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  Summary 
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Summary

Public health discussions of physical activity’s positive health effects have tended to 

focus on physical health benefits rather than mental health benefits. Mental health 

problems are a worldwide public health burden. Among adults some evidence suggests 

that physical activity is a protective factor in relation to mental health problems. The 

same body of literature is not present among adolescents.    

With regard to prevention of mental health problems it is important to identify vulnerable 

groups that need special attention. If physical activity can be a preventive strategy, 

knowledge of physical activity in subgroups of adolescents is important. With an 

increasing influx of immigrants to the Western parts of the world, cultural/ethnic 

background has become an important factor when studying health and health behaviour 

in a public health perspective. Inequality in health has also been a subject of increased 

attention during the last years, thus it is of great importance to study the significance of 

sociodemographic factors.  

 

Objectives:  

The main objective of this thesis was to study physical activity and mental health in a 

multiethnic cohort of adolescents. 

The specific aims were:  

� To study how physical activity in boys and girls at age 15–16 were associated 

with mental health three years later (Paper I). 

� To compare mental health and physical activity between adolescents with ethnic 

Norwegian and ethnic minority background aged 15-16 years followed for three 

years, while taking gender and sociodemographic factors into account (Paper II 

and III). 

� To identify subgroups lost at three-years of follow-up and investigate the 

magnitude and direction of possible selection bias (Paper IV). 
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Materials and Methods:

The youth part of The Oslo Health Study constitutes the baseline of the self-reported 

longitudinal sample used in paper I, II and III. The information was collected in schools 

in 2001 (n = 3811). In 2004, the follow-up study (Youth 2004) was conducted partly in 

school and partly by mail. A total of 2489 (1112 boys and 1377 girls) (65% of 

participants at baseline) participated in the follow-up, and 20% of the participants in Oslo 

had an ethnic minority background. In paper IV, participants from the youth part of The 

Hedmark Health Study (2001) were also included, of these 1939 adolescents 827 (43%) 

participated in Youth 2004.

Mental health was measured by the Strengths and Difficulties Questionnaire (SDQ) and 

The Hopkins Symptom Checklist (HSCL-10). Physical activity level was measured by a 

question about weekly hours of physical activity outside of school. Ethnic background 

and sociodemographic variables were both measured by self-report and by data received 

from Statistics Norway.

Results:

We found a weak inverse association between weekly hours of physical activity at age 15 

and emotional- and peer problems three years later in boys. In girls, the associations did 

not persist after adjustments (paper I).  

Overall, girls reported more symptoms of mental health problems than boys. At both age 

15 and 18 years, ethnic minorities reported more metal health problems than ethnic 

Norwegians of the same sex. No ethnic disparities were found for mean change in mental 

health during these three years, and the current sociodemographic factors were not 

differently associated with changes in mental health between the ethnic groups (paper II).  

Boys were more physically active than girls. Ethnic Norwegian girls were more 

physically active than their ethnic minority counterparts, thus ethnic minority girls were 

least physically active. Among boys, no difference in physical activity was found 

between ethnic Norwegians and ethnic minorities. There was a consistent reduction in 

physical activity from 15 to 18 years in all groups, and sociodemographic factors were 

only marginally associated with this reduction (paper III).  

Non-western ethnicity, male gender and characteristics related to low social class and 

general- and mental health problems measured at baseline, were associated with lost to 
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follow-up. Lost to follow-up had marginal impact on the association measures 

(prevalence ratios) in the present study (IV). 

Conclusions:

Physical activity was associated with some aspect of mental health problems in boys. 

Ethnic minorities reported more mental health problems than ethnic Norwegians. Ethnic 

minority girls were least physically active. These findings encourage search for further 

knowledge about physical activity as a possible protective factor in relation to mental 

health problems in adolescents. Further research should acknowledge the distinctive 

characteristics of subgroups of gender and ethnicity and investigate both mental health 

and physical activity, and the association between these aspects in subgroups.      
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  Background 

1.0 Background  

After my master degree performed on the youth part of The Oslo Health Study, we 

started planning the data collection in Youth 2004. This thesis is based on both studies, 

and is a product of four papers. After paper I, investigating the association between 

physical activity at age 15 and mental health three years later, we realised the need for 

more knowledge on both mental health and physical activity in host and immigrants 

during late teens/adolescence (paper II and III). We do not have a complete follow-up of 

all participants in the baseline study. Thus in paper IV, we identify predictors of lost to 

follow-up, and investigate the magnitude and direction of possible selection bias. In the 

latter paper we use a somewhat larger study population than in the first three papers. In 

this summary, I only elaborate on findings from paper IV that are of direct relevance for 

the findings in the papers I-III. 

 1



  Introduction 

2.0 Introduction  

The World Health Report 2002 (1) paid considerable attention to the potential of physical 

activity to reduce the burden of various diseases (e.g. cardiovascular disease, some 

cancers and type 2 diabetes). During recent years, both internationally and nationally, 

focus has been put on developing guidelines for physical activity to provide risk 

reduction for morbidities, along with strategies to increase participation (2-9).     

The attention has been focused on the physical health benefits of physical activity (10). In 

recent years, the knowledge of positive effects of physical activity in the treatment of 

depression among adults has become well established (11-17). In adults, prospective 

population based studies have also revealed that those who become or remain physically 

active are less likely to develop depression (11;13-15;18-20). 

 

Mental health problems are worldwide a large public health burden (21-23). A 

considerable number of children and adolescents are impaired by mental health problems 

(22-24). Both professionals and health authorities emphasise the need for preventive 

strategies (5;25). A Norwegian public health report (The report no 16 (2002-2003) to the 

Storting) (5) points out insufficient knowledge about factors that strengthen mental 

health, reasons for mental health problems, and effective interventions, as important 

barriers to developing a preventive framework.  

Physical activity may be such a factor, hence promoting physical activity could be a 

preventive strategy in adolescents. However, more research is needed to determine this. 

Epidemiological research can contribute to this evidence-base by studying associations 

between physical activity and mental health in longitudinal population based studies 

during adolescence.     

 

With regard to prevention of mental health problems it is important to identify vulnerable 

groups that need special attention, and if physical activity can be a preventive strategy 

knowledge of physical activity in subgroups of adolescents is also important. With an 

increasing influx of immigrants to the Western parts of the world, cultural/ethnic 

background has become an important factor when studying health and health behaviour 

in a public health perspective.   
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  Introduction 

 

In the following section a short review of the associations between physical activity and 

mental health problems among adolescents is presented, with a special focus on 

population based studies. Then mental health and physical activity in adolescents are 

considered.  

The following introduction mainly reviews the literature prior to the present papers. In 

the discussion, some relevant literature is introduced that has been published after the 

publications in this thesis.   

 

2.1 Physical activity and mental health among adolescents

A Cochrane review evaluating the literature of randomised trials, concludes that the 

effect of physical activity in the treatment of anxiety and depression in children and 

young people is unknown as the evidence base is scarce (26). There appears to be a small 

effect in favour of physical activity in reducing depression and anxiety scores in non-

clinical populations of children and adolescents and the intensity of the physical activity  

appears to be of little importance (26). However, the small number of studies included 

and the diversity of participants, interventions and methods of measurement, limit the 

ability to draw conclusions (26).  

 

There are cross-sectional population based studies among adolescents focusing on the 

association between physical activity and mental health. Depressive symptoms/emotional 

problems/psychological distress have been most studied, and the majority of the papers 

report an inverse association with physical activity (27-36). The association between 

physical activity and social and/or behaviour problems is less studied and the evidence is 

less clear (32-40).  

The cross-sectional design of most population based studies limits the possibility to draw 

conclusions on the temporal nature of the association between physical activity and 

mental health among adolescents, and there is little longitudinal evidence published to 

determine this. However, two studies report a consistent positive relationship between 

physical activity in adolescence and psychological well-being (41) and mental health (42) 

in adulthood. However, others have failed to show any association between physical 
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activity in adolescence and depression in mid-life (43). To our knowledge, the first 

longitudinal study investigating the association between physical activity and depression 

during pre-teen years in a general population, found that change in the frequency of 

physical activity outside of school was inversely associated with changes in depressive 

symptoms (44). A population based cohort study during late teens, focusing on 

delinquent behaviour, found that adolescents with high sporting activity at 15 years of 

age were more likely to be delinquent three years later than those with low sporting 

activity (45). However, this was not true for team sport participation (45).  

We do not know of any longitudinal population based studies looking at physical activity 

and various dimensions of mental health during adolescence.  

 

An increasing amount of research, especially among adults, has found that physical 

activity is associated with good mental health, however, the underlying mechanisms for 

this relationship are not clear (11;13;15).  

Before mentioning different hypotheses postulated to explain the positive association, it 

is important to mention that physical activity during adolescence also can cause harm 

(46). Forced physical activity in childhood and adolescence has been associated with 

inactivity in adulthood (47). However, most of the detrimental consequences of physical 

activity have been observed in athletes undergoing intensive training (48-52). 

Overtraining and exercise addiction/dependency, accompanied by fatigue, stress, 

depression, sleep disturbances and anger, may be negative effects of hard physical 

activity for some (50;53). The negative outcomes are largely associated with the exercise 

dosage, but the individual differences in the capacity to adapt to overtraining and 

addiction play a role (53). In a public health perspective this may not be of great concern 

(11). However, with the growing focus on body appearance in our culture, the risk for 

overtraining and exercise dependency, perhaps in combination with eating 

problems/disorders (secondary dependency (50)), may be increasing problems in the 

general population of adolescents. 
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2.1.1 Possible mechanisms of the associations between physical activity and mental 

health

Part of the difficulty in identifying a single causal mechanism to explain improvements in 

mental health associated with physical activity, may be due to the varied, complex and 

individual causes of mental illness. This section presents a brief overview of some of the 

biological, psychological and social factors that have been suggested as explanations for 

the possible psychological benefits of physical activity. Given the complexity of both 

physical activity and mental health, no particular mental health effects are likely to be 

adequately explained by a single process (54). Multiple mechanisms may well interact to 

affect both short-term and long-term psychological functioning. The current thesis does 

not elaborate further on the possible mechanisms, other than highlighting some of them 

when discussing the present findings. The following postulated mechanisms operate on 

different levels, directly and indirectly. Some of the mechanisms are not unique to 

physical activity, however this does not make them less important.    

2.1.1.1 Biological factors

Neurotransmitters: Experimental studies in animals have demonstrated an influence of 

physical activity on transmitters in the brain. Some of the most discussed transmitters are: 

Monoamines such as serotonin and noradrenalin, involved in regulation of stress, mood 

and emotions; Dopamine which plays a role in reward and motivation; Endorphins which 

act as natural opiates and are involved in perceptions of pain, and have also been 

implicated in reward mechanisms and positive emotions; Gamma-Aminobutyric Acid 

(GABA) which probably is important in anxiety (13;17;55-57).  

 

Thermogenics: Another hypothesis proposes that the changes in body temperature that 

occur during exercise, are associated with increased central and peripheral neuron activity 

in the brain, as well as decreased muscle tension (58). This mechanism is also linked to 

improved sleep (59). 

