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Abstract 

Background Despite knowledge on unfavorable health effects of sedentary behavior (SB), 

there is limited knowledge about its effect on the musculoskeletal system. The objective of 

the current research was to study the association between sedentary behavior and the risk of 

musculoskeletal pain (muscle inflammation, pain in back or shoulders, frequent headaches) 

over a five-year period in an Icelandic population.  

 

Methods Data was obtained from the Health and Wellbeing of Icelanders survey conducted 

in 2007 and 2012. Subjects aged 18-79 years that reported no musculoskeletal pain in 2007 

and participated in 2012 were included (N = 737). Sedentary behavior was categorized into 

low SB (0-3 h/day), moderate SB (4-7 h/day), and high SB (8+ h/day). Chi-square tests and 

multivariable logistic regression analyses were used to examine relationships between SB and 

musculoskeletal pain. 

 

Results At baseline, 22.5% of participants reported low SB, 48.7% moderate SB, and 22.8% 

high SB. Pain in back or shoulders was most common, affecting 33.5% of participants while 

frequent headaches were least common, affecting 6.9%. High prevalence of SB was observed 

in younger age groups, in those with higher education and income, and lower physical 

activity. Unadjusted odds ratios were increased for high SB compared with low SB for 

headache (OR=2.78; CI:1.15-7.75) and muscle inflammation (OR:1.70; CI:1.03-2.83). In 

adjusted models however, this relationship became none-significant even though the odds 

were still increased among those with high SB.  

 

Conclusion In this study there were indications that more hours of SB were associated with 

increased risk of developing musculoskeletal pain. Objective measures of SB may provide 

opportunities to study this subject further. 
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Ágrip 

Kyrrseta og stoðkerfisverkir: 

5 ára lýðgrunduð ferilrannsókn  á Íslandi 

 

Inngangur Þrátt fyrir að rannsóknir sýni að kyrrseta er tengd mörgum heilsukvillum er lítið 

vitað um áhrif kyrrsetu á stoðkerfisverki. Markmið rannsóknarinnar var að rannsaka tengsl 

kyrrsetu og áhættu þess að þróa með sér stoðkerfisverki (vöðvabólgu, verki í baki eða 

herðum, tíða höfuðverkir) á 5 ára tímabili á Íslandi. 

 

Efniviður og aðferðir Gögnin voru fengin úr rannsókninni Heilsa og Líðan Íslendinga sem 

framkvæmd var af Embætti Landlæknis árin 2007 og 2012. Rannsóknin tók til allra þeirra 

sem svöruðu stoðkerfisverkjum neitandi árið 2007 og tóku þátt 2012 (N=737). Kyrrseta var 

flokkuð í litla (0-3 klst/dag), miðlungs (4-7 klst/dag), og mikla (8+ klst/dag). Tíðni 

stoðkerfisverkja í mismunandi flokkum kyrrsetu var borin saman með kí-kvaðrat prófi. 

Samband kyrrsetu og stoðkerfisverkja var metið með lógístískri aðhvarfsgreiningu. 

 

Niðurstöður Við upphaf rannsóknarinnar sögðust 22,5% þátttakenda vera í lítilli kyrrsetu, 

48,7% voru í miðlungskyrrsetu, og 22,8% í mikilli kyrrsetu. Verkir í baki eða herðum var 

algengasti verkurinn og hafði áhrif á 33,5% þátttakenda á meðan fæstir kvörtuðu undan tíðum 

höfuðverkjum eða 6,9%. Aukin tíðni kyrrsetu mældist hjá yngri þátttakendum, einstaklingum 

með hærri menntun og tekjur, og þeim sem hreyfðu sig minna. Hrátt gagnlíkindahlutfall sýndi 

að mikil kyrrseta jók áhættu höfuðverkja (OR:2,78; CI:1,15-7,75) og vöðvabólgu (OR:1,70; 

CI:1,03-2,83) en þessi áhætta var ekki tölfræðilega marktæk þegar líkönin voru leiðrétt, 

líkindin jukust samt sem áður við meiri kyrrsetu. 

 

Ályktun Niðurstöður benda til þess að tengsl kunni að vera á milli aukinnar kyrrsetu og 

líkum á því að fá stoðkerfisverki þó svo að tölfræðileg marktækni hafi ekki fundist í 

leiðréttum líkönum. Hlutlægar mælingar á kyrrsetu kunna að auka möguleika vísindamanna 

til rannsókna á þessu sviði. 
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Introduction 

Recent development in contemporary society has led to extended sitting throughout most 

settings of our lives, from the way we travel, to the workplace and even the home (1). New 

evidence shows that too much sitting or sedentary behavior is associated with a decline in 

health in the population and can affect health outcomes, including cardio-metabolic risk 

biomarkers, type 2 diabetes and premature mortality (2-4). Even after accounting for time 

spent in leisure-time physical activity, these unfavorable health associations remain 

significant (5, 6). The prevalence of sedentary behavior varies among countries (7), but no 

research has reported the prevalence of sedentary behavior among Icelandic adults. 

Musculoskeletal pain affects the muscles, ligaments, tendons, bones and can be caused by 

a variety of reasons (8). Repetitive movements, overuse, or even prolonged immobilization 

can cause musculoskeletal pain (9), whose prevalence has been increasing in the last few 

decades (10-12). This study focuses on pain stemming from back, neck, shoulder, and head. 

These locations are chosen since research has shown that this is where musculoskeletal pain is 

most frequently reported (13-15) with considerable impact and enormous cost for individuals, 

health and social care systems (16). 

 Research conducted by Dittmer et al. proposed that immobilization of the musculoskeletal 

system could lead to decreased muscle strength and atrophy, decreased endurance, and 

osteoporosis. This can affect the person’s ability to move and perform daily activities (9). A 

very recent study also reported that inactivity is associated with high-intensity low back pain 

and disability (17). Exercise could counteract this undesirable effect and a research concluded 

that small amount of physical activity per week was associated with lower risk of pain in the 

lower back, neck and shoulders (18). However, there is a lack of data on the potential 

association between sedentary behavior and overall musculoskeletal pain, and studies show 

heterogeneous results.  

A large-scale population study reported that the prevalence of chronic musculoskeletal 

complaints was lower among physically active individuals than inactive individuals (19). 

However, two systematic reviews concluded that there was not enough evidence to confirm 

that sedentary behavior was a risk factor for developing lower back pain (LBP) (20) and that 

the data on the relationship between physical activity and LBP was too heterogeneous in 

order to get any conclusion (21). A similar systematic review did report that sitting does not 

increase the risk of LBP, but being sedentary for more than half the workday in combination 

with whole-body vibration (e.g. through a machine such as a vehicle or an exercise machine) 

did increase the risk of developing LBP (22). A more recent systematic review on 

occupational sitting and health risks reported that there was “limited evidence found to 
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support a positive relationship between occupational sitting and health risks” (23). Another 

systematic review looked specifically on those who have sedentary occupations. For this 

subgroup, being active during leisure time or avoiding inactivity was found to help reduce 

musculoskeletal morbidity (24). These systematic reviews target one specific location of 

musculoskeletal pain, the lower back; but more research is needed on musculoskeletal pain as 

a whole. 

