenke, Spitzer & Williams, 2001). 
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          Anxiety. The Generalized Anxiety Disorder – 7 (GAD-7) scale was used to assess 

participants level of anxiety. Participants were instructed to rate how often over the last two 

weeks they’ve experienced problems with 7 items (i.e. “not being able to control my worry”, 

“feeling nervous, anxious or on edge”). Ratings were made on a four-point scale, ranging 

from 0 (=not at all) to 3 (=on a daily basis). Research has supported the reliability and validity 

of the GAD-7 (Spitzer, Kroenke, Williams & Löwe, 2006). 

          Fear of Pain. The Fear of Pain Questionnaire-9 (FPQ-9) was used to assess 

participants’ fear of pain, or expected fear of pain, in different situations. The participants 

filled in a Swedish version of the original English version of the FPQ-9. The questionnaire 

was translated to Swedish, and then counter-translated by a native English speaker, items 

were then compared and corrections were made. Participants’ answered how scared they were 

of the pain associated with for example “breaking an arm”, or “falling down a flight of 

concrete stairs”. The participants answered 9 items on a 5-point scale where 1 was “not at all” 

and 5 was “extremely”. The FPQ-9 is a short version of the FPQ-III, and has been found to be 

a good alternative to longer scales. The FPQ-9 has sound psychometric properties (McNeil, 

Kennedy, Randall, Addicks, Wright, Hursey and Vaglienti, 2017). 

          Multisite Pain. To measure multisite pain a body drawing presented by Margolis, Tait 

and Krause (1986) was used. The drawing divides the body into 45 anatomical areas. 

Participants were instructed to fill out the areas where they experienced pain directly after 

performing the standardized lifting task. While computing the total score, any area that was 

filled out was counted as 1 point, while a blank area was counted as 0. 

          In accordance with Margolis et al. (1986) and Niederstrasser et al. (2014) following 

criteria were used when scoring the body drawing: i) Any filling in an area was counted as 

one notwithstanding the area or degree of the shading. ii) Any signs made to indicate intensity 

of pain were ignored. iii) Areas that were circled rather than filled out were counted as if the 
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entire area had been filled out. iiii) Any drawings outside of the body stencil were ignored. 

Multisite pain was operationalized as the number of body sites participants reported 

experiencing pain in (Niederstrasser et al., 2014). This was measured before implementation 

of the DOMS protocol to examine already existing pain, as well as during the second and 

third testing sessions, 24 and 48 hours after the first one.   

          Pain Intensity. While performing the standardized lifting task, participants were asked 

to rate how intensively they experienced pain while lifting the 3.6 kg bucket. An 11-point 

scale was used, ranging from 0 (=not pain at all) to 10 (=intolerable pain). Pain intensity was 

operationalized as the reported number between 0 and 10.  

Standardized Lifting Task 

          The participants were instructed to perform a standardized lifting task modeled after 

Niederstrasser et al. (2014) and Niederstrasser et al. (2015). The table with the bucket was 

adjusted to a height of approximately five centimeters below the participant’s wrist, while 

arms were held along the body. The participant received instructions from one of the 

experiment leaders, and were told to lift the bucket filled with sand at a total weight of 3.6 kg 

with their dominant hand. The participants were supposed to hold the bucket at a height of 

approximately 135 degrees for five seconds. After five seconds they were asked to rate how 

much pain they perceived on a scale from 0 to 10, where 0 was “no pain at all” and where 10 

was “intolerable pain”. To facilitate for the participant, a paper with the scale was displayed in 

front of the participant. After the lifting, the participants filled out a schematic body drawing 

of where they experienced pain while lifting the bucket. The lifting task was repeated with the 

exact same procedure at baseline, as well as 24 hour and 48 hours (+/- 3 hours) after the 

DOMS-protocol was performed (Niederstrasser et al., 2014; Niederstrasser et al., 2015). The 

purpose of the lifting task was to see if the participants experienced greater pain intensity and 

more spreading of pain after the DOMS-protocol was induced. A second purpose with the 
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lifting task was to see whether there were any differences between the control group and sleep 

restriction group.  

DOMS Protocol 

          The protocol to induce delayed onset muscle soreness was modeled after one used by 

Niederstrasser et al. (2014) and Niederstrasser et al. (2015) and consisted of four exercises to 

induce muscle soreness in the upper body. The exercises, chest press, lateral pull downs, 

shoulder flexion and shoulder abduction were performed with the use of resistance bands and 

with a focus on the eccentric portion of the movement. All four exercises were completed in 5 

sets of 10 repetitions. To make sure that proper strain was achieved, eccentric movements 

were done during a countdown of 10 seconds. Participants were encouraged to perform 

exercises with maximal ability and with the goal of becoming sore. They received verbal 

encouragement across the exercises (i.e. “good job”, “you’re doing great”, “just a little more”, 

“come on” etc). Between each sets participants were given a 1 minute break to recover, and 

between exercises the break was 2 minutes to allow further recovery and to counteract muscle 

fatigue from affecting subsequent performance (Niederstrasser et al., 2014). 

          The chest press was used to induce muscle soreness in the pectoralis major and the 

serratus anterior. The exercise was performed by participants standing on the rubber with one 

foot slightly behind their upper body while grasping the band ends with both hands. With 

their arms held parallel to the floor they extended their arms in front of the body and 

subsequently pulled their elbows back, training the chest.   

          The lateral pull down exercises the middle trapezius and the latissimus dorsi. The 

participants sat on a chair facing the wall where the rubber band had been mounted on a hook 

higher up on the wall. With chest puffed out and shoulders pulled back participants grasped 

the resistance band with both hands in a wide grip, and then pulled the resistance band down 
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until their hands reached their sternal notch. They then slowly extended their arms to a full 

extension during a 10 second countdown. 

          Shoulder abduction targets the upper trapezius and the middle deltoid. Participants 

placed the foot correlated with their dominant arm on the middle of the resistance band while 

grasping both ends of the rubber band with their dominant arm they lifted the band until it was 

raised slightly higher than horizontal out to the side. They then lowered the band until their 

hand rested against their thigh.      

          Shoulder flexion was used to target the anterior deltoid muscle. Participants placed their 

foot on the rubber band, again grasping both sides of the resistance band with their dominant 

arm. They raised the band slightly higher than horizontal in front of their body followed by 

lowering the band until their hand rested on their thigh.    

Procedure 

          Ethical approval for the study was given by the Regional Ethical Review Board in 

Uppsala (dnr 2017-351). The participants visited the lab at three times, three days in a row. 

The first session started with the participant filling in the PAR-Q and answered questions 

about their health to make sure that the participant did not meet any exclusion criteria. 

Experiment leaders then gave both written and verbal information about the experiment after 

which the participant signed the informed consent. Subsequently, the participant filled out the 

questionnaires PHQ-9, GAD-7, ISI, PANAS-20, PCS, FPQ and the sleep diary. The 

standardized lifting task was then performed and lastly, the DOMS-protocol was executed. 

Before the first test session was finished, the participants were randomized into either the 

control group that were supposed to sleep as usual or the experimental group that were 

instructed to sleep four hours per night for the two upcoming nights. Since recruitment was 

continually made parallel to the experiments, block randomization was used to ensure similar 

group sizes. To minimize risk of experimental leader bias by knowing in advance which 
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group participants were to belong to, different block sizes were used to create a randomization 

list (Kim & Shin, 2014). The list was created using the website randomization.com 

(http://www.randomization.com), and experimental leaders were not aware in advance of the 

condition that the participant would belong to. The participants were also given an actigraph, 

and they were told to keep it on the whole time until the experiment was done, except for 

when showering, washing dishes or similar activities when the actigraph could get wet. The 

procedure at test session one was finished after approximately 90 minutes. 

          Test session two took place 24 hours (+/- 3 hours) after the first test session. The 

participant then filled out the questionnaires PHQ-9, GAD-7, ISI, PANAS-20, PCS, FPQ and 

the sleep diary once again, and were afterwards instructed to perform the standardized lifting 

task. The procedure at test session two was finished in approximately 15 minutes. The exact 

same procedure was repeated at test session three, 48 hours (+/- 3 hours) after the first 

session. The participants once again filled out the questionnaires PHQ-9, GAD-7, ISI, 

PANAS-20, PCS, FPQ and the sleep diary, followed by the standardized lifting task. 

          When ending their participation, the participants returned the actigraphs to the 

experiment leaders and were offered to receive an e-mail with debriefing of the study when all 

the participants had finished the experiment. Lastly, the participants were given the promised 

gift certificate of 500 Swedish crowns in the local city.   

Ethical Considerations  

          Participants’ were provided both verbal and written information during the first session, 

before signing the written consent. Information included the experimental procedure, probable 

uncomfortable, but non-noxious, experiences due to participation (i.e. exercise-pain and 

sleepiness), the possibility to withdraw at any point of participation without explanation and 

consequences. Information also included confidentiality and handling of collected data and 

personal information. Participants’ were also informed that they would be compensated with a 
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gift-card valued 500 Swedish crowns.  

          Further, exclusion criteria were set in order to not put participants’ at risk for harm or 

unwanted negative consequences due to participation. In those cases were participants were 

excluded due to meeting exclusion criteria and where it was warranted, it was assessed 

whether they needed further guiding in finding suitable help.   