 

Current evidence is inadequate to conclusively determine the biological plausible 

explanation for physical activity’s possible effect on mental health (13).  
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2.1.1.2 Psychological and social factors 

Self-esteem: Self-esteem is the value people place on their conception or view of 

themselves, and is a cornerstone in mental health. It reflects a person’s feelings about, 

and evaluations of specific personal features, including physical attributes, such as 

appearance and physical ability, as well as social, academic and emotional attributes (60). 

Improvement in body image or physical skills as a result of physical activity can 

contribute to general self-esteem in children and adolescents (61). Expectations of 

increased fitness can also improve self-esteem even when the fitness has actually not 

improved. Believing that you are doing something positive for yourself may be enough to 

improve self-esteem (13).  

 

Mastery and self-efficacy: Feeling of achievement, like improved fitness or successfully 

following an exercise regime, can give an increased sense of mastery and enhance ones 

faith in e.g. staying physically active. Some evidence suggests that this confidence can 

extend beyond physical activity settings to enhance an overall belief in mastering – also 

called self-efficacy, and improve mental health. Successfully reaching a goal can increase 

ones self-efficacy (62). 

 

Distraction: Mental health benefits may also be related to the fact that participation 

typically occurs in settings distant from what can be experienced as stressful 

environments. Hence, a person is shielded from potential stressors and provided with a 

pleasant distraction (63).   

 

Social factors: Several of the most popular physical activities among young people take 

place in a social setting (e.g. football and handball), that provide social interaction and 

may promote social competence and support (64;65). In depression, social isolation can 

be a contributing and sustaining factor. Participating in physical activity may provide 

personal contact that can decrease a sense of isolation. Being physically active with 

others may also demonstrate that he or she is important to others, as well as being a part 

of a community (64;65).   
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It is often concluded that biological mechanisms are independent of sex and age. 

However, concerning the psychological and social mechanisms it is relevant to assume 

that they may vary dependent on sex, age, ethnicity and socioeconomic status.  

 

2.2 Mental health among adolescents

Mental health has been defined in various ways by scholars from different cultures (21). 

It is difficult to define mental health comprehensively, however, it is agreed that good 

mental health is more than simply a lack of mental disorder (21). The World Health 

Organisation defines mental health as “a state of well-being in which the individual 

realizes his or her own abilities, can cope with normal stressors in life, can work 

productively and fruitfully, and is able to make a contribution to his or her community” 

(p. 1) (66). In the research literature use of the term mental health is often related to the 

chosen measures of mental health. In the following review, the terms from the actual 

referred literature are used. The use of the term mental health in this thesis, is presented 

in the methods (Chapter 4.3.1) 

 

Mental health problems, including emotional, behavioural and peer problems are 

prevalent among adolescents and may severely interfere with everyday functioning 

(23;67;68). A comprehensive international review concluded that the median prevalence 

estimate of functionally impairing psychiatric disorders in children and adolescents was 

12%, although the range of the estimate was wide (23). In a Norwegian epidemiological 

study of children (7-9 years of age), using a diagnostic tool to identify cases, 7 %  of the 

children were reported to have some kind of psychiatric disorder (69).  

A common feature in most studies is the great gender variation in mental health problems 

in adolescence, with girls reporting more emotional symptoms and distress and boys 

more behavioural problems (24;68;70-73). Prospective studies show that mental distress 

and emotional problems are increasing from puberty up to early adulthood in girls, with a 

more stable trend in boys (73;74), whereas behavioural problems in both boys and girls 

are peaking in mid- and late adolescence somewhat depending on type of behaviour 

(71;75).  
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In the literature on immigrants, mental health findings among adolescents are less clear.  

In some cross-sectional studies, using self-report measures, a higher prevalence of mental 

health problems has been reported among immigrants compared to the host population 

(76-78), whereas others have found no difference (79-82) or a lower frequency of 

problems among immigrant compared to host adolescents (82-84). Even when including 

studies examining both parental and teachers’ report, no general conclusion of the 

psychological development and health of migration can be drawn (79;85;86). 

Population based longitudinal studies, focusing on mental health in different ethnic 

groups of adolescents, are scarce (87;88).  

 

Migrant populations often have a weak social position in their host countries (86). This 

may create an economic disadvantage, consequently the socioeconomic position in the 

host country may be of importance when comparing migrants’ and hosts’ mental health 

(86). We do not know of any population based longitudinal studies comparing changes in 

mental health during late teens between immigrants and the host population also 

adjusting for sociodemographic factors.  

 

2.3 Physical activity among adolescents  

Physical activity is defined as any bodily movement produced by skeletal muscles that 

result in an expenditure of energy (89). It is a complex behaviour that occurs in a variety 

of forms and contexts including free play, exercise, physical education and organized 

sport. Physical activity has several dimensions including duration (units of time); 

frequency (number of sessions per time unit); intensity and type of activity (90). In the 

research literature use of the term physical activity varies and is often a result of how it is 

measured. For use of the term physical activity in this thesis, see methods (Chapter 

4.3.2). 

 

Regular physical activity is an important factor for healthy growth and development in 

children and adolescents (91). Despite the importance of physical activity in youth, 

studies consistently show that physical activity declines during adolescence. Such 

declines are reported in both cross-sectional (92-94) and longitudinal studies (95-104), 
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and in studies using self-reported measures (92;95-100)  as well as objective measures of 

physical activity (93;94;104). 

The gender difference in physical activity, with boys being more physically active than 

girls, is well documented (4;93;94;105;106).  

There is a lack of studies investigating physical activity in adolescents of different 

ethnicities. The majority of the existing research is from the United States (US), and  

generally reveals that black adolescents (especially girls), and to some degree also 

Hispanics, are less physically active than their white counterparts (100;107-110). In 

Europe one study from the United Kingdom (UK) reports that Asian students are more 

sedentary than white students, and that was also true for black girls but not black boys 

(111).   

Different socioeconomic variables show various associations with physical activity in 

adolescence, but most studies agree that there is a positive association between physical 

activity and socioeconomic status (112-114). Whether the relation between 

socioeconomic status and physical activity varies by ethnicity is less studied in 

adolescents (112). More knowledge on physical activity level and changes over time in 

immigrant and host adolescents, and the association with sociodemographic variables, is 

needed



  Objective 

3.0 Objective  

The main objective of this thesis was to study physical activity and mental health in a 

multiethnic cohort of adolescents.   

The specific aims were:  

� To study how physical activity in boys and girls at age 15–16 were associated 

with mental health three years later (Paper I). 

� To compare mental health and physical activity between adolescents with ethnic 

Norwegian and ethnic minority background aged 15-16 years followed for three 

years, while taking gender and sociodemographic factors into account (Paper II 

and III). 

� To identify subgroups lost at three years of follow-up at age 18-19 years and 

investigate the magnitude and direction of possible selection bias (Paper IV). 
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  Material and Methods 

4.0 Material and Methods  

The papers in this thesis were based on data collected at two time points three years apart. 

Baseline data consisted of the youth parts of The Oslo Health Study and The Hedmark 

Health Study conducted in 2001, and the follow-up data consisted of Youth 2004 which 

was carried out both in Oslo and Hedmark in 2004. 

 

4.1 Data collection

4.1.1 The youth part of The Oslo Health Study 

All 10th grade students (aged 15–16 years, later referred to as 15 years) in Oslo during the 

school years 1999–2000 and 2000–2001 were invited to enter the youth part of The Oslo 

Health Study. A total of 7343 students (88%) from the total population of 10th graders 

participated (both 1999–2000 and 2000–2001). In 2000–2001, 3811 students participated 

(89%), and this group comprised the baseline of the longitudinal study in Oslo (blue box 

on top in the flow chart, page 14). This was a questionnaire study conducted in all the 60 

schools in the city. All parents received written information (Appendix I) and the students 

signed a consent form before participation (Appendix II). The students completed two 

four-page questionnaires during two school classes (Appendix III). A project assistant 

was present in the classroom to inform the students about the survey and to administer 

the questionnaires. For those not present on the day of the survey, questionnaires, 

informed consent forms and a pre-stamped envelope were left for them at school. A 

separate instruction was prepared for teachers responsible for this follow-up task. 

Students who did not return the completed questionnaire during the course of the school 

year were invited by a letter sent to their home. A more detailed description of the 

procedure has been published elsewhere (115).  

4.1.2 The youth part of The Hedmark Health Study 

In 2000-2001, all 10th graders attending the 41 schools in Hedmark county were invited 

to participate in the youth part of The Hedmark Health Study.  The study was conducted 

following the same protocol as the youth part of The Oslo Health Study (described 
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  Material and Methods 

above). A total of 1939 students participated (88%) and comprised the baseline of the 

longitudinal study in Hedmark (green box on top in the flow chart, p 14). 

4.1.3 Youth 2004 

Youth 2004 was carried out in Oslo and Hedmark. We wanted to invite all individuals 

participating in the baseline cohorts in Oslo and Hedmark, thus, the follow-up study had a 

different design than the baseline studies. In Oslo, the study was carried out partly at 

school and partly by mail. In Hedmark, the data collection was carried out by mail. A 

more detailed description of the procedure has been published elsewhere (116). 

4.1.3.1 In school 

The procedure for the school part of Youth 2004 in Oslo, was similar to the baseline 

health studies in Oslo and Hedmark. To get hold of as many as possible of the 10th 

graders participating in the baseline study in Oslo, all senior year students (13th grade) in 

all 32 secondary high-schools in Oslo 2003-2004 were invited. This study also 

constituted a new cross-sectional study of 13th graders in Oslo (yellow/orange box in the 

flow chart, p 14). In this school-based study 3308 students participated (90%). The senior 

year students (aged 18–19 years, later referred to as 18 years) completed a four-page 

questionnaire during one school class (Appendix IV). They also provided a cell sample 

from the cheek mucosa. The students received instructions and then everyone performed 

a joint rubbing of the mucosa using cyto-brushes (Medscand Medical AB, Malmö, 

Sweden). Because not all students were present when the study was conducted, materials 

were left at school with the school-contact, or schools were visited several times. The 

decision on which procedure to follow was made by the project coordinator, based on the 

number of missing students and the collaboration with the school-contact. Those that 

could not be reached by this procedure were invited to participate by mail.   

4.1.3.2 By mail 

The participants in the baseline study in Oslo who were not enrolled in the senior year of 

secondary high-schools in Oslo, and all the baseline-participants in Hedmark, who had 

consented to participate in a follow-up, were invited to participate in Youth 2004 by mail. 

The invitation included an invitation letter, an information brochure (Appendix I), a 

consent form (Appendix II), the questionnaire (Appendix IV), two cyto-brushes including 
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a container for buccal cell sampling and a pre-stamped return envelope. Two reminders 

were sent to those who did not respond. Of those invited by mail in Oslo, 384 participated 

and signed a written consent (35 %). The corresponding number in Hedmark was 827 

(49%). 

 

4.2 Study samples

Paper I, II and III: 

Of the 3811 participants in the baseline study in Oslo, 2489 individuals (65%) (1112 boys 

and 1377 girls) participated in Youth 2004 (follow-up) and gave consent to link their 

information from the two surveys (blue boxes in the flow chart, p14). These adolescents 

were included in the main analyses in papers I-III. In paper I, 56 of the 2489 individuals 

were excluded because they reported motor disabilities at baseline.  

