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Abstract 

Background: Musculoskeletal pain is a burden for the individual and for 
society, and it has a negative impact on overall health. The biological, 
psychological, and social factors that govern pain and health form a 
complex puzzle to put together. Musculoskeletal pain conditions may be 
alleviated by physical activity, but a too high level of physical activity may 
also increase the risk of pain. Youth athletes may be especially vulnerable to 
developing pain due to factors related to training load and physical maturity. 
Being physically active and maintaining a healthy diet is associated with 
better health, but if carried out to excess these health behaviours may 
become unhealthy. Our understanding of musculoskeletal pain and health in 
adolescents and young adults needs to be developed, both in individuals 
involved in sports and exercise and in the general population. 
 
Aim: The overall aim was to study musculoskeletal pain and its relationship 
to various health-related factors in adolescents and young adults enrolled in 
sport or general education programmes. 
 
Methods: Study I was a cross-sectional study on university students (aged 
19–29) from an exercise science programme (n = 118) and a business 
programme (n = 89), assessing health status, physical activity, and 
orthorexia nervosa (an exaggerated fixation on healthy food). Study II was a 
cross-sectional study (n = 178), and Study III a 2-year longitudinal (n = 
131) study on sport school students (aged 14 at baseline), assessing 
musculoskeletal pain, health status, physical maturity, and sports 
performance. Study IV was a 3-year longitudinal study on students from a 
general upper secondary school (n = 256, aged 16 at baseline), assessing 
chronic musculoskeletal pain, health status, physical activity, sleep, stress, 
anxiety, and depression.  
 
Results: In Study I, compared to business students, exercise science 
students reported more pain, but better general health. A high level of 
physical activity in combination with orthorexia nervosa was most prevalent 
in men from the exercise science programme. In Studies II and III, pain was 
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common in sport school students. At baseline, boys with constant pain were 
not as physically mature as boys with infrequent pain. Students with 
constant pain reported a worse health status than students with infrequent 
pain. At follow-up, frequent pain, frequent pain in two or more body 
regions, and a worse health status at baseline were identified as risk factors 
for having frequent pain at follow-up in girls. For boys, late physical 
maturation at baseline was a risk factor. Involvement in non-contact sports 
was also an identified risk factor over time in both sexes. Pain was 
associated with a worse sports performance in boys at both baseline and 
follow-up. In Study IV, chronic musculoskeletal pain was common in 
students from a general upper secondary school. A worse health status, 
severe sleeping problems, anxiety, and chronic musculoskeletal pain at 
baseline were associated with reporting chronic musculoskeletal pain at 
follow-up. 
 
Conclusions: Pain was prevalent, and also persistent, in adolescents and 
young adults, irrespective of attending sport or general education 
programmes. Pain is a biopsychosocial phenomenon and must be treated as 
such. Pain should be frequently monitored, and treatment should be 
introduced early on to prevent pain from becoming persistent. 
 
Keywords: musculoskeletal pain, health status, physical activity, orthorexia 
nervosa, sports, sleep, stress, anxiety, depression, physical maturity, 
students, school, biopsychosocial 
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Sammanfattning på svenska 

Smärta definieras som ”en obehaglig sensorisk och emotionell upplevelse 
förenad med verklig eller möjlig vävnadsskada eller beskriven som sådan 
skada” enligt the International Association for the Study of Pain. Smärta i 
muskler och leder (muskuloskeletal smärta) inverkar negativt på den 
allmänna hälsan och bidrar till stora samhällskostnader i form av sjukvård 
och sjukskrivningar. Olika biologiska, psykologiska och sociala faktorer 
påverkar smärta och hälsa. Smärta är bland annat relaterat till fysisk 
funktionsnedsättning i muskler och leder, en sämre självupplevd hälsa, 
sömnproblem, ångest och depression. Smärta kan också inverka negativt på 
arbetsförmågan och på studieresultat. Att ha smärta i unga år är förenat med 
en ökad risk för att uppleva smärta i vuxen ålder, vilket gör det viktigt att 
tidigt identifiera smärta hos unga. 
 
Fysisk aktivitet kan hjälpa mot smärta, men sambanden mellan smärta, hälsa 
och fysisk aktivitet är komplexa. Att vara fysiskt aktiv på en moderat nivå är 
förknippat med positiva hälsoeffekter, men fysisk aktivitet på en 
högintensiv nivå kan ge en ökad risk för att uppleva smärta. Idrottande 
ungdomar kan vara särskilt utsatta för att utveckla smärta på grund av 
faktorer kopplade till träningsbelastning, fysisk mognad och tillväxt. 
 
Sambanden mellan smärta och olika hälsofaktorer är inte helt etablerade, 
vilket skapar ett komplext pussel. Hälsosamma beteenden som utförs med 
målet att främja hälsa kan bli ohälsosamma om de utförs till överdrift, så 
som en allt för hög nivå av fysisk aktivitet eller en överdriven fixering vid 
hälsosam mat. Det finns ett behov av att öka förståelsen för smärta och hälsa 
hos ungdomar och unga vuxna som går specifika idrottsutbildningar och 
allmänna utbildningar. 
 
Det övergripande syftet med avhandlingen var att studera muskuloskeletal 
smärta och dess relation till ett flertal hälsorelaterade faktorer hos ungdomar 
och unga vuxna som studerar inom idrottsutbildningar eller allmänna 
utbildningar. Avhandlingen består av fyra studier gjorda med kvantitativ 
metodik.  
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Studie I var en tvärsnittsstudie där hälsostatus, fysisk aktivitet och ortorexia 
nervosa undersöktes genom frågeformulär hos universitetsstudenter (19–29 
år) från ett idrottsprogram (118 studenter) och ett ekonomprogram (89 
studenter). Smärta var en av åtta delskalor som ingick i frågeformuläret som 
rörde hälsostatus. Ortorexia nervosa beskrivs som en överdriven fixering vid 
hälsosam mat. Skillnader mellan studenter vid idrottsprogrammet och 
ekonomprogrammet studerades samt samband mellan hälsostatus, fysisk 
aktivitet och ortorexia nervosa. Resultaten från studien var att studenterna 
från idrottsprogrammet upplevde mer smärta, men en bättre allmän hälsa än 
ekonomstudenterna. En större andel av idrottsstudenterna (35 %) jämfört 
med ekonomstudenterna (15 %) uppfyllde kriterierna för ortorexia nervosa. 
En hög nivå av fysisk aktivitet i kombination med ortorexia nervosa var 
mest förekommande hos män från idrottsprogrammet och minst 
förekommande hos kvinnor från ekonomprogrammet. 
 
Studierna II och III var del av projektet ”Malmö Youth Sport Study” där 
elever (14 år vid studiernas start) från ett idrottshögstadium deltog. På 
högstadiet finns både kontaktidrotter (lagidrotter) och icke-kontaktidrotter 
(individuella idrotter) representerade. Eleverna antas inom en idrott och 
träningar utövas under skoltid. I studierna som pågick mellan årskurs 7–9 
undersöktes smärta och hälsostatus genom frågeformulär, grad av fysisk 
mognad genom mätning av kroppsmått och idrottsprestation genom 
idrottstester.  
 
Studie II var en tvärsnittsstudie på 178 elever från årskurs 7 där sambanden 
mellan smärta, hälsostatus, fysisk mognad och idrottsprestation studerades. 
Eleverna delades in i grupperna ”sporadisk” (19 %), ”frekvent” (51 %) och 
”konstant” (30 %) smärta och grupperna med sporadisk och konstant smärta 
jämfördes med varandra. Resultaten från studien var att pojkar med konstant 
smärta inte var lika utvecklade i sin fysiska mognad som pojkar med 
sporadisk smärta. Elever med konstant smärta upplevde en sämre 
hälsostatus än elever med sporadisk smärta. Smärta var förknippat med en 
sämre idrottsprestation hos pojkar. 
 
Studie III var en longitudinell studie på 131 elever med mätningar från 
årskurs 7 och 2-årsuppföljning från årskurs 9 där riskfaktorer för att 
bibehålla eller utveckla smärta över tid studerades. Eleverna delades in i 
grupperna ”sporadisk” och ”frekvent” smärta. Resultaten från studien var att 
en av två elever rapporterade frekvent smärta (definierat som smärta minst 
en gång i veckan) i årskurs 7 (54 %) och i årskurs 9 (47 %). Frekvent 
smärta, två eller fler smärtområden och en sämre hälsostatus i årskurs 7 var 
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riskfaktorer för flickor för att uppge frekvent smärta vid uppföljningen i 
årskurs 9. För pojkar var en sen utveckling av fysisk mognad i årskurs 7 en 
riskfaktor. Utövande av en icke-kontaktidrott i jämförelse med kontaktidrott 
var en riskfaktor för både pojkar och flickor för att tillhöra gruppen med 
frekvent smärta två år senare. Smärta var förknippat med en sämre 
idrottsprestation vid uppföljningen för pojkar. 
 
Studie IV var en longitudinell studie där kronisk smärta, hälsostatus, fysisk 
aktivitet, sömn, stress, ångest och depression undersöktes genom 
frågeformulär hos elever (16 år vid studiens start) från en allmän 
gymnasieskola i början av årskurs 1 (256 elever) och vid 3-årsuppföljning 
vid slutet av årskurs 3 (174 elever). Riskfaktorer för att bibehålla eller 
utveckla kronisk smärta över tid studerades. Resultaten från studien var att 
kronisk smärta (definierat som smärta mer än 3 månader de senaste 12 
månaderna) var vanligt hos gymnasieungdomar både i årskurs 1 (24 %) och 
vid uppföljningen i årskurs 3 (25 %). En sämre hälsostatus, svåra 
sömnproblem, ångest och kronisk smärta i årskurs 1 var riskfaktorer för att 
rapportera kronisk smärta vid 3-årsuppföljningen. 
 
Sammanfattningsvis var smärta vanligt hos ungdomar och unga vuxna 
oavsett vilken typ av utbildning som de var antagna inom. Att ha smärta 
redan från studiernas start var förknippat med smärta 2–3 år senare i de 
uppföljande studierna, men andra aspekter identifierades också som 
riskfaktorer för smärta, så som sämre hälsostatus, sömnproblem, ångest, en 
sen utveckling av fysisk mognad hos pojkar samt utövande av icke-
kontaktidrotter. En hög förekomst av smärta har visats i tidigare forskning, 
men få studier har inriktat sig specifikt på smärta hos idrottande ungdomar 
och samtidigt undersökt hälsostatus, fysisk mognad och idrottsprestation. 
Att studera samband mellan hälsostatus, fysisk aktivitet och ortorexia 
nervosa hos studenter hade inte gjorts tidigare, vilket bidrar till kunskap 
inom ett relativt nytt forskningsfält. 
 
Resultaten från avhandlingen riktar sig till föräldrar, idrottstränare, 
personliga tränare, idrottslärare, skol- och universitetspersonal, skol- och 
studenthälsovården, fysioterapeuter, övrig personal inom hälsovården och 
andra yrkesverksamma som möter ungdomar och unga vuxna inom idrotten, 
idrottsutbildningar och allmänna utbildningar. Smärta är ett biopsykosocialt 
fenomen och måste behandlas som sådant. Smärta bör utvärderas och 
kontrolleras ofta och behandling bör sättas in tidigt i förloppet. Ett 
förebyggande arbete behövs hos ungdomar och unga vuxna för att motverka 
att smärta blir till ett långvarigt tillstånd.  
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Thesis at a glance 

Study I: Health status, physical activity, and orthorexia nervosa in 
university students 
Participants and methods: A cross-sectional study on students (aged 19–29) from an exercise 
science (E) programme (n = 118) and a business (B) programme (n = 89), comparing health 
status, physical activity (PA) and orthorexia nervosa (ON). Conclusions: E students reported 
more pain, but better general health than B students. E students also reported a higher 
prevalence of ON than B students (34.5% vs. 15.4%). A high level of PA in combination 
with ON was most prevalent in E men and least prevalent in B women. 
 
Table: Prevalence of the combination of a high level of physical activity and orthorexia nervosa, 
stratified by programme and sex 
 High level of physical activity and orthorexia nervosa 
Exercise science men 45.1% 
Exercise science women 22.4% 
Business men 13.3% 
Business women 8.3% 

 
Study II: Musculoskeletal pain, health status, maturity, and sports 
performance in 14-year-old sport school students 
Participants and methods: A cross-sectional study (n = 178) assessing musculoskeletal pain, 
health status, physical maturity, and sports performance. Conclusions: Students (n = 167) 
reported infrequent (18.6%), frequent (50.9%) or constant (30.5%) pain. Boys with constant 
pain were not as physically mature as boys with infrequent pain and performed worse in 
sports performance tests. Students with constant pain reported a worse health status than 
students with infrequent pain. 

 
Figure: Pain prevalence for boys (n = 100) and girls (n = 67)   
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Study III: Musculoskeletal pain, health status, maturity, and sports 
performance in sport school students – a two-year follow-up 
Participants and methods: A longitudinal study (n = 131, aged 14 at baseline) assessing risk 
factors at baseline associated with musculoskeletal pain at follow-up. Conclusions: Students 
reported infrequent (53%) or frequent pain (47%) at follow-up. Frequent pain, frequent pain 
in two or more body regions, and a worse health status at baseline were identified as risk 
factors in girls. For boys, late physical maturation at baseline was a risk factor. Involvement 
in non-contact sports was a risk factor over time in both sexes. Pain was associated with a 
worse sports performance in boys at follow-up. 

Figure: Baseline risk factors for frequent pain at follow-up for all students (n = 131) 

Study IV: Risk factors in 16-year-old students for chronic musculoskeletal 
pain at three-year follow-up 
Participants and methods: A longitudinal study on students from a general upper secondary 
school (aged 16 at baseline), assessing chronic musculoskeletal pain (CMP), health status, 
physical activity, sleep, stress, anxiety, and depression. Conclusions: Students reported CMP 
or not at baseline (n = 221, 23.5% vs. 76.5%) and at follow-up (n = 154, 25.3% vs. 74.7%). 
A worse health status, severe sleeping problems, anxiety, and CMP at baseline were 
associated with reporting CMP at follow-up. 

Figure: Baseline risk factors for CMP at follow-up for all students (n = 154) 

Girls (ref. boys)
Frequent pain (ref. infrequent pain)
1 region with frequent pain (ref. 0)
≥ 2 regions with frequent pain (ref. 0)
EQ-5D < 1.00 (ref. 1.00)
Late physical maturation (ref. average)
Non-contact sports (ref. contact)

-1 1 3 5 7 9 11 13 15 17

OR (95%CI)

CMP (ref. no CMP)
EQ-5D < 0.85 (ref. ≥ 0.85)
Severe sleeping problems (ref. no problems)
Possible anxiety (ref. no anxiety)
Probable anxiety (ref. no anxiety)

-1 1 3 5 7 9 11 13

OR (95% CI)
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Introduction 

Musculoskeletal pain (hereafter referred to as pain) in adolescents and 
adults is an economic burden for society (1, 2) and a burden for the 
individual (3, 4). Pain is associated with various biological, psychological, 
and social factors, such as functional disability (5), worse health status (6), 
sleeping problems (7), anxiety and depression (8, 9), sick-leave, and 
interference with working life (10) or academic achievement (11). Pain in 
adolescence may predict pain conditions in young adulthood (12), and early 
identification is of the utmost importance to prevent pain from becoming 
persistent. 
 
Pain conditions may be alleviated by physical activity, but the relationship 
between pain, health, and physical activity is complex. Being physically 
active on a moderate level is associated with better health in the general 
population (13, 14). High-intensity exercise results in additional health 
benefits (15), but a too high level of physical activity may also increase the 
risk of pain (16-18). Youth athletes may be especially vulnerable to 
developing pain due to factors related to training load (19), physical 
maturity, and growth (20). 
 