Statistical Approach 

          IBM SPSS version 24 was used for statistical analyses. Descriptive statistics regarding 

age and baseline questionnaire ratings were computed, and t-tests were used to compare the 

two groups at baseline. Two two-way mixed ANOVAs were conducted to examine the main 

and interaction effect of sleep restriction and session on multisite pain and pain intensity, 

respectively. Additional general linear models were also used to examine how psychological 

variables changed due to the interaction between group belonging and time. Correlation 

analyses were used to examine the correlation between outcome variables (e.g. pain intensity 

and multisite pain) and all other variables measured at baseline (e.g. fear of pain, pain 

catastrophizing, depression, anxiety, positive and negative affect, pain intensity, multisite pain 

and sleep quality). When significant correlations were found, concerned variables were added 

to a regression analysis. Hierarchical regression analysis were then carried out to examine if 

psychological variables had an effect on the experience and spreading of pain, after 

controlling for sleep.          

Power Analysis 

          A statistical power analysis was calculated beforehand to assess how many participants 

were needed in order to find a small effect. Power was calculated with standard values of 

α=.05 and β = 0.2 (Kazdin, 2014), with two groups and three measurement points. Power was 

as traditionally proposed set to 0.8 (1-β) (Cohen, 1992). For an effect size of f = 0.2, 42 
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participants were needed. Thus if 42 participants partook in the experiment there was an 80% 

chance of finding an effect, assumed that one genuinely occurred. 

Control over the independent variable 

          Since neither sleep diaries nor actigraphs are completely reliable measures of sleep, 

they were both used to provide a greater control over the independent variable (Zinkhan et al., 

2014). Apart from providing multiple means of control over the variable, research also 

suggests that self-reported sleep diaries combined with use of actigraphs can increase 

adherence to sleep protocols (Carney et al., 2004). Sadeh (2011) recommends that when using 

actigraphs, to always when possible use further sleep measures to provide more information 

and to address limitations associated with actigraphy.    

Results 

Descriptive Analysis 

          Descriptives were calculated for all participants on demographics and baseline ratings. 

29 women completed the experiment. The experimental consisted of 15 women, while the 

control group consisted of 14 women. Educational levels are presented in Table 1. Ages 

ranged from 25 - 40 years (M=29.66, SD=4.53). Median age was 28 years while mode age 

was 25 years. See Table 2.  27 women reported right-hand dominance, while two regarded 

their left hand as dominant.  

Table 1  

Highest level of completed education among the sample 

Elementary 

School 

High School Folk High 

School 

University, < 

3 years 

University, 3 

years 

University, >3 

years 

0% 24.1% 6.9% 6.9% 31% 27.6% 

Note. One participant did not provide educational level. In addition to above data, 24.1% of 

participants were partaking in further education for the time of their study.  

 

Table 2  

Descriptives at baseline for the total sample and the groups separately. 
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 Sleep restriction group Control group Total 

Variable M SD M SD M  SD 

Age 30.20 5.17 29.07 3.83 29.66 4.53 

Sleep  7h 4m 53m 7h 3m  45m 7h 4m 48m 

Multisite Pain 2.67 1.23 2.43 1.28 2.55 1.24 

Pain Intensity 2.47 0.99 2.64 1.82 2.55 1.43 

ISI .63 .29 .58 .63 .61 .48 

FPQ-9 2.50 .68 2.29 .57 2.40 .63 

GAD-7 .51 .42 .56 .37 .54 .39 

PHQ-9 .33 .32 .35 .21 .34 .27 

PCS .86 .54 .73 .63 .79 .58 

NA 1.55 .27 1.84 .54 1.69 .44 

PA 3.38 .79 3.09 .71 3.24 .75 

   

         Internal consistency was calculated for all scales at all measurement points using 

Cronbach’s alpha. All baseline measures displayed acceptable to excellent internal 

consistency for this sample, specifically the ISI (α= .81), the FPQ (α= .83), the GAD-7 (α= 

.70), the PHQ-9 (α= .73), the PCS (α= .88), NA (α= .77), PA (α= .91). At the second 

measurement point an acceptable to excellent internal consistency was found for all scales; 

the ISI (α= .77), the FPQ-9 (α= .81), the PHQ-9 (α= .82), the PCS (α= .93), NA (α= .80), PA 

(α= .90) except the GAD-7 (α= .60). Acceptable internal consistency for the GAD-7 at this 

time point could not be reached through elimination of any item. Acceptable to excellent 

internal consistency was also found at the third measurement point, for the ISI (α= .84), the 

FPQ (α= .87), the PHQ-9 (α= .90), the PCS (α= .95), NA (α= .83), PA (α= .93), but not for 

the GAD-7 (α= .67). Removal of any item did not change the questionable internal 

consistency of the GAD-7 at this time point. 

          Independent t-tests were calculated to compare the two groups on all baseline measures. 

No statistically significant differences were found between groups on any baseline 
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measurement. However, the baseline measure of the ISI violated the assumption of 

homogeneity of variances, thus the Welch t-test was used and showed no significant group 

differences.  

          Normality was controlled by assessing skewness and no skewness exceeded ±3, and 

normality was therefore deemed as non-problematic (H. Stattin, personal communication, 

December 6, 2017). To further control for normality independent t-tests were run once more 

with bootstrap procedure and a 95% confidence interval, and all confidence intervals ranged 

between negative and positive values, suggesting that the true mean difference between 

groups could be 0, i.e. no difference at all. This adding to the conclusion drawn from the non-

significant results of the independent samples t-test. Further, some violation of the assumption 

of normality could be tolerated when using the independent sample t-test and still generate 

valid results since this type of test is considered to be quite resilient to violations of this 

assumption (Laerd Statistics, 2013).  

          Descriptives for sleep measures were calculated. The control group reported sleeping 

on average 7 hours and 16 minutes (SD= 1 h 14 minutes / 74.04) minutes during the second 

night, while actigraphs reported them sleeping on average 6 hours 56 minutes (SD= 2 h 4 m). 

During the third night, they reported sleeping 7 hours and 30 minutes (SD= 1 h 39 minutes) 

minutes, and actigraphs calculated their sleep to 6 hours and 31 minutes (SD= 1 hours 6 

minutes). The experimental group reported sleeping on average 3 hours and 48 minutes (SD= 

17 m) during the second night, and actigraphs reported their sleep to an average of 4 hours 

and 18 minutes (SD= 1 h). During the third night, the experimental group reported sleeping 4 

hours and 2 minutes (SD= 12 m), and actigraphs reported them sleeping 4 hours and 54 

minutes (SD= 1 h 15 m). A comparison was made for the sleep restriction group between self-

reported sleep pre-experiment and for the two sleep restriction nights to assess the magnitude 

of sleep restriction compared to a night of normal sleep. The second night they slept on 
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average 54% of the time slept the night before the experiment and during the third night on 

average 57% compared to what they reported at baseline. The average sleep time of 

participants in the control group increased slightly over the course of the experiment.   

The Role of Group Belonging and Time on Pain Intensity and Multisite Pain  

          Two two-way mixed ANOVAs were conducted to assess the interaction effects of time 

and group belonging (Time x Group) on levels of pain intensity and multisite pain, 

respectively.  

          Concerning pain intensity, one outlier was discovered from examination of studentized 

residuals. When testing to run the procedure without the outlier, it did not affect the results 

from the ANOVA. Therefore, the decision was made to keep the outlier. No significant 

problems with normality were found. The assumptions of homogeneity of variances was met 

(p>.05) as assessed with Levene’s test of homogeneity. Box’s test was used to assess the 

equality of covariance, and the assumption was met (p>.05). The results of Mauchly’s test of 

sphericity showed that the assumption of sphericity was met (p>.05). The result of the 

interaction effect between group belonging and session was non-significant F (2a, 54) = 3.12, 

p=.052, η2 = .05. However, although results were not statistically significant, the trend 

showed that mean pain levels seemed to differ more between groups at the third session, see 

Figure 1. The main effect of time showed that there were significant differences on mean pain 

intensity over the three sessions, F(2,54) = 28.395, p<.001, η2 =.49. The participants reported 
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more pain intensity between session one 

and two and between session one and 

three (p<.05). Effect sizes indicate a 

small to medium, but non-significant 

effect, for Group x Time, and a very 

large effect size of time. There was no 

significant main effect between groups, 

F(1,27) = 0.57, p=.459, η2 =.02.  

          A second two-way mixed 

ANOVA was run in order to examine if there was a significant interaction effect between 

Time x Group on levels of multisite pain. Two possible outliers were found by examining the 

studentized residuals, but no problems was found with normality. Tests to run the analysis of 

variance without the outliers did not yield any differences in significant results. The outliers 

were considered to be genuine but unusual scores and the decision was made to keep them. 

Levene’s test showed that there was homogeneity of variances (p >.05) and Box’s M test 

showed homogeneity of covariances (p > .05). The assumption of sphericity was violated as 

shown by Mauchly’s test of 

sphericity, and therefore the 

Huynh-Feldt estimate was used. 

No statistically significant 

interaction effect was found 

between group and time for levels 

of multisite pain (F (1.792, 

48.396) = 2.28, p = .119,  η2 = 

.08). However, as seen in Figure 

Figure 1. Mean levels of Pain Intensity across 

Sessions. 

Figure 2. Mean levels of Multisite Pain across 

Sessions. 
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2, results indicate a trend of larger group differences at the third session, even though this 

group difference was not statistically significant. A main effect of time was found for mean 

levels of multisite pain (F (1.792, 48.396) = 7.86, p <.01., η2 = .23). Specifically, participants 

reported feeling pain in more body sites during the second and third session compared to the 

first session.  Effect sizes indicates a small to medium, non-significant, effect of Group x 

Time, and a medium to large effect size of time. No significant main effect was found of 

group belonging (F (1, 27) = .84, p = .368, η2 = .03).  