Paper IV:

Paper IV uses two longitudinal and three cross-sectional samples extracted from the three 

studies previously described. In addition to the longitudinal sample from Oslo (used in 

paper I, II and III), the longitudinal sample from Hedmark was also included (green 

boxes in the flow chart, p 14). The longitudinal sample from Hedmark consisted of 

adolescents who participated in both the baseline study and Youth 2004. A total of 5750 

participated in the baseline studies in Oslo and Hedmark, and 3316 of these individuals 

(58%) participated in the follow-up study (Youth 2004). The school-based part of the 

follow-up (4.1.3.1), as well as the two baseline studies in Oslo and Hedmark, constitutes 

the three cross-sectional samples in paper IV.  
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The youth part of The 
Oslo Health Study,  

The youth part of The 
Hedmark Health Study, 

2000-2001*  2000-2001* 
 

N=4273 (invited) N=2197 (invited) 
n=3811 (participated) n=1939 (participated) 

Youth 2004, invited 
 

School, n=3659 Mail, n=2767 

Missing consent, 
2001 n=173#  

New 
participants  

Participants Oslo, 
2001 

Participants 
Oslo,  

Participants. Missing 
consent, 2001  
n=229  

Hedmark,  
  2001 2001   

Did not reach## 
n=27+61  

n=2466#” Did not reach  
n=27 

  n=1193 n=1084#” n=1683 

Youth 2004, participated 
 

School, n=3308 Mail, n=1399 

Non-
responders 
n=154  

Non-
responders 
n=197+6
18  

New 
participants  

Participants Oslo, 
2001 

Participants 
Oslo, 2001 

Participants Non-
responders  
n=750  

Hedmark, 2001 
    

n=466 n=933 n=2269  n=1039  

Youth 2004, participated with full consent**
 

School, n=3036 Mail, n=1400 

Missing  
full 
consent 

Missing  
full 
consent 

New 
participants  

Participants Oslo, 
2001 

Participants 
Oslo, 2001 

Participants. Missing  
full 
consent 

Hedmark, 2001 
    

n=384### n=827 n=2105###    n=931 n=164+82 n=108   n=106  

*Later referred to as 2001  
**Full consent: acceptance of linking the questionnaire with other surveys and different registers (Appendix II).    
#In the flow chart in paper III an error occurred, the correct number is 173  
##27+2466 (school) and 61+1084 (mail) constitute the invited in the flow charts in paper I, II and III  
### Study sample in paper II and III, in paper I 56 was excluded because of motor disabilities at age 15  

Figure 1: Study-population flow chart 
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4.3 Variables

Variables included are mainly collected by self-reported questionnaires. After paper I and 

II were published/accepted for publication, information from Statistics Norway (SSB), a 

public institution collecting many types of national statistics, was added to the data file. 

Thus, country of birth as registered by SSB is used in paper III, and several 

sociodemographic variables from SSB were included in paper III and IV.    
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Table 1: Summery of the variables used in the different papers

Paper
Question I II III IV
       Gender E E E E/C
Mental Health: 
 SDQ, baseline D/C D D*/C
 SDQ, follow-up D D
 SDQ Impact, follow-up D
 HSCL-10, baseline D D/C
 HSCL-10, follow-up D
Physical activity (PA) 
 Weekly hours of PA, baseline E D E/C
 Weekly hours of PA, follow-up D
Other lifestyle factors: 
 Alcohol consumption, baseline C
 Smoking habits, baseline C E/C
General health: 
 Self perceived health, baseline D/C
Ethnicity
 Parents country of birth, self 

report, baseline 
C E E/C

 Parents country of birth, SSB, 
2002  

E

Sociodemographic 
variables:
 Perceived family economy, 

baseline  
C C C C

 Mother’s education, SSB 2002 C
 Father’s education, SSB 2002 C C
 Mother’s income, SSB 2002 C
 Father’s income, SSB 2002 C C
 Parents marital status, baseline C C C
 Socioeconomic region of 

residence, baseline 
C C

 Education plans, baseline C
Other variables 
 Participation with 

cyto-brush, follow-up 
D/C

 Invitation group, 
follow-up 

C C C C

 Lost to follow-up D
D: Dependent variables 
E: Exposure/predictor/group differences studied 
C: Covariates 
*The SDQ sub-scores hyperactivity and inattention problems, and behaviour problems are used  
 

4.3.1 Mental Health  

In this thesis the term mental health includes both internalizing and externalizing 

problems as well as a positive aspect of mental health - prosocial behaviour. Mental 
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health is measured by Strengths and Difficulties Questionnaire (SDQ) and Hopkins 

Symptoms Checklist (HSCL). When referring to HSCL, the term mental distress is used 

and when referring to the SDQ the names of the different subscales are used.  

 

The Strengths and Difficulties Questionnaire (SDQ): The SDQ is a multi-informant wide-

angle screening questionnaire, developed by Robert Goodman in the UK and first 

published in 1997 (117;118). The SDQ has been used in a large number of population 

based studies in several countries during the last decade (118). In the current study the 

self-report version of the questionnaire was used. The SDQ is a 25-item questionnaire 

with five subscales, each consisting of five items, generating scores for emotional 

symptoms, conduct problems, hyperactivity–inattention, peer problems, and prosocial 

behaviour. Each item can be answered with “not true” (0), “somewhat true” (1) or 

“certainly true” (2), with reference to the past 6 months. For each subscale these values 

were summed to generate scale scores ranging from 0 to 10. The first four problem scales 

are summed to generate a total difficulties score ranging from 0 to 40. According to the 

scoring instructions for the SDQ, missing values for each individual were replaced with 

the individual mean for the other items in the subscale. However, records with three or 

more missing items in the current subscales were excluded. The prosocial scale measures 

the adolescent’s ability to act prosocially. This subscale assesses positive behaviours, like 

caring and helpful behaviour (with a range of scores from 0 to 10). SDQ self-report is 

designed and validated for youngsters (11-16 years), but SDQ has also been used for 

older youths (119;120). In the follow-up questionnaire some linguistic changes were 

made in accordance with the approved Norwegian translation at that time. In Tromsø, the 

“old” and “new” versions of the SDQ were used among 15-16 year-olds three years apart 

(2002 and 2005). Based on comparisons of answers in the two versions, we concluded 

that the linguistic changes most likely had little impact on the subscale scores (121). 

Among adolescents from Oslo that had been followed longitudinally, the internal 

consistency (Cronbach’s alpha) of the various SDQ scales were at baseline and follow-

up: 0.73 and 0.77 for the total difficulties score; 0.70 and 0.73 for emotional symptoms; 

0.47 and 0.38 for conduct problems; 0.54 and 0.65 for hyperactivity–inattention; 0.53 and 

0.57 for peer problems; and 0.64 and 0.61 for prosocial behaviour. The internal 

consistency was about the same for ethnic Norwegians and ethnic minorities at both time 
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points. The low alpha coefficients may be associated with a low number of response 

categories and skewed distributions of scores. Because of this, Oppedal et al (122) argued 

that it may be more appropriate to calculate alpha based on polychoric correlation to 

provide an estimate of a potential underlying continuous factor in stead of the consistency 

of the actual sum score. They performed both analyses and reported more satisfactory 

results with polychoric correlation - even if the values were still low (i.e. peer problems 

improved from 0.44 to 0.61 and conduct problems from 0.46 to 0.59) (122). Other studies 

have also reported low Cronbach’s alpha values for some of the subscales (123), 

particularly for conduct problems (124). The conduct problem items cover selected 

essential criteria for oppositional defiant disorder and conduct disorder (123;125), which 

implies some heterogeneity. Nevertheless, the low reliability in some of the SDQ 

subscales poses a problem regarding the unity of the underlying structure of the construct. 

Two other large Norwegian studies (120;124), have explored the construct validity of the 

self-reported SDQ (by confirmatory factor analysis) and concluded that the fit statistics 

were satisfactory. However, some of the factor loadings and, correspondingly, some of 

the subscale reliabilities (internal consistency) were low, which suggests poor specificity 

of items (120). In spite of this, Rønning et al (124) argued that the SDQ self-report is an 

efficient screening instrument for preventive research on large community samples. A 

large SDQ validation study found that a high score on the self-reported conduct problem 

scale was associated with an odds ratio of 7.1 for having conduct or oppositional-defiant 

disorder (based on interviews), supporting the validity of the subscale (123). The self-

reported version of SDQ has also shown satisfactory discrimination between community 

and clinical samples (126).   

In paper I and II, the SDQ subscales and “total score” are used as continuous measures of 

(self-perceived) mental health problems and strengths. In paper IV, two of the SDQ 

subscales; conduct problems and hyperactivity–inattention problems were summed to 

give an index of externalizing problems (127). The index is divided into two groups by 

the 90 percentile (score�10) when comparing associations at baseline between all 

participants and lost to follow-up, and when exploring predictors for lost to follow-up.  

  

The Strengths and Difficulties Impact Supplement: In epidemiological studies, many 

young people with high psychiatric symptom load are not significantly socially impaired by 
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their symptoms (128). To get a better indication of the significance of the symptoms an impact 

supplement has been made (129). This supplement was included in Youth 2004 and starts 

with a question on whether the respondent thinks he or she has a problem. If so, further 

enquiries are made about chronicity, overall distress, social impairment and burden to the 

environment. The impact questions have four response categories: “no” (0), “little” (0), 

“quite a lot” (1), “a great deal” (2). The items concerning overall distress and social 

impairment related to family, friends, learning situation and leisure activities generate a 

total impact score, ranging between 0 and 10. Goodman defines a score of two or more as 

“abnormal” or “caseness” and a score of one as borderline (129). In paper I, the variable 

was dichotomized into high (� 1) and low (< 1) scores when conducting logistic regression. 

 

The Hopkins Symptom Checklist (HSCL-10): The HSCL-10 comprises questions 

regarding psychological symptoms of depression and anxiety (mental distress) 

experienced the previous week (130). For each question there are four possible answers; 

ranging from “not troubled” (1) to “heavily troubled” (4). According to the scoring 

instructions for the HSCL, missing values on individual items were replaced with the 

sample mean value for each item. However, records with three or more missing items 

were excluded. The average item score is used as a measure of mental distress (130). The 

HSCL-25 version is shown to have satisfactory validity and reliability as a measure of 

mental distress in adults (131;132). The version with ten questions performs almost as 

well as the longer versions, also among subjects aged 16-24 years (130). In the 

longitudinal data from Oslo, the consistency (Cronbach’s alpha) of the HSCL-10 scale was 

0.86 at baseline and 0.88 at follow-up. The internal consistency was approximately the same 

for ethnic Norwegians and ethnic minorities at both time points. Among subjects aged 16-24 

years of age, an average score for all 10 items equal to or above 1.85 has been shown to be 

a valid predictor for mental distress, corresponding to the 1.75 cut-off of HSCL-25 (130). 

In paper II, the HSCL-10 was used as a continuous variable. In paper IV, the HSCL-10 was 

dichotomized at 1.85 (High score �1.85), when comparing associations at baseline between 

all participants and lost to follow-up, and when exploring predictors for lost to follow-up.  

 19



  Material and Methods 

4.3.2 Physical activity

Our use of the term physical activity may include various types of activities in leisure 

time, and both organized and unorganized activities. The measure takes into account the 

amount of both moderate and vigorous physical activity.  