The biological, psychological, and social factors that affect pain and health 
form a complex puzzle to put together. Typical health behaviours carried 
out to excess may become unhealthy, such as a high level of physical 
activity and an exaggerated fixation on healthy food. Our understanding of 
pain and health in adolescents and young adults needs to be developed, both 
in individuals involved in sports and exercise and in the general population. 
The overall aim of this thesis was to study musculoskeletal pain and its 
relationship to various health-related factors in adolescents and young adults 
enrolled in sport or general education programmes. 
 
  



20 

  



21 

Background 

Theoretical framework 
Health is an important resource for both the individual and for society, with 
implications in many different arenas (21). In the health field, one 
commonly used theoretical framework is the biopsychosocial model, which 
emphasises that biological, psychological, and social factors contribute to 
health. This model describes the connection between body and mind (22, 
23), where physiological processes, emotions, behaviour, social network 
and context are important elements in understanding and treating conditions, 
as well as in promoting well-being (24). According to this model, health lies 
in the centre of the biological, psychological and social domains (22, 23). 
 
This thesis involves biological, psychological, and social factors to aid 
understanding of the complex relationships between pain and various 
health-related factors. To illustrate how this thesis relates to Engel’s 
biopsychosocial model (22, 23), the model has been integrated with the 
studied variables (Figure 1). It is important to highlight that there are 
overlaps between the three domains and thus among the studied variables, 
both in relation to the model and to each other. Pain can be related to 
biological, psychological, and social factors, since pain involves signals in 
the nervous system (25), is a subjectively perceived sensation (26), and may 
be affected by social circumstances (27), and is therefore present in all three 
domains.  
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Figure 1: The biopsychosocial model inspired by Engel (22, 23) with the addition of variables 
applied in this thesis 
 
To further elaborate on the biopsychosocial model, Tengland’s two-
dimensional theory on health (28) will also be adapted as a theoretical 
framework for this thesis. The two dimensions are continuums of ability–
disability and well-being–suffering. According to Tengland (28), health is 
the combination of having: a) the abilities that are typically displayed by 
most people and be able to use them and b) well-being. These two 
dimensions affect each other interchangeably and contribute to the 
collective feeling of health (Figure 2). Abilities describe the degree to which 
a person functions and performs physically, mentally, emotionally, and 
socially, and possesses the basic competences within these areas (29). 
Health-related well-being is described as a continuum of pleasant or 
unpleasant sensations, emotions or feelings (29). Disease is described as an 
internal condition that reduces ability and well-being (29). The ability–
disability dimension reflects the biological aspect in the biopsychosocial 
model, whereas the well-being–suffering dimension corresponds to the 
psychological aspect. The social aspect in Tengland’s theory (28) is 
constituted by the norms that surround abilities and well-being. 
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Figure 2: Tengland’s two-dimensional theory on health. Figure inspired by Tengland (28) 
 
Health is also determined by lifestyle. Lifestyle is a broad concept 
encompassing both individual behaviours and societal conditions (30-32). 
Lifestyle habits constitute one element of the lifestyle concept. Lifestyle 
habits include physical activity, diet, tobacco use, and alcohol consumption 
(33), as improving those lifestyle habits are associated with reduced 
mortality risk (34), but other areas may also be included. In this thesis, the 
lifestyle habits of physical activity, diet (orthorexia nervosa), sleep, and 
stress have been studied.  
 

Pain 
The newly published revised definition of pain is “An unpleasant sensory 
and emotional experience associated with, or resembling that associated 
with, actual or potential tissue damage” (35, 36). With minor revisions, the 
new definition replaced the older definition used between 1979–2020 (26, 
37). Pain is a subjective feeling that is impacted by individual conditions 
and previous history of events. It is a multifaceted state influenced by 
biological, psychological, and social factors (35, 36). 
 
Pain can be classified into three categories: nociceptive pain, neuropathic 
pain, and nociplastic pain. Nociceptive pain is “Pain that arises from actual 
or threatened damage to non-neural tissue and is due to the activation of 
nociceptors” (26). It reflects a normal response in the pain system (38). 
Neuropathic pain is “Pain caused by a lesion or disease of the 
somatosensory nervous system” (26, 38-40). Nociplastic pain is “Pain that 
arises from altered nociception despite no clear evidence of actual or 
threatened tissue damage causing the activation of peripheral nociceptors or 
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evidence for disease or lesion of the somatosensory system causing the 
pain” (26, 38). It is characterized by dysfunction of modulation in the pain 
system, leading to an increased pain sensitization (38). 
 
Pain is also described in terms of acute pain or chronic pain (41). Chronic 
pain is defined as “persistent or recurrent pain lasting longer than three 
months” (42). The term is used to describe pain that has persisted longer 
than the expected healing time for tissue damage or when pain or functional 
disability is more severe than what would be expected from a disease (42). 
 

Pain physiology 
Nociceptive pain is caused by the activation of nociceptors. The nociceptors 
may react to stimuli in the form of mechanical pressure, inflammation, 
tissue hypoxia, and temperature. The electrical signals of nociceptor 
activation are conducted via the primary afferent neurons A-delta-fibers and 
C-fibers. The myelinated A-delta-fibers stand for the fast, sharp sensation, 
whereas the unmyelinated C-fibers convey a slow, diffuse sensation of pain 
(41, 43). 
 
When nociceptors are activated, the nociceptive signal reaches synapses in 
the dorsal horn of the spinal cord that serves as relay stations. On this level, 
the nociceptive signals are modulated via excitatory or inhibitory 
neurotransmitters. The signals are transferred to secondary neurons via 
interneurons (41, 43).  
 
The secondary neurons follow the spinal cord to the thalamus in the brain. 
In the thalamus, the signals are transferred to brain structures involved in 
the experience of pain. The specific structures are the somatic-sensory 
cortex (giving a sensory discriminative component), the limbic structures 
(giving an affective component), and the frontal cortex (giving a cognitive 
component). The sensory discriminative component registers the 
localization, duration (constant, intermittent, recurring), intensity, and 
characteristics (burning, stinging) of pain, the affective component deals 
with emotions and memories, and the cognitive component analyses the 
thoughts and actions connected to pain. The nociceptive signal is interpreted 
as a feeling of pain first when it reaches the brain and can be understood 
through the combination of the three components (41, 43). 
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The nociceptive signal and ultimately the experience of pain can be 
modulated in the periphery, or on a spinal, supraspinal or central level by 
descending inhibitory or facilitatory systems, pharmaceuticals, physical 
activity, emotions, or by other biopsychosocial factors (41). 
 
Acute pain is an important protective signal. In general, the signal is in 
proportion to the activation of nociceptors that a noxious stimulus has 
induced. Longstanding or chronic pain is not the same as prolonged acute 
pain. In chronic pain conditions, the experience of pain is not in proportion 
to potential clinical findings, and pain may be generalized in terms of 
spreading to bodily areas that were not initially affected by pain. The pain 
facilitatory systems are upregulated in chronic pain conditions (44). One 
upregulating factor is central sensitization, which leads to an amplification 
of a noxious stimulus, giving more pain than expected, and that harmless 
stimuli are interpreted as painful (45).  
 
A variety of methods are used for managing pain, such as pharmacological 
treatment, physiotherapy, and cognitive behavioural therapy. The effect of 
the methods varies depending on type of pain and other factors. Nociceptive 
pain conditions are generally relieved by pharmacological treatment and 
physical activity. For nociplastic pain conditions, pharmacological treatment 
and physical activity may not have the same relieving effect (46, 47). A 
biopsychosocial approach is recommended when managing complex pain 
conditions (47, 48). 
 

Pain assessment 
Pain can be assessed by measuring various factors, such as intensity, 
localisation, duration, intermittence, and persistence. The perception and 
characterization of pain are also important aspects. There is no gold 
standard method in pain assessment; rather, different methods measure the 
different aspects of pain (41, 49). Pain can be assessed subjectively or by 
combining subjective and objective assessment methods. The perception 
and prevalence of pain is usually assessed through unidimensional (50) or 
multidimensional questionnaires (51-53). Pressure-based devices, such as a 
pressure algometer (54) or a computerised pneumatic cuff pressure 
algometer (55), or thermal pain tolerance tests (56) assess pain sensitivity 
and thresholds. Other methods, such as analysing signal substances in the 
cerebrospinal fluid (57) or functional magnetic resonance imaging (58) are 
used to augment the understanding of pain. The most common assessment 
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methods include combinations of intensity, localisation (regional or 
widespread), duration, intermittence and persistence.  
 
There is a range of unidimensional scales that assess pain intensity, 
including: the visual analogue scale (0–100), numeric rating scale (0–10), 
verbal rating scale (50, 59), and faces pain scale (59), all scored from no 
pain to worst imaginable pain. Unidimensional scales are often used in the 
clinic as a measure of current pain, or as a short-term recall method because 
of their administration-friendly format. 
 
Multidimensional questionnaires include combinations of questions on 
intensity, localisation, duration, intermittence and persistence (41). They are 
disease-specific or generic and may include health status and physical 
functioning dimensions. Multidimensional questionnaires can have 
predictive abilities regarding sick-leave (60) and often cover the 
biopsychosocial perspective of pain.  
 

Pain prevalence 
Because of the various aspects covered by pain and the many different 
assessment methods, pain prevalence may be evaluated based on intensity, 
localisation (regional or widespread), duration, intermittence or persistence, 
or as a combination of aspects. The differences in methodology are reflected 
in the literature. 
 
Pain is common in the general adolescent and adult population. The overall 
prevalence of chronic pain in adolescents ranges from 4–40% (61) and one 
third of the adult Swedish population suffer from chronic musculoskeletal 
pain (62). Pain generally increases with age, and girls and women report a 
higher prevalence than boys and men (17, 61-64). 
 
Several population-based studies have investigated pain prevalence, using a 
range of various different assessment methods regarding painful body 
regions, pain frequencies, and recall periods in adolescent populations in the 
Nordic countries (Table 1). In Norway, the prevalence of pain ranged from 
11–17% (18). In Denmark, 61% of the adolescents reported pain (17). When 
analysing pain patterns in another study from the same project in Denmark, 
one in three adolescents were classified as having pain. Girls were more 
likely to belong to the multi-site pain group, while boys had a higher 
likelihood of belonging to the little or no pain group (65). In Finland, the 
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prevalence of pain was 69% for boys and 83% for girls. Girls had a higher 
prevalence of multi-site pain than boys (66). In Sweden, the prevalence of 
pain in adolescents ranged between 7–55% (11, 67, 68). The overall pain 
prevalence of 7–83% found in population-based studies from the Nordic 
countries demonstrates the methodological challenges in pain research. 
 
Table 1: Prevalence of pain in Nordic population-based studies on adolescents 
Authors N Age 

(years) 
Pain 

assessment 
Pain 

regions 
Prevalence 
(%) for all 

or 
boys/girls 

Norway      
Guddal et al. 2017 (18) 7596 13–19 Pain ≥ 1 per 

week last 3 m 
Neck and 
shoulder 

17 

    Low back 14 
    Lower 

extremity 
11 

Denmark      
Rathleff et al. 2013 (17) 2953 12–19 Current pain in 

any body region 
12 body 
regions 

61 

Holden et al. 2018 (65) 2953 12–19 Pain pattern 
profiles 

Lower 
extremity 

10 

    Multi-site 22 
Finland      
Paananen et al. 2010 (66) 6875 15–16 Any pain in 1 

region last 6 m 
7 body 
regions 

25/19 

   Any pain in 2 
regions last 6 m 

 21/24 

   Any pain in ≥ 3 
regions last 6 m 

 23/40 

Sweden      
Ragnarsson et al. 2019 (11) 1524 15–16 Pain ≥ 1 per m 

last 6 m 
Back 44/55 

Wurm et al. 2018 (67) 1181 13–15 Pain ≥ 1 per m 
last 6 m and 

medium–high 
interference 

Neck, 
shoulder, 
and back 

7/13 

Wiklund et al. 2012 (68) 1027 16–18 Pain fairly–very 
often last 6 m 

Neck and 
shoulder 

11/35 

    Low back 15/24 
    Extremity 10/13 
M, months. 
 
In sports, injuries are more frequently studied than pain, contributing to a 
paucity in literature on pain in athletes. Few studies have investigated 
whether there are differences in pain prevalence between adolescent athletes 
and the general population. Legault, Descarreaux, and Cantin (69) studied 
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6-month prevalence of pain in nine body regions in athletes and controls. In 
the upper extremity (with the exception of elbow pain) and trunk, controls 
reported a higher prevalence of pain. For the lower extremity, however, 
prevalence rates were similar for athletes and controls. Prevalence ranged 
from 11–38% in athletes and from 9–49% in controls, with the highest 
reported prevalence found for knee pain and for neck pain, respectively. 
Pain prevalence stratified by sex was not reported. Rossi et al. (70) studied 
pain lasting for at least one month during the last three months in athletes 
and in general adolescents. Athlete boys reported a higher prevalence of low 
back pain than general adolescent boys (28% vs. 18%). For girls, athletes 
reported a lower prevalence of neck and shoulder pain (47% vs. 60%).  
 

Health 

Health status 
There are several different definitions but no consensus on the concept of 
health status, but it usually relates to both physical and psychological 
aspects of health. Health status assessments may be used for measuring the 
outcome of medical interventions, evaluating public health, and for 
identifying consequences of various different health states (71). Examples 
of commonly used self-reported measures of health status are the Short 
Form-36 Health Survey (SF-36) (72) and the EQ-5D (73). 
 
Self-reported health gradually declines as age increases in children and 
younger adolescents. Girls generally score worse than boys on dimensions 
such as physical and psychological well-being, self-perception, social 
support, and moods and emotions (63, 74). As adolescence transcends into 
adulthood, the decline in health status continues with increasing ages. In the 
Swedish adult population, self-reported health, in terms of physical 
functioning, declines with increasing age. A larger proportion of women 
than men are affected by reduced physical functioning throughout a range of 
age-spans, a trend that attenuates in women in higher ages. Self-reported 
mental health also declines with increasing age, and a more rapid decline is 
seen in women in comparison to men. When comparing self-reported health 
status between the sexes, women generally have lower scores than men 
(64). Pain is associated with worse scores in self-reported health in children, 
adolescents, and adults (6, 63).  
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Sleep 
Sleep is essential for health, well-being, and cognitive functioning (75, 76). 
The recommended amount of sleep per day for adolescents is 8–10 hours to 
sustain good health and reach optimum levels for learning and attention 
(76). For adults, the corresponding recommendations are 7–9 hours (75). 
Sleep is complex and sleeping problems are prevalent across all ages. 
Swedish adolescents go to bed later, have more difficulties falling asleep, 
and report a shorter duration of sleep than adolescents did in the eighties 
(77). In Swedish adults, 1–3 out of 10 report sleeping problems, with the 
problems being more pronounced in women (78, 79). 
 
The relationship between pain and sleep seems to be bidirectional (80). 
Sleeping problems seem to be associated with the onset of pain in adults (7, 
81) while better sleep seemed to resolve pain conditions (81). The 
associations over time between sleep and pain are more uncertain in 
adolescents. A systematic review found that sleeping problems did not 
predict onset of pain in adolescents, but that more high-quality research was 
needed in the area (82). Other findings suggest that sleeping problems are 
associated with persistence of pain in both clinical pain samples (83) and in 
general population samples of adolescents (84). Sleeping problems also 
seem to be associated with pain intensity and number of pain regions (85). 
The prevalence of concomitant pain and sleeping problems in adolescents 
has been reported to be 3% (86). 
 