1.1 The epidemiology of sedentary behavior 

Over the last 60 years, research involving physical activity and sedentary behavior has 

expanded considerably. Growing concern about increased sedentary behavior among 

populations has stimulated more research towards the unhealthy effects of sedentary behavior 

at work and during all aspects of daily life (25). Early epidemiological studies mainly focused 

on occupational activity and in their landmark study published in 1953, Morris et al. were 

able to observe higher rates of coronary heart disease among mail sorters and sedentary bus 

drivers than in more active bus conductors and postal workers (12). During the 1970s, more 

focus was aimed towards the health benefit of physical activity and up until the turn of the 

century, knowledge about moderate-to-vigorous physical activity kept increasing. With 

changing society affecting the way humans travel, work, and spend their leisure time, there 

has been growing concern about the health effects of sedentary behavior at work and the 

balance between active and sedentary time during work hours as well as leisure hours (25).  

In recent years, this growing concern has lead to amplified research on sedentary behavior 

and many studies related to the health impact of sitting have been published. Along with the 

increasing interest in the area, the question about the definition of sedentary behavior has 

been raised. The Sedentary Behavior Research Network has suggested, “Sedentary behavior 

refers to any waking activity characterized by an energy expenditure ≤1.5 metabolic 

equivalent and a sitting or reclining posture” (27). In common words, this means that a person 

who is sitting or lying down is engaged in sedentary behavior. It is important to remember 

that sedentary behavior is different from physical inactivity, which is often conceived as a 

lack of moderate-to-vigorous physical activity (7). Everyday sedentary behaviors include 

watching television, playing video games, using a computer, driving vehicles, and reading.  

It is also important to note that sitting while being active (pedalling a stationary cycle) and 

sitting still are two distinct behaviors. Sedentary behavior is sitting without being active, thus 

meaning sitting quietly and still. Future research needs to clarify the boundaries and define 

whether movements such as fidgeting and swinging the legs and arms are considered active 

sitting and whether those movements can amend the negative aspects of sitting (28). 

Total estimated sedentary behavior or average time spent sitting varies among countries 

and age groups, but a multinational study highlighting the prevalence of sitting time for adults 

aged 18-65 years in 20 countries reported a median of 300 min (interquartile range 180–480 
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min) of sitting per day (7). This result shows that an average person sits for about 5 to 6 hours 

per day. Other objective measures from various countries show similar results. A study 

measuring the amount of time spent in sedentary behaviors in the United States reported 

overall sedentary time as being 7.7 hours/day (29). Another study from the United States 

using accelerometer-wear time showed an average of 8.44 hours/day was spent sedentary 

(30). An Australian study with participants aged 40-65 years reported median sitting time 

5.33 hours/day (31) and another Australian study measuring older adults aged 65-93 years 

reported that total daily sedentary behavior was 9.60 h/day (SD=1.66, range=4.87 to 12.02 

h/day) when measured with accelerometer (32). A similar Icelandic study on older adults 

aged 73-98 years reported that older adults spend on average 74.5% (about 10.5 hours) of 

their waking time as sedentary (33).  A small study (n=21) from the United States examined 

the relationship between sitting on work days versus leisure days and reported that on average 

individuals sit more on work days (9.95 hours/day) compared to leisure days (8.1 hours/day) 

(34).  

1.2  Negative effects of sitting 

Sedentary behavior has been associated with increased risk of all-cause and cardiovascular 

disease (CVD) mortality (35), many different types of cancer (36, 37), the risk of metabolic 

syndrome (MetS) (38), and decreased bone mineral density (39). Further, prolonged sitting 

has also been associated with type 2 diabetes (40), overweight and obesity (41), insulin 

resistance (42), and metabolic risk (43). Recent studies also conclude that high level of 

sedentary behavior and overall leisure time spent sitting is associated with overall higher total 

mortality (44, 45). Osteoporosis as a result of immobilization may lead to fracture of the 

spinal vertebrae, which can result in chronic LBP (9, 46). 

While extensive sitting time has been shown to decrease quality of life, longitudinal 

studies have reported that regular physical activity may extend life expectancy, reduce 

morbidity, reduce cardiovascular related deaths, improve physical ability in later life, and 

lower the risk of pain in lower back, neck or shoulder (18, 19, 47). These findings should 

encourage people at all ages to engage in moderate-to- vigorous physical activity throughout 

their lives. 

1.3 Measuring sedentary behavior 

Methods used to measure sedentary behavior vary from self-reported to device-based 

measures and their reliability and validity are frequently discussed. Currently, it is 

recommended to use both subjective and objective measures and utilize the growing 

technology that offers exciting opportunities (48, 49). The variable tools used in research on 

sedentary behavior make comparison between studies difficult. In a 2007 review, Clark et al. 

(50) discussed the validity and reliability of measures of sedentary behavior and suggested 
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that standardized approaches of measurements should be used, yet no standardized methods 

have been accepted by the research community. The authors mainly discussed the validity and 

reliability of measures of television viewing time and the need for further studies to focus also 

on computer use since screen time is increasing at a rapid pace (50). The authors mention 

that, “Television viewing time was the most frequently measured leisure-time sedentary 

behavior, followed by leisure-time sitting”. Almost every study used self-report questionnaire 

besides one that used a behavioral diaryand one that observed sedentary behavior via video 

(50). The popularity of using questionnaires to collect data is not surprising since they can be 

implemented on a large scale, are fairly low cost, do not change the behavior being examined, 

and are fairly simple and easy to use (48).  

Overall sedentary time can be assessed with a questionnaire that uses a single item 

question, or combines responses for activities. When using self-reported methods, 

questionnaires, behavioral diary, and short-term recalls are most common. These methods, 

however, have some limitations, as they are very susceptible to random and systematic errors. 

Healy et al. mention that short-term recall and behavioral diary can possibly reduce some 

reporting errors but administration costs are higher and thus large population-based research 

has limited the use of behavioral diaries. Advances in technology and better strategies may 

reduce this cost and enhance sedentary behavior measurements methods (48). Some 

questionnaires have been studied and one research concluded that the Flemish Physical 

Activity Computerized Questionnaire (FPACQ) is a reliable and reasonably valid 

questionnaire for assessing physical activity as well as sedentary behavior (51).   

Another measure is video observation, which offers a new insight into objectively 

measured sedentary behavior. This method could give good insight into participant’s 

activities but is not suitable for population-based epidemiological studies, since the method 

may reduce the ability to observe typical behavior and is very costly and time-consuming 

(50). 