 

Weekly hours of physical activity in leisure time: Participants were asked how many 

hours per week they spent on physical activity “to an extent that makes you sweat and/or 

out of breath” outside of school. The possible answers were: 0 (0), 1–2 (1.5), 3–4 (3.5), 

5–7 (6), 8–10 (9), or 11(11) hours or more per week. The numbers in the parentheses 

represent the coding in paper III, when using the ranked ordinal variable as a continuous 

variable. Hours of physical activity was also recoded into different groups [0, 1-4, 5-7 

and 8 hours or more (paper I) and 0-2 versus 3 hours or more (paper III and IV)]. The 

latter grouping was done because of the skewed distribution of physical activity among 

the ethnic minority girls. 

In an unpublished validation study, physical activity was measured both subjectively 

using the questions on physical activity included in the present questionnaire - and 

objectively using Actigraph accelerometers (Manufacturing Technology Inc., Fort 

Walton Beach, FL) that measures body acceleration (105). The selected physical activity 

question “hours per week” was the one that best predicted physical activity measured by 

accelerometry (Hein Stigum, Norwegian Institute of Public Health, personal 

communication). Several studies have used simple self-reported questionnaires on overall 

physical activity, and such measures have been shown to correlate fairly well with other 

activity measures (133;134), and with maximum oxygen uptake (135) and aerobic fitness 

(136). Nevertheless, how accurate the adolescents reported their weekly hours of physical 

activity is uncertain.   

4.3.3 Other lifestyle factors  

Alcohol consumption was estimated by asking how often in the course of the past year the 

person had been drinking alcohol. Answers were coded into six categories: “Not at all”, 

“a few times”, “once per month”, “2-3 times per month”, “once per week”, and  “2-3 

times per week or more”.  
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Smoking habits were studied by asking “Do you smoke, or have you smoked earlier?” 

Possible answers were: “No, never”, “Yes, but I have stopped”, “Yes, once in a while”, 

and “Yes, daily”. The answers were categorized into “never/quit”, “once in a while”, and 

‘daily’. 

4.3.4 General health  

Self-evaluated general health status was measured by the question: “How would you 

describe your present state of health? Possible answers were: “Poor”, “not very good”, 

“good”, and “very good”. The categories were grouped into “poor/not very good” versus 

“good/very good”. 

4.3.5 Ethnicity

In paper I, II and III, SSB’s definition of ethnic minorities, as those having both parents 

born in a country other than Norway was applied (137). In paper IV, ethnic groups were 

defined as minorities with a non-Western background versus ethnic Norwegians/Western 

minorities. Information about parents’ country of birth was collected both by adolescents’

report and by register-data from SSB. In paper I, II and IV, the ethnic background was 

defined by self-report, whereas in paper III, information from SSB was used. When 

classifying participants as ethnic minorities or ethnic Norwegians, a very good agreement 

was found between self-reported data and information registered by SSB (Cohen’s’ 

Kappa = 0.96). A total of 20% of the participants in the follow-up study in Oslo had an 

ethnic minority background (paper III). The majority of the ethnic minority youth (96%) 

came from non-Western countries. The largest ethnic minority groups came from the 

Indian subcontinent (42%), the Middle East (16%) and Eastern Europe (11%). Fifty-four 

percent of the individuals in the minority group were born in another country than 

Norway (1st generation immigrants). In the papers the terms ethnic Norwegians and 

ethnic minorities are mainly used, whereas in the current summary immigrants and ethnic 

minorities are used synonymously. When referring to the research of others, the 

concepts/terms from the papers are used. 

 21



  Material and Methods 

4.3.6 Sociodemographic variables  

Perceived family economy was studied by asking how students perceived their family 

economy compared with other families in Norway. The question had the options: “very 

bad”, ”bad ”, “good ”, and “very good”.  

Mother’s and father’s education from SSB’s register on education (2002) was used. In 

the analysis, education was categorized by the highest level of accomplished education 

and categorized in “tertiary education”, “intermediate education”, and “compulsory 

education” (138). 

Mother’s and father’s income from SSB’s register on income (2002) was used. The 

mother’s and father’s income (139) was categorized as “high” (above the 75th percentile), 

“medium” (25th to 75th percentile), or “low” (below the 25th percentile). 

Parents’ marital status was registered by a question asking if their parents were 

“married/cohabitant”, “unmarried”, “divorced/separated”, “one or both dead”, and “other 

options”. The variable was categorized into those having parents who were 

“married/cohabitant” versus the “others”.   

Socioeconomic region of residence in Oslo indicates the socioeconomic level of the 

neighbourhood. This is a social index that takes into account the distribution of 

unemployment, education, non-Western immigration, and single parenting (140). The 

major dividing line concerning health status and health related behaviour is found 

between “East” and “West” (140), consequently these two regions were used.  

Education plans of the adolescents were assessed by asking about their plan for highest 

future education, which was operationalised into: “University/ higher” (i.e. university or 

regional college higher degree), “other” (university or regional college intermediate 

level; upper secondary school; vocational education at upper secondary school; one year 

at upper secondary school; other plans), and “not decided”.    

4.3.7 Other variables  

Participation with cyto-brushes: In Youth 2004, two DNA samples from the cheek 

mucosa were collected using cyto-brushes (Medscand Medical AB, Malmö, Sweden). In 

paper IV, we studied whether the additional collection of DNA could have influenced the 

participation rate. The cyto-brushes are not further discussed in the current summary.    
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Invitation group: Youth 2004 was conducted partly in school and partly by mail. In paper 

I, II and III, a variable called “Invitation group” was created to dichotomize school and 

mail participation. In paper IV, this variable contained three groups; postal-based 

Hedmark, postal-based Oslo and school-based Oslo.

Lost to follow-up: A variable was made indicating whether adolescents participated or 

were lost to follow-up in Youth 2004.  

 

4.4 Ethics

In the baseline studies in Oslo and Hedmark, all parents received written information 

concerning why and how the study would be conducted, describing the topics addressed 

in the questionnaire, the voluntary nature of the study, how the results would be used and 

that they could reserve their child from participating. All students/adolescents were also 

thoroughly informed and were free to withdraw at any stage without giving any reason. 

All information from the health surveys were treated confidentially, and the data used for 

research was made anonymous. 

The protocols of all three studies were evaluated by the Regional Committee for Medical 

Research Ethics and were approved by the Norwegian Data Inspectorate. The linkage of 

the survey-data to information from Statistics Norway was also approved by the 

Norwegian Data Inspectorate. The studies that were carried out in school received 

approval from the school authorities.  

 

4.5 Statistics

The Norwegian Institute of Public Health coded the questionnaires and prepared data 

files containing information from all the studies. In all papers, SPSS (version 13 and 14) 

was used for statistical data analyses, whereas STATA (version 10) was also used in 

Paper IV.  

Analyses were mainly done separately by gender. This stratification was mainly done due 

to large gender differences in both physical activity and mental health, and pooled 

estimates would not be representative for either boys or girls. 
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The description of the sample in the papers was done by Chi-square tests (for categorical 

data), dependent and independent samples T-tests, GLM-repeated measures and analyses 

of variance when comparing a continuous variable between two or more groups. 

When exploring the main objectives, analyses of covariance were used to compare means 

between different groups (paper I and II). To compare relationships between variables, 

multiple regression was used when the dependent variables were continuous/ranked 

ordinal (paper I and III), whereas logistic regression (paper I) and Poisson regression 

(paper IV) was performed when the dependent variables were dichotomous. To study 

stability in the physical activity groups we used Cohen’s kappa (paper III).  

The exact p values are presented if higher than 0.001. A 95% confidence interval and a 

significance level of 0.05 and 0.01 were used (see discussion; 6.1.2). See the papers for 

more detailed descriptions



  Synopsis of paper I-IV 

5.0 Synopsis of paper I-IV 

5.1 Paper I 

The association between weekly hours of physical activity and mental health.  -A 

three-year follow up study of 15/16-years old pupils in the city of Oslo, Norway.  

Background: Mental health problems are a worldwide public health burden. The 

literature concerning the mental health benefits from physical activity among adults has 

grown. Adolescents are less studied, and especially longitudinal studies are lacking. This 

paper investigates the associations between weekly hours of physical activity at age 15–

16 and mental health three years later. 

Methods: Longitudinal self-reported health survey. The baseline study consisted of 

participants from the youth section of the Oslo Health Study, carried out in schools in 

2000–2001 (n = 3811). The follow-up in 2003–2004 was conducted partly at school and 

partly through mail. A total of 2489 (1112 boys and 1377 girls) participated in the follow-

up. Mental health was measured by the Strengths and Difficulties Questionnaire with an 

impact supplement. Physical activity was measured by a question on weekly hours of 

physical activity outside of school, defined as exertion ‘to an extent that made you sweat 

and/or out of breath’. Adjustments were made for well-documented confounders and 

mental health at baseline. 

Results: In boys, the number of hours spent on physical activity per week at age 15–16 

was negatively associated with emotional symptoms [B (95%CI)=-0.09 (-0.15, -0.03)] 

and peer problems [B (95%CI)=-0.08 (-0.14, -0.03)] at age 18-19 after adjustments. In 

girls, there were no significant differences in SDQ subscales at age 18-19 according to 

weekly hours of physical activity at age 15-16 after adjustments. Boys and girls with five 

to seven hours of physical activity per week at age 15-16 had the lowest mean scores for 

total difficulties and the lowest percentage with high impact score at age 18-19, but the 

differences were not statistically significant after adjustments. 

Conclusions: Weekly hours of physical activity at age 15-16 years was weakly 

associated with mental health at three-year follow-up in boys. Results encourage a search 

for further knowledge about physical activity as a possible protective factor in relation to 

mental health problems in adolescence. 
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5.2 Paper II 

Ethnic Norwegian and ethnic minority adolescents in Oslo, Norway. A longitudinal 

study comparing change in mental health.   

Background: Little is known about ethnic disparities in mental health during late teens. 

The aim of this study was to compare changes in self-reporteded mental health between 

adolescents with ethnic Norwegian and ethnic minority background aged 15-16 years 

followed for three years. 

Methods: The youth part of The Oslo Health Study constituted the baseline of this self-

reported longitudinal study, carried out in schools in 2001 (n = 3811). The follow-up in 

2004 was conducted partly in school and partly through mail. A total of 2489 (1112 boys 

and 1377 girls) participated in the follow-up. Twenty percent of the participants had an 

ethnic minority background. Mental health was measured by the Strengths and 

Difficulties Questionnaire (SDQ) and The Hopkins Symptom Checklist (HSCL-10).  

Results: Ethnic minority boys and girls reported poorer mental health than ethnic 

Norwegians of the same sex, both at baseline and follow-up. Exceptions were 

hyperactivity-inattention problems and prosocial behaviours where no differences were 

found. Consistent changes from baseline to follow-up were; an increase in mental distress 

and prosocial behaviour. No ethnic disparities were found for changes in mental health 

from ages 15 to 18 between the two groups. There was no different effect of perceived 

family economy, parents’ marital status and socioeconomic region of residence in Oslo 

on change in mental health between ethnic Norwegian and ethnic minority boys and girls 

from age 15 to 18 years.  