Stress 
Psychosomatic symptoms like stress are an increasing problem in Swedish 
adolescents (87). Pressure from school demands, internal pressure, and 
stress from never feeling free were more frequently reported by girls (55–
64%) than boys (28–39%) in a cross-sectional study on Swedish adolescents 
(68). One in five adolescents reported moderate stress, furthermore, stress 
was found to be associated with experiencing pain (88). Similar 
relationships between stress and pain are also found in adults (89). 
 

Anxiety and depression 
Feeling down or nervous are problems in adolescents that have doubled 
since the eighties (87). Anxiety is a fear-related condition and depression is 
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a mood disorder. Both conditions affect functioning in several aspects of 
everyday life (90). In research, symptoms of anxiety and depression are 
usually assessed by questionnaires at group level. Studies measuring 
degrees of symptoms reported that mild anxiety is prevalent in 16–32%, 
while prevalence for moderate to severe anxiety ranges between 2–27%. For 
mild depression the prevalence ranges between 8–34% and for moderate to 
severe depression 3–11%. Problems were more pronounced in girls (68, 91). 
Symptoms of anxiety and depression are associated with chronic pain and 
multisite chronic pain for both boys and girls (9). Physical activity has a 
positive effect on mental well-being and physically active adolescents did 
not report anxiety and depression to the same extent as those less physically 
active (13). An association between pain, anxiety, and depression in an adult 
chronic pain population has previously been demonstrated, where adults 
with both anxiety and depression reported a higher pain intensity (8). 
 

Orthorexia nervosa 
Maintaining a healthy diet is associated with a lower mortality risk (34, 92), 
but an exaggerated focus on diet, as seen in eating disorders (93), can have 
severe implications for health. The condition orthorexia nervosa (ON) was 
initially introduced by Steven Bratman in 1997 (94). However, ON was first 
mentioned in a peer-reviewed article in 2004, where the condition was 
described as an unhealthy fixation on healthy food (95). ON is characterized 
by a focus on the quality of food and a selective eating behaviour (95). 
Although the ways in which fixation on healthy eating is manifested and 
how healthy food is defined may vary between individuals, the self-chosen 
dietary restrictions are followed with the belief that they will improve the 
individual’s health (94). ON is not a medical diagnosis (96), but diagnostic 
criteria highlighting obsessive traits, intrapersonal stress, and clinical 
severity have been proposed (94). The debate regarding the definition and 
potential diagnostic criteria of ON is, however, ongoing. Currently, the 
Orthorexia Nervosa Task Force is leading the work towards defining ON 
(97). In this thesis, ON refers to the phenomenon of sensitive and obsessive 
behaviour towards healthy nutrition, as described and measured by the 
questionnaire ORTO-15 (95). 
 
Several questionnaires have been proposed to measure ON (95, 98-100), of 
which ORTO-15 is the most commonly used. In a systematic review with a 
meta-analytical approach, it was found that prevalence of ON appears to be 
similar among men and women (101). This is in contrast to research on 
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eating disorders, where women report problems to a larger extent than men 
(102). ON has been investigated in both high-risk and general populations. 
High-risk populations include health-oriented academic programmes (103-
109), health-care professionals (110), and athletes (111). Prevalence ranges 
from 1–82% (94, 110, 112), depending on sample characteristics and 
assessment methods. Whether health-associated populations are at higher 
risk of expressing ON than the general population is still being debated, due 
to difficulties defining ON and to methodological differences. 
 

Physical activity 
Physical activity is one of the most important factors in living a healthy life 
and preventing diseases (15). Physical activity is defined as: “Any bodily 
movement produced by skeletal muscles that results in energy expenditure” 
(113). This definition is endorsed by the American College of Sports 
Medicine (114). Energy expenditure can be estimated by metabolic 
equivalent of task (MET). MET is the ratio of the rate of energy expenditure 
in rest and in activity. One MET corresponds to the oxygen consumption of 
3.5 ml per kg body weight per minute, which is approximately the energy 
expended when sitting quietly. MET-values are available for most activities 
(115). Physical activity can be measured by objective methods such as 
accelerometery (116), or by subjective methods like questionnaires (13, 
117). Physical activity decreases morbidity associated with chronic diseases, 
and it also improves weight control, muscle strength and endurance, bone 
health, cardiorespiratory fitness, cognitive functioning, mental health, and 
well-being in children, adolescents, and adults (14, 15, 118, 119). 
 
The international recommendations for physical activity for all age groups 
are currently under revision (120), but the current guidelines for children 
and adolescents (age 6–17) state that aerobic physical activity with 
moderate to vigorous intensity should be performed at least for 60 minutes 
each day to promote health. In addition, muscle strengthening activities 
should be performed at least three times a week. For adults (age 18–64), the 
recommendations state that at least 150 minutes aerobic activity of moderate 
intensity, at least 75 minutes aerobic activity of vigorous intensity, or a 
combination of both should be performed each week. In addition, muscle 
strengthening activities for major muscle groups should be performed at 
least twice a week (119). In the suggestion for revised guidelines, 
recommendations for sedentary behaviour are also included. For children, 
adolescents, and adults, this involves reducing sedentary time and replacing 
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it with physical activity (120). Guidelines in line with the new suggestions 
for revision have already been adopted in the U.S. (121). Most adolescents 
and adults today are not as physically active as the recommendations state, 
both in Sweden and from a global perspective, measured both objectively 
and subjectively (116, 122-126) – and this has negative consequences for 
public health.  
 

Exercise and sports 
Physical activity includes many different activities, one of which is exercise. 
Exercise is defined as: “Planned, structured, and repetitive bodily movement 
done to improve or maintain one or more components of physical fitness” 
(113). Sports fall within the definition of exercise. Physical fitness can be 
defined as: “A set of attributes that people have or achieve that relates to the 
ability to perform physical activity”. Physical fitness components include 
muscular strength, power, muscular endurance, cardiorespiratory endurance, 
body composition, speed, agility (rapid change of direction), balance, 
reaction time, and flexibility (113). Development of physical performance 
within sports is commonly evaluated by general tests and sport-specific tests 
of the various different physical fitness components. Physical performance 
is significantly improved during childhood and adolescence, due to growth 
and maturity factors per se, along with exercise effects. The small 
differences between boys and girls regarding physical performance at young 
ages grow into larger differences at increased age, resulting in boys 
outperforming girls (127). This is evident in tests that focus on muscular 
strength, power, muscular endurance, cardiorespiratory endurance, running 
speed, and agility. For flexibility, girls perform better than boys. The 
magnitude of improvement of physical performance is larger in boys than in 
girls during the adolescent years (128, 129). 
 
Sixty percent of adolescents between 12–18 years of age were active within 
organized sports in Sweden in 2019 (130). Youth sports is the steppingstone 
towards becoming an adult elite athlete, but youth sports are also highly 
influenced by talent selection and specialisation. These phenomena are 
frequently debated in the scientific literature and in international sports 
organizations (19, 131, 132). The subject of youth sport also includes the 
dilemma of sports specialisation vs. sports sampling. Sport specialisation is 
defined by the following: a) >8 months’ engagement in organized 
competitive or intensive sport, b) engaging in one sport at the expense of 
other sports, and c) involving children before puberty (12 years of age) 
(133). Sport sampling is the concept of participating in several sports and in 
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deliberate play (134). While sport sampling seems to be more beneficial 
from both a health perspective and future elite perspective (131, 135), talent 
selection and specialisation at young ages are still frequently practised 
within the sporting community and also at schools with a sports profile. 
 

Exercise and pain 
Exercise has modulating effects on pain. Exercise can have an analgesic 
effect, through the release of endogenous opioids and by activation of pain 
inhibitory systems (136). Hoffman et al. (137) demonstrated that exercise at 
> 50% of maximal oxygen uptake for > 10 minutes elicited an acute 
analgesic effect on pain intensity in healthy adults. Exercise can, however, 
also elicit pain in the fibromyalgia patient group. Furthermore, patients with 
local pain conditions, such as myalgia, should not exercise the muscles that 
hurt, but can reach an analgesic effect by exercising other muscle groups 
(136). 
 
Injuries in sports and exercise are common and contributory to pain. While 
there is no consensus regarding the definition of an injury (138), the 
description of injuries within football includes physical complaints in 
relation to participating in the sport, with further descriptions of injuries that 
require medical attention and injuries resulting in time lost from 
participation (139). Injuries may also be divided into acute/traumatic or 
overuse injuries, where acute injuries emerge from single events and 
overuse injuries are the result of microtraumas over time (139). Up to 
60,000 children and adolescents were injured in sports-related activities 
each year between 2007–2009 in Sweden (140). Several factors are 
associated with injuries, such as anatomic factors, previous injury history, 
level of physical fitness, physical maturation, training load, recovery, 
equipment, and psychological factors (19, 133, 141). Type of sport and level 
of specialisation also seem to be associated with injuries. Contact sports 
have a higher incidence of acute injuries than individual sports, whereas 
individual athletes are more prone to sustaining overuse injuries (142). 
Sport specialisers may have a higher injury risk than sport samplers (143), 
adding to debate about whether early sport specialisation is also a risk factor 
for sustaining injuries (141). The biopsychosocial perspective is important 
when assessing injuries (144) as well as pain (145, 146). A consensus 
statement from the International Olympic Committee (IOC) on pain in adult 
elite athletes emphasises that both pain management and injury management 
should be prioritised, since pain may exist independently of an injury or 
continue after the tissue has healed (147). 
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Exercise and health 
The health of adult elite athletes is ranked as one of the top priorities of the 
international sports federations (148), which is partly demonstrated by an 
increased focus on the mental health of adult elite athletes (149). Physical 
activity is associated with better health in adolescents (13), but an inverse 
U-shaped relationship was demonstrated for self-reported health and 
exercise duration (150), highlighting the need for a focus on health and 
sustainability within youth sports (19). The relationships between pain, 
health, and physical activity seem to be complex. 
 

Physical maturity 
Chronological age is defined as the time that has passed since birth. 
Traditionally, children and adolescents are grouped in school and sports 
according to their chronological age, with no consideration to inter-
individual differences (151). Puberty is an important event during 
adolescence, where maturational processes occur in the skeleton, muscles, 
nervous system, and endocrine system, causing the observable increase in 
body size – referred to as growth. In addition, changes occur cognitively, 
socially, and emotionally – which is referred to as development (151). 
 
Physical maturity relates to the process towards becoming an adult. The 
major event in physical maturity during adolescence is the occurrence of the 
growth spurt, known as peak height velocity (PHV). PHV varies among 
individuals with consideration to when the onset of change in height occurs 
(timing), how many centimetres a person will grow (magnitude), and at 
what rate the height will change (tempo) (151). Thus, physical maturity may 
differ significantly (± 3 years) between two individuals with the same 
chronological age (152). Characteristics of growth-related factors differ 
significantly between adolescent boys and girls (Table 2). 
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Table 2: Characteristics of growth-related factors in adolescent boys and girls, by Malina, 
Bar-Or, and Bouchard et al. (127) 
 Boys Girls 
Growth spurt initiation 11–12 years old 9–10 years old 
PHV 13–14 years old 11–12 years old 
Height increase around PHV 8–10 cm per year 7–9 cm per year 
PWV 14–15 years old 12–13 years old 
Weight increase around PWV 9–10 kg per year 6–9 kg per year 
Total fat mass increase around PHV 1.5 kg 2.8 kg 
Total fat-free mass increase around PHV 14.3 kg 7.1 kg 
Plateau for increase in fat-free mass 19–20 years old 15–16 years old 
Plateau for stature ≈ 19 years old ≈ 16 years old 
PHV, peak height velocity; PWV, peak weight velocity. 
 
Physical maturity is usually assessed as status (degree of maturation at a 
certain time point) or timing (151). Maturity status is measured by skeletal 
age with X-ray, by sexual age using Tanner stages, or by somatic growth, 
estimating percentage of predicted adult stature (153). Equations from 
anthropometric measurements can also be used to assess maturity status, 
through estimation of PHV. Equations generate the measure maturity offset 
in years, where 0 is equal to PHV, positive values indicate years since PHV, 
and negative values indicate years to PHV (154). Maturity offset is usually 
categorized into pre-PHV and post-PHV, or into early, average, or late 
maturation. Maturity timing may be assessed by repeating measurements of 
maturity status longitudinally (151). 
 
As most sports are traditionally performed in chronological age groups, 
physical maturity is relevant with regard to sports performance. In boys of 
the same chronological age, early maturing boys perform better in strength 
tests and motor performance tests than do late maturing boys (127, 155). In 
girls, performance varies across maturity status categories and physical 
components tested, and maturity status does not seem to be as decisive in 
sports performance tests as it is for boys. Physical maturity status is one 
variable that may have implications for talent selection and development in 
sport. The maturity-associated variations seen around PHV for boys are of 
lesser importance during late adolescence, when late maturing boys have 
caught up in growth (127).  
 
Physical maturity should not be confused with the concept of relative age 
effect (RAE), where birthdate during the calendar year and/or selection year 
impact selection within sports. When analysing RAE, adolescents are 
usually divided into the annual birth quarters 1–4 and RAE is present when 
adolescents born in quarter 1 are more frequently selected than adolescents 
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from quarter 4, evaluated in relation to what could be expected from the 
birth distribution in the population (156, 157). A person born early in the 
year can mature late, and a person born late in the year can mature early. 
 
Pain may increase during the adolescent years (61, 63), and it has been 
suggested that the progress of pubertal development is associated with 
reporting an increase in pain. For back pain there are contrasting results as 
to whether more physically advanced adolescents have a higher risk (158, 
159) or not (160). Findings suggest that entering puberty early may be 
associated with pain in the extremities (161). In a recent systematic review 
by Swain et al. (20), it was concluded that it was not possible to establish a 
relationship between maturity and pain due to studies being at high risk of 
bias, but that the relationship was deemed to be plausible, especially in 
relation to back pain. 
 
Injuries in adolescent athletes may also be affected by maturity timing. 
Injury risk is high during puberty because of structural changes in the 
skeleton, muscles and tendons (162). Results indicate that rapid growth is 
associated with a greater risk of sustaining bone injuries (163). A higher 
incidence of overuse injuries was found in late maturing compared to early 
maturing boys (164). Swain et al. (20) also reviewed the relationship 
between maturity, injuries, and fractures, where there seemed to be unclear 
relationships, but with some indications of an increased risk for fractures in 
those with a more progressed maturity status. 
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Rationale for this thesis 

Musculoskeletal pain and health are affected by various biopsychosocial 
factors, representing pieces of the puzzle. Pain conditions may be alleviated 
by physical activity (136), but a too high level of physical activity may also 
increase the risk of pain (16-18). Youth athletes may be especially 
vulnerable to developing pain due to factors related to training load (19) and 
physical maturity (20). Musculoskeletal pain can be prevalent in 
adolescence (17, 18), which is concerning – since adolescents with pain 
may become young adults with pain (12). 
 
Within sports, pain is often studied in relation to injuries. Pain and injuries 
are related, but not the same thing, because pain may exist independently of 
an injury or continue after the tissue has healed. Pain in adult athletes has 
recently been highlighted by the IOC (145, 147), but is scarcely covered in 
literature on adolescent athletes. 
 
Health is described as a continuum (28). Being physically active (14) and 
maintaining a healthy diet (92) is associated with better health, but if carried 
out to excess these health behaviours may become unhealthy. 
Psychosomatic symptoms like sleeping problems, stress, anxiety, and 
depression are an increasing problem in adolescents and young adults today 
(87), affecting the public health negatively.  
 