Changes in Psychological Variables due to Time and Group Belonging 

          General linear models were run in order to assess whether levels of psychological 

measures changed over time as an effect of the experiment, for each variable separately. 

Depressive symptoms measured by PHQ-9 showed a statistically significant Group x Time 

effect, F (1.450, 39.147) = 14.152, p <.001, η2 =.31. Thus, participants in the sleep restriction 

group increased in their depressive symptoms while the control group did not. No significant 

interaction effects were found of group belonging and time regarding fear of pain, anxiety, 

insomnia severity or pain catastrophizing. 

          For negative affect a significant interaction effect as found of Group x Time, F (2, 54) = 

4.10, p <.05, η2 = .12. Specifically, the control group decreased in their negative affect while 

the experimental group did not. Positive affect was also significantly affected by Group x 

Time, F (2, 54) = 5.73, p <.01, η2 = .11. Here the experimental group decreased in their 

positive affect over time, while the same effect was not seen in the control group. 

Correlations between Baseline Measures and Pain Outcome Measures  

          Bivariate correlations were calculated between all baseline measures and outcome 

measures of pain intensity and multisite pain at the second and third measurement point, 

respectively. See Table 3. Self-reported sleep at baseline was negatively correlated with 

multisite pain at session one and two. Fear of pain at baseline was positively correlated with 
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multisite pain at session two, and pain catastrophizing at baseline was positively correlated 

with multisite pain at session three. Negative affect was positively correlated with pain 

intensity at session two, and positive affect was positively correlated with multisite pain at 

session three. Large positive correlations were found between reported pain intensity at 

baseline and pain intensity at the second and third session, as well as between multisite pain at 

baseline and multisite pain at session two. However, no correlation was found between 

multisite pain at baseline and multisite pain at the third session. For the correlation tests not 

presented above there were problems with the assumption of linearity, which could have been 

corrected through using Spearman’s  correlation. However, the purpose of running correlation 

analyses was to create models in further analysis which also assume linear relationships, 

therefore no Spearman correlations were calculated.   

Table 3 

Correlations between baseline measures and outcome variables. 

 Pain intensity Multisite pain 

Variable 1 2 3 1 2 3 

Age -.21      -.19      -.20      -.33 -.12 .16 

Pain Intensity  -      .59***      .62*** .23 .11 .41 

Multisite Pain  .23 .02 .08 -      .51** .12 

Sleep      -.19      -.35      -.33 -.43*   -.50**     -.23 

Insomnia .33 .31 .25 .03 .07 .01 

Anxiety .10 .32 .18 .28 .13     -.01 

Depression .12 .33 .14 .21 .29 .10 

Fear of pain .08 .08 .22 .24   .39* .31 

Pain Catastrophizing     -.12 .27 .25      -.04 .31     .48** 

Negative affect .29   .45* .34      -.30     -.19 -.25 

Positive affect     -.32      -.12      -.10      -.20 .11      .48** 

*p < .05; ** p < .01; *** p <.001 
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The Role of Psychological Factors in Explaining Experienced and Spread Pain  

          Hierarchical multiple regressions were run to determine whether psychological factors 

significantly contributed to the prediction of outcome variables after controlling for age, 

baseline pain intensity, baseline multisite pain, and baseline self-reported sleep as well as 

minutes slept during the second and third night. Models were created based on significant 

correlations between baseline measures and outcome variables, therefore models for the 

different outcome variables, session two multisite pain, session three multisite pain, session 

two pain intensity, are different. No psychological variables were found to correlate with pain 

intensity at session three, and hence no regression analysis was run for this outcome variable. 

The first step of all models consisted of the control variables age, baseline multisite pain, 

baseline pain intensity as well as self-reported sleep the night before entering the experiment.  

          For multisite pain at session two, control variables were added in the first step. In the 

second step self-reported sleep for the second night was added, and fear of pain was added in 

the third step. The full model explained 46% of the variance in multisite pain at session two, 

even though self-reported sleep night two as well as fear of pain failed to statistically 

significantly add to the explained variance. See Table 4. 

Table 4 

Hierarchical Multiple Regression Analysis Predicting Multisite Pain at Session Two from 

Sleep Time during the previous night and psychological factor Fear of Pain  

Predictor ΔR2 β 

Step 1 .35*  

    Control variablesa   

Step 2 .003  

    Self-reported sleep night 2  .15 

Step 3 .20  

    Fear of Pain at baseline  .35 

Total R2 .46*  
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Note.  
aControl variables included age, multisite pain at baseline, pain intensity at baseline and self-
reported sleep at baseline.  

*p < .05 

          For session three multisite pain the model consisted of four steps. In the first step 

control variables were added. In the second step self-reported sleep for night two and three 

was attached, in step three baseline pain catastrophizing was added, and in the fourth step 

positive affect. Pain catastrophizing and positive affect significantly contributed to the 

explained variance with 16% and 19,7%, respectively. The complete model explained 58,3% 

of the variance in session three multisite pain. See Table 5.  

          The model for predicting pain intensity at session two consisted of three steps. In the 

first step control variables were added, in the second step self-reported sleep for night two 

was put in and negative affect was added in the third step. No significant unique contributions 

were found, but the complete model significantly explained 55,6% of the variance in session 

two pain intensity. See Table 6. 

Table 5 

Hierarchical Multiple Regression Analysis Predicting Multisite Pain at Session Three from 

Sleep Time during the two previous nights and psychological factors Pain Catastrophizing 

and Positive Affect 

Predictor ΔR2 β 

Step 1 .09  

    Control variablesa   

Step 2 .14  

    Self-reported sleep night 2  .48 

    Self-reported sleep night 3  -.75* 

Step 3 .16*  

    Pain Catastrophizing at 
baseline 

 .20 

Step 4 .20**  

    Positive affect at baseline  .61** 

Total R2 .58*  
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Note.  
aControl variables included age, multisite pain at baseline, pain intensity at baseline and self-
reported sleep at baseline.  

*p < .05; ** p < .01 
 

Table 6 

Hierarchical Multiple Regression Analysis Predicting Pain Intensity at Session Two from 

Sleep Time during the previous night and psychological factor Negative Affect  

Predictor ΔR2 β 

Step 1 .48**  

    Control variablesa   

Step 2 .03  

    Self-reported sleep night 2  -.23 

Step 3 .04  

    Negative Affect at baseline  .25 

Total R2 .56**  

Note. In this regression analysis one control variable was found to have a significant unique 

effect on pain intensity session 2, i.e. pain intensity at baseline β = .55, p = <.01.  
aControl variables included age, multisite pain at baseline, pain intensity at baseline and self-

reported sleep at baseline.  
*p < .05; ** p < .01 

Discussion 

          Even though pain problems and sleep often appear in a comorbid fashion, and sleep and 

pain have been found to affect each other, question marks about how they are related still 

remains, and directionality and causality need to be further examined. Psychological factors 

have also been linked to many pain outcomes. The aim of this study was to experimentally 

examine the effect of sleep, specifically sleep deprivation, on the intensity and spreading of 

pain after pain was induced through exercise. Moreover, the study aimed to cast further light 

on how relevant psychological factors are related to pain intensity and spreading of pain, and 

how these psychological factors are effected by sleep deprivation.  

          The Effect of Sleep Deprivation on Pain Intensity. This study found that overall pain 

intensity increased between session one and session two regardless of sleep, as a result of 
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undergoing the exercise protocol. The major finding was that at session three there was a 

group difference, although not significant. Specifically, the sleep restriction group 

experienced a modest increase in their pain intensity compared to the previous day while the 

control group decreased, suggesting a trend where sleep restriction over time might have an 

effect on perceived pain intensity and its persistence over days. Although this group 

difference was deemed non-significant, the p-value was .052 which is relatively close to 

significance. It is possible that the absence of statistically significant results might be 

attributable to the low power caused by the too small sample size (Kazdin, 2014).  

Previous research has shown that sleep deprivation has resulted in increased pain intensity 

(Raymond et al., 2001) and increased pain sensitivity (Finan et al., 2013). The effect sleep 

deprivation can have on pain outcomes has been demonstrated both prospectively and 

experimentally as well as in clinical samples and non-clinical samples as summarized in a 

review by Finan et al., (2013), and the trend of the current study is in line with this although 

no statistically significant results were found.   

          The Effect of Sleep Deprivation on Multisite Pain. Even though several studies have 

examined sleep restriction and outcomes such as pain intensity, not many studies have 

assessed the effect of sleep on spreading of pain experimentally. This is a highly relevant 

topic since many people worldwide suffer from disorders that are characterized by pain in 

multiple body sites and sleep disturbances, such as fibromyalgia (Queiroz, 2013). This study 

aimed to add to the field by experimentally examining if lack of sleep would lead to exercise-

induced pain spreading through the body, compared to people who slept well. After the first 

night of sleep restriction no differences were seen between the two groups, and both groups 

experienced an increase in their number of pain sites. However, on the third day, after two 

consecutive nights of sleep restriction or normal sleep, the control group decreased in the 

level of multisite pain, while the sleep restriction group experienced a slight increase. The 
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group differences was not statistically significant, but the trend highlights interesting 

tendencies. This is in accordance with previous research that shows that pain as well as bodily 

discomfort increases over continuous sleep restriction (Haack & Mullington, 2005).  