Conclusions: Ethnic disparities in mental health remained the same from age 15-16 and 

throughout teenage years.  Demographic factors adjusted for had no different impact on 

changes in mental health between host and immigrant adolescents. 
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5.3 Paper III 

Three year follow-up of physical activity in two ethnic groups of Norwegian youth: 

associations with socio-demographic factors.  

Background: More research on factors associated with physical activity and the decline 

in participation during adolescence is needed. In this paper, we investigate the levels, 

change, and stability of physical activity during the late teens among ethnic Norwegians 

and ethnic minorities, and we examine the associations between physical activity and 

socio-demographic factors. 

Methods: The baseline (T1) of this longitudinal study included 10th graders who 

participated in the youth part of The Oslo Health Study, which was carried out in schools 

in 2000–2001. The follow-up (T2) in 2003–2004 was conducted partly at school and 

partly by mail. A total of 2489 (1112 boys and 1377 girls) participated both at baseline 

and at follow-up. Physical activity level was measured by a question on weekly hours of 

physical activity outside of school. Socio-demographic variables were collected by 

questionnaire and from data obtained from Statistics Norway. Analysis of variance was 

used to study the level of and changes (T1 to T2) in physical activity, and the associations 

between physical activity and socio-demographic factors. Stability in physical activity 

was defined as the percentage of students reporting the same physical activity both times. 

Results: Boys were more active than girls at age 15 and 18 years, independent of ethnic 

background. Among girls, ethnic Norwegians were more active than ethnic minorities. 

Hours per week spent on physical activity declined in all groups during the follow-up 

period. Few associations were found between physical activity and socio-demographic 

factors in both cross-sectional and longitudinal data. Among the ethnic minority girls, 

65% reported being physically active 0–2 hours per week at baseline, and 82% of these 

girls reported the same level at follow-up. 

Conclusions: The association between physical activity and ethnicity at age 15 years 

remained the same during the follow-up. Few associations were found between physical 

activity and socio-demographic variables. A large proportion of ethnic minority girls 

reported a persistently low physical activity level, and this low participation rate may 

need special attention. 
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5.4 Paper IV 

Response rates and selection problems, with emphasis on mental health variables 

and DNA-sampling, in large population based cross-sectional and longitudinal 

studies of adolescents in Norway. 

Background: Selection bias is a threat to the internal validity of epidemiological studies. 

In light of a growing number of studies aiming at providing DNA and a considerable 

number of invitees declining to participate, we discuss response rates, predictors of lost to 

follow-up and failure to provide DNA, and presence of possible selection bias, based on 

five samples of adolescents. 

Methods: We included nearly 7000 adolescents from two longitudinal studies of 18/19 

year-olds with two corresponding cross-sectional baseline studies at age 15/16 (10th 

graders), and one cross-sectional study of 13th graders (18/19 years). DNA was sampled 

from the cheek mucosa in the 18/19 year-olds. Predictors of loss to follow-up and failure 

to provide DNA were studied by Poisson regression. Selection bias in the follow-up at 

age 18/19 years was estimated through investigation of prevalence ratios (PRs) between 

selected exposures (physical activity; smoking) and outcome variables (general health; 

mental distress; externalizing problems) measured at baseline.

Results: Out of 5750 who participated at age 15/16, we lost 42% at follow-up at age 

18/19. The percentage of participants who gave consent to DNA provision was as high as 

the percentage that consented to linkage of data with other health registers and surveys, 

around 90%. Significant predictors of loss to follow-up and failure to provide DNA 

samples were: male gender; non-western ethnicity; postal survey compared with school-

based; low educational plans; low education and income of father; low perceived family 

economy; unmarried parents; poor self-reported health; externalizing symptoms; and 

smoking, with some differences in subgroups of ethnicity and gender. The association 

measures (PRs), however, were quite similar among participants and all invitees, with 

minor discrepancies in subgroups of non-western boys and girls. 

Conclusions: Loss to follow-up has marginal impact on the estimated prevalence ratios 

in the present study. It is not likely that the invitation to provide DNA have influenced 

the response rates of 18/19 year-olds. Non-western ethnicity, male gender and 

characteristics related to low social class and general- and mental health problems 

measured at baseline, are associated with lost to follow-up and failure to provide DNA.



  Discussion 

6.0 Discussion

6.1 Methodological issues

Many epidemiological studies make use of questionnaires to obtain information from the 

participants. There are however, several potential biases associated with this method of 

data collection. Awareness of the sources of measurement errors and how they can 

impact study results is important for drawing appropriate conclusions. In epidemiological 

studies we have both random and systematic errors (141). Random errors are, in many 

situations, attributable to precision and related to the size and the design of the study. 

Systematic errors include selection bias, information bias and confounding. Both random 

and systematic sources of error can affect the validity of the study (141). A valid study is 

equivalent to an “unbiased” study – a study that, based on the design, methods, and 

procedures will produce overall results that are close to the “truth” (142). 

Before random and systematic errors are discussed, some comments about the design are 

given.  

6.1.1 Design

In epidemiology, a cohort is defined most broadly (143) as “any designed group of 

individuals who are followed or traced over a period of time” (p57). A study is 

considered to have a longitudinal design if the information obtained pertains to more than 

one point in time (143). All cohort studies rely on data in which exposure information 

refers to an earlier time than that of disease occurrence/outcome, making the study 

longitudinal (143).    

One problem in longitudinal studies is that some participants are lost to follow-up. Who 

are they and what is the impact on the results? We have devoted one paper to this issue 

(paper IV). Possible problems with incomplete follow-ups are discussed in section 6.1.3.4 

(selection bias). 

In paper I, II, III and parts of paper IV, information is collected twice from the same 

cohort and the study is considered to have a longitudinal observational design. In paper I, 

we study mental health at age 18 years according to the physical activity level at age 15 

years adjusted for mental health at baseline (15 years). Despite the longitudinal design, 
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with physical activity as exposure coming before the symptoms of mental health 

problems, we can not infer the direction of causality from our analyses. In the analyses 

we adjust for baseline mental health, however, we can not rule out the possibility that the 

development of mental health problems has started before the exposure (physical 

activity) and thus influenced the physical activity at baseline. There could also be a 

common underlying unknown factor influencing both physical activity and mental health 

at both time points (see also confounding, 5.1.3.3).  

In contrast to cross-sectional studies, considered to be snapshots in time, studies 

measuring the same individuals more than once make it possible to study change between 

the measurement points. Hence, the present design is suitable for studying change in 

mental health and physical activity from age 15 to 18 years (papers II and III). In 

descriptive epidemiology, distributions of determinants and disease occurrences in 

subgroups are essential (144). In paper IV, the longitudinal design also allows us to 

identify predictors of lost to follow-up and investigate the magnitude and direction of 

possible selection bias by comparing cross-sectional associations at baseline between all 

participants and those lost to follow-up.  

  

Even though our design has limitations for making causal inferences, such a design can 

be one of the first steps in an investigation into causality. The design allows a large 

number of participants, which makes it possible to compare subgroups and to adjust for 

several variables. Additionally, such a study is relatively easy and fairly inexpensive to 

conduct. 

6.1.2 Random errors 

Random errors represent the variability in the data that we can not really explain (143). 

Sampling variation and random measurement variation are two main types of random 

errors, that both can compromise precision (141).  

 

Sampling variation arises as no sample will be exactly identical to the target population 

and because individual variation always occurs. Consequently, the estimates will vary 

from sample to sample, although the confidence limits will inform how close the estimate 

is likely to be to the underlying population value. A method to reduce sampling variation 
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is to enlarge the sample size (141). In paper I, II and III, the study population consisted of 

3811 participants, whereas 2489 participated in the follow-up. While this sample size 

gave a fairly high precision in the overall results, small sample sizes in subgroups of 

gender and ethnic minorities reduced the precision and increased the probability of type 

II errors. For economical and practical reasons, there was no opportunity to enlarge the 

sample size. 

 

Random measurement variation may lead to a reduction in the reliability of the 

measurements. The way to minimize random measurement variation is by securing 

precision in measurement (141). Both physical activity and mental health is measured by 

self-report, and random measurement variation might have reduced the precision of the 

measure. When comparing mean and mean differences (paper II and III), random 

measurement variation will hardly influence the estimation of the sample mean (145). 

With regards to associations, random error of measurement may dilute the estimated 

effect (145). For instance, the associations between physical activity and mental health, 

and physical activity and sociodemographic factors may be impaired due to random 

measurement variation. 

With regards to measurement error, systematic inaccuracy is of greater concern than 

random variation (see information bias, 6.1.3.2).  

 

A different, but related problem is multi-significance and the probability of making a type 

I error. When studying several outcome variables (SDQ subscales), associations may turn 

out statistically significant by chance. With a significance level of 5% (p<0,05), 1 in 20 

significant tests will theoretically be positive by chance alone (141).  

In this study, a 95% confidence interval and a significance level of 0.05 and 0.01 was 

used to emphasise findings. In paper I, we studied the associations between physical 

activity and all SDQ subscales. The results revealed only a few statistically significant 

associations with a stable trend after adjustments. These could be due to chance. Thus, 

only associations that showed a relatively consistent trend were emphasised (linear or u-

shaped). Further, that other researchers report similar associations supports the validity of 

the findings (se discussion of findings, 6.2.1). In paper II, comparing various dimensions 

of mental health between ethnic minorities and ethnic Norwegians, and the association 
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with sociodemographic factors, we only highlighted findings with a p value less than 

0.01. When studying the associations between physical activity and sociodemographic 

factors (paper III), we emphasised the pattern of findings and interpreted single 

significant associations with caution  

It should be noted that when focusing primarily on the pattern of findings, we might have 

ignored some interesting single findings.  

6.1.3 Systematic errors 

Bias is another term for systematic error. This can refer to an investigator’s attitude, but it 

is mainly used to describe any systematic error in a study. The study can be biased 

because of the way subjects have been selected (selection bias), the way the variables 

have been measured (information bias), or some confounding factor not completely 

controlled for (confounding) (143).  

6.1.3.1 Selection bias

Selection bias occurs when the subjects studied are not representative of the target 

population on which conclusions are to be drawn (143). 

 

In the baseline studies, 88% of all 10th graders participated. We can not rule out the 

possibility that the adolescents who did not attend are systematically different from the 

participants. However, we consider the sample to be fairly representative for the 10th 

graders in Oslo and Hedmark during the school year 2000-2001.  

 

In Oslo, 65% (2489) of the responders in the baseline study participated in the follow-up 

study (Youth 2004) (paper I, II and III). When pooling the longitudinal studies in Oslo 

and Hedmark, 63% of the participants in the baseline studies participated in the follow-up 

(paper IV). In paper I-III, we checked for baseline differences between responders and 

non-responders at follow-up for relevant variables and attrition analyses were performed. 

In paper IV, the main objectives were to study response rates and selection problems in 

epidemiological studies among adolescents. In the latter paper, the overall findings of 

significant predictors of lost to follow-up which are of relevance to paper I-III were; post 

invitation, male gender, non-western ethnicity, externalizing symptoms and mental 
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distress. Some of these predictors showed differences for subgroups of ethnicity and 

gender.  

In the following section, possible selection bias in the papers is discussed.  