Few studies have examined the prevalence of pain in adolescents and young 
adults enrolled in exercise- and sport education programmes. Our 
understanding of musculoskeletal pain and its association with health-
related factors needs to be developed in adolescents and young adults 
enrolled in various education programmes. This is important from both a 
short-term and long-term perspective.  
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Overall aim and specific aims 

The overall aim was to study musculoskeletal pain and its relationship to 
various health-related factors in adolescents and young adults enrolled in 
sport or general education programmes. 
 
Study I 
The aim was to examine differences in health status, in physical activity, 
and in the frequency of ON in university students enrolled in either an 
exercise science programme or in a business programme, and to investigate 
differences between men and women. A secondary aim was to examine 
covariation between health status, level of physical activity, and ON. 
 
Study II 
The aim was to investigate the frequency of musculoskeletal pain and its 
association with maturity offset, health status and sports performance in 14-
year-old sport school students. 
 
Study III 
The aim was to identify risk factors at baseline that were associated with the 
persistence or development of musculoskeletal pain at a two-year follow-up 
in 14-year-old sport school students. A secondary aim was to study 
associations at follow-up between musculoskeletal pain and sports 
performance. 
 
Study IV 
The aim was to investigate chronic musculoskeletal pain and its associations 
with health status, sleeping problems, stress, anxiety, depression, and 
physical activity in 16-year-old students at baseline and to identify risk 
factors at baseline that were associated with persistence or development of 
chronic musculoskeletal pain at follow-up. 
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Methods 

Overview of studies 
The thesis is based on four quantitative studies. An overview of the studies 
is presented in Table 3. 
 
Table 3: Overview of studies 

 Study I Study II Study III Study IV 

Study design Cross- 
sectional 

Cross- 
sectional 

Longitudinal Longitudinal 

Participants, n 207 178 131 256 
   Boys/Men, n (%) 90 (43%) 108 (61%) 79 (60%) 87 (34%) 
   Girls/Women, n (%) 117 (57%) 70 (39%) 52 (40%) 169 (66%) 
Mean age in years at 
baseline ± SD (range) 

22.8 ± 2.2 
(19–29) 

13.94 ± 0.26 
(13–14) 

13.98 ± 0.26 
(13–14) 

16.1 ± 0.6 
(15–20) 

Educational level University 
College 

Compulsory 
School grade 

7 

Compulsory 
School grade 
7 to grade 9 

Upper 
Secondary 

School 
Education programme Exercise 

science and 
business 

programmes 

Compulsory 
school with 

sports profile 

Compulsory 
school with 

sports profile 

University 
preparatory 

and vocational 
programmes 

Data collection 2013 & 2015 2014 2014–2018 2011 & 2013 
Variables Health status, 

physical 
activity, and 
orthorexia 

nervosa 

Pain, health 
status, sports 
performance, 
and physical 

maturity 

Pain, health 
status, sports 
performance, 
and physical 

maturity 

Pain, health 
status, sleep, 

stress, anxiety, 
depression, 
and physical 

activity 
Statistics Student’s t-

test and chi2-
test 

Student’s t-
test, chi2-
test, and 
ANCOVA 

Student’s t-
test, chi2-test, 

logistic 
regression 

analysis, and 
ANCOVA 

Student’s t-
test, chi2-test, 

and logistic 
regression 

analysis 

ANCOVA, analysis of covariance. 
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Study populations and procedures 
Study I 
Undergraduate students from the university programmes in exercise science 
and business enrolled in their first, second, or third year in 2013 and on their 
first or second year in 2015 (registered students, n = 327, from 19 years old) 
were invited to participate in the study. The exercise science programme 
included courses in exercise physiology, health, and nutrition, and the 
business programme included finance, marketing, and accounting. Business 
students were chosen because the mean age and the distribution between 
men and women were similar to that of exercise science students. Moreover, 
the business programme did not include any health-related courses. 
 
Students signed a written informed consent before entering the study. 
During recess or at the end of class, the students completed questionnaires 
on health status, physical activity, and ON. Programme, year, sex, and age 
were reported on the cover sheet of the questionnaires. 
 
Studies II and III 
Studies II and III are part of the Malmö Youth Sport Study, which is a 
multidisciplinary project involving researchers from Halmstad University, 
Lund University, and Malmö University. The overall aim of the project is to 
longitudinally study physiological, psychological, and social factors that 
lead to success and long-term participation in physical activity and sports 
for adolescent students enrolled in a Swedish 7th to 9th grade compulsory 
school with sports profile. The school admits skilful adolescent athletes who 
want to pursue an elite career. Students are enrolled based on sports 
qualification tests. Contact sports (football, floorball, basketball, and ice 
hockey), non-contact sports (athletics, tennis, badminton, squash, and 
swimming), and aesthetic sports (artistic gymnastics, diving, and figure 
skating) are represented at the school. The school organizes practice 
sessions within the student’s specific sport ≥ 450 minutes/week during 
school hours. 
 
Students of the age cohorts that started 7th grade in 2013, 2014, and 2015 
were invited to participate in the Malmö Youth Sport Study (registered 
students, n = 233, 13–14 years old). Students and guardians signed a written 
informed consent before students entered the study. Name, social security 
number, class, sex, and age were documented, and identities were recoded 
into serial numbers. The students completed questionnaires on pain and 
health status, sports performance tests (i.e. 20 m sprint, agility T-test, 
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countermovement jump with arm swing, and grip strength), and 
anthropometric measurements for estimation of physical maturity. Data 
collection was performed during school hours in the spring of 2014–2018, 
to cover the three age cohorts included (Figure 3). Data collection was 
preceded by a 10-minute individual warm-up session, and the collection was 
administrated by trained test leaders, completed in a random order, and 
executed on one or two days – if over two days, then maximum one week 
apart. Study II includes cross-sectional data from 7th graders and Study III 
data from 7th and 9th graders. A flowchart for Studies II and III is presented 
in Figure 4. 
 

 
 
Figure 3: Timeline of data collection time points for Studies II and III 
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Figure 4: Flowchart for Studies II and III 
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Study IV 
Students from a Swedish upper secondary school attending their first of 
three years in 2011 (registered students, n = 296, 15–16 years old) were 
invited to participate in this longitudinal cohort study. Follow-up was 
performed late in the students’ third year, in 2014 (Figure 5). Students were 
enrolled in either university preparatory programmes (Natural science, 
Social science, International Baccalaureate) or in vocational programmes 
(Child and recreation, Health and social care). 
 

 
 
Figure 5: Flowchart for Study IV 
 
Students signed a written informed consent before entering the study. They 
completed questionnaires on pain, health status, sleep, stress, anxiety, 
depression, and physical activity. The questionnaires were completed at 
baseline and at the three-year follow-up during school hours through an 
online web-based survey. Each student had a unique log-in code and 
identities were recoded into serial numbers. 
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Outcome measures 
An overview of outcome measures included in each study are presented in 
Table 4. 
 
Table 4: Overview of outcome measures in Studies I–IV 
 Study I Study II Study III Study IV 
Pain     
   BP subscale from SF-36 X    
   Pain distribution (mannequin)  X X X 
   Pain frequency  X X  
   Pain intensity (NRS)  X X  
Health     
   SF-36 X    
   EQ-5D-3L  X X X 
   Global health (NRS)    X 
   Items from the USI    X 
   Single item measure of stress    X 
   HADS    X 
   ORTO-15 X    
   IPAQ X   X 
   20 m sprint  X X  
   Agility T-test  X X  
   CMJ-AS  X X  
   Grip strength  X X  
Physical maturity     
   Maturity offset  X X  
BMI, body mass index; BP, bodily pain; CMJ-AS, countermovement jump with arm swing; 
HADS, the Hospital Anxiety and Depression Scale; IPAQ, the International Physical Activity 
Questionnaire; NRS, numeric rating scale; SF-36, Short Form-36 Health Survey; USI, the 
Uppsala Sleep Inventory. 
 

Pain 

Pain (Studies I–IV) 
Pain was assessed by pain distribution, pain frequency, and pain intensity. 
Pain distribution was indicated on a pain mannequin with 18 predefined 
regions (Figure 6) that has been used in several studies and for longitudinal 
assessments of pain (62, 165). The method of using pain mannequins is 
equivalent to using written questions in pain assessments (166). There is 
also sufficient agreement between paper assessments and online 
assessments for pain by a mannequin (167). 
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In Study I, pain was assessed by the subscale “Bodily pain” from the Short 
Form-36 Health Survey (SF-36). The subscale ranging from 0–100 is 
derived from two items, where one item explores pain magnitude during the 
last four weeks, with response options: none / very mild / mild / moderate / 
severe / very severe, and the other item explores the degree to which pain 
has interfered with daily life during the last four weeks, with response 
options: not at all / a little bit / moderately / quite a bit / extremely.  
 
In Studies II and III, pain was assessed by the mannequin (62) in the 
following frequencies: never / rarely / monthly / weekly / more than once a 
week / almost daily. Content validity, concurrent validity, and adequate test-
retest reliability (168, 169) have been demonstrated for these response 
options, which have been frequently used in studies and international 
surveys involving children and adolescents (17, 18, 168, 169). In Study II, 
pain frequency was divided into three groups: “Infrequent pain” (never / 
rarely), “Frequent pain” (monthly / weekly), and “Constant pain” (more 
than once a week / almost daily). In Study III, pain frequency was 
dichotomised into “Infrequent pain” (never / rarely / monthly) and 
“Frequent pain” (weekly /more than once a week / almost daily), to enable 
longitudinal analyses (Figure 6). The same dichotomisation has been used 
previously (18, 169). Students were categorized into the group 
corresponding to their highest reported pain frequency in any body region, 
in both Studies II and III. In Study III, the number of regions with frequent 
pain was also calculated and categorised into 0, 1, or ≥ 2. 
 
In Studies II and III, pain intensity during the previous week was assessed 
with a numeric rating scale (NRS). The NRS had 11 points and was scored 
from 0–10, where 0 corresponded to “no pain” and 10 corresponded to 
“worst pain imaginable”. The NRS is well-established as a pain intensity 
measurement in children (≥ 8 years) and adolescents. Construct validity and 
criterion-related validity of the NRS have been supported in a systematic 
review (170). Furthermore, the minimum clinically significant difference is 
± 1 for the NRS. Reliability and sensitivity to change needs further 
validation (170). 
 
In Study IV, chronic musculoskeletal pain (CMP) was assessed by two 
items. The first item assessing chronicity was: “Have you experienced pain 
lasting more than three months during the last 12 months?” with response 
options: yes / no / do not know. The second item assessing distribution 
included the mannequin (62) and was: “Mark all the places on your body 
where you have experienced pain for more than three months in the last 12 
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months”. At baseline and follow-up, students were categorized into the 
“CMP” group if they reported at least one region with chronic pain, or into 
the “no-CMP” group, if they reported no chronic pain (Figure 6). Students 
were also included at follow-up analysis if they could be categorized into 
CMP or no-CMP and had responded do not know or were missing at 
baseline (Figure 7).  
 

 
Figure 6: Pain mannequin (62) used in Studies II–IV with the different pain frequencies 
(never–almost daily in Studies II and III and chronic pain in Study IV) and categorisations 
(Study II blue, Study III purple, and Study IV green) 
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Figure 7: Description of pathways (black arrows) and pain groups (black squares) included in 
analyses in Study IV 
 

Health 

The Short Form-36 Health Survey (Study I) 
SF-36 is a standardized and validated health status questionnaire (51, 72). 
SF-36 assesses physical and mental health by the subscales physical 
functioning, role-physical, bodily pain, general health, vitality, social 
functioning, role-emotional, and mental health. The subscales are derived 
from algorithms and scored between 0–100, worst to best health (51, 171). 
SF-36 has been shown to have satisfactory internal consistency, construct 
validity, criterion-related validity, and reliability in 15–93 year olds (51, 64, 
172). The minimum clinically significant difference is 10 points (173), but 
may vary depending on the subscale. 
 

EQ-5D-3L (Studies II–IV) 
EQ-5D-3L (EQ-5D) assesses health status in the domains of mobility, self-
care, usual activities, pain/discomfort and anxiety/depression. The five 
questions covering each domain have three response options: no problems, 
some problems and extreme problems. The answers are transformed (using 
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the revised UK index tariff) into an index ranging from 0.00 to 1.00, worst 
to best health. The questionnaire can result in 243 possible health states (73, 
174). The minimum important difference is 0.074, ranging from −0.011 to 
0.140 (175). EQ-5D has been validated within the age range of 16–84 years 
(176). Responsiveness and reliability need further validation (177). In Study 
III, the index was dichotomized into the best tertiary (index = 1.00) vs. the 
two worst tertiaries (index < 1.00). In Study IV, the index was dichotomized 
into above the median (≥ 0.85) and below the median (< 0.85). 
 

Global health (Study IV) 
In Study IV, health was also assessed by an NRS with 11 points, ranging 
from 0, corresponding to the worst imaginable health state to 100, 
corresponding to the best imaginable health state. The NRS is widely used 
and has been validated for health assessment (178). 
 

The Uppsala Sleep Inventory (Study IV) 
Sleeping problems were assessed by using questions adapted from The 
Uppsala Sleep Inventory (USI) (179). The questions have been used in 
longitudinal studies previously, within the age range 30–65 years (179-181). 
The questions address the severity of sleeping problems, experienced in 
relation to: a) initiating sleep, b) maintaining sleep, c) early awakening, and 
d) restoration after sleep. Each of the four domains were scored from 1–5 (1 
= no problems, 2 = minor problems, 3 = moderate problems, 4 = severe 
problems, and 5 = very severe problems) (179). The items were 
dichotomized into 1‒3 points (best) vs. 4‒5 points (worst). An index for 
sleeping problems was created for analysis, where a score of at least 4 
points on one or more sleeping domains was considered to indicate severe 
sleeping problems.  
 

Stress (Study IV) 
Stress was assessed with a single-item question about the experience of 
stress: “Stress means a situation in which a person feels tense, restless, 
nervous or anxious or is unable to sleep at night because his/her mind is 
troubled all the time. Do you feel this kind of stress these days?”. The 
responses ranged from “not at all” to “very much”, scored from 1–5. The 
content, criterion, and construct validity of the scale have been 
demonstrated to be satisfactory (182). The item was dichotomized into 1‒3 
points (best) vs. 4‒5 points (worst). 
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The Hospital Anxiety and Depression Scale (Study IV) 
The Hospital Anxiety and Depression Scale (HADS) was used to assess 
anxiety and depression. The questionnaire consists of 14 items, where 7 
items result in a scale for anxiety and 7 items result in a scale for 
depression. All items are scored between 0–3, and the total score for each 
scale ranges between 0–21 points. The total score for each scale was 
categorized as follows: 0–7 points was categorized as normal state (non-
cases), 8–10 points was categorized as possible mood disorder (possible 
cases), and ≥ 11 points was categorized as a probable state of anxiety or 
depression (probable cases). The questionnaire was originally developed 
and tested for 16–65 year olds (183) and is extensively used. The HADS has 
been validated in a population of 12 to 17-year-old English adolescents. It 
was found that the HADS could discriminate between adolescents from a 
clinical and non-clinical setting, and that the questionnaire has acceptable 
test-retest reliability and factor structure (184). The HADS has also been 
used in Swedish adolescents aged 13–19 for the establishment of normative 
values. Internal consistency was adequate in the Swedish questionnaire 
(185). Findings suggests that HADS measure general distress and the 
questionnaire should not be used as a diagnostic tool (186, 187). 
 