Many have advised using more than one method when measuring sedentary behavior and 

some studies have used heart rate monitors as well as accelerometers with good results (38, 

42, 52). Although these methods have the limitation of not being able to differentiate between 

types of sedentary behavior, these limitations can be reduced by combining two or more 

methods such as using an accelerometer and a behavior diary (50). New technology that 

combines heart rate monitors and accelerometers (53) has proven to be a valid and reliable 

measurement, as well as studies on single unit monitor that are based on a uni-axial 

accelerometer like the activPAL (54).  

New studies are currently being conducted on exciting new technologies and there is an 

ongoing constant improvement of questionnaires on sedentary behavior, and hopefully future 

studies can combine different techniques in order to collect the most accurate data. Human 

behavior is probably best captured through combination of self-reported and device-based 
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instruments and thus it is important that whenever possible, both measures should be used in 

population-based studies of sedentary time (48).  

1.4 The epidemiology of musculoskeletal pain 

Musculoskeletal pain can be triggered by a variety of reasons. The pain can stem from 

damaged muscle, connective tissue, daily wear and tear, trauma or accidents. The most 

common risk factors associated with musculoskeletal pain include: a) occupational factors; b) 

personal factors such as age, sex, and weight; and c) psychological factors such as stress and 

mental health (55). However, the scientific evidence of each risk factor varies and studies 

show heterogeneous results. Musculoskeletal pain is often described in a specific area or body 

location such as the neck or lower back. Repetitive movements, overuse, or even prolonged 

immobilization can cause musculoskeletal pain (9, 13) and research has shown that this has a 

considerable impact on individuals, health systems, and social care systems with enormous 

cost (10).  

Population growth, urbanization, usage of motorized transportation and rising longevity, 

has led to rising burden due to musculoskeletal pain (56). In order to raise awareness of the 

importance of musculoskeletal conditions the decade 2000-2010 was declared the “bone and 

joint decade” by the United Nations, the World Health Organization (WHO), governments, 

and professional and patients' organizations in 37 countries (56, 57). Three of the ten leading 

causes of disability in the United States are musculoskeletal conditions: arthritis and 

rheumatism (affecting an estimated 19.9%), back or spine problems (16.8%), and stiffness 

and deformity of limbs (3.6%). These three conditions account for 39.4 % of all disabilities 

(58). In addition to disabilities, 15 million US adults report limitations in activities of daily 

living due to musculoskeletal conditions, and these conditions account for over 50% of lost 

workdays (437.6 million days) for US adults aged 18 and older (59). The UK Health and 

Safety Executive (HSE) reported that 5.7 million workdays were lost in 2001-2002 as a result 

of back pain. Additionally, an estimated 4.1 million workdays were lost through 

musculoskeletal disorders (MSD) that mainly affected the upper limbs and neck. The cost to 

individuals, industries and society was estimated to be around £5.7 billion per year. It is clear 

that musculoskeletal pain continues to be a massive source of disability and lost work, having 

a major impact on societies (60). The Fourth European working survey states that MSD 

“constitute the most frequently reported health complaint by European workers”. The survey 

concluded that 24.7% of employees reported backache and 22.8% muscular pain in the 

shoulder, neck or lower limbs (61). According to the report Global Burden of Disease Study 

2013 (62), disability-adjusted life years due to years lived with disability (YLD) increased 

globally from 21.1% in 1990 to 31.2% in 2013. The leading causes of YLD included LBP and 

MSD, which were named one of the main causes of this increase (62). 
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The prevalence of musculoskeletal pain is common in many countries. A survey 

conducted in the Netherlands reported 74.5% of the Dutch population aged 25 years and over 

had some musculoskeletal pain during the past 12 months (14). A study researching pain in 

the German population aged 18-80 years old found that musculoskeletal pain was 

“overwhelmingly the most common pain” (63). Research has shown that the most common 

complaints of musculoskeletal pain stem from lower back, neck, shoulders, and head (13-15). 

1.4.1 Lower back pain 

LBP is a well-documented and an extremely common health problem (64, 65) but the burden 

is often overlooked as with many other musculoskeletal pains. It is the leading cause of 

activity limitation and work absence in big parts of the world (66) and causes enormous 

economic burden on communities as well as families and individuals (67). Nonspecific LBP 

is defined as pain experienced in the lumbosacral region in the absence of major identifiable 

pathology. The pain is typically in regions that include the areas of the back below the ribs 

and above the distal fold of the buttocks (68).  

In an estimation of the global burden of LBP for The Global Burden of Disease 2005 

Study, it was reported that 1-year incidence of people experiencing first episode of LBP 

varied from 6.3% to 15.4%, and the 1-year incidence of people with any LBP episodes varied 

from 1.5% to 36% (65). A review conducted in 1999, Looney and Stratford reported that the 

point prevalence was estimated to be 12% in Sweden, 13.7% in Denmark and 33% in 

Belgium (69). A more recent systematic review conducted in 2012 reported the mean lifetime 

prevalence of LBP to be 38.9% (70). A population-based survey from Germany reported 

point-prevalence 37.1%, yet 1-year prevalence rose to 76% and lifetime prevalence was 

85.5% (71). Studies have also reported an increase in LBP prevalence, a survey conducted in 

the UK with a 10-year interval showed that one-year prevalence of LBP rose from 36.4% to 

49.1% between 1987 and 1997 (72).   

1.4.2 Frequent headaches 

Headaches are often overlooked as health indicators although headache disorders have an 

impact on social activities, work and may lead to significant consumption of drugs (73). 

Globally, migraine is ranked 8th as cause of YLD according to WHO (74). The frequency and 

source of headaches varies from migraines to tension-type headaches. The estimated 

prevalence of migraines can range from 3%-35%, since studies differ in their use of methods 

and definitions (73). Tension-type headaches are even harder to measure since they vary 

widely in frequency, severity, and discomfort (73). A Danish population-based study reported 

that, of those who experienced tension-type headache, 59% reported having a headache for 

one day a month or less, but 37% had it several times per month. The same study reported 

that 3% of the total population had chronic tension-type headaches (75). Other population-
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based studies seem to agree, with about 20-30% of people experiencing tension-type 

headaches once per month or less (76, 77). A large study of the epidemiology of headaches in 

Europe reported that one-year prevalence rate for headaches of both sexes in adults ranged 

between 29% and 77% and overall prevalence for migraines was between 9.6% and 24.6% 

(78). This confirms previous results showing that headaches are a highly predominant 

disorder affecting approximately 50% of the adult European population every year and have 

emerged as a major public health problem (78). In addition, studies have also shown that 

individuals suffering from frequent headaches were more likely to report other 

musculoskeletal pains than individuals free of headaches (79).  

1.4.3 Neck and shoulder pain 

The neck is made up of seven bones (vertebrae) that are stacked on top of each other and 

cushioned by discs of cartilage and bound with ligaments. Surrounding muscles provide 

additional support and movement. The neck can be more susceptible to injury because of its 

mobile, unstable features and the most common neck injuries are caused by trauma, disease or 

poor posture (80). Neck pain, like other musculoskeletal pains is common in the general 

population, with typical 12-month prevalence estimates from 30% to 50% (81).  