          Since so little experimental research has been done concerning the effect of sleep 

deprivation on multisite pain following induced pain with tissue damage, the preliminary 

trends found here could help guide future research. If a relation were to be confirmed, this 

could increase our understanding of comorbid sleep disturbances and pain, and facilitate the 

development of interventions.  

          The Effect of Sleep Deprivation on Psychological Factors. In addition to examining 

the role of sleep deprivation on pain outcomes, the effect of sleep deprivation on changes in 

psychological factors were assessed. No effect on pain catastrophizing or fear of pain as a 

function of time or sleep were found. Previous studies has also failed to find changes in pain 

catastrophizing over a short time (Parr et al., 2012).   

          However, measures of depressive symptoms underwent a significant change over time, 

where depressive levels increased in the sleep restriction group while remaining stable in the 

control group. Changes in the PHQ-9 can possibly be regarded as a cross-validation of the 

experiment, since many of the items are directly related to sleep. The increase indicates that 

the experimental group experienced more tiredness, lack of energy and difficulties with 

concentration as an effect of the sleep restriction.  

          This study found a decrease in positive affect in the sleep restriction group that was not 

found in the control group. The finding is consistent with previous research which has found a 

decrease in positive affect (Talbot, McGlinchey, Kaplan, Dahl & Harvey, 2010) and positive 

mood (Haack & Mullington, 2005) after induced sleep restriction. This might have 

implications since positive affect have been suggested to have a buffering role in the relation 

between chronic pain and negative effect, and has been shown to boost function, both 



SLEEP DEPRIVATION AND PAIN    32 
 

 
 

physical and psychosocial, in chronic pain patients (Finan et al., 2013).   

          This study also found a significant, although unexpected, effect regarding negative 

affect. The control group decreased in their negative affect while the sleep restriction group 

maintained their levels. It is possible that this might be explained by the control groups’ 

slightly higher negative affect at baseline. The effect was unexpected since it was on the 

contrary to what one might expect, which was an increase in negative affect in the sleep 

deprived group. However, other studies have also failed to find an increase in negative affect 

after sleep restriction, when using the PANAS as the affective measure (Talbot et al., 2010), 

while other studies have found increased negative mood when using other measures (Franzen, 

Siegle, & Buysse, 2008). It is possible that items of the PANAS doesn’t involve negative 

affect components which might be more directly related to sleep, such as fatigue (Talbot et 

al., 2010).       

          The Role of Psychological Factors on Pain Outcomes. Several studies have examined 

the relationship between psychological factors and pain, and this study aimed to further 

investigate this relationship while controlling for the effect of sleep. Specifically, many 

studies have found that psychological factors such as fear of pain and pain catastrophizing are 

related to pain intensity. However, not many studies have looked at the relation between these 

factors and multisite pain. Correlational analyses in this study showed that fear of pain and 

pain catastrophizing was related to multisite pain, but not to pain intensity. While the relations 

between multisite pain and these psychological factors are in line with previous studies, the 

absence of a relationship between psychological factors and pain intensity in this study is not 

completely congruent with previous research (Niederstrasser et al., 2014; Niederstrasser et al., 

2015; Parr et al., 2012; Severeijns, Vlaeyen, van den Hout & Weber, 2001). It has also been 

suggested that fear of pain and pain catastrophizing might be related to different pain 

outcomes, independent of each other (George & Hirsh, 2009; Wideman & Sullivan, 2011), 
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where fear of pain has been linked to work disability, while pain catastrophizing is related to 

clinical pain intensity (George & Hirsh, 2009; Wideman & Sullivan, 2011).  

          Since many studies have found a link between fear of pain, pain catastrophizing and 

pain intensity, a few possible explanations for the lack of this relation in the current study 

should be discussed. It is possible that participants were familiar with the sensation of 

exercise-induced pain and that this, together with instructions about its non-noxious nature, 

might have induced feelings of security rather than evoking fear or catastrophizing about the 

sensations, as similarly discussed by Parr et al. (2012). The lack of replication of previous 

studies, which has found that fear of pain and pain catastrophizing predicts pain intensity, 

could be due to the small sample and therefore inadequate power (Kazdin, 2014).  It could 

also be discussed whether the discrepancy between current and previous results could be 

affected by the use of different scales for measuring fear of pain. Earlier research has used 

other scales, for example the FPQ-III, while this study used the newly developed FPQ-9. 

Nevertheless, the FPQ-9 has been found to be a good alternative to the FPQ-III, with similar 

psychometric properties. (McNeil, et al., 2017).           

          This study attempted to examine the role of psychological factors after controlling for 

sleep, and only pain catastrophizing and positive affect were found to significantly add to the 

prediction of pain outcomes, i.e. multisite pain the third day. The fact that positive affect 

showed to be positively correlated to multisite pain seems to be contradictory with research 

implying that positive affect could have a protective effect on pain problems (Finan et al., 

2013; Zautra, Johnson & David, 2005), for example through abating the relation between pain 

and negative affect (Strand, Zautra, Thoresen, Ødegård, Uhlig & Finset, 2006).  

Taken together, the predictive role of positive affect on multisite pain found in this study is 

bewildering. It could be speculated that participants high on positive affect at baseline might 

have been more enthusiastic, interested and keen to contribute to the project. Possibly, this 
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could have caused them to push themselves harder during the exercise protocol or made them 

more eager in their reports of pain.  

          Negative affect on the other hand, was found to be related to pain intensity on the 

second day, and predicted pain intensity together with other variables, which adds to previous 

research which has shown that pain-related negative affect has been found to predict pain 

levels in fibromyalgia patients (Staud, Vierck, Robinson & Price, 2006). Fear of pain, 

together with other variables, predicted multisite pain at day two. This has been shown before, 

for example, Niederstrasser et al. (2014) also found a predictive role of fear of pain on 

multisite pain but not on pain intensity.  

          No relation between depression levels and pain intensity or multisite pain was found, 

and therefore depression did not seem to predict pain outcomes. This is in line with some 

previous research which did not find any significant correlations between depression and 

multisite pain (Niederstrasser et al., 2014). However, in a study that compared the amount of 

depression, among other variables, found that people with multisite pain had higher levels of 

depressive symptoms than those with pain at one site (Gureje et al., 2008). The current 

healthy, pain-free sample generally rated very low on depressive symptoms, and it could be 

speculated that these low levels might not be sufficient to affect pain outcomes 

(Niederstrasser et al., 2014).  

          Main Findings and Possible Implications. To summarize the results, the most 

important findings in the current study are the trends of sustained or increased pain intensity 

and spreading of pain after two consecutive nights of sleep restriction. If this trend could be 

confirmed statistically in further research this could have important implications for the 

understanding of directionality between sleep and pain. 

          It is well established that psychological factors are important in the development of 

chronic pain, and above all pain catastrophizing and fear of pain seem to be related to pain 
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outcomes (Niederstrasser et al., 2014) and the development and maintenance of chronic pain 

(Vlaeyen & Linton, 2000; Vlaeyen & Linton, 2012). In the current study, pain catastrophizing 

and fear of pain also contributed to the prediction of multisite pain. However, in contrary to 

previous findings they were not found to predict pain intensity. Beyond examining 

psychological factors effect on pain problems, this study emphasizes that it might also be 

important to look at the role of sleep and sleep disturbances.  

          Longitudinal studies have suggested that the existence of sleep disturbances elevates the 

risk of developing pain problems (Finan et al., 2013). Sleep deprivation has also been linked 

to a number of pain outcomes, such as lowered pain tolerance (Sivertsen et al., 2015), 

increased pain sensitivity (Finan et al., 2013; Sivertsen et al., 2015) and pain intensity 

(Raymond et al., 2001). This has now been studied experimentally in pain-free individuals, 

and the trends found in the current study indicates a directional relationship where 

consecutive sleep deprivation tend to be followed by an increase in pain outcomes, compared 

to good sleep. Although non-significant this is an important finding that needs to be replicated 

in future research, due to its possible clinical relevance.  

          Multisite pain is common and is associated with large consequences, among other 

things in the form of mental health problems (Gureje et al., 2008). Multisite pain is an 

important component of fibromyalgia, which is also characterized by sleep problems (Wolfe 

et al., 2010). Sleep disturbances has been linked to development of fibromyalgia in 

longitudinal studies (Mork & Nilsen, 2012), but the mechanisms have remained unclear. This 

study suggests a directional relationship between sleep deprivation and the development of 

multisite pain, although the trend was not statistically significant. If this directional 

relationship was to be established in future research, this could work as a clarification of sleep 

disturbances as a risk factor for future multisite pain. This could then have important 

implications when it comes to understanding the development of comorbid pain and sleep 
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disorders, such as fibromyalgia, and possibly inspire the development of treatments or 

indicated preventive interventions. Since attempts to treat secondary insomnia in fibromyalgia 

(Edinger et al., 2005; Mártinez et al., 2014) and chronic pain patients (Currie et al., 2000) has 

not yet shown promising results on pain outcomes, it is possible that the use of early, 

preventive interventions targeting sleep disturbances could be an important contribution to the 

field, as also suggested by Nitter et al. (2012). 

          Another interesting finding in this study is the lowering of positive affect as a result of 

sleep restriction. This has been demonstrated in previous studies (Haack & Mullington, 2005). 

Positive affect has been suggested to have a protective effect and to mediate the role between 

pain and negative affect (Finan et al., 2013) as well as to moderate how pain impacts 

depressed mood and negative affect (Thong et al., 2017). In the light of this, it is possible that 

the lowering of positive affect due to sleep deprivation also could consequently have an effect 

on the experience of pain and the ability to deal with pain.  