ORTO-15 (Study I) 
ORTO-15 assesses orthorexia nervosa (ON). Fifteen questions, each scored 
from 1–4, result in a total score (ORTOscore) ranging from 15–60 points, 
worst to best. An ORTOscore <40 points (ON<40) is considered to indicate 
ON (98), but the cut-off of <35 (ON<35) has also been used in previous 
literature (111). The cut-off of <40 has a sensitivity of 55.6% and a 
specificity of 75.8%, and the cut-off of <35 has a sensitivity of 18.5% and a 
specificity of 94.2% (98). In Study I, ORTO-15 was used in English. The 
questionnaire was originally validated in Italian, but an English translation 
was also published in the same article for editorial reasons (98). The English 
version has then been used for translation into other languages (110, 188, 
189). The Italian version was validated from 16 years of age (98). Due to 
the lack of a clear definition of ON (97) and low internal consistency, 
ORTO-15 has been critiqued in the scientific community with regard to the 
psychometric properties (94, 189). 
 

The International Physical Activity Questionnaire (Studies I and IV) 
The International Physical Activity Questionnaire (IPAQ) - short form 
measures self-reported physical activity in the last week, at three intensities: 
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walking, moderate physical activity (MPA), and vigorous physical activity 
(VPA). Results can be presented with metabolic equivalent of task minutes 
(MET-min) or as categories. MET-minutes at each intensity per week 
(MET-min/wk) are reached by multiplying reported duration and frequency 
of the intensity. Total physical activity is the sum of walking, MPA, and 
VPA MET-min/wk. Categories are defined according to IPAQ scoring 
manual and individuals are placed in a low, moderate or high category 
depending on reported physical activity. Sedentary behaviour is reported as 
minutes of sitting still during a day (190). IPAQ has shown acceptable test-
retest reliability (191), but has also been reported to overestimate physical 
activity (192). The criterion validity between IPAQ and accelerometery had 
a correlation coefficient of 0.30 (Spearman’s ρ) in a multinational sample 
ranging from 18–65 years (191). 
 

20 m sprint (Studies II and III) 
Speed was measured by 20 m sprint on an indoor track surface. Timing 
gates with a single infrared beam (MuscleLab Ergotest Innovation, 
Porsgrunn, Norway) were placed at 0 m and 20 m. The participants started 
0.5 m before the first pair of timing gates, from a standing still position, and 
at their own command. Three approved attempts were made by the 
participants and the fastest time was recorded and used in analysis. Dual-
beams have a higher accuracy than single-beams, but results are also 
impacted by surface and starting distance (193). 
 

Agility T-test (Studies II and III) 
Agility T-test was used for measuring agility performance on an indoor 
track surface (194). One pair of timing gates with a single infrared beam 
(MuscleLab Ergotest Innovation, Porsgrunn, Norway) were used for time 
measurement. The participants started 0.5 m before the timing gates, from a 
standing still position, and at their own command. The test starts with the 
participant running forward 9.14 m and touching a cone with the right hand. 
The participant then shuffles (without crossing the legs) 4.57 m to the left 
and touches a cone with their left hand. Another shuffle of 9.14 m is made 
to the right and the participant touches a cone with their right hand. Finally, 
the participant shuffles 4.57 m to the left and touches the middle cone with 
their left hand and then run backwards to the finish line. The face should be 
positioned forward during all movements. Two approved attempts were 
made by the participants and the fastest time was recorded and used in 
analysis. An attempt was not valid if cones were displaced or if the test 
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protocol was not followed. Agility T-test has shown high test-retest 
reliability (194, 195) and high correlation with other agility tests for an 
adolescent athletic sample (195). 
 

Countermovement jump with arm swing (Studies II and III) 
Countermovement jump with arm swing (CMJ-AS) (196) was used to 
measure maximal muscle power in the lower extremities. Countermovement 
jump measured with digital timer and contact mat has been reported to be a 
reliable and valid method for measuring power (197). The participants 
initiated the jump by performing a rapid squat, followed by a maximal 
vertical jump. The arms first moved downwards in the squat phase and then 
upwards in the jumping phase. The participants were instructed to vertically 
align hips, knees and feet during the jump, and land on their toes. The jumps 
were measured with a digital timer and an infrared mat (MuscleLab Ergotest 
Innovation, Porsgrunn, Norway). The participants performed three attempts 
in a row, and the highest jump was used in analysis. CMJ-AS has shown a 
high test-retest reliability in a sample of young adults (196). 
Countermovement jumps without arm swing has been shown to be able to 
distinguish between amateurs and adolescent elite athletes (198), and to 
share the factor of explosive strength with other jump tests (197). 
 

Grip strength (Studies II and III) 
Maximal grip strength was used as a proxy for whole body strength (199). A 
hand grip dynamometer with a resistance of 40 kg or 80 kg (steel spring) 
was used to measure grip strength (KERN Sohn GmbH, Balingen, 
Germany). The test was performed according to the Southampton protocol 
with the participant seated and the forearm resting on a table. The elbow 
was flexed at a 90° angle and the hand moved freely outside the edge of the 
table. The hand grip dynamometer was placed in the hand and the 
participant was instructed to maximally compress the handle (200). Three 
trials per hand were given and the maximum value (independent of right or 
left hand) was used in analysis. The grip strength test is valid and reliable 
for assessing muscle strength in adolescents (201).  
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Physical maturity 

Maturity offset (Studies II and III) 
Height, sitting height and body weight were measured with the purpose of 
calculating an estimated maturity offset. Maturity offset describes the timing 
to peak height velocity (PHV). A negative maturity offset value indicates 
the time in years to when PHV is estimated to be reached and a positive 
value describes the time in years that have passed since PHV was reached 
(154). Measurements were performed with participants in light clothing and 
barefoot. A wall mounted (4146, Hyssna Measuring Equipment AB, 
Hyssna, Sweden) or a portable stadiometer (Seca 217, Seca, Hamburg, 
Germany) were used to assess height. When measuring height, participants 
stood upright with feet together and shoulders, buttocks and heels in contact 
with the stadiometer and with arms hanging freely. When measuring sitting 
height, the participant sat down on the ground with knees bent and hands 
placed on the knees. Shoulders and buttocks were in contact with the 
stadiometer and with the head in the Frankfort Plane (orbitale and tragion 
aligned). The test leader measured height to the nearest 0.1 cm. Two 
measurements were performed on each height test and if measurements 
differed by more than 0.4 cm, a third measurement was performed. To 
measure body weight, a digital personal scale with column (Seca 701, Seca, 
Hamburg, Germany) recorded to the nearest 0.1 kg was used. Two 
measurements were performed, and a third measurement was taken if results 
differed by more than 0.1 kg. The mean of two values or the median of three 
values for height, sitting height and body weight was used to calculate an 
estimated maturity offset. The equations used were adapted from Mirwald et 
al. (154): 
 
Body weight to height ratio = body weight / height 
Leg length = height – sitting height 
 
Maturity offset boys = −9.236 + (0.0002708 * (leg length * sitting height)) 
+ (−0.001663 * (age years * leg length)) + (0.007216 * (age years * sitting 
height)) + (0.02292 * (body weight to height ratio * 100)) 
 
Maturity offset girls = −9.376 + (0.0001882 * (leg length * sitting height)) + 
(0.0022 * (age years * leg length)) + (0.005841 * (age years * sitting 
height)) − (0.002658 * (age years * body weight)) + (0.07693 * (body 
weight to height ratio * 100)) 
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In Study II, maturity offset was used as a continuous variable. In Study III, 
maturity offset was categorised into pre (< –1.0 year), average (± 1.0 year), 
and post (> 1.0 year) PHV (152, 202). Assessment of skeletal age is 
considered to be the gold standard for assessing maturity, but the method 
requires X-ray examinations and is costly (153). Age at peak height velocity 
(calculated from maturity offset) had 57% agreement with skeletal age 
assessments in boys aged 13–14 (203). Inter-rater reliability was ensured by 
training test leaders in previous training sessions and usage of a 
comprehensive test manual. In Study II, body mass index (BMI) was also 
derived from the anthropometric measurements, by calculating body weight 
in kg / height in m2. 
 

Statistics 
Data analyses were performed with IBM SPSS Statistics V.20.0 for Study I 
and V.24.0 for Studies II–IV (IBM, Armonk, New York, USA). Parametric 
statistics were used in group comparisons of mean values. Chi2-tests were 
used to investigate differences in proportions of groups. All analyses were 
performed as two-tailed tests. The results were presented as mean and 
standard deviation (SD). Statistical significance was set to p < 0.05. 
 
In study 1, Student’s t-test was used to compare mean values in SF-36, 
IPAQ, and ORTO-15 between the two programmes of exercise science and 
business and between men and women. Chi2-tests were used to investigate 
differences in distribution of categories for IPAQ (low, moderate, and high) 
and for two cut-offs for ORTOscore (ON<40 and ON<35) between 
programmes, between men and women, and within sexes but between 
programmes. Student´s t-test was also used for comparing differences in 
mean values between students categorized with ON (ON<35) or not. Chi2-
tests were also used to analyse differences in the high category for IPAQ, 
ON<35 and the combination of both (IPAQ High + ON<35), stratified by 
programme and sex. 
 
In Study II, Student’s t-test was used to compare mean values for 
chronological age, anthropometrics (height, body weight, BMI, and maturity 
offset), pain intensity, EQ-5D, and sports performance tests (20 m sprint, 
agility T-test, CMJ-AS, and grip strength) between boys and girls, and 
within sexes but between infrequent pain and constant pain groups. Chi2-
tests were used to study differences in distribution between contact, non-
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contact, and aesthetic sports and between infrequent, frequent, and constant 
pain for boys and girls. To explore associations between sports performance 
tests (independent variables), maturity, and pain groups (dependent 
variables), analysis of covariance with β-estimate (β-est) and 95% 
confidence interval (CI) was used. Analysis was stratified by sex.  
 
In Study III, Student’s t-test was used to compare mean values for pain 
intensity, EQ-5D, chronological age, anthropometrics (height, body weight, 
and maturity offset), and sports performance tests (20 m sprint, agility T-
test, CMJ-AS, and grip strength) between boys and girls at baseline and at 
follow-up. Chi2-tests were used to study differences in distribution between 
infrequent and frequent pain groups, number of regions with frequent pain, 
EQ-5D categories, maturity offset categories, and contact and non-contact 
(non-contact and aesthetic) sports for boys and girls at baseline and at 
follow-up. Chi2-tests were also used to study changes in distribution into 
pain groups over time for all and within sexes. To study associations 
between frequent pain at follow-up (dependent variable) and sex, pain 
group, number of regions with frequent pain, pain intensity, EQ-5D 
categories, maturity offset categories and sport categories (independent 
variables) at baseline, logistic regression analysis with odds ratio (OR) and 
95% CI was performed. Independent variables were inserted separately in 
analysis and analysis was performed for all participants and stratified for 
boys and girls. To explore associations between sports performance tests 
(independent variables) at follow-up and pain groups (dependent variables) 
at follow-up, analysis of covariance with β-est and 95% CI was used. 
Analysis was stratified by sex.  
 
In Study IV, Student’s t-test was used to compare mean values in EQ-5D, 
global health, USI, stress, HADS, and IPAQ between boys and girls at 
baseline and follow-up, respectively. Chi2-tests were used to study 
differences between boys and girls at baseline and follow-up in distribution 
in HADS categories, IPAQ categories, and in CMP groups. To study 
associations between CMP at baseline (dependent variable) and EQ-5D 
categories, severe sleeping problems derived from the USI, stress 
categories, HADS categories, and IPAQ categories (independent variables) 
at baseline, logistic regression analysis with OR and 95% CI was 
performed. Independent variables were controlled for sex and separately 
inserted in the analyses. Variables that were statistically significant were 
then inserted into a multiple regression analysis. The same analyses were 
performed with CMP at follow-up as dependent variable and with 
independent baseline variables.  
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Ethical considerations 
Study I (Dnr 2015/435), Studies II and III (Dnr 2012/745, Dnr 2014/270, 
and Dnr 2017/325), and Study IV (Dnr 2013/34) have been approved by the 
Ethical Review Authority (formerly known as the Regional Ethical Review 
Board), Sweden. The studies have been carried out in accordance with the 
Declaration of Helsinki (204). Participation was voluntary in all studies and 
the students enrolled for Studies II–IV could withdraw at any time without 
giving a reason. Written informed consent was given by all participating 
students, and also by the guardians for the children under 15 years of age for 
all studies. This is in line with the Swedish Act of Ethical Review (205). 
Data were handled in a way that ensured the students’ integrity, and in 
Studies II–IV identities were recoded into serial numbers. 
 
One aim of research in medicine and health is early identification of 
diseases and disorders in order to develop successful preventive methods 
which can increase health (206). This thesis aims to contribute to increasing 
knowledge about biopsychosocial factors affecting pain and health in 
adolescents and young adults. Involving children in research requires 
special considerations, since children are a vulnerable group. In the 
Declaration of Helsinki (204) it is stated that research may only be 
conducted in a vulnerable group if the group cannot be substituted with a 
non-vulnerable group. To increase knowledge about early risk factors for 
pain, which is a condition that generally causes suffering and great societal 
costs for the adult population, adolescents were investigated in this thesis. 
When studying children and adolescents, it is important to adapt the 
information in the informed consent in a way that makes it easy to read for 
the targeted group. Adults and children may have different experiences of 
evaluating risks and benefits associated to participating in research (207), 
which is why research on children and adolescents under 15 years of age 
requires their guardians’ signatures (205). The informed consents from the 
studies in this thesis were adapted to the specific age groups. 
 
The four ethical principles in health research are: 1) Beneficence (“Do 
good”), 2) Non-maleficence (“Do no harm”), 3) Respect for human dignity 
(voluntary participation and right to complete information about study) and 
4) Justice (treat everyone equally). The intent to do no harm relates to both 
physical and emotional discomfort (208). A risk assessment should take 
place and scientific gains should outweigh potential risk factors, provided 
that respect for human rights and values are maintained (209).  
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A risk that could arise is the emotional responses or thought processes that 
questionnaires about health might induce. According to Polit and Beck 
(208), there is a great need for sensitivity and thoughtfulness when asking 
personal questions that could lead to emotional distress. However, it is 
emphasised that this should not hinder researchers from asking questions; 
rather, it should raise awareness of the individual’s integrity and what might 
interfere with it (208). For studies in this thesis, a researcher was always 
present to ask for help when filling out the questionnaires. Since the 
participants in this thesis were students, the school health-care services 
could provide support with physical and mental issues and concerns. The 
students were informed that they could seek support from the school health-
care services. 
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Results 

Study I: Health status, physical activity, and orthorexia 
nervosa in university students 
Two hundred and sixteen students (66.1% out of 327 eligible students) 
agreed to participate. Nine students were excluded due to being 30 years of 
age or older, resulting in a final sample of 207 students (22.8 ± 2.2 years, 
range 19–29 years). There were 118 students (54 men and 64 women) from 
the exercise science programme and 89 students (36 men and 53 women) 
from the business programme. 
 