The shoulder is one of the largest and most functional joints in the body. It is made up of 

three bones: the scapula, clavicle, and the humerus. A system of fine tuned muscles 

surrounding the shoulder provides movement. Shoulder pain can stem from various reasons 

but often occurs as a result of a disease or injury that affects the tendons, ligaments, muscles 

or bones (82). Shoulder pain is less common than other musculoskeletal pains but still a 

problem affecting the general population with prevalence as high as 6-11% in younger adults, 

and increasing to 16%–25% in elderly people (83).  

Neck and shoulder pain (NSP) is common in the general public with a prevalence of 

48.3% according to a recent study conducted in Japan (84). The study concludes, “NSP is a 

prevalent health problem that deteriorates the health-related quality of life in the general 

population” (84). A Nordic study observed that concurrent LBP and NSP were associated 

with higher risk for absence from work and for long-term absence (85). Multiple 

musculoskeletal pains thus seem to have massive impact on individuals’ health and work 

capacity.   

1.5 Risk factors for musculoskeletal pain 

Musculoskeletal pain can be influenced by many different aspects such as age, sex, body 

composition, psychological and socioeconomic factors (15). Studies show that occurrence of 

musculoskeletal pain increases with age (15, 57) and the peak prevalence seems to be around 

age 45 to 59 years old (86, 87). Numerous studies have reported higher prevalence of 

musculoskeletal pain among women compared with men across all age groups (57, 70, 73, 81, 
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84, 88). Cross sectional data from 2005 conducted by The Icelandic Social Insurance 

Administration shows that the occurrence of musculoskeletal pain is higher among women 

than men, and is the most common reason for disability among Icelandic women (35.1%) 

(89). A UK based study concluded “Women reported considerably higher rates of 

musculoskeletal pain in virtually all sites and for all age groups” (90). A Japanese general 

population study on NSP reported that the prevalence was 73.9% for women but only 26.1% 

for men (84). An Icelandic cohort study published in 1990 highlighted that more than 40% of 

Icelandic women reported pain from neck or shoulders in the last seven days (91). This 

difference could possibly be explained with sex-related reasons like pain related to 

menstruation and pregnancy (92) or social differences between the sexes when reporting pain 

(81, 88). 

The relationship between body mass index (BMI) and LBP has been studied and results 

indicate that a high BMI is associated with increased prevalence of LBP both for men and 

women (93). A recent study that followed a Norwegian sample for 11 years found a 

significant positive association between BMI and LBP among individuals free of LBP at 

baseline and thus it seems that high value of BMI might be an indicator of LBP, 11 years later 

(94). A recent US study showed similar results where increased BMI was a risk factor for 

LBP and the results demonstrated a stepwise increase in risk of LBP with BMI. The 

prevalence of LBP ranged from 2.9% for subjects with normal BMI to 11.6% for morbidly 

obese subjects (95). A Swedish study that compared the prevalence of overall work-

restricting musculoskeletal pain in an obese population versus a general population found that 

obese subjects had higher musculoskeletal pain than the general population (96). This study 

indicates that BMI may increase the risk of musculoskeletal pain and it is recommended to 

educate patient about physical activity as well as weight loss to reduce the risk of LBP. 

Studies have reported that lower income, lower level of education, and an overall lower 

socioeconomic status are associated with increased prevalence of musculoskeletal pain (15, 

97, 98). Studies have also reported higher risk among individuals with psychological distress 

such as anxiety and depression (99), and high levels of stress (100). 

1.6 Measuring musculoskeletal pain 

There does not seem to be a universally accepted standard on how to measure 

musculoskeletal pain and studies have urged more consistency in measuring pain outcomes to 

enhance comparison between studies in this field. A systematic review conducted to increase 

the understanding of pain assessment in clinical trials concluded that even though the single-

item Visual Analog Scale was used most frequently (in 60% of the included studies), there is 

a need for more consistency in the field (101).  

When measuring and estimating musculoskeletal pain in a large group of people, studies 

have mainly used questionnaires since they offer an easy and convenient way to measure a 
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sizable group of people. A large cross-sectional study conducted in the Netherlands based on 

the Musculoskeletal Conditions and Consequences Cohort (DMC3-study) used a 

questionnaire (14) including five pages of pictures where the participant used color codes to 

show their pain site along with questions. The authors pointed out that the prevalence of 

musculoskeletal pain in population-based surveys, strongly depends on the methods used, 

participants’ definition of pain, and by the way the questions are worded. They concluded, 

however, that it is inevitable for pain assessment to have some sort of self-report (14). Van 

den Heuvel et al. (102) also used the data from the DMC3-study and analyzed whether the 

pain reported on a manikin (a life-sized human model) was different than pain reported using 

written questions. They reported that the manikin gave comparable results as the written 

questions (102).  

Some studies include a clinical examination where participants are examined and their 

pain evaluated. The limitations of this approach are the massive cost associated with 

performing these examinations and the vast amount of time it takes to gather the data. As 

mentioned before, clinical studies can provide detailed information but large-scale studies 

usually do not have the resources to perform the precise measurements needed to obtain such 

detailed information. Thus, when a large epidemiological study is conducted, it is common to 

use only a questionnaire to collect the data (12, 15, 97, 104, 105). The benefits in these latter 

studies are the larger study population and the quicker and less costly data collection than in 

clinical research. The obvious limitation in epidemiological studies is the self-reported data, 

which makes it very hard to rule out possible recall bias, participations over- or 

underestimation of pain, and possible confusion and misunderstandings of the questions. 

Overall, it is recommended that studies try to combine questionnaires with other forms of 

measurements (106-108).  

1.7 Physiology of sedentary behavior and the risk of musculoskeletal pain 

The idea that sedentary behavior may affect the musculoskeletal system has not been easy to 

confirm by physiological studies. Ringholm et al. studied the expression and activity of 

oxidative proteins in skeletal muscle for healthy adults during seven-day bed rest. Their main 

findings show that “only 7 days of physical inactivity reduces skeletal muscle metabolic 

capacity as well as abolishes exercise-induced adaptive gene responses, likely reflecting an 

interference with the ability of skeletal muscle to adapt to exercise” (108). A similar study 

exploring the functional impact of ten-day bed rest on healthy older adults reported that bed 

rest resulted in a considerable loss of lower body strength, power and aerobic capacity (110).  

Latouche et al. (111) studied the important transcriptional events that are induced in 

skeletal muscle when humans take breaks during sedentary time and stand up for a small 

period of time. Their main findings indicate that breaking up sedentary time with small bouts 

changes the expression of skeletal muscle genes that are involved in cellular development, 
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growth, and metabolism (111). Dunstan et al. (112) used similar methods in their study and 

were able to conclude that taking small breaks from sitting lowered postprandial glucose and 

insulin levels in adults that are overweight or obese (112). These studies are in line with 

previous findings where it has been reported that increased sedentary time predicts higher 

levels of insulin (42) and that it is negatively associated with blood glucose (113). 