  

In paper IV, we have investigated if there were differences in association measures (PRs) 

between baseline physical activity (exposure) and baseline mental health outcomes 

(mental distress and externalizing symptoms) among participants at follow-up and all 

invited, as a proxy evaluation of selection bias in associations between baseline 

exposures and outcomes at follow-up. In paper I, we studied, by linear regression, the 

association between physical activity and mental health at baseline between those lost to 

follow-up and participants.  

In these papers there were some differences in the populations studied and the way 

mental health and physical activity were measured/operationalised. Associations were 

studied by gender in paper I, and in paper IV we additionally stratified the sample on 

ethnicity. In paper I, there was no different association between physical activity and 

mental health at baseline in responders and those lost to follow-up. In paper IV, the PRs 

in the groups compared were also similar. Thus, we may conclude that there is probably 

no major selection bias in the associations studied in paper I. In another longitudinal 

study by Wiles et al (146), investigating the association between physical activity and 

mental health, attrition was studied by imputing missing data using multiple imputations 

by chained equation (MICE). Sensitivity analyses including imputed data were consistent 

with the result in the complete-case analyses, suggesting that missing data had not biased 

the results (146). 

Other studies support this conclusion by reporting association measures to be less 

sensitive to selection bias than prevalence measures (147-149).  

 

In paper II and paper IV, there were some differences in the populations studied and the 

measures of mental health (SDQ total/SDQ externalizing). In spite of this, both papers 

reported no difference in mental health between (all) responders and those lost to follow-

up among ethnic minorities/non-western ethnic minorities. However, among ethnic 

Norwegians/participants with western ethnicity there was a difference in both studies; 

poor mental health status was a predictor of lost to follow-up.  
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Others have shown that subjects who participate after reminders are fairly similar to the 

non-responders (148;150). In the attrition analysis in paper II, we found that ethnic 

Norwegians participating after reminders had a slightly poorer mental health than those 

participating after the primary invitation, indicating that the selection might hide a poorer 

development among ethnic Norwegians. Thus, a “differential” selection bias can not be 

ruled out in paper II. The fact that the response rate was lower in ethnic minorities (54%) 

than in ethnic Norwegians (70%), and that those with increasing mental health problems 

independent of baseline characteristics seem to drop out of longitudinal studies (151), 

complicate a prediction of the direction of the possible selection bias. 

 

In paper III, we found a difference in physical activity between responders and those lost 

to follow-up among the ethnic minorities, but not among the ethnic Norwegians. In paper 

IV, there was no difference in physical activity between responders and those lost to 

follow-up, in neither subgroups of ethnicity nor gender. This could be due to a somewhat 

different study population and different operationalisation of physical activity in the two 

papers.   

In paper III, attrition analysis revealed no difference when comparing changes in those 

participating after the primary invitation and those participating after reminders. Thus, 

the overall findings indicate that the attrition did not influence the comparison of mean 

change in physical activity in paper III substantially.  

 

A high proportion of missing values in a data set could also introduce selection bias. 

However, the amount of missing values in the data set used in paper I, II and III was 

generally low, and the effect of this attrition is hardly substantial. When studying health 

and health behaviour as predictors for lost to follow-up in paper IV, we adjusted for 

different sociodemographic factors (table 4). A significant number had missing records in 

at least one of the variables adjusted for, hence the adjusted analyses included fewer 

individuals than the crude analyses. To get an impression if the crude estimates were 

representative for the individuals included in the adjusted analyses, we also did the crude 

analyses with only the participants included in the adjusted analyses. Some of the 

associations were slightly stronger, but the overall results did not change.  
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In conclusion: 

It is not possible to conclude that the association between baseline physical activity and 

mental health at follow-up, or that change in mental health problems and weekly hours of 

physical activity, is free from selection bias. However, considering the analyses of the 

present data and previous studies, we may say that attrition has not influenced the 

conclusions substantially, even though some findings indicated a possible selection bias 

in the comparison of mental health between ethnic Norwegians and ethnic minorities.  

6.1.3.2 Information bias

Information bias can arise because information collected about or from study subjects is 

erroneous. Because the present study is mainly based on self-reported data, information 

bias may come from imperfect measures of exposure, outcome and covariate variables.  

 

Imperfect measures obtained from questionnaires may e.g. be biased due to a permanent 

tendency to exaggerate or underestimate problems/behaviour (permanent response style) 

and/or because of a subject’s state of mind at the time when the responses are given 

(situational response style) (152;153). Social desirability and recall bias are other factors 

that contribute to information bias and impair the validity of the measures in self-report 

studies (142;143). 

Information bias may lead to misclassification; which can be non-differential or 

differential (142;143;145;154). Differential measurement error occurs when the degree of 

error in the exposure variable depends on the response variable or vice versa. For 

instance, if the degree of misclassification of physical activity varies with mental health 

problems, i.e. due to social desirability bias and/or permanent response style, we would 

have a differential misclassification in paper I. We can not exclude such a 

misclassification, but due to the time difference between exposure and outcome the 

possible misclassification is more likely to be non-differential. A non-differential error 

occurs when the error in the exposure variable is independent of the response variable - 

or the other way around (145;154). Non-differential errors have been considered less 

serious, as the general understanding has been that the effect (in simple models) is most 

often biased in the direction of the null (142;154).  
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A related problem is that of dependent, or correlated, errors, occurring when there are 

measurement errors in both the exposure and the response variable, and these errors are 

correlated (153;154). In the current thesis, this may e.g. be of relevance in the cross-

sectional analyses in paper IV. Correlation of the tendencies to over-/under report 

smoking and mental health problems, and/or physical activity and mental health 

problems, may give biased estimates. However, the purpose of the analyses in paper IV 

was not to estimate the strength of the associations but to compare the association 

between all participants and those lost to follow-up in subgroups of adolescents. The 

feasible dependency in exposure and outcome is probably the same in the groups 

compared.  

A greater problem in both the cross-sectional and longitudinal analyses in paper II and III 

is if the permanent response style, situational response style, social desirability and/or 

recall bias differ between the ethnic groups compared. We will then have differential 

misclassification, and the comparison of the groups will be biased. 

 

In paper II, changes in mental health are compared between ethnic minorities and ethnic 

Norwegians. When studying changes over time the permanent response bias problem is 

avoided to some degree because the same person reports at both time points. Social 

desirability bias may also influence the report of mental health, and the magnitude of this 

bias may differ between the ethnic groups. In a study from the Netherlands, Moroccan 

immigrant youths reported fewer externalising problems than the Dutch natives, whereas 

their parents reported as many problems as Dutch native parents (85). The teachers, on 

the other hand, reported far more externalising problems for Moroccan immigrants than 

Dutch native youths. The authors pointed out social desirability bias as a possible 

explanation for these findings (85). Another factor affecting the validity of the findings is 

that the cultural equivalence of the scales is unknown. The internal consistency 

(reliability coefficients; Cronbach alpha values) was similar for ethnic Norwegians and 

ethnic minorities, however, we can not rule out that questions are differently understood 

due to differences in linguistic abilities in the ethnic groups and/or according to the norm 

of their specific cultural reference groups. Thus, we may compare a somewhat different 

underlying construct in the two ethnic groups. This should be kept in mind, especially in 

the cross-sectional comparisons between the ethnic groups.  
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Recalling physical activity is a complex cognitive task and there are concerns about 

children’s ability to accurately recall physical activity (155). However, this particularly 

relates to younger children who are frequently active in short bursts and are less active in 

structured activities. Our participants are 15 years at baseline and it is reasonable to 

assume that they are capable of filling in the general question of physical activity. A 

general problem of remembering affects all people and to some extent tends to be non-

differential (143).  

Social desirability bias may have led to an over-report of physical activity (155). One 

study evaluating question wording in surveys of culturally diverse adult populations in 

the US, reports variation by race/ethnicity in the way the respondents defined physical 

activity (156). The findings from this study also suggested an over-report of the 

frequency of physical activity due to social desirability in some ethnic minority groups 

(156). Several methodological differences complicate the comparison with our study 

(adults/adolescents, interview/survey and different ethnic groups). However, ethnic 

minorities and ethnic Norwegians might have a different understanding of the physical 

activity question. This might especially affect the cross-sectional comparisons in paper 

III. Another limitation, already mentioned in the methods (4.3.1.2), is the accuracy of the 

self–reported physical activity measure (weekly hours spent on physical activity). Thus, 

we have interpreted the exact answers with caution and focused on associations and 

differences between groups, and believe that the measure is reasonably reliable and valid 

for these purposes.  

 

In conclusion: 

We have no information indicating that a major information bias makes our conclusions 

erroneous. However, the cultural equivalence of the measures used is not well enough 

explored, and a differential misclassification between ethnic Norwegians and ethnic 

minorities can not be ruled out. To ensure validity in multicultural research, more 

knowledge on the cultural equivalence of measures is needed. 
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6.1.3.3 Confounding

Confounding can be thought of as a mixing of effects (143). To be a confounder the 

factor must be associated with the outcome, either as a cause or a proxy for a cause, but 

not an effect of the outcome, and associated with exposure, but not an effect of exposure 

(143). 

Several potential confounding factors were included in the multivariate analyses in the 

papers. However, we can not rule out residual confounding due to wide classification, 

imprecise measures and/or factors not adjusted for (e.g., like parents’ physical activity 

and mental health).  

 

In paper I, we have adjusted for well known confounders when studying the association 

between physical activity and mental health. A factor not taken into consideration is that 

the participants are attending different schools, and also different classes. However, a 

study by Wiles et al (146) found no evidence for an effect of school on the association 

between physical activity and mental health problems (measured by SDQ). In our study, 

this is complicated by the fact that the participants change classes and schools during the 

follow-up period.  

In addition to the confounding variables we adjusted for baseline mental health 

symptoms, and it attenuated the association between physical activity (baseline) and 

mental health (follow-up). It is possible that SDQ scores at baseline lie on the causal 

pathway between physical activity at an earlier age and later mental health problems, and 

as such, adjustments for baseline symptoms may represent an over-adjustment. 

 

In paper II, we compared mean changes in mental health scores between ethnic 

Norwegians and ethnic minorities, adjusted for different sociodemographic variables. The 

minimal difference between the crude and adjusted estimates indicates that the 

sociodemographic factors measured did not explain the difference between the ethnic 

groups.  

 

In paper III, we compared physical activity between ethnic Norwegians and ethnic 

minorities. In the final version of the paper, the comparisons of change in physical 

activity with adjustment for socidemographic variables were not included. However, the 
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analyses were done in a previous draft and crude and adjusted analysis gave the same 

results (no ethnic difference in change in physical activity in neither boys nor girls).  

 

In Paper IV, we adjusted for various sociodemographic confounders when studying 

health and health behaviour as possible predictors for lost to follow-up (Table 4), and the 

estimates did not change substantially.  

 

In conclusion:  

We have performed multivariate analyses and controlled for most confounders used in 

other similar studies. Nevertheless, confounding by variables not measured can never be 

ruled out.  

 

6.2 Discussion of main results

In this section I will discuss the association found between physical activity and mental 

health according to gender (paper I). I will then discuss physical activity and mental 

health in ethnic Norwegians and ethnic minority adolescents (paper II, III and IV), before 

sociodemographic differences in mental health and physical activity are highlighted 

(paper II and III).  