Differences between programmes 
Exercise science students reported a worse health status than business 
students with regard to the subscales of physical functioning (97.4 ± 6.3 vs. 
99.0 ± 3.2; p = 0.020), role-physical (80.5 ± 33.4 vs. 89.0 ± 24.1; p = 
0.034), and bodily pain (72.8 ± 21.0 vs. 82.5 ± 19.9; p = 0.001), but a better 
health status in the subscale of general health (83.1 ± 14.1 vs. 77.1 ± 16.9; p 
= 0.006) in SF-36 (Figure 8). IPAQ categories did not differ between the 
programmes (p = 0.203). One hundred and eighty-eight students answered 
ORTO-15. Exercise science students (n = 110) reported a lower ORTOscore 
(35.8 ± 3.8 vs. 37.9 ± 3.4; p < 0.001) and a higher frequency of ON 
according to the cut-off of ON<40 (84.5% vs. 65.4%; p = 0.002) (Figure 9 
and Table 5) than business students (n = 78). 
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Figure 8: Mean values and standard deviation for SF-36 subscales (0–100, scored worst to 
best) for students in exercise science (blue) and business (red) programmes 
 

Differences between men and women 
When analysing differences between men (n = 90) and women (n = 117), 
irrespective of programme, there were no differences in health status and 
ON, according to the cut-off of ON<40 (Figure 9 and Table 5), but men 
engaged in VPA to a larger extent than women (2550 ± 2041 MET-min/wk 
vs. 1841 ± 1438 MET-min/wk; p = 0.007). However, this did not result in a 
difference in total physical activity or in IPAQ categories between men and 
women.  
 

Prevalence of ON with different cut-offs 
Three out of four students fulfilled criteria for ON when ORTO-15 was 
analysed with the cut-off of ON<40. Because of the high proportion and to 
achieve a higher specificity, the cut-off was refined to ON<35, resulting in 
one in four students fulfilling criteria for ON. An overview of differences in 
frequency of ON based on both cut-offs between programmes, between men 
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and women, and within the sexes but between programs are presented in 
Figure 9 and Table 5. 
 

 
Figure 9: Prevalence of ON in categories ON<40 (blue) and ON<35 (red) stratified on 
programme, sex, and on programme and sex 
 
Table 5: Comparisons between programmes and sexes in prevalence of ON<40 and ON<35 
(Chi2-tests) 

 ON<40 ON<35 
 p-value p-value 

Exercise science programme vs. Business programme 0.002 0.003 
Men vs. women 0.304 0.031 
Exercise science men vs. Business men 0.231 0.009 
Exercise science women vs. Business women 0.004 0.168 
 

Covariation between ON, health status and physical activity 
To examine covariation between ON and health status, students in the 
ON<35 group was compared with the rest, but there were no differences in 
the subscales of SF-36 between the groups. To examine covariation between 
ON and physical activity, results for ON<35 and IPAQ category “High” 
were stratified by programme and sex (Figure 10). The highest ON 
frequency was seen in men from exercise science, followed by women from 
exercise science, men from business, and women from business, in 
descending order (p = 0.003). When ON<35 and IPAQ High were combined 
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into IPAQ High + ON<35 and stratified by programme and sex, a similar 
pattern of frequencies was seen between the four groups (p < 0.001) and all 
the men from exercise science with ON (according to ON<35) also fulfilled 
the criteria for category High in IPAQ.  
 

 
Figure 10: Proportions of students categorised into IPAQ category High “IPAQ High” (blue; p 
= 0.089), into ON<35 (red; p = 0.003), and into a combination of both (IPAQ High + ON<35; 
green; p < 0.001). Results were analysed with Chi2-tests 
 

Additional analyses on pain 
Additional analyses of the item from SF-36 describing pain magnitude 
during the last four weeks were conducted. The item was dichotomized into 
groups of none–mild pain and moderate–severe pain. No one answered that 
they had very severe pain. Thirty-three out of 207 (15.9%) were categorised 
as having moderate–severe pain. When comparing programmes with chi2-
test, a larger proportion of students from exercise science reported 
moderate–severe pain during the last four weeks compared with business 
students (20.3% vs. 10.1%, p = 0.047). More men than women reported 
moderate–severe pain, but the difference was above the probability cut-off 
(21.2% vs. 12.0%, p = 0.075).  
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Studies II and III: Musculoskeletal pain, health status, 
maturity, and sports performance in 14 to 16-year-old 
sport school students 

Cross-sectional (Study II) 
One hundred and seventy-eight students (108 boys and 70 girls, 13.94 ± 
0.26 years) out of 233 registered students were included in this cross-
sectional study. Boys were taller (167.1 ± 9.6 cm vs. 163.1 ± 6.4 cm; p = 
0.001), not as advanced in their physical maturation with regard to maturity 
offset (−0.27 ± 0.75 vs. 1.66 ± 0.43; p < 0.001), and better in all sports 
performance tests (p-values for all tests ≤ 0.01) in comparison with girls. 
One hundred and sixty-seven students (100 boys and 67 girls) were 
categorized into the groups of infrequent pain (18.6%), frequent pain 
(50.9%) and constant pain (30.5%), and there was no difference in the 
distribution into pain groups between boys and girls (Figure 11; p = 0.27). 
 

 
Figure 11: Proportions of boys (blue) and girls (red) divided into infrequent, frequent, and 
constant pain groups (n = 167) 
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Infrequent pain vs. constant pain 
The group of boys with infrequent pain (n = 22) were compared to boys in 
the constant pain group (n = 27). Boys in the constant pain group reported a 
higher pain intensity and a worse health status than boys with infrequent 
pain. Boys with constant pain had a lower maturity offset, indicating a later 
physical maturation, than boys in the infrequent pain group. Boys with 
infrequent pain were also better in 20 m sprint, agility T-test, and CMJ-AS 
(Table 6).  
 
Table 6: Results of comparisons for pain intensity, health status, physical maturity, and 
sports performance tests between boys with infrequent pain and boys with constant pain. 
Results were analysed with Student’s t-test and presented as mean ± SD 
 Infrequent pain boys 

(n = 22) 
Mean ± SD 

Constant pain boys 
(n = 27) 

Mean ± SD 

p-value 

Pain intensity (0–10)1 2.2 ± 2.2 5.3 ± 1.8 < 0.001 
EQ-5D (0.00–1.00)2 0.92 ± 0.10 0.80 ± 0.09 < 0.001 
Maturity offset (years) 0.07 ± 0.76 −0.38 ± 0.68 0.03 
20 m sprint (s) 3.21 ± 0.13 3.40 ± 0.21 0.001 
Agility T-test (s) 10.41 ± 0.40 10.94 ± 0.66 0.003 
CMJ-AS (cm) 38.2 ± 4.8 33.5 ± 6.3 0.007 
Grip strength (kg) 34.3 ± 6.8 30.4 ± 7.2 0.06 
1 Scored from best to worst. 
2 Scored from worst to best. 
CMJ-AS, countermovement jump with arm swing. 
 
Comparisons between girls with infrequent pain (n = 9) and girls with 
constant pain (n = 24) were also performed. Girls with constant pain 
reported a higher pain intensity and worse health status, but there were no 
differences in maturity offset or in sports performance (Table 7). 
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Table 7: Results of comparisons for pain intensity, health status, physical maturity, and 
sports performance tests between girls with infrequent pain and girls with constant pain. 
Results were analysed with Student’s t-test and presented as mean ± SD 
 Infrequent pain girls 

(n = 9) 
Mean ± SD 

Constant pain girls 
(n = 24) 

Mean ± SD 

p-value 

Pain intensity (0–10)1 1.8 ± 1.4 4.5 ± 2.1 0.001 
EQ-5D (0.00–1.00)2 0.94 ± 0.12 0.77 ± 0.14 0.004 
Maturity offset (years) 1.82 ± 0.36 1.65 ± 0.42 0.29 
20 m sprint (s) 3.49 ± 0.19 3.37 ± 0.18 0.11 
Agility T-test (s) 11.38 ± 0.63 10.94 ± 0.57 0.07 
CMJ-AS (cm) 30.2 ± 4.4 34.1 ± 4.7 0.05 
Grip strength (kg) 28.4 ± 3.1 28.7 ± 5.0 0.88 
1 Scored from best to worst. 
2 Scored from worst to best. 
CMJ-AS, countermovement jump with arm swing. 
 

Associations between sports performance, maturity and pain 
For boys, when controlled for maturity, belonging to either the frequent pain 
or constant pain group was associated with a worse sports performance in 
20 m sprint, agility T-test, and CMJ-AS. Girls with frequent or constant 
pain had a better performance in 20 m sprint (p = 0.06), agility T-test (p = 
0.06), and in CMJ-AS (p = 0.01) than girls in the infrequent pain group 
(Table 8). 
 
Table 8: Results of associations between sports performance and physical maturity and 
pain groups, divided by sex. The results were analysed with analysis of covariance and 
results are presented as β-est and 95% CI 
 Boys (total n = 100) 
 20 m sprint  

(s) 
Agility T-test 

(s) 
CMJ-AS  

(cm) 
Grip strength 

(kg) 
 β-est (95% CI) β-est (95% CI) β-est (95% CI) β-est (95% CI) 
Maturity offset 
(years) 

−0.06 
(−0.11; −0.01) 

0.01 
(−0.15; 0.17) 

1.4 
(−0.1; 3.0) 

7.4 
(6.2; 8.6) 

Pain groups1 0.08 
(0.02; 0.13) 

0.27 
(0.09; 0.45) 

−2.0 
(−3.7; −0.3) 

−0.2 
(−1.5; 1.1) 

 Girls (total n = 67) 
 20 m sprint  

(s) 
Agility T-test 

(s) 
CMJ-AS 

(cm) 
Grip strength 

(kg) 
 β-est (95% CI) β-est (95% CI) β-est (95% CI) β-est (95% CI) 
Maturity offset 
(years) 

−0.06 
(−0.16; 0.03) 

−0.05 
(−0.39; 0.29) 

1.8 
(−1.0; 4.6) 

6.6 
(4.4; 8.8) 

Pain groups1 −0.06 
(−0.12; 0.001) 

−0.20 
(−0.40; 0.01) 

2.3 
(0.6; 4.0) 

0.9 
(−0.5; 2.2) 

1 Infrequent pain = 1, frequent pain = 2, constant pain = 3. 
CMJ-AS, countermovement jump with arm swing. 
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Longitudinal (Study III) 
One hundred and thirty-one students (79 boys and 52 girls, 13.98 ± 0.26 
years at baseline) out of 233 registered students participated at baseline and 
at follow-up and were included in this longitudinal study. 
 

Frequent pain and transitions between pain groups 
Seventy-one students (54%) reported frequent pain at baseline and 61 (47%) 
at follow-up. There was no difference in the distribution into pain groups 
between boys and girls at baseline, but a higher proportion of girls than boys 
reported frequent pain at follow-up. The proportion of students categorised 
into groups according to number of regions with frequent pain at baseline 
did not differ between boys and girls (Table 9). 
 
Table 9: Prevalence of frequent pain at baseline and at follow-up in boys and girls. Results 
were analysed with Chi2-tests and presented as n and percentage 
 Baseline Follow-up 
 Boys  

(n = 79) 
Girls  

(n = 52) 
p-

value 
Boys  

(n = 79) 
Girls  

(n = 52) 
p-

value 
 n (%) n (%)  n (%) n (%)  
Infrequent pain 38 (48%) 22 (42%) 0.515 50 (63%) 20 (38%) 0.005 Frequent pain 41 (52%) 30 (58%) 29 (37%) 32 (62%) 
   1 pain region 9 (11%) 6 (12%) 0.7931 13 (17%) 17 (33%) 0.0171    ≥ 2 pain regions 32 (41%) 24 (46%) 16 (20%) 15 (29%) 
1 Computed for a 3x2 table together with the group of infrequent pain (corresponding to 0 
pain regions). 
 
When analysing the changes in pain groups from baseline to follow-up, 
there was a significant difference between the proportions of students in the 
group who remained in infrequent pain, the group that transitioned from 
infrequent pain, the group that remained in frequent pain, and the group that 
transitioned to frequent pain for all students (p = 0.005). Analyses stratified 
by sex resulted in similar findings for boys (p = 0.065) and for girls (p = 
0.041) (Figure 12). About three out of four girls remained in the frequent 
pain group over time, whereas the corresponding figure for boys was two 
out of four. 
 



67 

 
 
Figure 12: Transitions from baseline to follow-up (arrows) between the infrequent pain and 
frequent pain groups for all students (p = 0.005), for boys (p = 0.065), and for girls (p = 
0.041) 
 

Baseline risk factors for frequent pain at follow-up 
Baseline risk factors associated with the persistence or development of 
frequent pain at follow-up were analysed in the whole sample and stratified 
by sex. Female sex, frequent pain, frequent pain in two or more body 
regions, an EQ-5D index below 1.00, being pre-PHV or post- PHV, and 
involvement in non-contact sports were identified as risk factors at baseline 
for being in the frequent pain group at follow-up for all students (Table 10). 
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Table 10: Associations between baseline variables and frequent pain at follow-up (based on 
logistic regression analysis) for all students (n = 131). Results are presented as odds ratio 
(OR) and 95% confidence interval (CI), and all variables were inserted separately in analyses 
  All 

Infrequent pain at follow-up  
(n = 70) vs. Frequent pain at 

follow-up (n = 61) 
Baseline variables  OR 95% CI p-value 
Sex Boys 1.000   
 Girls 2.759 1.340–5.679 0.006 
Pain groups Infrequent 1.000   
 Frequent 2.773 1.338–5.582 0.006 
Number of regions with 
frequent pain 

0 1.000   
1 2.286 0.725–7.202 0.158 

 ≥ 2 2.870 1.374–6.111 0.006 
Pain intensity  NRS 0–101 1.113 0.954–1.300 0.173 
EQ-5D2 1.00 1.000   
 < 1.00 2.344 1.109–4.954 0.026 
Maturity offset category  Average PHV (± 1 year) 1.000   
 Post PHV (> 1 year) 2.852 1.338–6.080 0.007 
 Pre PHV (< −1 year) 3.690 1.093–12.460 0.035 
Sports category Contact sports 1.000   
 Non-contact sports 6.154 2.520–15.031 < 0.001 
1 Scored from best to worst. 
2 Dichotomized according to the best tertiary (1.00) vs. the two worst tertiaries (< 1.00). 
NRS, numeric rating scale; PHV, peak height velocity. 
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Boys in the pre-PHV group and boys performing non-contact sports had 
higher risk of having frequent pain at follow-up (Table 11).  
 
Table 11: Associations between baseline variables and frequent pain at follow-up (based on 
logistic regression analysis) for boys (n = 79). Results are presented as odds ratio (OR) and 
95% confidence interval (CI), and all variables were inserted separately in analyses 
  Boys 

Infrequent pain at follow-up  
(n = 50) vs. Frequent pain at 

follow-up (n = 29) 
Baseline variables  OR 95% CI p-value 
Pain groups Infrequent 1.000   
 Frequent 2.418 0.937–6.238 0.068 
Number of regions with 
frequent pain 

0 1.000   
1 2.240 0.500–10.039 0.292 

 ≥ 2 2.471 0.907–6.727 0.077 
Pain intensity  NRS 0–101 1.087 0.902–1.310 0.382 
EQ-5D2 1.00 1.000   
 < 1.00 1.728 0.654–4.567 0.270 
Maturity offset category  Average PHV (± 1 year) 1.000   
 Post PHV (> 1 year) 0.539 0.056–5.159 0.592 
 Pre PHV (< −1 year) 3.884 1.146–13.171 0.029 
Sports category Contact sports 1.000   
 Non-contact sports 3.429 1.001–11.748 0.050 
1 Scored from best to worst. 
2 Dichotomized according to the best tertiary (1.00) vs. the two worst tertiaries (< 1.00). 
NRS, numeric rating scale; PHV, peak height velocity. 
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Frequent pain, frequent pain in two or more body regions, an EQ-5D index 
below 1.00, and involvement in non-contact sports were risk factors 
identified for girls for having frequent pain at follow-up (Table 12).  
 