However, the effects of long-term sedentary behavior on the musculoskeletal pain in 

humans are not well understood and studies usually depend on measures of physical activity 

rather than the measure of sedentary behavior. A large-scale population study investigated the 

association between physical exercise at baseline and the prevalence of musculoskeletal pain 

11 years later (19). Interestingly, individuals who exercised more than three times a week 

were 28% less likely to report chronic musculoskeletal pain 11 years later, and thus the study 

concluded that the prevalence of chronic musculoskeletal complaints were lower among 

physically active individuals than inactive individuals (19). This association was also 

explored in a very recent study conducted by Teichtahl et al. (17) who looked at the 

association between physical inactivity and intervertebral disc height, paraspinal fat content, 

and LPB and disability. The study demonstrated that physical inactivity was associated with 

an increased risk for high-intensity LBP and disability (17). Morken et al. (114) studied the 

association between physical activity and its association with MSD among personnel in the 

Royal Norwegian Navy. They concluded that more physical activity was associated with a 

lower frequency of MSD, and an active lifestyle, both at work and during leisure hours, was 

associated with less musculoskeletal pain in most parts of the body (114). This association 

has also been studied in mice, where Sluka et al. (115) demonstrated that regular physical 

activity prevents the development of muscle pain. They deduced that physical inactivity was a 

risk factor for the development of chronic pain and could affect how the nervous system 

responds to low-intensity muscle discomfort (115). Scientists seem to agree that it is difficult 

to find a direct connection between sedentary behavior and musculoskeletal pain. Research 

shows that a physically active lifestyle has favorable effects on the musculoskeletal system, 

while physical inactivity seems to have some negative determinants on health.  
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Aim 

The aim of this population-based study was to assess the association between sedentary 

behavior and the risk of musculoskeletal pain over a five-year period in the Icelandic 

population.  

I hypothesized: 1) subjects that report more hours of sedentary behavior in 2007 are more 

likely to develop musculoskeletal pain five years later than subjects who reported less hours 

of sedentary behavior and 2) odds of pain increased with more sedentary behavior.
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Methods 

Study design and data 

The current study is a longitudinal population-based cohort study. Data was collected from 

the Health and Wellbeing of Icelanders survey, conducted by the Icelandic Directorate of 

Health (115). A random sample of Icelanders aged 18-79 years was invited to participate in 

the survey in 2007 and again 5 years later, in 2012. Only those who answered both surveys 

were included in the current study. In 2007, the invited sample was 9,807 individuals with 

5,509 responses of the mailed self-reported questionnaire retrieved (60.3% response rate). In 

2012, the 3,676 of those who participated in 2007 and had agreed to partake in a follow up 

study received the follow up questionnaire. Participation response rate at follow up was 

88.7%, therefore the final sample consisted of 3,246 participants. During interconnection of 

data from the two time points, eight participants had invalid responses and thus it was 

possible to interconnect responses from 3,238 participants who had data from both 2007 and 

2012. A flowchart describing inclusion and exclusion of study participants is shown in Figure 

1. 

We excluded those who reported having any musculoskeletal pain in 2007, attempting to 

include only “healthy” (in terms of musculoskeletal pain) individuals at baseline. Participants 

with missing baseline values for any of the following: age, sex, income, education, mobility, 

BMI, musculoskeletal pain, and sedentary behavior were also excluded. The final study 

sample thus consists of 737 individuals, 291 (39%) women and 446 (61%) men, with a mean 

(SD) age of 53 years (± 16). 
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Figure 1: Flowchart describing inclusion and exclusion of study participants. 

 

Study Variables 

All data was obtained from a mailed questionnaire. The following question was used to assess 

sedentary behavior: “How many hours a day did you spend on average sitting last week (only 

count weekdays in your answer)” with the following categorical answer options: Less than 

one hour per day, 1 hour per day, 2-3 h/day, 4-5 h/day, 6-7 h/day, 8-10 h/day, 11-13 h/day, 

14-16 h/day, more than 16 hours per day. Since there are no widely accepted standards on 

categorization on time spent in sedentary behavior (SB), three groups were formed to identify 

strata of sitting time: low SB (0-3 h/day), moderate SB (4-7 h/day), and high SB (8+ h/day) as 

has been done previously in longitudinal studies, such as The Australian Longitudinal Study 

on Women´s Health (116).  

The outcome variables in the current study were musculoskeletal pain in three locations, 

assessed in the 2012 questionnaire by the question: “Have any of the following symptoms: 

muscle inflammation, pain in back/shoulders, and/or frequent headaches influenced your 

daily life, in the last 12 months / more than 12 months ago”. The question did not further 

define “frequent” when asking about headaches. Musculoskeletal pain was treated as a 

categorical variable, and those who answered “yes” (to whether musculoskeletal pain had 

Health and Wellbeing of

Icelanders Sample 2007 & 2012

N=3.238

Did Not Meet Entry Criteria 
(had Any Musculoskeletal Symptoms 
2007, were excluded from the study)

n=2.340

Included in Study 

n=898

NA´s in Data Excluded 

n=161

Study Sample

n= 737 
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affected their life in the last 12 months or more than 12 months ago) were combined in one 

category, “yes”. The answers that were recorded as “no” were kept in the original coding.  

Analyses were adjusted for age since sedentary behavior has been found to vary across age 

groups, although study results vary considerably (7, 29). Age at baseline was classified into 

three groups; 18-39 years old, 40-59 years old, and 60-79 years old. The data was also 

adjusted for sex since numerous studies have reported that the incidence rate of 

musculoskeletal pain is higher among women than men (14, 57, 73, 81, 84, 91, 117). Along 

with age and sex, other baseline factors adjusted for were BMI, mobility, income, education, 

and physical activity as these factors are known to affect sedentary behavior or 

musculoskeletal pain (7, 96, 118).  

BMI (kg/m2) was calculated based on self-reported weight and height. Impaired mobility 

was assessed with the question: “Have mobility limitation influenced your daily life in the last 

12 months or more than 12 months ago?” Income was assessed by the question, “In what 

range do you estimate that your total income per month has been for the last 12 months?” and 

combined into 3 categories (0-279 thousand kr/month, 280-529 thousand kr/month, 530-700+ 

thousand kr/month). Education was classified into five categories ranging from compulsory 

education to University education.  

Research has found that brisk physical activity may lower the risk of musculoskeletal pain 

(18, 119, 120) and thus activity was included in adjusted models. Physical activity was 

assessed with the questions: “How many of the last 7 days did you engage in vigorous 

physical activity for at least 10 minutes so that you became out of breath?” and “How many 

of the last 7 days did you engage in moderate physical activity for at least 10 minutes so that 

your pulse was raised?” with the answer options ranging from 0 to 7 days. The participants 

were also asked to write down the number of minutes they spent each day in physical activity. 