          Since many people suffer from comorbid sleep disturbances and chronic pain, as well 

as disorders such as fibromyalgia, establishing risk factors is important. If sleep deprivation 

would be confirmed as a risk factor, this could enable the development of early interventions 

aimed at sleep disturbances, which in turn could provide the opportunity to spare many people 

the emotional and psychological suffering, and individual as well as societal economic and 

occupational consequences that are related to pain. 

Strengths and Limitations  

          In and of themselves, experimentally designed studies come with both advantages and 

disadvantages. The greatest advantages include the possibility of systematically examining 

how one variable affects another and possibly drawing causal inferences, while limitations 

include it susceptibility to bias throughout many parts of the procedure if these are not 

carefully considered in the design (Kazdin, 2014).      
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          The greatest limitation of this study concerns the small sample size and subsequent 

insufficient power to find statistically significant results. Even though results shows 

interesting trends this clearly limits the inferences that can be drawn from this research. Weak 

power is one of the most prevalent threats to statistical validity, and the absence of 

statistically significant differences can sometimes be attributable to low power instead of an 

actual lack of group differences (Kazdin, 2014). Kazdin (2014) proposes different possible 

methods for dealing with low power, for example changing alpha-levels. However, this would 

increase the risk of making a Type-I error and was therefore not made in this study. Instead, 

future research aiming to clarify the relationships discussed in this study should aim to have a 

larger sample and subsequent larger power. Above and beyond the caution that needs to be 

taken when interpreting the results of the current study due to the small samples size and low 

power, further care must be taken in regards to generalizability, since the current study 

employed exclusion criteria which subsequently limits the generalizability.        

          One of the most important parts of experimental research is control over the 

experimental manipulation (Kazdin, 2014), in this case the sleep restriction. To emphasize 

control over this variable, both subjective sleep-reports and objective actigraphic measures 

were used. However, the two measures did not provide a completely unanimous picture, 

which raises the question of the validity of either measure. The “gold standard” for sleep 

assessment is polysomnography (Girschik, Fritschi, Heyworth & Waters, 2012; Zinkhan et 

al., 2014), but many studies use self-reports or actigraphy when assessing sleep because it is a 

more viable option (Girschik et al., 2012, Zinkhan et al., 2014). One study that validated self-

reported sleep and wrist actigraphy with polysomnography, concluded that self-reported sleep 

might be just as good, and sometimes even better, than actigraphy, when measuring sleep in a 

healthy population (Zinkhan et al., 2014). Actigraphy might play a more important role when 
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assessing sleep in individuals with sleep problems such as insomnia, since those individuals 

frequently underestimate how much they actually sleep (Sadeh, 2011; Zinkhan et al., 2014).    

          Ancoli-Israel, Cole, Alessi, Chambers, Moorcroft and Pollak (2003) point out that 

although one might expect the objective measures derived by actigraphy to be more accurate 

than subjective self-reports of sleep, this has not been confirmed empirically. Further, when 

using actigraphs, Sadeh (2011) recommends to always if possible use complementary 

measures of sleep.    

          It is also important to bear in mind that actigraphy doesn’t measure actual sleep, it 

measures movements (Sadeh, 2011). This could explain some of the discrepancies we found 

between self-reported sleep and actigraphic measures, since it is possible that individuals in 

the sleep restriction group might have been watching movies or series while being very still 

but not actually sleeping, and the actigraphs might have coded these periods as sleep. On the 

other hand, it is possible that these participants did fall asleep and actigraphs correctly 

measured this. To come to terms with this, the participants could instead have been given 

instructions to limit their time in bed to four hours, rather than their sleep, since this could 

reduce periods of unclear inactivity and risk of low adherence. Future research might benefit 

from keeping this in mind.  

          One purpose of using the actigraphs was to increase adherence to the sleep protocol, 

which previous research has shown them to do (Carney et al., 2004). When comparing two 

groups, Carney et al. (2004) found that the group that was explicitly told that the actigraph 

would be used to control adherence actually followed sleep rules better than the group that 

was told that the actigraph would measure movement. The participants in the current study 

were given relatively vague instructions that the actigraphs would measure movements and 

sleep, but not that they would be used to control adherence. This could have implications for 

the design of further studies. Furthermore, as the control group was instructed to “sleep as 
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usual”, it is possible that operationalizing this further could have provided more control over 

the sleep variable as a whole. They could, for example, have been instructed to spend eight 

hours in bed. This could be a question for future research.  

          There are a few limitations regarding the performance of the procedure. For example, 

even though a strict exclusion criteria was that the participant would not have conducted 

regular resistance training of their upper body during the six months leading up to the 

experiment other types of training was allowed. Since this was not controlled for, individual 

levels of fitness pre-experiment could be one possible confounder. Another possible flaw in 

the design, which especially in combination with pre-experiment fitness levels, could affect 

individual differences in exercise pain is the use of rubber bands for the exercises. Even 

though participants were continually encouraged to push themselves and adjust the rubber 

bands in order to find a good amount of resistance, there is no objective way to control how 

much of an individual's highest potential was performed. Using other types of gym equipment 

with defined weights would increase the experimental leader's control over resistance, and 

could also decrease potential misunderstandings in exercise performance. Also, even though 

corrections were made and feedback given throughout the exercise protocol, experimental 

leaders refrained from overly correcting performance and emphasized positive reinforcements 

in order to avoid participants feeling uncomfortable and possibly ending participation.   

          Above and beyond previously mentioned limitations with the performance of the 

procedure, DOMS as a technique to study pain can also be discussed. DOMS does lack some 

of the pieces of musculoskeletal pain which emerge in the face of injury, such as trauma or 

affective responses. Further, pain studied through DOMS might not be generalizable to pain 

conditions where onset injury is not present. In these conditions, other possible processes 

might contribute to the spreading of pain, beyond the processes mimicked by the DOMS 

procedure (Niederstrasser et al., 2014). However, it is a recognized way of studying pain 
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experimentally (George et al., 2007; Niederstrasser et al., 2014; Niederstrasser et al., 2015), 

and leads to similar processes as are seen in musculoskeletal pain, such as inflammation, pain 

and decreased mobility (George et al., 2007). 

          Another limitation regards the use of self-report scales. All of the questionnaires were 

appropriate to use at the first session, however, at the second and third time point, some issues 

could be discussed. Firstly, many of the scales were designed to measure how the person’s 

perception of the concerned issue had been over a recent time period. During the second and 

third session participants were instructed to instead base their ratings on how they felt on that 

particular day, which raises the issue of how valid and reliable it is to interpret these results.  

          The question should also be asked to what extent the concerned constructs might 

change over the course of a few days. Generally, less stable characteristics like affect might 

be more likely to fluctuate, while the way an individual thinks about the experience of pain 

might not be subject to short-time fluctuations, as measured by the FPQ-9 or the PCS (Parr et 

al., 2012). Also, the PANAS has been used in similar ways in other studies (Parr et al., 2012). 

          Another possible issue that should be discussed is how the participants filled out the 

body drawing after the lifting task. In hindsight, more explicit instructions on how to fill in 

the drawings could have been given, since participants filled them out in different ways, e.g. 

sketching, circling, crossing in. The manner of reporting multisite pain might have been 

affected by the presence of pre-defined anatomical areas. It might have been better to provide 

them with only the outlines of the body and to apply the anatomical sites after painful areas 

had been sketched in, as done by Margolis et al. (1986).  

          One possible confounder could be that scales could be affected by demand 

characteristics (Kazdin, 2014), i.e. if participants are reluctant to report high levels of negative 

affect, depressive symptoms etc (Franzen et al., 2008). Reported measures of pain intensity 

and multisite pain could also have been influenced by demand characteristics. 
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          Even though several possible limitations has been discussed, it is important to also 

acknowledge the strengths of the current study. The greatest strengths lie within the 

experimental design which can allow possible inferences of directionality between concerned 

variables to be drawn, in this study if sleep would have an effect on pain outcomes.  

          The current study contributes to the field in regards of finding trends that suggests that 

prolonged sleep deprivation has an effect on pain intensity. Further, it brings something 

completely new to the field by finding the same trend for multisite pain. These findings, 

although non-significant, suggests a directional path where sleep deprivation could lead to an 

increase in levels of multisite pain and pain intensity after pain onset. If this were to be 

confirmed in future studies, it could have important clinical implications.  

          This study could further be considered to add to the existing experimental field due to 

the experimental analog of pain that was used (George et al., 2007). Many previous studies 

looking at this relationship experimentally has used experimental pain of brief duration and 

pain in absence of tissue damage (Parr et al., 2012), such as quantitative sensory testing 

(Finan et al., 2013), while this study uses delayed onset muscle soreness which in many ways 

is similar to clinical pain (Niederstrasser et al., 2014; George et al., 2007).  

          One limitation of statistical significance tests is that they rely heavily on the size of the 

sample, therefore it is important to also present effect sizes that describes the magnitude of a 

difference and is less affected by sample size (Levine & Hullett, 2002). The effect sizes found 

in this experiment are small to medium regarding the interaction effect of group belonging 

and time on pain outcomes, but medium to large when it comes to the effect of time. Finding 

medium to large effect sizes of time on pain outcomes could provide confidence in the use of 

the exercise protocol as a way to induce and study pain experimentally.       

          Another strength worth mentioning is methodological measures that have been 

undertaken in order to reduce possible experimental expectancy effects (Kazdin, 2014). For 
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example, a risk was identified that knowing in advance what group the participant would 

belong to would subconsciously affect the experiment leaders behavior throughout the 

exercise protocol. Therefore, a decision was made to prevent this by keeping the experiment 

leaders blind to the randomization allocation until the exercise program was completed.  