Table 12: Associations between baseline variables and frequent pain at follow-up (based on 
logistic regression analysis) for girls (n = 52). Results are presented as odds ratio (OR) and 
95% confidence interval (CI), and all variables were inserted separately in analyses 
  Girls 

Infrequent pain at follow-up  
(n = 20) vs. Frequent pain at 

follow-up (n = 32) 
Baseline variables  OR 95% CI p-value 
Pain groups Infrequent 1.000   
 Frequent 3.300 1.029–10.588 0.045 
Number of regions with 
frequent pain 

0 1.000   
1 2.400 0.361–15.942 0.365 

 ≥ 2 3.600 1.033–12.542 0.044 
Pain intensity  NRS 0–101 1.335 0.961–1.855 0.085 
EQ-5D2 1.00 1.000   
 < 1.00 3.571 1.026–12.434 0.045 
Sports category Contact sports 1.000   
 Non-contact sports 8.282 2.011–34.116 0.003 
1 Scored from best to worst. 
2 Dichotomized according to the best tertiary (1.00) vs. the two worst tertiaries (< 1.00). 
NRS, numeric rating scale; PHV, peak height velocity. 
 

Associations between frequent pain and sports performance 
A worse performance in 20 m sprint and in CMJ-AS at follow-up was 
identified in boys with frequent pain at follow-up. There were no 
associations between frequent pain and sports performance in girls (Table 
13). 
 
Table 13: Results of associations between sports performance at follow-up and pain 
groups at follow-up separated by sex. The results were analysed with analysis of 
covariance and results are presented as β-est and 95% CI 
 20 m sprint 

(s) 
Agility T-test 

(s) 
CMJ-AS 

(cm) 
Grip strength 

(kg) 
 β-est (95% CI) β-est (95% CI) β-est (95% CI) β-est (95% CI) 
Pain groups for 
boys1 

0.12 
(0.03; 0.22) 

0.20 
(−0.07; 0.48) 

−4.0 
(−7.7; −0.2) 

−2.2 
(−5.3; 0.9) 

Pain groups for 
girls1 

0.01 
(−0.11; 0.13) 

0.04 
(−0.41; 0.49) 

0.9 
(−2.9; 4.6) 

1.0 
(−1.4; 3.5) 

1 Infrequent pain = 0, frequent pain = 1. 
CMJ-AS, countermovement jump with arm swing. 
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Study IV: Risk factors in 16-year-old students for 
chronic musculoskeletal pain at three-year follow-up  
Two hundred and fifty-six students (87 boys and 169 girls, 16.1 ± 0.6 years, 
range 15–20 years at baseline) out of 296 eligible students were included in 
the study. A 32% dropout rate resulted in a sample of 174 students (56 boys 
and 118 girls) at follow-up.  
 

Differences between boys and girls 
Boys reported a better health status than girls with regard to EQ-5D, both at 
baseline (0.87 ± 0.17 vs. 0.83 ± 0.18; p = 0.051) and at follow-up (0.89 ± 
0.20 vs. 0.81 ± 0.19; p = 0.022). Girls were more frequently distributed into 
the groups of possible (girls 27.8% vs. boys 9.2%) and probable cases (girls 
16.6% vs. boys 6.9%) of anxiety at baseline (p < 0.001), but there were no 
statistically significant differences between boys and girls at follow-up. In 
total, about one in ten were categorized as a possible or probable case for 
depression, both at baseline and follow-up. Boys were physically active to a 
larger extent than girls, both at baseline (3483 ± 2117 MET-min/wk vs. 
2428 ± 2021 MET-min/wk; p < 0.001) and follow-up (4182 ± 2218 MET-
min/wk vs. 2462 ± 1864 MET-min/wk; p < 0.001). 
 

Chronic musculoskeletal pain 
Out of the 221 students that answered the pain questionnaire at baseline, 
169 (76.5%) were placed in the no-CMP group and fifty-two (23.5%) were 
categorised as having CMP. At follow-up, 115 (74.7%) were placed in the 
no-CMP group and 39 (25.3%) in the CMP group, from a total of 154 
students. There were no statistically significant differences between boys 
and girls at baseline (19.0% vs. 26.1%; p = 0.235) or at follow-up (19.2% 
vs. 28.4%; p = 0.241) with regard to pain group distribution. One out of four 
with CMP at baseline reported one pain region, whereas three out of four 
with CMP reported two or more pain regions.  
 

Associations at baseline for chronic musculoskeletal pain 
In logistic regression analysis with variables adjusted for sex and inserted 
separately, CMP at baseline was associated with reporting an EQ-5D index 
below the median, having severe sleeping problems, possible and probable 
anxiety, and possible depression (Table 14). In multiple regression analysis 
with significant variables controlled for each other and sex, an EQ-5D index 
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below the median (OR 3.61; 95%CI 1.76–7.41; p = 0.001) and possible (OR 
2.60; 95%CI 1.08–6.30; p = 0.034) and probable (OR 3.32; 95%CI 1.02–
10.84; p = 0.047) anxiety remained significantly associated with CMP. 
 
Table 14: Associations between baseline variables and CMP at baseline (based on logistic 
regression analysis) for all (n = 221). Results are presented as odds ratio (OR) and 95% 
confidence interval (CI), and all variables were controlled for sex but otherwise inserted 
separately in analyses 
  No CMP at baseline (n = 169) vs. 

CMP at baseline (n = 52) 
Baseline variables  OR 95% CI p-value 
Sex Boys 1.00   
 Girls 1.50 0.77–2.95 0.237 
EQ-5D1 ≥ 0.85 1.00   
 < 0.85 5.04 2.59–9.80 < 0.001 
Severe sleeping problems2 No 1.00   
 Yes 3.06 1.61–5.83 0.001 
Stress3 Points 1–3 1.00   
 Points 4–5 2.36 1.17–4.75 0.016 
HADS anxiety Non cases 1.00   
 Possible cases 3.42 1.55–7.57 0.002 
 Probable cases 6.49 2.63–16.02 < 0.001 
HADS depression Non cases 1.00   
 Possible cases 2.76 1.09–7.01 0.033 
 Probable cases 1.83 0.16–20.90 0.625 
IPAQ Low 1.00   
 Moderate 0.79 0.27–2.33 0.668 
 High 1.60 0.62–4.09 0.331 
1 Scored from 0–1, worst to best. Dichotomized according to the median. 
2 Reporting severe–very severe problems in at least one of the four sleeping items: initiating 
sleep, maintaining sleep, early morning awakening, and non-restorative sleep. 
3 Scored from 1–5, best to worst. 
CMP, chronic musculoskeletal pain; HADS, the Hospital Anxiety and Depression Scale; IPAQ, 
the International Physical Activity Questionnaire. 
 

Baseline risk factors for persistence or development of chronic 
musculoskeletal pain at follow-up 
When performing logistic regression analysis (adjusted for sex and with 
variables inserted separately) for persistence or development of CMP at 
follow-up, reporting CMP, an EQ-5D index below the median, severe 
sleeping problems, and possible and probable anxiety at baseline were all 
separate risk factors (Table 15). When all significant risk factors, controlled 
for each other and for sex, were inserted in a multiple regression analysis, 
CMP at baseline remained significantly associated with the persistence or 
development of CMP at follow-up (OR 2.99; 95%CI 1.09–8.24; p = 0.034).  
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Table 15: Associations between baseline variables and CMP at follow-up (based on logistic 
regression analysis) for all (n = 154). Results are presented as odds ratio (OR) and 95% 
confidence interval (CI), and all variables were controlled for sex but otherwise inserted 
separately in analyses 
  No CMP at follow-up (n = 115) 

vs. CMP at follow-up (n = 39) 
Baseline variables  OR 95% CI p-value 
Sex Boys 1.00   
 Girls 1.67 0.74–3.76 0.217 
CMP No 1.00   
 Yes 5.51 2.23–13.61 < 0.001 
 Do not know or missing 1.45 0.42–4.99 0.556 
EQ-5D1 ≥ 0.85 1.00   
 < 0.85 4.06 1.83–9.01 0.001 
Severe sleeping problems2 No 1.00   
 Yes 3.63 1.69–7.82 0.001 
Stress3 Points 1–3 1.00   
 Points 4–5 1.75 0.76–4.02 0.187 
HADS anxiety Non cases 1.00   
 Possible cases 4.19 1.74–10.11 0.001 
 Probable cases 3.82 1.17–12.48 0.027 
HADS depression Non cases 1.00   
 Possible cases 1.61 0.45–5.72 0.465 
 Probable cases -   
IPAQ Low 1.00   
 Moderate 2.39 0.60–9.58 0.217 
 High 1.64 0.42–6.41 0.476 
1 Scored from 0–1, worst to best. Dichotomized according to the median. 
2 Reporting severe–very severe problems in at least one of the four sleeping: items initiating 
sleep, maintaining sleep, early morning awakening, and non-restorative sleep. 
3 Scored from 1–5, best to worst. 
CMP, chronic musculoskeletal pain; HADS, the Hospital Anxiety and Depression Scale; IPAQ, 
the International Physical Activity Questionnaire. 
 

Prevalence of pain in Studies I–IV 
An overview of pain prevalence for all, for boys, and for girls in Studies I–
IV can be found in Table 16. 
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Discussion 

Main findings 
This thesis examined musculoskeletal pain and its relationship to various 
health-related factors in 14 to 29-year-old students from sport or general 
education programmes. The main findings from Study I were that 19 to 29-
year-old university students enrolled in an exercise science programme 
reported bodily pain to a larger extent, but also better general health, than 
students from a business programme. Orthorexia nervosa in combination 
with a high level of physical activity was most prevalent in men from 
exercise science and least prevalent in women from business. Studies II and 
III showed that frequent pain and constant pain were common in 14 to 16-
year-old students enrolled in a sports school. At baseline, boys with constant 
pain were not as physically mature and performed worse in sports tests than 
boys with infrequent pain. Students with constant pain reported a worse 
health status than students with infrequent pain. At follow-up, students were 
grouped as having infrequent or frequent pain. Frequent pain, frequent pain 
in two or more body regions, and a worse health status at baseline were 
identified as risk factors for having frequent pain at follow-up in girls. For 
boys, late physical maturation at baseline was a risk factor. Participating in 
non-contact sports was also associated with a higher risk for frequent pain at 
follow-up in both sexes. From separate cross-sectional analyses at baseline 
and at follow-up, it was found that pain was associated with worse sports 
performance in boys at both time-points. Study IV explored chronic 
musculoskeletal pain and risk factors over time in 16 to 19-year old students 
from a general school. A worse health status, severe sleeping problems, 
anxiety, and chronic musculoskeletal pain at baseline were associated with 
reporting chronic musculoskeletal pain at follow-up. 
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Pain and health in adolescents and young adults 
Different biopsychosocial factors and lifestyle habits, such as exercise, 
physical maturity, sleep, stress, anxiety, and type of education programme 
were found to be associated with pain and health in this thesis. To further 
describe the relationship between pain and health in adolescents and young 
adults, the Tengland (28) model can be used. The model describes the 
continuum for health by the two dimensions of ability–disability and well-
being–suffering. While some pain conditions may be physically disabling 
(5), other pain conditions do not significantly limit physical ability. 
Regardless of whether the ability–disability dimension is affected or not, 
pain usually negatively impacts the well-being–suffering dimension. Since 
health is the collective feeling of both dimensions, this may be why pain 
seems to be associated with worse health across the different populations in 
Studies II–IV in this thesis, while it could be expected from a public health 
point of view that populations that engage in exercise report their health as 
being better (13).  
 
The negative association found between pain and health is in line with 
previous studies (6, 63, 65, 84) and with the description of pain by Tengland 
(28) as a condition that causes suffering. The findings from Study I is, 
however, in contrast to the statement by Tengland (28), as exercise science 
students reported more pain than business students, but a better general 
health. This adheres to the “no pain – no gain” mentality (210), which may 
also be found in the sport school students that have pain but still participates 
in sports. The social environment and the norms that surround the two 
dimensions of ability–disability and well-being–suffering seems to be 
important when studying pain and its association with health. Tengland (28) 
makes an important distinction between health-related and non-health-
related abilities, where abilities that require special training are considered 
to be non-health-related. This indicates that the model may have limited 
applicability in populations that pursue an elite career in sports. 
 
The association between a worse health status and persistence or 
development of pain over time was evaluated in Studies III and IV. In Study 
IV, a worse health status at baseline was associated with chronic 
musculoskeletal pain at follow-up, whereas the association between a worse 
health status and frequent pain over time was only evident in girls in Study 
III. This might be a reflection of the increased risk of pain seen in girls in 
the general population (17, 61).  
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Pain 
Musculoskeletal pain was common among adolescents and young adults in 
this thesis. Pain assessment developed over time and pain was thus assessed 
differently in all studies, affecting a true comparison of the pain prevalence 
between the populations. Findings in pain prevalence ranged from 10–81%, 
depending on outcome measure used, set cut-offs, and the studied group. 
Students enrolled in sport education programmes reported a higher pain 
prevalence compared with students in more general education programmes. 
While girls and women generally report more pain than boys and men do 
(17, 61-64), this was only evident for girls at follow-up in Study III.  
 
When assessing pain in university students in Study I, an overall prevalence 
of 16% for moderate–severe pain during the last month was found by 
analysis of the bodily pain item in SF-36. The prevalence for exercise 
science students was twice as high (20%) as the prevalence for business 
students (10%). Previous studies have shown that one in two students on 
health-care university programmes reports weekly pain (211). Neck and 
shoulder pain is reported by one out of three university students (212), 
which is a prevalence in line with that found for chronic musculoskeletal 
pain in the adult population (62). The prevalence found in Study I is slightly 
lower than reported by other studies on similar populations, which could be 
due to different methodologies used and the small sample size. 
 
For the sport school students in Study II, 81% reported monthly–almost 
daily pain in any body region at baseline. When instead analysing the 
frequency as weekly–almost daily pain in Study III, the prevalence was 
54%. Even if as many as 54–81% of the students reported pain, the findings 
in Studies II and III seems to be in line with other larger cohort studies, 
which report a prevalence between 7–83% (9, 11, 17, 18, 63, 65-68). The 
methodologies used varied in the other studies, and their prevalence reports 
may also cover headache and abdominal pain, which were not assessed in 
the studies in this thesis. Regarding sex as a risk factor over time, girls had a 
higher risk than boys of maintaining or developing frequent pain over two 
years. This is in line with previous findings indicating a higher risk of 
persistence of pain in girls, but these findings are from the general 
population (213, 214). Pain prevalence have also been reported to be higher 
in girls than in boys in a mixed sample of adolescent athletes and general 
adolescents (70). The differences in reported pain intensity by the NRS in 
Study II between the infrequent pain and constant pain groups was greater 
than the minimum clinically significant difference. This indicates that pain 
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intensity contributes with important information in pain assessment from a 
short-term perspective. From a longer perspective, pain intensity at baseline 
was not associated with frequent pain at follow-up in Study III. 
 
In students from a general upper secondary school in Study IV, a prevalence 
of 25% for chronic musculoskeletal pain was found. This is lower than 
previously reported prevalence rates for both boys (34%) and girls (54%) 
(9), but within the range of 4–40% generally found in children and 
adolescents (61), describing the large variation presented in studies. 
Moreover, no differences in pain prevalence were seen between boys and 
girls, and girls were not at higher risk for developing pain over time, which 
is contrary to previous findings (61, 213, 214) and findings from Study III. 
This may be due to different methodologies used and it might affect internal 
and external validity of Study IV. 
 
Due to the relatively small samples in Studies III and IV, both persistence 
and development were assessed longitudinally to study pain better. Both 
studies indicated that pain at baseline was a risk factor for pain at follow-up, 
which is supported in the literature (12). In Study III, pain from two or more 
body regions was found to be a risk factor, indicating that multisite pain is 
an important warning signal. This is supported by earlier population studies 
where 3–4 out of five adolescents and adults with multisite pain at baseline 
reported multisite pain at follow-up two or three years later (84, 165).  
 