6.2.1 The association between mental health and physical activity according to 

gender

Boys were more physically active than girls in our study (Paper I and III), a finding that 

is well established (4;93;94;105;106). The gender difference in symptoms of mental 

health problems – with more symptoms in girls and a somewhat different pattern of 

change during late teens (Paper I and II), is also widely described in the literature 

(24;68;70;73).  

In boys, we found a weak inverse association between weekly hours of physical activity 

at age 15 and emotional- and peer problems three years later. In girls, the associations did 

not persist after adjustments (Paper I).  
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Negative associations between physical activity and depression/sadness/emotional 

problems are reported in several cross-sectional studies (28-31;157;158). Positive 

associations have also been observed between physical activity and psychological well-

being and good social function (32-34;37;159). Gender differences in the associations are 

rarely reported in these studies, but have been seen in some recently published cross-

sectional studies (160;161). In a study of 15-16 year-olds in Finland (160), physical 

activity was inversely associated with symptoms of anxiety/depression in boys, and social 

problems in both boys and girls. No association between accumulated amount of physical 

activity and depressive symptoms was found among 13-18 year-old Americans, but boys 

joining a sports club reported less depressive symptoms than those who did not (161). 

Boys were involved in a larger number of structured sporting activities than girls (161). It 

was suggested that the association found may reflect the Western gendered cultural 

expectations that males develop physical prowess and competitive skills through sporting 

activities (160;161). These norms may expose uninvolved males to pressure or criticism. 

In contrast, non-participation may be more socially acceptable for females than males, 

and females may have avenues for social contact through non-sporting alternatives. These 

hypotheses may also be valid for our longitudinal findings. However, whether physical 

activity represents something else in boys than girls, or if the gender difference in the 

associations found is due to gender differences in types of activity, needs more research. 

 

As emphasised in paper I, being active in organised physical activity gives opportunities 

for adult supervision, exposure to role models, and social networking and all these may 

provide social skills and improve self-esteem (34;65). However, not all organised 

physical activity does automatically give the foundation for such positive growth. 

Donaldson et al (34)  emphasise that focus on competition must be lessened and the 

educators should encourage a cooperative learning environment while promoting 

autonomy to achieve positive growth. Additionally, the authors of this paper points out 

that success defined in terms of mastering personal goals rather than winning, may have 

long term mental health benefits (34).  

 

After we submitted paper I, a few longitudinal studies have been published looking at the 

association between mental health and physical activity in youth (146;162;163). Two of 
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these studies followed somewhat younger participants (146;163), but they both measured 

mental health with the same instrument (SDQ) as we did. Clark et al (163) studied 

psychological symptoms and physical health and health behaviour in 11-12 year-olds 

followed for two years in London. They found no association between inactivity (<2 h 

per week) and later psychological health. The second longitudinal study by Wiles et al  

(146) followed English 11-14 year-olds for 1 year and reported that children who 

undertook physical activity at recommended levels (1 h per day) had fewer emotional 

problems 1 year later, although this effect attenuated markedly after adjustment for 

gender and baseline symptoms (146). The third study is to our knowledge the first large 

scale study to explore prospectively the relationship between physical activity and mental 

disorder assessed by interview, using Composite International Diagnostic Interview 

(CIDI). The researchers followed 2548 14-24 year-olds in Germany for 4 years (162), 

and found that regular physical activity at baseline was associated with a lower incidence 

of anxiety, somatoform and dysthymic (depression) disorders. By contrast, the incidence 

of bipolar disorder was increased among those with regular physical activity at baseline. 

Some interactions were found for gender and age i.e. regular physical activity appeared to 

be particularly protective for mood disorders in older males (162). In terms of the 

population attributable fraction, the potential for preventive effects of physical activity on 

mental disorders was considerably higher for men than women. Wiles et al (146) also 

considered the possible protective importance of physical activity on mental health 

problems in a public health perspective, after acknowledging the small effect size in their 

study. They calculated the reduction in emotional problems according to meeting 

physical activity recommendations or not. This was done by dividing the adjusted mean 

difference between the two groups at follow-up with the baseline symptoms for the whole 

group, and it equated to a 9% reduction in emotional problems. The authors argue that 

this may be important in a population perspective. 

 

Some of the postulated mechanisms behind the effects of physical activity on mental 

health, especially the biological hypothesis, are assumed to have a short-term effect and 

continuation of physical activity is needed for a lasting effect. Some of the social and 

psychological hypotheses, involving social competence, forming of friendship, self-

esteem and self-efficacy, may have more long-term effects. The longitudinal studies 
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referred to above (146;162;163), and our paper I, all studied “the long-term effect” of  

physical activity, by revealing the association between physical activity at baseline and 

mental health problems at follow-up. In paper III, we found that physical activity 

declined in the follow-up period from 15 to 18 years of age. A reduction in physical 

activity during follow-up among adolescents that were physically active at baseline could 

be accompanied by an increase in mental health problems. If so, this might have 

weakened the association between physical activity at baseline and mental health at 

follow-up. The only study we have found looking at changes in physical activity and 

mental health, found that a reduction in physical activity was associated with an increase 

in depressive symptoms (44).  

 

At present, the evidence to support a longitudinal association between physical activity 

(at baseline) and mental health problems (follow-up) among adolescents is weak. This 

may reflect the lack of longitudinal studies of good quality in the area. The study using 

CIDI to assess mental health disorder (162) found stronger associations than our study 

(paper I) and the other studies using self-report measures (146;163). Nevertheless, the 

existing evidence points towards a longitudinal link between physical activity and 

depression and anxiety. However, more research is needed and further longitudinal 

research should study how the longitudinal pattern of physical activity is associated with 

mental health. 

6.2.2 Mental health and physical activity according to ethnicity 

6.2.2.1 Mental health in ethnic minorities and ethnic Norwegians

At both 15 and 18 years, we found that ethnic minorities reported more mental health 

problems than ethnic Norwegians of the same gender. However, no differences were 

found for mean change in symptoms of mental health problems from 15 to 18 years 

between ethnic Norwegians and ethnic minorities (Paper II).  
 

As pointed out in the introduction, others have also reported a higher prevalence of 

symptoms of mental health problems among ethnic minorities/immigrants (76-78) than 

the native/host adolescents. However, results are inconclusive as no difference (79-82) or 

fewer symptoms have also been reported (82-84). 
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In paper II, the processes of migration are discussed as possible explanations for the 

current findings. However, cultural diversity in the ethnic minority group studied and the 

length of stay in Norway are also pointed out as factors that may give a more 

heterogeneous picture of the ethnic minority group. A later published cross-sectional 

paper by Oppedal et al (164), has analysed the whole youth part of the Oslo Health Study, 

and found that symptoms of mental distress varied depending on the country of origin 

and gender. The authors conclude that young Muslim immigrants in Norway are not in 

general at risk of increased mental distress (164). The size of our longitudinal sample 

limits analyses on specific ethnic groups. Even if our study does not have the strength or 

relevant information to give a detailed picture of changes in symptoms of mental health 

problems in various ethnic minorities, it points out ethnic minorities as a vulnerable 

group and gives the foundation for further research.   

6.2.2.2 Physical activity in ethnic minority and ethnic Norwegians

We found no differences in physical activity between ethnic Norwegian and ethnic 

minority boys. Among girls, ethnic Norwegians were more physically active than ethnic 

minorities, making ethnic minority girls the least active group. In all groups, there was a 

consistent reduction in mean hours of physical activity from 15 to 18 years.  

 

When paper III was submitted, other epidemiological studies had also reported that ethnic 

minority girls were less physically active than their host counterparts 

(100;107;111;165;166), but only one of these papers was from Europe. During the last 

couple of years, a few papers have been published on a somewhat older population of 

Turkish and Moroccans in the Netherlands (167-169). Hosper et al (168) reported that 

Turkish and Moroccan young women were less physically active than Dutch young 

women (mean age 19.3-25 years). Non-western immigrant women in parts of the western 

world are also reported to be less physically active compared with the host population, in 

Norway (170) and in other European countries (166;171-173).  

To our knowledge, the only European longitudinal study reporting physical activity in 

different ethnic groups of adolescents, compared mean hours of physical activity per 

week and concluded that the ethnic differences did not evolve over the teenage years 

(111). In addition to comparing mean changes in physical activity, we studied stability by 
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categorizing physical activity in two groups (0-2 h vs. 3 h or more) and measured the 

tendency of the subjects to report the same activity at the two time points. Ethnic 

minority girls was the largest group being physically active 0-2 hours at baseline (65%), 

and also the group with the largest relative amount of participants remaining in this fairly 

inactive group (82% of the 65%). Additionally, 54% of the ethnic minority girls who 

were physically active 3 hours or more at baseline reduced their activity level at follow-

up (Paper III - figure 2).  

The existing epidemiological literature seems to agree that young ethnic 

minority/immigrant females are less physically active than their counterpersons.  

 

The possible role of religion and culture on the ethnic disparities in physical activity 

found in our data is discussed in paper III. Later publications have showed that cultural 

heritage impacts physical activity norms, attitudes, and patterns (174-176). Shuval et al 

(175) conclude that the disparity between Arab and Jewish students in Israel, with Arab 

Israeli being least physically active, might primarily stem from the Arab Israeli living in 

an extended family setting that deemphasises the importance of physical activity. Among 

Muslims, boys and girls have different opportunities for being physically active. Girls 

have more responsibility at home and less “freedom” than boys (174), and the importance 

of family-oriented interventions to increase physical activity in people from cultures high 

on “familism” is acknowledged (174;175). The importance of social support from family 

for being physically active was also highlighted in a paper studying Iranian female 

adolescents in Iran (176). The restrictions regarding exercising in public was pointed out, 

and the need for ethnic and gender specific interventions to increase physical activity 

among Iranian girls, and similar cultural groups, was emphasised.  

The majority of ethnic minority adolescents in our study population had a non-Western 

background. However, the above discussed importance of cultural heritage emphasises 

that a more cultural/ethnic specific subclassification may be of importance in further 

studies. 
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6.2.2.3 The association between mental health and physical activity according to 

ethnicity

In paper I, we did not have a specific focus on ethnicity, and only adjusted for ethnic 

background. In paper II and III, ethnicity was given a broader focus, and when studying 

possible selection bias in paper IV separate analyses were done for ethnic 

Norwegian/Western and non-Western minorities. The cross-sectional association between 

physical activity and mental health at baseline among “all invited” and those participating 

in the follow-up study (“participants at follow-up”) was similar in girls irrespective of 

ethnic background. This was overall true also for boys, even though the association 

estimate was less concurrent (table 5, paper IV).  

We are aware of only one paper comparing ethnic groups when studying the association 

between physical activity and mental health among adolescents (30). This cross-sectional 

study compared Hispanic and non-Hispanic white girls in the US, and found no 

difference in the association between physical activity and feeling of sadness, or physical 

activity and considering and planning suicide (30). 

 

We are not aware of any longitudinal studies focusing on the association between 

physical activity and mental health among host and immigrant adolescents.  

Given the findings in paper II and III, and the possible cultural explanations for the ethnic 

differences in both mental health and physical activity, the possible cultural impact on the 

association between changes in physical activity and mental health is yet to be explored. 