Vigorous and moderate activity were combined and based on the information on frequency 

and duration, the average number of minutes spent in moderate-to-vigorous physical activity 

per week was calculated.  

Data Analysis 

Statistical analysis was conducted using “The R Foundation for Statistical Computing 

Platform” program, version 3.0.2. Frequency of musculoskeletal pain in the three sites 

(muscle inflammation, pain in back or shoulders, frequent headaches) for different levels of 

baseline variables was compared using Chi-square tests statistics and t-test. The association 

between sedentary behavior and musculoskeletal pain coded 0 (no pain) and 1 (pain) was 

evaluated with binary logistic regression separately for each of the three musculoskeletal pain 

sites as the outcome. For each site, three models were run; a crude model including only 

sedentary behavior (model I), age- and sex adjusted model (model II) and fully adjusted 

model (model III), also including BMI, mobility, income, education, and physical activity. 
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Odds ratios were calculated with 95% confidence intervals, statistical significance was set as 

p<0.05. 

Ethical approval 

The Icelandic National Bioethics Committee approved the study. All participants signed an 

informed consent prior to participation and the study followed the guidelines set forth by the 

Declaration of Helsinki. 
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Abstract  

Despite knowledge on unfavorable health effects of sedentary behavior (SB), there is limited 

knowledge about its effects on the musculoskeletal system. The objective of the current 

research was to study the association between sedentary behavior and the risk of 

musculoskeletal pain (muscle inflammation, pain in back or shoulders, frequent headaches) 

over a five-year period in an Icelandic population. Data was obtained from the Health and 

Wellbeing of Icelanders survey conducted in 2007 and 2012. Subjects aged 18-79 years that 

reported no musculoskeletal pain in 2007 and participated in 2012 were included (N=737). 

Sedentary behavior was categorized into low SB (0-3 h/day), moderate SB (4-7 h/day), and 

high SB (8+ h/day). Chi-square tests and multivariable logistic regression analyses were used 

to examine relationships between SB and musculoskeletal pain. At baseline, 22.5% of 

participants reported low SB, 48.7% moderate SB, and 22.8% high SB. Pain in back or 

shoulders was most common, affecting 33.5% of participants, while frequent headaches were 

least common, affecting 6.9%. High prevalence of SB was observed in younger age groups, 

those with higher education and income, and lower physical activity. Unadjusted odds ratios 

were increased for high SB compared with low SB for headache (OR=2.78; CI:1.15-7.75) and 

muscle inflammation (OR:1.70; CI:1.03-2.83). In adjusted models however, this relationship 

became none-significant even though the odds were still amplified with high SB. In this study 

there were indications that more hours of SB were associated with increased likelihood of 

developing musculoskeletal pain. Objective measures of SB may provide opportunities to 

study this subject further. 
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Introduction  

Recent societal development has led to extended sitting throughout most settings of our lives, 

our workplace, home, and transport (1). Evidence suggests that prolonged sitting or sedentary 

behavior (SB) is associated with declining population health and can affect various health 

outcomes, including cardio metabolic risk, type-2 diabetes and premature mortality (2-4). 

These unfavorable associations remain significant after accounting for leisure-time physical 

activity (5, 6). The prevalence of SB varies among countries (7), but the prevalence of SB 

among Icelandic young and middle-aged adults has not been investigated. 

Researchers debate on appropriate definition and measurements of SB (8, 9). The 

Sedentary Behavior Research Network suggests, “Sedentary behavior refers to any waking 

activity characterized by an energy expenditure ≤ 1.5 metabolic equivalent and a sitting or 

reclining posture” (10). Thus, SB is different from physical inactivity, often conceived as a 

lack of moderate-to-vigorous physical activity (7).  

Musculoskeletal pain affects the muscles, ligaments, tendons, bones and can be caused by 

a variety of reasons such as repetitive movements, overuse, or even prolonged immobilization 

(11, 12). The occurrence of musculoskeletal pain has increased in the last few decades (13-

15). The prevalence of lower back pain (LBP) has been reported as 38.9% (16), neck and 

shoulder pain as 48.3% (17) and the Fourth European working survey concluded that 24.7% 

of employees reported backache and 22.8% muscular pain in the shoulder, neck, or lower 

limbs (18). Pain stemming from back, neck, shoulder, and head is most frequently reported 

(19-21) with considerable impact and enormous cost on individuals, health and social care 

systems (22). 

Lower levels of physical activity have been associated with an increased risk of severe 

LBP and disability, even after adjusting for age, sex and body mass index (BMI) (23). Also, a 

narrower average lumbosacral intervertebral disc height has been found in the least active 

participants compared with the more active ones (23). Two studies based on data from the 

North-Trøndelag Health Survey found that hours of physical exercise per week were 

inversely related to risk of chronic musculoskeletal pain (24, 25). In obese individuals, who 

had approximately 20% increased risk of chronic pain, exercising for one or more hours per 

week compensated for the unfavorable effect of high BMI on risk of chronic pain (24). 

However, studies on the potential association between SB and musculoskeletal pain are 

scarce. Many of the published studies have focused on LBP and those show heterogeneous 

results. Systematic reviews argue that there is not enough evidence to confirm that SB is a 

risk factor for developing LPB (26-28) and the relationship of SB with other common 

symptoms of the musculoskeletal system is unknown.  

Thus, the aim of this population-based study was to assess the association between SB and 

the risk of musculoskeletal pain over a five-year period in the Icelandic population. We 
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hypothesized that 1) subjects that report more hours of sedentary behavior in 2007 are more 

likely to develop musculoskeletal pain five years later than subjects who reported less hours 

of sedentary behavior and 2) odds of pain increased with more sedentary behavior. 

Methods 

Study design and data 

The current study is a longitudinal population-based cohort study. Data was collected from 

the Health and Wellbeing of Icelanders survey, conducted by the Icelandic Directorate of 

Health (29). A random sample of Icelanders aged 18-79 was invited to participate in the 

survey in 2007 and again 5 years later, in 2012. Only those who answered both surveys were 

included in the current study. In 2007, the invited sample was 9,807 individuals with 5,509 

responses of the mailed self-reported questionnaire retrieved (60.3% response rate). In 2012, 

the 3,676 of those who participated in 2007 and had agreed to partake in a follow up study 

received the follow up questionnaire. Participation response rate at follow up was 88.7%; 

therefore the final sample consisted of 3,246 participants. During interconnection of data from 

the two time points, eight participants had invalid responses and thus it was possible to 

interconnect responses from 3,238 participants who had data from both 2007 and 2012. A 

flowchart describing inclusion and exclusion of study participants is shown in figure 1. 