From a broader perspective, there are great societal costs for pain in 
adolescents and adults, in terms of medical treatment, sick-leave, and 
lowered work productivity (1, 2, 215). Moreover, persistent pain is 
associated with a worse health status (6), resulting in a significant burden 
for the individual. The results found in Studies III and IV highlight the 
vicious cycle of pain and the importance of tending to pain early on, to 
prevent it from becoming persistent. It is also important to identify the 
puzzle pieces that are associated with pain persistence. 
 

Health status 
Generally, girls and women score their health status worse than do boys and 
men (63, 64, 74), but this was only found in Study IV. The difference 
between boys and girls, however, was only clinically relevant at follow-up. 
In Study IV, the sample reflected the general population to a larger degree 
than the populations in Studies I–III, which could be why health status did 
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not differ between the sexes in the other studies. Moreover, exercise is 
associated with better health (13, 14) which could further explain the 
findings. Over time, health status was stable in Studies III and IV, but health 
in adolescents has declined over the last 20 years according to national 
surveys (87). From a public health point of view, it is important that the 
health of adolescents is prioritised and that preventive actions are taken 
towards improving health. 
 
There were other findings regarding health status that deviated from those 
seen in the general population. In Study I, exercise science students reported 
worse pain, but a better general health, compared to business students. The 
difference for pain was clinically relevant and pain was also worse than that 
seen in the general population (171). Perhaps the positive effect of being 
physically active outweighs the negative effect of pain for the exercise 
science students, contributing to the reporting of better general health. It is 
also possible that these students are more prone to continue exercising 
despite having pain, adhering to the “no pain – no gain” mentality. This may 
be concerning, since this group is expected to coach others in healthy living. 
Further studies are needed to better understand the perception of pain and its 
effect on health in students from health-oriented education programmes. 
 

Biological factors 

Physical activity and exercise 
Physical activity was assessed in all four studies. Exercise, in form of sports 
performance, was only assessed in Studies II and III. In Study IV, level of 
physical activity did not seem to be associated with pain. In Studies II and 
III, having frequent or constant pain in comparison with infrequent pain was 
associated with a worse sports performance in speed and power tests in boys 
in 7th and 9th grades. For girls, pain was associated with a better 
performance in 7th grade. These results from the sport school students 
highlight the complexity of pain, where many different factors covary.  
 
Type of sport seems to be important when assessing pain, as demonstrated 
in the study by Guddal et al. (18). Girls within endurance sports had a lower 
risk of neck, shoulder, and back pain. For boys in endurance sports, no 
associations were found. Boys in team sports had a lower risk of neck and 
shoulder pain, but a higher risk of having lower extremity pain. For girls in 
team sports, no associations were found (18). Those who participated in 
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non-contact sports had a higher risk of belonging to the frequent pain group 
at follow-up in Study III. This result could partly be related to the higher 
rate of overuse injuries or repetitive movements seen in non-contact sports 
and acute injuries in contact sports in general (142). Injuries were not 
assessed in Studies II and III, but students who reported being injured (or 
that could not participate in sports performance tests) were excluded. 
 
Physical activity and exercise can be pain relieving or pain triggering, 
depending on type and intensity of activity. While physical activity and 
exercise are beneficial to health in adolescents and adults, the relationship is 
inversely U-shaped, where both inactivity and a too high level of physical 
activity are unhealthy. The latter is demonstrated by the overtraining 
syndrome (216, 217). A high level of exercise in adolescents seems to be 
associated with pain, and also multisite pain, indicating a dose-response 
relationship (16-18, 66). Sitting time may also be an indicator for multisite 
pain (66). Moderate levels of exercise may instead decrease the risk of pain 
(18). The responsibility is heavy on youth sport coaches, athletic trainers, 
and physical education teachers to properly manage training volume and 
intensity. Moreover, this should be adapted to the individual circumstances 
for each person, such as maturity status, injury history, and training age (19, 
133, 135, 217, 218). 
 

Physical maturity 
The relationship between physical maturity and pain was investigated in 
Studies II and III. Boys with pain were not as physically mature as boys 
without pain at baseline and being pre-PHV at baseline was a risk factor for 
belonging to the frequent pain group at follow-up. There is still discrepancy 
in literature regarding pain and physical maturity (20). Early maturing 
adolescents are more frequently selected for most sports, while aesthetic 
sports traditionally favour late maturing adolescents (219). To include 
physical maturity and type of sport in the same model in Study III might 
have further clarified the results, but due to a small sample size, this was not 
possible. Further investigations are needed to study the relationship between 
pain and physical maturity. 
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Psychological factors 

Sleep, stress, anxiety, and depression 
In Study IV, further health aspects as risk factors for pain were studied, such 
as sleeping problems, stress, anxiety, and depression. Severe sleeping 
problems were associated with reporting chronic musculoskeletal pain three 
years later. While the relationship between sleeping problems and pain seem 
to be difficult to establish in adolescents (82) there are, nevertheless, 
findings that point towards sleeping problems as a precursor to pain (220) 
and as related to pain persistence (83). A high level of stress was not 
associated with chronic musculoskeletal pain over time but was associated 
with pain at baseline, a finding also seen in the literature (68, 88). Both 
anxiety and depression were associated with reporting chronic 
musculoskeletal pain at baseline, and anxiety with chronic musculoskeletal 
pain at follow-up. The relationships between pain, anxiety, and depression 
are in line with other studies on both adolescents and adults (8, 9, 221). 
Sleeping problems, stress, anxiety, and depression are part of the 
biopsychosocial understanding of pain and thus important to assess in 
interventions and preventive actions towards pain. 
 

Orthorexia nervosa 
Prevalence of ON was high in both university students from exercise 
science and business programmes in Study I, but with exercise science 
students reporting ON to a larger extent. A high prevalence of ON in health-
oriented academic programmes and in athletes have been reported in 
previous studies (109, 111, 222), but there is still uncertainty as to whether 
an increased interest in health is a risk factor for ON (222) or not (105, 106, 
109, 223). There is also still uncertainty regarding if there are any 
differences between men and women in the prevalence of ON (101). 
 
Men from exercise science reported ON in combination with a high level of 
physical activity to a larger extent than did women from exercise science, 
men from business, and women from business. This is in line with previous 
findings, where ON has been found to be associated with a high volume of 
exercise in university students (109) and also with exercise addiction in gym 
members (224). However, due to uncertainty regarding definition and 
methodological issues in ON assessment, the results should be interpreted 
cautiously. Fulfilling criteria for both ON and a high level of physical 
activity did not seem to impact negatively on health status in comparison to 
the rest of the sample in Study I. More studies are needed in order to 
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investigate potential relationships between ON, health status, and physical 
activity. 
 

Social factors 

Education programmes 
Education programmes that covers both sport-specific populations and 
general populations are represented in Studies I–IV. In addition, the studies 
cover the ages between 14–29 years, representing adolescence and young 
adulthood. Pain was prevalent in all educational settings, but the pain 
perception may differ between those enrolled in sport and general education 
programmes. Tengland (28) discusses that the dimensions of ability–
disability and well-being–suffering are evaluated from a normative 
perspective. Although not specifically covered in this thesis, it is possible 
that pain is a condition that is somewhat normalised in sport education 
programmes, contributing to the “no pain – no gain” mentality (210). This 
would be interesting to investigate further. 
 

Sports 
Sustainability is emphasised as an important goal in IOC’s consensus 
statement on youth sports. Sport sampling is highlighted as a factor that 
decreases injury risk, while it is recommended that premature sport 
specialisation should be avoided (19). This is relevant in relation to the 
sample in Studies II and III, where adolescent athletes are enrolled in one 
specific sport at the school as early as the age of 12. Early sport 
specialisation does not necessarily lead to an elite career in adulthood (131, 
132, 135). The consensus statement on youth sport (19) does not cover pain 
from a biopsychosocial perspective, but there are recommendations for adult 
athletes made by the IOC, wherein it is emphasised that both pain 
management and injury management are important (147). This holistic 
perspective is needed also within youth sports and is supported by the 
findings from Studies II and III.  
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Methodological considerations 

Study-specific methodological considerations 
In Study I, ON was assessed by the ORTO-15 questionnaire. ORTO-15 is 
not validated in English. It is only translated from the validated Italian 
version (98). The questionnaire has received a lot of attention regarding its 
incapacity to distinguish between those who have ON and those who eat 
healthily, but not in a pathological way (94, 189). The exact definition of 
ON, diagnostic criteria, and assessment method are still being debated (97). 
Because of the lack of validity of ORTO-15, ON was not included in any 
other study in this thesis. Physical activity was assessed by IPAQ. Due to 
low correlation between IPAQ and objective measures (191), the results 
should be interpreted with caution. 
 
In Studies II and III, the sample is heterogenic due to participation in 
various sports. Sports of various different characters pose different demands 
on physical ability and performance. There were too few individuals in each 
sport to analyse them separately and the sports were instead categorised into 
contact and non-contact sports. This should be kept in mind when 
interpreting the results. A diversity in sports representation could also be 
seen as a strength that increases generalizability. Another consideration in 
these studies are the estimation equation for maturity offset. It has been 
found to overestimate PHV in girls to a larger extent than in boys (225), but 
the equation has higher accuracy at the ages of 11–13 in girls and 12–16 in 
boys (225, 226), which is within the data collection period used in Studies II 
and III. 
 
In Study IV, HADS was used to assess symptoms of anxiety and 
depression. The questionnaire should not be used to set a medical diagnosis, 
but rather as a measure of symptoms (186, 187). This should be 
remembered when interpreting results. Another drawback in Study IV was 
that screen time was not assessed. Even if the relationship between screen 
time and sleeping problems is not completely understood yet (227), it would 
have been interesting to study screen time in combination with sleep and 
anxiety in adolescents. The first data collection time point was in 2011. The 
development of smartphones and tablets was difficult to predict, and 
therefore it was not included.  
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General limitations and strengths 

Limitations 
Study I and Study II are based on cross-sectional data, which makes it hard 
to draw conclusions regarding causality of the results found. For Studies II 
and III an attempt was made to recruit a reference group from two general 
schools. Unfortunately, there was a selection bias because only those 
students who were already physically active at a high level chose to 
participate in the data collection sessions. Furthermore, the internal drop-out 
over time became too large, which is why the reference group was omitted 
from the studies. The internal drop-out in the longitudinal studies needs to 
be discussed further. The proportion of students lost to follow-up in Study 
III from baseline measures was 26% and in Study IV, 32%. The dropout 
was random and not systematic. All drop-out has a negative impact on 
generalizability of results; however, other epidemiological longitudinal 
studies on adolescents have had dropout rates similar to those seen in the 
studies in this thesis (67, 84). In Studies II and III, it was important to 
exclude students who stated that they had a current injury, to reduce the risk 
of bias in pain assessment. The questionnaire was not intended to capture 
pain originating from injuries that were in the acute phase. However, it 
cannot be completely excluded that no acute injury or overuse injury was 
assessed with the pain questionnaire. The aim was to capture the experience 
of pain regardless of cause (which adheres to the concept of pain as a 
biopsychosocial experience), and this should be remembered when 
interpreting the results. The exclusion criteria further contributed to the 
drop-out rate seen in the studies.  
 

Strengths 
Firstly, the thesis includes variables that represent the different domains 
from the biopsychosocial model, contributing to an increased understanding 
of pain from many different perspectives. Most of the measures included in 
the studies are previously established, well-used, validated, and reliable. 
This further strengthens the findings. Secondly, the sport school, which is 
the study setting for Studies II and III, is a unique school environment in 
Sweden, gathering a diversity of sports for adolescents between 14 and 16 
years of age. Since the concept of sport schools is rare in Sweden, the 
findings from Studies II and III enhance the understanding of an area that is 
scarcely covered in the scientific literature. Thirdly, the longitudinal design 
of Studies III and IV enabled an exploration of pain persistence and 
development over time. It also enabled the study of risk factors at baseline 
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for reporting of pain at follow-up. An increased knowledge of risk factors 
will help to identify individuals with pain early and to initiate interventions 
to prevent pain from becoming persistent.  
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Conclusions and implications 

Study-specific conclusions 
Study I 
Exercise science students reported lower health status related to bodily pain 
and orthorexia nervosa to a greater extent than business students, but 
paradoxically they had higher scores regarding general health. This 
discrepancy may cause problems in the future, since exercise science 
students would be expected to coach others in healthy living. Further studies 
are needed to investigate the relationships between health status, physical 
activity, and orthorexia nervosa―and the impact that orthorexia nervosa 
may have on students in health-oriented academic programmes. There is 
also a need for instruments that better correspond to the proposed diagnostic 
criteria for orthorexia nervosa describing a more severe condition than what 
is captured by ORTO-15. 
 
Study II 
Musculoskeletal pain is common in sport school students and it appears to 
coincide with worse health status and with a younger biological age in boys. 
The high prevalence of pain should be acknowledged by coaches, student 
healthcare workers, and school personnel in order to promote a healthy and 
sustainable development for young athletes who are aiming for future elite 
careers. More studies are needed to establish possible long-term 
relationships between pain, maturity, health status, and sports performance. 
 
Study III 
Frequent pain is common in sport school students, especially in girls. 
Baseline risk factors identified were frequent pain and a worse health status 
in girls, late physical maturation in boys, and involvement in non-contact 
sports in both sexes. Frequent pain at follow-up was associated with worse 
sports performance in boys, but not in girls. Frequent pain in adolescent 
athletes may cause health problems later in life, and parents, coaches, 
teachers, and school health-care services should recognize the need for 
interventions to prevent pain from becoming persistent. 
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Study IV 
One in four 16-year-old students reported having chronic musculoskeletal 
pain, and this was associated with having a worse health status, severe 
sleeping problems, and anxiety at baseline. Chronic musculoskeletal pain at 
baseline was the most important predictor for reporting chronic 
musculoskeletal pain at the three-year follow-up, but a worse health status, 
severe sleeping problems, and anxiety also predicted persistence or 
development of chronic musculoskeletal pain over time. Interventions 
should be introduced early on by the school health services to promote 
student health. 
 

General conclusions and implications 
Musculoskeletal pain was prevalent, and also persistent, in adolescents and 
young adults irrespective of attending sport or general education 
programmes. In adolescents and young adults, pain was equally prevalent in 
boys/men and girls/women, but girls from the sport school had a higher risk 
of persistence of pain over time. Pain predicts pain later in life, but other 
pieces also contribute to the complex puzzle of persistent pain, such as a 
worse health status, sleeping problems, anxiety, late physical maturation in 
boys, and involvement in non-contact sports. Pain does not act in isolation; 
rather, it is a biopsychosocial phenomenon and must be treated as such. Pain 
should be frequently monitored, and treatment should be introduced early 
on to prevent pain from becoming persistent. 
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Recommendations for the future 
These recommendations are directed towards parents and practitioners, such 
as strength and conditioning coaches, athletic trainers, personal trainers, 
physiotherapists, health care workers, physical education teachers, and 
others who are active in sport or general education programmes for 
adolescents and young adults: 
 

• Early attention to pain is important and pay extra attention to those 
who have multisite pain. 

 
• Approach pain from a biopsychosocial perspective. 

 
• Build a multimodal team representing different competences and 

use as a resource when pain is identified. 
 
Additional sports-adapted recommendations: 
 

• Pain management is as important as injury management. Both 
should be prioritised. 
 

• Employ formally educated coaches and athletic trainers within 
youth sports. In Sweden, most coaches are volunteers without 
formal education. 
 

• Give special consideration to the maturity status of youth athletes. 
 

• Carefully monitor training load and intensity in athletes. 
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