          Altogether, this study contributes to the research field through the pain analogue that 

was used to study pain, its experimental design as well as the directional trends that were 

found regarding sleep deprivation and pain outcomes. It also contributes through suggesting 

that utilizing early interventions targeting sleep disturbances, could play a role in alleviating 

pain problems and its related consequences.    

Conclusion 

          This study aimed to assess the role of sleep deprivation on outcomes of pain intensity 

and spreading of pain, and to cast further light on how psychological factors are related to 

sleep and pain. In conclusion, sleep restriction over two consecutive nights led to a higher 

level of pain intensity and multisite pain compared to normal sleep. Even though the main 

results were non-significant, these trends should be further examined due to their possible 

important implications. Pain catastrophizing and fear of pain was found to predict multisite 

pain, but were not related to pain intensity, which is not completely congruent with previous 

research. The finding that positive affect decreased due to sleep restriction, further 

emphasizes its possibly interesting role between sleep and pain, and this should be further 

examined. Although some results were non-significant, if these tendencies were to be 

confirmed in future research this could have important implications for increasing 

understanding of how sleep and pain are related. In turn, this could have further clinical 

implications for targeting these often comorbid conditions, among other things, through the 

development of early interventions focused on sleep disturbances.  

Financial disclosure 



SLEEP DEPRIVATION AND PAIN    43 
 

 
 

          All costs associated with this study was funded by the Swedish Fibromyalgia 

Association (Fibromyalgiförbundet). The association aims to increase the understanding of 

Fibromyalgia and thereby provide support for fibromyalgia sufferers, and to help sufferers 

participate fully in all parts of society. Although funding the project, the Fibromyalgia 

Association did not in any way partake in planning, implementing or compiling this study.   

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 



SLEEP DEPRIVATION AND PAIN    44 
 

 
 

References 

ActiLife 6.13.3 [Computer software]. Actigraph 2009-2015, LLC. Pensacola, FL.  

Affleck, G., Urrows, S., Tennen, H., Higgins, P., & Abeles, M. (1996). Sequential daily 

relations of sleep, pain intensity, and attention to pain among women with 

fibromyalgia. Pain, 68(2), 363-368. doi:10.1016/S0304-3959(96)03226-5 

Alföldi, P., Wiklund, T., Gerdle, B. (2013). Comorbid insomnia in patients with chronic pain: 

            a study based on the Swedish quality registry for pain rehabilitation (SQRP).  

            Disability and rehabilitation, 36(20), 1661-1669. doi: 10.3109/09638288.2013.864712 

American Psychiatric Association. (2013). Diagnostic and statistical manual of mental 

disorders (5th ed.). Washington, DC: Author.   

Ancoli-Israel, S., Cole, R., Alessi, C., Chambers, M., Moorcroft, W., & Pollak, C. P. (2003). 

The role of actigraphy in the study of sleep and circadian rhythms. Sleep, 26(3), 342-

392.  Retrieved from 

https://pdfs.semanticscholar.org/8e92/4fe4d15c69c40f0918404087987727dc77a5.pdf  

Arnold, L. M., Crofford, L. J., Mease, P. J., Burgess, S. M., Palmer, S. C., Abetz, L., Martin, 

S. A. (2008). Patient perspectives on the impact of fibromyalgia. Patient Education 

and Counseling. 73(1), 114–120. doi:10.1016/j.pec.2008.06.005 

Bastien, C. H., Vallières, A., & Morin, C. M. (2001). Validation of the Insomnia Severity 

Index as an outcome measure for insomnia research. Sleep medicine, 2(4), 297-307. 

doi: 10.1016/S1389-9457(00)00065-4 

Bigatti, S. M., Hernandez, A. M., Cronan, T. A., & Rand, K. L. (2008). Sleep disturbances in 

fibromyalgia syndrome: relationship to pain and depression. Arthritis Care & 

Research, 59(7), 961-967. doi: 10.1002/art.23828 



SLEEP DEPRIVATION AND PAIN    45 
 

 
 

Bortsov, A. V., Platts‐Mills, T. F., Peak, D. A., Jones, J. S., Swor, R. A., Domeier, R. M., ... 

McLean, S. A. (2013). Pain distribution and predictors of widespread pain in the 

immediate aftermath of motor vehicle collision. European Journal of Pain, 17(8), 

1243-1251. doi: 10.1002/j.1532-2149.2013.00285.x 

Branco, J. C., Bannwarth, B., Failde, I., Carbonell, J. A., Blotman, F., Spaeth, M., … Mattuci-

Cerinic, M. (2010). Prevalence of fibromyalgia: a survey in five European countries. 

Seminars in arthritis and rheumatism, 39(6), 448-453. doi: 

10.1016/j.semarthrit.2008.12.003 

Breivik. H., Collett, B., Ventafridda, V., Cohen, R., & Gallacher, D. (2006) Survey of chronic 

pain in Europe: Prevalence, impact on daily life and treatment. European Journal of 

Pain 10(4), 287-333. doi: 10.1016/j.ejpain.2005.06.009 

Carnes, D., Parsons, S., Ashby, D., Breen, A., Foster, N. E., Pincus, T., … Underwood, M. 

(2007) Chronic musculoskeletal pain rarely presents in a single body site: results from 

a UK population study. Rheumatology, 46(7), 1168-1170. doi: 

10.1093/rheumatology/kem118 

Carney, C. E., Lajos, L. E., & Waters, W. F. (2004). Wrist actigraph versus self-report in 

            normal sleepers: sleep schedule adherence and self-report validity. Behavioral Sleep            

            Medicine, 2(3), 134-143. doi: 10.1207/s15402010bsm0203_2 

Cheung, K., Hume, P. A., & Maxwell, L. (2003). Delayed onset muscle soreness. Sports 

Medicine, 33(2), 145-164. doi: 10.2165/00007256-200333020-00005 

Cohen, J. (1992). Statistical power analysis. Current directions in psychological science, 1(3), 

98-101. doi: 10.1111/1467-8721.ep10768783 



SLEEP DEPRIVATION AND PAIN    46 
 

 
 

Currie, S. R., Wilson, K. G., Pontefract, A. J., & deLaplante, L. (2000). Cognitive–behavioral 

treatment of insomnia secondary to chronic pain. Journal Of Consulting And Clinical 

Psychology, 68(3), 407-416. doi:10.1037/0022-006X.68.3.407 

Dallal, G. E. (2013). Randomization plans. Retrieved 2017-09-26 from 

http://www.randomization.com/ 

Davies, K. A., Macfarlane, G. J., Nicholl, B. I., Dickens, C., Morriss, R., Ray, D., & McBeth, 

J. (2008). Restorative sleep predicts the resolution of chronic widespread pain: results 

from the EPIFUND study. Rheumatology, 47(12), 1809-1813. doi: 

10.1093/rheumatology/ken389 

Edinger, J. D., Wohlgemuth, W. K., Krystal, A. D., & Rice, J. R. (2005). Behavioral insomnia 

therapy for fibromyalgia patients: a randomized clinical trial. Archives of internal 

medicine, 165(21), 2527-2535. doi: 10.1001/archinte.165.21.2527 

Edwards, R. R., Almeida, D. M., Klick, B., Haythornthwaite, J. A., & Smith, M. T. (2008). 

Duration of sleep contributes to next-day pain report in the general population. 

PAIN®, 137(1), 202-207. doi: 10.1016/j.pain.2008.01.025 

Finan, P. H., Goodin, B. R., & Smith, M. T. (2013). The association of sleep and pain: an 

update and a path forward. The Journal of Pain, 14(12), 1539-1552. doi: 

10.1016/j.jpain.2013.08.007 

Franzen, P. L., Siegle, G. J., & Buysse, D. J. (2008). Relationships between affect, vigilance, 

and sleepiness following sleep deprivation. Journal of sleep research, 17(1), 34-41. 

doi: 10.1111/j.1365-2869.2008.00635.x 



SLEEP DEPRIVATION AND PAIN    47 
 

 
 

George, S. Z., Dover, G. C., & Fillingim, R. B. (2007). Fear of pain influences outcomes after 

exercise-induced delayed onset muscle soreness at the shoulder. The Clinical journal 

of pain, 23(1), 76-84. doi: 10.1097/01.ajp.0000210949.19429.34 

George, S. Z., & Hirsh, A. T. (2009). Psychologic influence on experimental pain sensitivity 

and clinical pain intensity for patients with shoulder pain. The Journal of Pain, 10(3), 

293-299. doi: 10.1016/j.jpain.2008.09.004 

Girschik, J., Fritschi, L., Heyworth, J., & Waters, F. (2012). Validation of self-reported sleep 

against actigraphy. Journal of epidemiology, 22(5), 462-468. doi: 

10.2188/jea.JE20120012 

Gureje, O., Von Korff, M., Kola, L., Demyttenaere, K., He, Y., Posada-Villa, J., … Iwata, N. 

(2008). The relation between multiple pains and mental disorders: results from the 

World Mental Health Surveys. Pain, 135(1), 82-91. doi: 10.1016/j.pain.2007.05.005 

Haack, M., & Mullington, J. M. (2005). Sustained sleep restriction reduces emotional and 

physical well-being. Pain, 119(1), 56-64. doi: 10.1016/j.pain.2005.09.011 

Haack, M., Scott‐Sutherland, J., Santangelo, G., Simpson, N. S., Sethna, N., & Mullington, J. 