We excluded those who reported having any musculoskeletal pain in 2007, attempting to 

include only “healthy” (in terms of musculoskeletal pain) individuals at baseline. Participants 

with missing baseline values for any of the following: age, sex, income, education, mobility, 

BMI, musculoskeletal pain, and sedentary behavior were also excluded. The final study 

sample thus consists of 737 individuals, 291 (39%) women and 446 (61%) men, with a mean 

(SD) age of 53 years (± 16). 
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Figure 1: Flowchart describing inclusion and exclusion of study participants. 

 

Study Variables 

All data was obtained from a mailed questionnaire. The following question was used to assess 

sedentary behavior: “How many hours a day did you spend on average sitting last week (only 

count weekdays in your answer)” with the following categorical answer options: Less than 

one hour per day, 1 hour per day, 2-3 h/day, 4-5 h/day, 6-7 h/day, 8-10 h/day, 11-13 h/day, 

14-16 h/day, more than 16 hours per day. Since there are no widely accepted standards on 

categorization on time spent in sedentary behavior, three groups were formed to identify 

strata of sitting time: low SB (0-3 h/day), moderate SB (4-7 h/day), and high SB (8+ h/day) as 

has been done previously in longitudinal studies, such as The Australian Longitudinal Study 

on Women´s Health (30).  

The outcome variables in the current study were musculoskeletal pain in three locations, 

assessed in the 2012 questionnaire by the question: “Have any of the following symptoms: 

muscle inflammation, pain in back/shoulders, and/or frequent headaches influenced your 

daily life, in the last 12 months / more than 12 months ago”. The question did not further 

define “frequent” when asking about headaches. Musculoskeletal pain was treated as a 

categorical variable, and those who answered “yes” (to whether musculoskeletal pain had 

Health and Wellbeing of

Icelanders Sample 2007 & 2012

N=3.238

Did Not Meet Entry Criteria 
(had Any Musculoskeletal Symptoms 
2007, were excluded from the study)

n=2.340

Included in Study 

n=898

NA´s in Data Excluded 

n=161

Study Sample

n= 737 
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affected their life in the last 12 months or more than 12 months ago) were combined in one 

category, “yes”. The answers that were recorded as “no” were kept in the original coding.  

Analyses were adjusted for age since SB has been found to vary across age groups, 

although study results vary considerably (7, 31). Age at baseline was classified into three 

groups; 18-39 years old, 40-59 years old, and 60-79 years old. The data was also adjusted for 

sex since numerous studies have reported that the incidence rate of musculoskeletal pain is 

higher among women than men (17, 20, 32-36). Along with age and sex, other baseline 

factors adjusted for were BMI, mobility, income, education, and physical activity as these 

factors are known to affect SB or musculoskeletal pain (7, 37, 38).  

BMI (kg/m2) was calculated based on self-reported weight and height. Impaired mobility 

was assessed with the question: “Have mobility limitation influenced your daily life in the last 

12 months or more than 12 months ago?” Income was assessed by the question, “In what 

range do you estimate that your total income per month has been for the last 12 months?” and 

combined into 3 categories (0-279 thousand kr/month, 280-529 thousand kr/month, 530-700+ 

thousand kr/month). Education was classified into five categories ranging from compulsory 

education to University education.  

Research has found that brisk physical activity may lower the risk of musculoskeletal pain 

(24, 39, 40) and thus activity was included in adjusted models. Physical activity was assessed 

with the questions: “How many of the last 7 days did you engage in vigorous physical activity 

for at least 10 minutes so that you became out of breath?” and “How many of the last 7 days 

did you engage in moderate physical activity for at least 10 minutes so that your pulse was 

raised?” with the answer options ranging from 0 to 7 days. The participants were also asked 

to write down the number of minutes they spent each day in physical activity. Vigorous and 

moderate activity were combined and based on the information on frequency and duration, 

the average number of minutes spent in moderate-to-vigorous physical activity per week was 

calculated.  

Data Analysis 

Statistical analysis was conducted using “The R Foundation for Statistical Computing 

Platform” program, version 3.0.2. Frequency of musculoskeletal pain in the three sites 

(muscle inflammation, pain in back or shoulders, frequent headaches) for different levels of 

baseline variables was compared using Chi-square tests statistics and t-test. The association 

between SB and musculoskeletal pain coded 0 (no pain) and 1 (pain) was evaluated with 

binary logistic regression separately for each of the three musculoskeletal pain sites as the 

outcome. For each site, three models were run; a crude model including only SB (model I), 

age- and sex adjusted model (model II) and fully adjusted model (model III), also including 

BMI, mobility, income, education, and physical activity. Odds ratios were calculated with 

95% confidence intervals, statistical significance was set as p<0.05. 
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Ethical approval 

The Icelandic National Bioethics Committee approved the study. All participants signed an 

informed consent prior to participation and the study followed the guidelines set forth by the 

Declaration of Helsinki. 

Results  

Baseline characteristics of the study sample and SB are presented in Table 1. The mean age 

was 54.6 years for men and 50.7 years for women (p<0.001). The average BMI was slightly 

higher for men (27.1 kg/m2) than for women (26.4 kg/m2), but this difference was non-

significant (p=0.07). At baseline, 22.5% of participants were classified as having low SB (0-3 

h/day), 48.7% having moderate SB (4-7 h/day), and 22.8% high SB (8+ h/day). High 

occurrence of SB was observed in younger age groups, those with higher education and 

income, and lower physical activity (Table 1).
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Baseline characteristics and incidence of reported pain with p-value for comparisons of 

subgroups are presented in Table 2. After five years of follow up, having or having had pain 

in back or shoulders, was reported by 33.5% of the participants, while 20.2% reported muscle 

inflammation and 6.9% of the participants reported having frequent headaches. More women 

than men reported musculoskeletal pain in any of the three sites and the mean age was lower 

for those participants who had developed musculoskeletal pain than for those who reported 

not to have such pain (Table 2).  

The incidence of muscle inflammation was significantly higher in those who were most 

sedentary compared with those who were least sedentary. A similar trend was observed for 

frequent headaches but the incidence of pain in back or shoulders did not differ across 

categories of SB. The incidence of musculoskeletal pain did not differ across categories of 

BMI, income, education, mobility, or physical activity for any of the body sites under study 

(Table 2). 

Table 1: Baseline characteristics of the study sample and SB 
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Table 2: Study demographics with p-value for comparisons of subgroups 
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The results of the logistic regression analyses are presented in Table 3. In the crude model, 

odds of muscle inflammation were significantly increased with high SB compared with low 

SB. The odds were still increased in adjusted models but the results were no longer 

statistically significant. High SB was associated with increased odds of frequent headaches 

compared with low SB in the crude model. In adjusted models however, this relationship 

became none-significant even though the odds were still amplified with high SB. The 

association between SB and pain in back or shoulders did not reach statistical significance in 

any of the models. Additional analyses run separately for women and men did not result in 

meaningfully different results from those presented above (data not shown). 