M. (2012). Pain sensitivity and modulation in primary insomnia. European journal of 

pain, 16(4), 522-533. doi: 10.1016/j.ejpain.2011.07.007 

Hamilton, N. A., Catley, D., & Karlson, C. (2007). Sleep and the affective response to stress 

and pain. Health Psychology, 26(3), 288. doi: 10.1037/0278-6133.26.3.288 

Haukka, E., Kaila-Kangas, L., Ojajärvi, A., Miranda, H., Karppinen, J., Viikari-Juntura, E., ... 

Leino-Arjas, P. (2013). Pain in multiple sites and sickness absence trajectories: a 

prospective study among Finns. Pain, 154(2), 306-312. doi: 

10.1016/j.pain.2012.11.003 



SLEEP DEPRIVATION AND PAIN    48 
 

 
 

Henschke, N., Kamper, S. J., & Maher, C. G. (2015). The Epidemiology and Economic 

Consequneces of Pain. Mayo Clinical Proceedings, 90(1), 139-147. doi: 

10.1016/j.mayocp.2014.09.010 

International Association for the Study of Pain. (2017). Definitions of Chronic Pain 

Syndromes. Retrieved 2017-11-06, from https://www.iasp-

pain.org/Advocacy/icd.aspx?ItemNumber=5354 

Kamaleri, Y., Natvig, B., Ihlebaek, C. M., Benth, J. S., & Bruusgaard, D. (2008). Number of 

pain sites is associated with demographic, lifestyle, and health-related factors in the 

general population. European Journal Of Pain, 12(6), 742-748. doi: 

10.1016/j.ejpain.2007.11.005 

Kamaleri, Y., Natvig, B., Ihlebaek, C. M. and Bruusgaard, D. (2009). Does the number of 

musculoskeletal pain sites predict work disability? A 14-year prospective study. 

European Journal of Pain, 13(4), 426–430. doi: 10.1016/j.ejpain.2008.05.009 

Kazdin, A. E. (2014). Research Design on Clinical Psychology (4th ed). Croydon: Pearson 

Education.  

Kim, J., & Shin, W. (2014). How to Do Random Allocation (Randomization). Clinics in 

Orthopedic Surgery, 6(1), 103–109. doi: 10.4055/cios.2014.6.1.103 

Kroenke, K., Spitzer, R. L., & Williams, J. B. W. (2001). The PHQ-9. Validity of a Brief 

Depression Severity Measure. Journal of General Internal Medicine, 16(9), 606-613. 

doi: 10.1046/j.1525-1497.2001.016009606.x  

Laerd Statistics. (2013). Independent-samples t-test. Retrieved 2017-11-29 from 

https://statistics.laerd.com/premium/spss/istt/independent-t-test-in-spss-12.php 



SLEEP DEPRIVATION AND PAIN    49 
 

 
 

Lautenbacher, S., Kundermann, B., Krieg, J. C. (2006). Sleep Deprivation and Pain 

Perception. Sleep medicine reviews. 10. 357-69. doi:10.1016/j.smrv.2005.08.001.  

Levine, T. R., & Hullett, C. R. (2002). Eta squared, partial eta squared, and misreporting of 

effect size in communication research. Human Communication Research, 28(4), 612-

625. doi: 10.1111/j.1468-2958.2002.tb00828.x 

Linton, S. J. (2000) A Review of Psychological Risk Factors in Back and Neck Pain. Spine, 

25(9), 1148-1156. Retrieved from 

http://journals.lww.com/spinejournal/Abstract/2000/05010/A_Review_of_Psychologic

al_Risk_Factors_in_Back_and.17.aspx 

Linton, S. J., & Andersson, T. M. A. (2000). Can chronic disability be prevented?: A 

randomized trial of a cognitive-behavior intervention and two forms of information for 

patients with spinal pain. Spine, 25(21), 2825-2831. Retrieved from 

http://journals.lww.com/spinejournal/Abstract/2000/11010/Can_Chronic_Disability_B

e_Prevented___A_Randomized.17.aspx 

Linton, S. J. (2013). Att förstå patienter med smärta. Lund: Studentlitteratur. 

Mansfield, K. E., Sim, J., Jordan, J. L., & Jordan, K. P. (2016). A systematic review and 

meta-analysis of the prevalence of chronic widespread pain in the general population. 

Pain, 157(1), 55-64. doi: 10.1097/j.pain.0000000000000314 

Margolis, R. B., Tait, R. C., & Krause, S. J. (1986). A rating system for use with patient pain 

drawings. Pain, 24(1), 57-65. doi: 10.1016/0304-3959(86)90026-6 

Martínez, M. P., Miró, E., Sánchez, A. I., Díaz-Piedra, C., Cáliz, R., Vlaeyen, J. W. S. & 

Buelo-Casal, G. (2014). Cognitive-behavioral therapy for insomnia and sleep hygiene 



SLEEP DEPRIVATION AND PAIN    50 
 

 
 

in fibromyalgia: a randomized controlled trial. Journal of Behavioral Medicine, 37(4), 

683-697.  doi: 10.1007/s10865-013-9520-y 

Mas, A. J., Carmona, L., Valverde, M., Ribas, B., & the EPISER Study Group. (2008). 

Prevalence and impact of fibromyalgia on function and quality of life in individuals 

from the general population: Results from a nationwide study in Spain. Clinical and 

Experimental Rheumatology, 26(4), 519–526. Retrieved from 

thttp://www.clinexprheumatol.org/article.asp?a=3400  

McCall, C. & McCall, W. V. (2012). Comparison of actigraphy with polysomnography and 

sleep logs in depressed insomniacs. Journal of Sleep Research, 21(1), 122–127. 

doi:10.1111/j.1365-2869.2011.00917.x 

McCracken, L. M. & Iverson, G. L. (2002) Disrupted sleep patterns and daily functioning in 

 patients with chronic pain. Pain Research and Management, 7(2), 75-79. doi: 

 10.1155/2002/579425 

McNeil, D. W., Kennedy, S. G., Randall, C. L., Addicks, S. H., Wright, C. D., Hursey, K. G., 

& Vaglienti, R. (2017). Fear of Pain Questionnaire‐9: Brief assessment of pain‐related 

fear and anxiety. European Journal of Pain 22(1), 39-48. doi: 10.1002/ejp.1074 

McWilliams, L. A., Cox, B. J., & Enns, M. W. (2003). Mood and anxiety disorders associated 

with chronic pain: an examination in a nationally representative sample. Pain, 106(1), 

127-133. doi: 10.1016/S0304-3959(03)00301-4 

Migueles, J.H, Cadenaz-Sanchez, C., Ekelund, U., Nyström, C.D., Mora-Gonzalez, J., Löf, 

M., … Ortega, F.B. (2017). Accelorometer Data Collection and Processing Criteria to 

Assess Physical Acitivity and Other Outcomes: A Systematic Review and Practical 

Considerations. Sports Medicine, 47(9), 1821-1845. doi:10.1007/s40279-017-0716-0  



SLEEP DEPRIVATION AND PAIN    51 
 

 
 

Morin, C. M., Belleville, G., Bélanger, L., & Ivers, H. (2011). The Insomnia Severity Index: 

psychometric indicators to detect insomnia cases and evaluate treatment response. 

Sleep, 34(5), 601-608. doi: 10.1093/sleep/34.5.601 

Mork, P. J. and Nilsen, T. I. L. (2012). Sleep problems and risk of fibromyalgia: Longitudinal 

data on an adult female population in Norway. Arthritis & Rheumatology, 64(1), 281–

284. doi:10.1002/art.33346 

Mäntyselkä, P., Kumpusalo, E., Ahonen, R., Kumpusalo, A., Kauhanen, J., Viinamäki, H., 

…,  Takala, J. (2001). Pain as a reason to visit the doctor: a study in Finnish primary 

health care. Pain, 89(2–3), 175-180. doi:10.1016/S0304-3959(00)00361-4 

Nicholas, M. K., Linton, S. J., Watson, P. J., Main, C. J., & “Decade of the Flags” Working 

Group. (2011). Early identification and management of psychological risk factors 

(“yellow flags”) in patients with low back pain: a reappraisal. Physical therapy, 91(5), 

737-753. doi: 10.2522/ptj.20100224 

Nicassio, P. M., Moxham, E. G., Schuman, C. E., & Gevirtz, R. N. (2002). The contribution 

of pain, reported sleep quality, and depressive symptoms to fatigue in fibromyalgia. 

Pain, 100(3), 271-279. doi: 10.1016/S0304-3959(02)00300-7 

Niederstrasser, N. G., Slepian, P. M., Mankovsky-Arnold, T., Larivière, C., Vlaeyen, J. W., & 

Sullivan, M. J. (2014). An experimental approach to examining psychologica l 

contributions to multisite musculoskeletal pain. The Journal of Pain, 15(11), 1156-

1165. doi: 10.1016/j.jpain.2014.08.007 

Niederstrasser, N. G., Meulders, A., Meulders, M., Slepian, P. M., Vlaeyen, J. W., & Sullivan, 

M. J. (2015). Pain catastrophizing and fear of pain predict the experience of pain in 

body parts not targeted by a delayed-onset muscle soreness procedure. The Journal of 

Pain, 16(11), 1065-1076. doi: 10.1016/j.jpain.2015.07.008 



SLEEP DEPRIVATION AND PAIN    52 
 

 
 

Nitter, A, K., Pripp, A, H., Forseth, K, Ø. (2012). Are sleep problems and non-specific health 

complaints risk factors for chronic pain? A prospective population-based study with 

17 year follow-up. Scandinavian Journal of Pain, 3(4), 210-217. 

doi:10.1016/j.sjpain.2012.04.001. 

O'brien, E. M., Waxenberg, L. B., Atchison, J. W., Gremillion, H. A., Staud, R. M., McCrae, 

C. S., & Robinson, M. E. (2010). Negative mood mediates the effect of poor sleep on 

pain among chronic pain patients. The Clinical journal of pain, 26(4), 310-319. doi: 

10.1097/AJP.0b013e3181c328e9 

Osman, A., Barrios, F. X., Gutierrez, P. M., Kopper, B. A., Merrifield, T., & Grittmann, L. 

(2000). The Pain Catastrophizing Scale: further psychometric evaluation with adult 

samples. Journal of behavioral medicine, 23(4), 351-365. doi: 

10.1023/A:1005548801037 

Parr, J. J., Borsa, P. A., Fillingim, R. B., Tillman, M. D., Manini, T. M., Gregory, C. M., & 

George, S. Z. (2012). Pain-related fear and catastrophizing predict pain intensity and 

disability independently using an induced muscle injury model. The Journal of Pain, 

13(4), 370-378. doi: 10.1016/j.jpain.2011.12.011 

Queiroz, L.P. (2013). Worldwide epidemiology of fibromyalgia. Current pain and headache 

reports, 17(8) 356. doi:10.1007/s11916-013-0356-5 

Raymond, I., Nielsen, T. A., Lavigne, G., Manzini, C., Choinière, M. (2001). Quality of sleep 

and its daily relationship to pain intensity in hospitalized adult burn patients. Pain, 

92(3), 381-388. doi: 10.1016/S0304-3959(01)00282-2 

Roehrs, T. A. (2009). Does effective management of sleep disorders improve pain 

symptoms?. Drugs, 69(2), 5-11. doi: 10.2165/11531260-000000000-00000 



SLEEP DEPRIVATION AND PAIN    53 
 

 
 

Sadeh, A. (2011). The role and validity of actigraphy in sleep medicine: an update. Sleep 

medicine reviews, 15(4), 259-267. doi: 10.1016/j.smrv.2010.10.001 

Sadeh, A, Sharkey, M., & Carskadon, M.A. (1994). Activity-Based Sleep-Wake 

Identification: An Empirical Test of Methodological Issues, Sleep, 17(3), 201–207. 

doi:10.1093/sleep/17.3.201  

Schuh-Hofer, S., Wodarski, R., Pfau, D. B., Caspani, O., Magerl, W., Kennedy, J. D., & 

Treede, R. (2013). One night of total sleep deprivation promotes a state of generalized 

hyperalgesia: A surrogate pain model to study the relationship of insomnia and pain. 

PAIN®, 154(9), 1613-1621. doi:10.1016/j.pain.2013.04.046 

Schrimpf, M., Liegl, G., Boeckle, M., Leitner, A., Geisler, P., & Pieh, C. (2015). The effect of 

sleep deprivation on pain perception in healthy subjects: A meta-analysis. Sleep 

Medicine, 16(11), 1313-1320. doi:10.1016/j.sleep.2015.07.022 

Severeijns, R., Vlaeyen, J. W., van den Hout, M. A., & Weber, W. E. (2001). Pain 

catastrophizing predicts pain intensity, disability, and psychological distress 

independent of the level of physical impairment. The Clinical journal of pain, 17(2), 

165-172. Retreived from 

http://journals.lww.com/clinicalpain/Abstract/2001/06000/Pain_Catastrophizing_Predi

cts_Pain_Intensity,.9.aspx 

Spitzer, R. L., Kroenke, K., Williams, J. B., & Löwe, B. (2006). A brief measure for assessing 

generalized anxiety disorder: the GAD-7. Archives of internal medicine, 166(10), 

1092-1097. doi:10.1001/archinte.166.10.1092  

Sivertsen, B., Lallukka, T., Petrie, K. J., Steingrímsdóttir, Ó. A., Stubhaug, A., & Nielsen, C. 

S. (2015). Sleep and pain sensitivity in adults. Pain, 156(8), 1433-1439. doi: 

10.1097/j.pain.0000000000000131  



SLEEP DEPRIVATION AND PAIN    54 
 

 
 

Staud, R., Vierck, C. J., Robinson, M. E., & Price, D. D. (2006). Overall fibromyalgia pain is 

predicted by ratings of local pain and pain-related negative affect—possible role of 

peripheral tissues. Rheumatology, 45(11), 1409-1415. doi: 

10.1093/rheumatology/kel121 

Strand, E. B., Zautra, A. J., Thoresen, M., Ødegård, S., Uhlig, T., & Finset, A. (2006). 

Positive affect as a factor of resilience in the pain—negative affect relationship in 

patients with rheumatoid arthritis. Journal of psychosomatic research, 60(5), 477-484. 

doi: 10.1016/j.jpsychores.2005.08.010 

Sullivan, M. J., Bishop, S. R., & Pivik, J. (1995). The pain catastrophizing scale: development 

and validation. Psychological assessment, 7(4), 524. doi: 10.1037/1040-3590.7.4.524 

Talbot, L. S., McGlinchey, E. L., Kaplan, K. A., Dahl, R. E., & Harvey, A. G. (2010). Sleep 

deprivation in adolescents and adults: changes in affect. Emotion, 10(6), 831. doi: 

10.1037/a0020138 

Taylor, D. J., Mallory, L. J., Lichstein, K. L., Durrence, H. H., Riedel, B. W., & Bush, A. J. 

(2007). Comorbidity of chronic insomnia with medical problems. Sleep, 30(2), 213-

218. doi: 10.1093/sleep/30.2.213  

Titov, N., Dear, B.F., McMillan, D., Anderson, T., Zou, J., & Sunderland, M. (2011). 

Psychometric comparison of the PHQ-9 and BDI-II for measuring response during 

treatment of depression. Cognitive Behaviour Therapy, 40(2), 126-136. doi: 

10.1080/16506073.2010.550059 

Thong, I.S.K., Tan, G., Jensen, M.P. (2017) The buffering role of positive affect on the 

association between pain intensity and pain related outcomes. Scandinavian Journal of 

Pain, 14, 91-97. doi:10.1016/j.sjpain.2016.09.008  



SLEEP DEPRIVATION AND PAIN    55 
 

 
 

Vlaeyen, J. W., & Linton, S. J. (2000). Fear-avoidance and its consequences in chronic 

musculoskeletal pain: a state of the art. Pain, 85(3), 317-332. doi: 10.1016/S0304-

3959(99)00242-0 

Vlaeyen, J. W., & Linton, S. J. (2012). Fear‐avoidance model of chronic musculoskeletal 

pain: 12 years on. Pain, 153(6), 1144-1147. doi: 10.1016/j.pain.2011.12.009 

Watson, D., Clark, L. A., & Tellegen, A. (1988). Development and validation of brief 

measures of positive and negative affect: the PANAS scales. Journal of personality 

and social psychology, 54(6), 1063. doi:10.1037/0022-3514.54.6.1063 

Westman, A.E., Boersma, K., Leppert J., & Linton, S.J. (2011). Fear-avoidance Beliefs, 

Catastrophizing, and Distress: A Longitudinal subgroup analysis on Patients with 

Musculoskeletal Pain. The Clinical journal of pain, 27(7), 567-577. doi: 

10.1097/AJP.0b013e318219ab6c 

White, K. P., & Harth, M. (2001). Classification, epidemiology, and natural history of 

fibromyalgia. Current pain and headache reports, 5(4), 320-329. doi: 

10.1007/s11916-001-0021-2 

Wideman, T. H., & Sullivan, M. J. (2011). Differential predictors of the long-term levels of 

pain intensity, work disability, healthcare use, and medication use in a sample of 

workers’ compensation claimants. PAIN®, 152(2), 376-383. doi: 

10.1016/j.pain.2010.10.044 

Wiech, K., & Tracey, I. (2009). The influence of negative emotions on pain: behavioral 

effects and neural mechanisms. Neuroimage, 47(3), 987-994. doi: 

10.1016/j.neuroimage.2009.05.059 



SLEEP DEPRIVATION AND PAIN    56 
 

 
 

Wolfe F., Ross K., Anderson J., Russell I.J., & Hebert L. (1995). The prevalence and 

characteristics of fibromyalgia in the general population. Arthritis and Rheumatology, 

38(1), 19–28. doi: 10.1002/art.1780380104 

Wolfe, F., Clauw, D. J., Fitzcharles, M-A., Goldenberg, D. L., Kats, R. S., Mease, P., … 

Yunus, M. B. (2010). The American College of Rheumatology preliminary diagnostic 

criteria for fibromyalgia and measurement of symptom severity. Arthritis Care & 

research, 62(5), 600–610. doi: 10.1002/acr.20140. 

Zautra, A. J., Johnson, L. M., & Davis, M. C. (2005). Positive affect as a source of resilience 

for women in chronic pain. Journal of consulting and clinical psychology, 73(2), 212. 

doi: 10.1037/0022-006X.73.2.212 

Zinkhan, M., Berger, K., Hense, S., Nagel, M., Obst, A., Koch, B., ... Happe, S. (2014). 

Agreement of different methods for assessing sleep characteristics: a comparison of 

two actigraphs, wrist and hip placement, and self-report with polysomnography. Sleep 

medicine, 15(9), 1107-1114. doi: 10.1016/j.sleep.2014.04.015 

 

 

  

 