 

 

 

 

 

Table 3: Logistic regression 
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Discussion 

This population-based study examined the association between sedentary behavior and the 

risk of musculoskeletal pain over a five-year period. To the best of our knowledge, this is the 

first research reporting the prevalence of SB among young middle-aged Icelanders. In 

summary, we found that half of the study population reported 4-7 hours of SB per day, one 

third reported pain in back or shoulders, a higher proportion of women than men reported 

pain in any of the three sites, and the mean age of participants who developed 

musculoskeletal pain was lower than of those who did not. We also found higher unadjusted 

odds ratios for both frequent headache and muscle inflammation in those with high SB 

compared with low. 

In this sample, 48.7% of study participants reported 4-7 hours of SB per day. Due to the 

data being collected as categorical parameter we cannot calculate mean sedentary time but 

our results seem comparable with 5 hours of sitting per day reported in a multinational survey 

of adults aged 18-65 years in 20 different countries (7). Objective measures from various 

countries show similar results, although when measured with accelerometers the average 

sitting time seems to be somewhat greater or 7.7-8.4 hours/day (31, 41) and even more so in 

older adults aged 65-98 years or 9.6-10.5 h/day (42, 43).  

Pain in back or shoulders was most common in our study, affecting 33.5% of the 

participants at some point during the follow up. The questionnaire in our study did not 

specifically estimate LBP, making direct comparison to other studies difficult. In particular, 

an Icelandic study has reported the prevalence of chronic LBP being 16.2% (44). Numerous 

studies indicate the lifetime prevalence of LBP to be around 38.9-85.5%, point prevalence 

around 37.1% (16, 45) and even an increase over a 10-year interval where one-year 

prevalence of LBP in UK rose from 36.4% to 49.1% between 1987 and 1997 (46).  

Muscle inflammation affected 20.2% of study participants. Although the typical Icelandic 

use of the phrase “vöðvabólga” (e. muscle inflammation) refers to the trapezius and 

surrounding muscles, the questionnaire did not further define specific location when asking 

about muscle inflammation and therefore we cannot make direct comparisons to other studies.  

Frequent headaches were the least common complaint in the current study, reported by 

6.9% of the study participants. Comparing the prevalence of headache can be complicated 

since studies differ in their use of methods and definitions. A large study of the epidemiology 

of headache in Europe reported that one-year prevalence rate for headache of both sexes in 

adults ranged between 29 and 77% and overall prevalence for migraine was between 9.6 and 

24.6% (47).  
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Our results show higher prevalence of musculoskeletal pain among women compared with 

men in all of three sites, which is consistent with numerous other studies (16, 17, 32-34, 48). 

However, the relationship between SB and pain did not seem to differ when additional 

analyses were run separately for women and men. 

Participants who had developed musculoskeletal pain during the follow up time had lower 

mean age than those who reported not to have such pain. This is not in line with other 

research reporting that the occurrence of musculoskeletal pain increases with age (21, 32) and 

the peak prevalence seems to be around age 45 to 59 years old (49, 50). This difference could 

stem from the reason that our study was included only individuals who were pain-free at 

baseline in order to examine the prospective effect of SB on pain-free (healthy) individuals. 

The prerequisite of only using pain-free individuals could also be the reason why more men 

than women were included in the study. 

When measuring pain it is important to realize that pain is personal and often subjective, 

and thus patients´ self-reports are usually a valid measurement (51). There does not seem to 

be a universally accepted standard on how to measure musculoskeletal pain and many 

multidimensional scales are available (52). There is also potential bias in using self-reporting 

methods for SB. Celis-Morale et al. found that when using the International Physical Activity 

Questionnaire, reported sitting time was 13% lower than accelerometer-derived sedentary 

time. Thus, using self-report methods to determine SB may lead to under-reporting of 

sedentary behavior (53). The current study also reported sitting time during weekdays only. 

However, previous results indicate that average SB varies only slightly between weekdays 

and weekends (54, 55) and thus the lack of weekend data unlikely influences the results. 

We hypothesized that subjects who reported more hours of SB at baseline had higher odds 

of developing musculoskeletal pain during the follow up. Crude analyses indicated that high 

SB was associated with more frequent muscle inflammation and frequent headaches, these 

associations became non-significant after adjusting for age and sex although the trend of 

increased odds remained for these two outcomes. Thus, these results do not support the 

hypothesis of increased odds of musculoskeletal pain with increased SB.  

Unfortunately, there are very few previous studies that we can compare with that explore 

this possible association between SB and musculoskeletal pain. The study of SB is a 

developing research field and for the time being, our results can merely be related to research 

on physical inactivity where it has been reported that the prevalence of chronic 

musculoskeletal complaints was lower among physically active individuals than inactive 

individuals (25). Morken et al. studied this association and concluded that more physical 

activity was associated with a lower frequency of musculoskeletal disorders, and an active 

lifestyle, both at work and during leisure hours, was associated with less musculoskeletal pain 

in most parts of the body (56). This association has also been studied in mice, where Sluka et 

al. demonstrated that regular physical activity prevented the development of muscle pain; and 
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thus concluded that physical inactivity is a risk factor for the development of chronic pain and 

could affect how the nervous system responds to low-intensity muscle discomfort (57).  

The main strength of the current study lies in a relatively large population based sample. 

The study also excluded all individuals with known musculoskeletal pain at baseline and 

consists of a pain-free sample. The prospective assessment of the effect of SB on 

musculoskeletal pain hopefully contributes to minimizing bias in the selection of events as 

well as in reporting of SB.  

The study may be limited by factors that confound the relationship between SB and 

musculoskeletal pain but were not accounted for in the study. The use of self-reported 

questionnaires may lead to over- or under reporting of both SB and pain and this may have 

affected our results. Further, the Icelandic population is rather homogeneous in terms of 

ethnicity and culture and thus the findings may not be generalizable to other populations. 

Future studies need to focus more on the measurement of SB. In a new era of inactivity 

and sedentary physiology, standardized tools to explore SB and its effects on the human 

musculoskeletal system are needed. Further, high quality longitudinal studies are required to 

determine the cause and effect relationship of this potential association. In this current study, 

there were indications that more hours of SB were associated with increased likelihood of 

developing musculoskeletal pain but after adjusting for age and sex the relationships were 

non-significant.  
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Afterword 

Previous studies on the potential association between sedentary behavior and musculoskeletal 

pain are scarce and unknown. In this population-based cohort study there were indications 

that more hours of SB were associated with increased likelihood of developing 

musculoskeletal pain but after adjusting for age and sex the relationships were non-

significant, even though the odds were still increased with high SB. Previous studies have 

found that prolonged sitting or high sedentary behavior is harmful for various health 

outcomes but whether it could also have deleterious effects on individual’s musculoskeletal 

health requires further investigation. Our findings hopefully encourage further investigations 

on the effects of sedentary behavior on the musculoskeletal system. Further, standardized 

tools to measure SB are needed and future studies should try to determine the cause and effect 

of this potential association. 
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