6.2.3 Mental health and physical activity according to sociodemographic variables 

Overall, few associations were found between physical activity and sociodemographic 

variables in both the cross-sectional and the longitudinal dataset (paper III). However, the 

few associations were more pronounced in girls than boys. There was no different effect 

of sociodemographic variables on changes in weekly hours of physical activity between 

ethnic Norwegians and ethnic minorities. 

Mental health was also weakly associated with sociodemographic factors in the cross-

sectional analyses at baseline (paper II). Perceived family economy was the only factor 

associated with mental health in both ethnic Norwegians and ethnic minorities. The 

association between the sociodemographic factors and changes in mental health did not 
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differ between the ethnic Norwegians and ethnic minorities, and the sociodemographic 

measures hardly affected the change-estimates.   
 

Associations between sociodemographic factors and health may not be equally apparent 

across the lifespan (177;178). West (177) reviewed the literature on social class 

patterning from childhood, through youth and into adulthood, concerning various 

dimensions of health (mortality, chronic illness, specific conditions, self rated health, 

acute illness, accidents/injuries and mental health). He hypothesised that the social class 

gradient seen in child- and adulthood equalises in youth, and concludes that the overall 

picture was consistent with his hypothesis, except for severe chronic illness. West (177) 

summarises that the majority of the literature on emotional problems showed no or only a 

weak association with social class parameters in adolescents. Some studies which used 

perceived “economic hardship” found a weak association, but the possibility of reversed 

causality was suggested. This may also be the case for the associations found in our 

study. A possible reason for the equalisation pattern discussed in the literature is that 

during secondary high-school years the peer group and youth culture cut across those of 

family, home background, and neighbourhood in such a way as to reduce or remove class 

differences in health (177;178). This may also be relevant for our findings, but we (only 

studied a few factors and) can not exclude that other measures of sociodemographic 

status would have revealed associations. The equalisation theory has also been challenged 

(179) and more differentiated according to various health outcomes and gender 

(180;181).  
 

The above referred literature focused on health outcomes, and not health behaviour like 

physical activity. It may be that the increasing peer influence during adolescence also 

contributes to deflate the association between sociodemographic variables and physical 

activity. The lack of associations between the current sociodemographic variables and 

physical activity in paper III were more striking than the few associations found when 

considering all the factors studied. In paper III, we referred to reviews evaluating the 

association between various indexes of socioeconomic status and physical activity, which 

found that associations were dependent of the subgroup studied and the measures used 

(112-114). However, the reviews seemed to agree that there was an association between 

physical activity and socioeconomic factors in adolescence, but the associations were 
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perhaps not as robust as those in adulthood. One of the reviews also pointed out that 

associations may be stronger in girls than boys (112). A possible explanation for the 

gender difference discussed by Hanson et al (112) is that girls may be more likely to 

exercise if they are enrolled in a formal activity, such as dance classes and soccer practice 

(182). As a result, girls of low socioeconomic status may be hindered in their access to 

such activities, and thus engage in lower levels of physical activity than girls of high 

socioeconomic status. In contrast, males may engage in daily activity as a more natural 

part of their interaction with peers, hence differences in physical activity by 

socioeconomic status is less likely to appear (112). This might also explain why the few 

associations found in paper III were mainly among girls.  

The results from our paper (III) give some support that West’s equalisation theory (177) 

may also apply to health behaviour like weekly hours of physical activity. However, use 

of different measures like types of activities and/or membership in sports clubs could 

possibly have uncovered stronger associations (183;184).  
 

When paper III was submitted, we were not aware of other studies reporting associations 

between sosiodemographic variables and change in physical activity during late teens.  

We are now aware of a few studies reporting such associations; two in the U.S. (100;185) 

and one from Slovakia (186). The first study from the U.S. followed girls and found that 

parents’ education, but not income, was inversely associated with decline in activity 

through late adolescence (100). The second study found no different change between 

socioeconomic groups in hours of physical activity for either gender (185). However, 

when taking organised sport into consideration, a steeper decline in hours of physical 

activity was found among boys with low socioeconomic status joining organised sport, 

than among boys from the same socioeconomic group not doing any organised sport. 

Socioeconomic status was measured by an index based on parents’ education, 

employment status and family’s reception of public assistance (185). The Slovak study 

explored the amount not getting sufficient physical activity during late teens according to 

several socioeconomic factors, and found no associations in boys (186). Among girls, an 

increase in insufficient physical activity was seen among those with low education 

themselves, and low parental education and -occupational level (186).   
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These findings illustrate that results depend on the measures of both physical activity and 

socioeconomic status. Another important factor when comparing studies is that physical 

activity may be differently associated with socioeconomic status in different countries. 

However, the current literature indicates that socioeconomic factors are perhaps more 

strongly associated with some aspects of physical activity than the analyses and the 

discussions in paper III revealed. 



  Conclusions 

7.0 Conclusions

The findings in paper I, II, III and IV support the following conclusions to the aims 

addressed in the present thesis:  

� We found a weak inverse association between weekly hours of physical activity at 

age 15 and emotional- and peer problems three years later in boys. In girls, the 

associations did not persist after adjustments.  

� Ethnic minorities reported overall more mental health problems than ethnic 

Norwegians of the same sex at both 15 and 18 years. No ethnic disparities were 

found for mean change in mental health from 15 to 18 years, and the current 

sociodemographic factors were not differently associated with changes in mental 

health between the ethnic groups.  

� Among girls, ethnic Norwegians were more physically active than ethnic 

minorities. Ethnic minority girls were the least physically active group. No 

difference was found in physical activity between ethnic Norwegian and ethnic 

minority boys. There was a consistent reduction in physical activity from 15 to 18 

years in all groups, and sociodemographic factors were only marginally 

associated with this reduction.  

� Non-western ethnicity, male gender and characteristics related to low social class 

and general- and mental health problems measured at baseline, were associated 

with lost to follow-up. Lost to follow-up had marginal impact on the estimated 

prevalence ratios in the present study.
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8.0 Public health and research implications  

Our findings concerning the longitudinal associations between physical activity and 

mental health indicate that physical activity may have a potential in prevention of mental 

health problems in subgroups of adolescents. Whether increased physical activity 

translates into reduction or lower increase of mental health problems in the general 

population of adolescents is still unknown. To demonstrate causal effects of physical 

activity on mental health outcomes, experimental intervention studies are needed. Large 

scale community trials are one way to study if physical activity may have an effect on 

mental health at a population-level. The fact that the health authorities in Norway have an 

action plan for promotion of physical activity, where a specific aim is to increase physical 

activity in schools, provides an opportunity for research on this topic. Inclusion of mental 

health measures in the evaluation of these programs may be one step towards providing a 

stronger evidence-base for the potential mental health effects of physical activity in a 

public health perspective.  

The interventions aimed at increasing and sustaining physical activity among children 

and adolescents are crucial. Given the ethnic and gender difference in physical activity, 

interventions should be tailored to meet these subgroups’ distinctive needs. Girls, 

especially those of ethnic minorities, need special attention. 

Although observational longitudinal studies can not determine causal effects, such studies 

can provide some needed understanding of possible causal mechanisms and indentify 

possible targets for intervention in different subgroups of the population. More 

specifically, population based cohort studies can contribute to increase knowledge on 

associations between mental health and different aspects of physical activity in subgroups 

of e.g. ethnicity. Special attention to the cultural equivalence of methods of measurement 

is also needed.
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   Errata 

Errata

Paper I: 

Table 1:  Alcohol last year. The most frequent category; “2-3 times per week” is missing 

“or more” in the label.  

Statistical methods: It is written that analyses were done separately by gender. In the 

description of SDQ, gender differences are tested. Gender differences in the associations 

between physical activity and covariates are also tested.  

 

Paper II: 

Statistical methods: It is written that analyses were done separately by gender. In table 2 

gender differences are tested. 

Paper III:

In the flow chart, the correct number from the baseline study in Oslo who had 

reservations against being contacted again should be 173 (not 166). 

 

Paper IV: 

Mother’s and father’s education from SSB’s register on education (2002) was used, in the 

submitted script (paper IV) 2000 is written – (it will be changed in the final version).

  



  

  



I





BioMed Central

Page 1 of 9

(page number not for citation purposes)

BMC Public Health

Open AccessResearch article
The association between weekly hours of physical activity and 
mental health: A three-year follow-up study of 15–16-year-old 
students in the city of Oslo, Norway
Aase Sagatun*1, Anne Johanne Søgaard2,3, Espen Bjertness3, Randi Selmer2 
and Sonja Heyerdahl1

Address: 1Research Department, Centre for Child and Adolescent Mental Health, Eastern and Southern Norway, PB 4623 Nydalen, 0405 Oslo, 
Norway, 2Division of Epidemiology, Norwegian Institute of Public Health, PB 4404 Nydalen, 0403 Oslo, Norway and 3Section for Preventive 
Medicine and Epidemiology, Institute of General Practice and Community Medicine, Faculty of Medicine, University of Oslo, PB 1130 Blindern, 
0318 Oslo, Norway

Email: Aase Sagatun* - aase.sagatun@r-bup.no; Anne Johanne Søgaard - anne.johanne.sogaard@fhi.no; 
Espen Bjertness - espen.bjertness@medisin.uio.no; Randi Selmer - randi.selmer@fhi.no; Sonja Heyerdahl - sonja.heyerdahl@r-bup.no

* Corresponding author    

Abstract
Background: Mental health problems are a worldwide public health burden. The literature concerning
the mental health benefits from physical activity among adults has grown. Adolescents are less studied, and
especially longitudinal studies are lacking. This paper investigates the associations between weekly hours
of physical activity at age 15–16 and mental health three years later.

Methods: Longitudinal self-reported health survey. The baseline study consisted of participants from the
youth section of the Oslo Health Study, carried out in schools in 2000–2001 (n = 3811). The follow-up in
2003–2004 was conducted partly at school and partly through mail. A total of 2489 (1112 boys and 1377
girls) participated in the follow-up. Mental health was measured by the Strengths and Difficulties
Questionnaire with an impact supplement. Physical activity was measured by a question on weekly hours
of physical activity outside of school, defined as exertion 'to an extent that made you sweat and/or out of
breath'. Adjustments were made for well-documented confounders and mental health at baseline.

Results: In boys, the number of hours spent on physical activity per week at age 15–16 was negatively
associated with emotional symptoms [B (95%CI) = -0.09 (-0.15, -0.03)] and peer problems [B (95%CI) =
-0.08 (-0.14, -0.03)] at age 18–19 after adjustments. In girls, there were no significant differences in SDQ
subscales at age 18–19 according to weekly hours of physical activity at age 15–16 after adjustments. Boys
and girls with five to seven hours of physical activity per week at age 15–16 had the lowest mean scores
for total difficulties and the lowest percentage with high impact score at age 18–19, but the differences
were not statistically significant after adjustments.

Conclusion: Weekly hours of physical activity at age 15–16 years was weakly associated with mental
health at three-year follow-up in boys. Results encourage a search for further knowledge about physical
activity as a possible protective factor in relation to mental health problems in adolescence.
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Background
Mental health problems are a worldwide public health
burden. They decrease the quality of life and substantially
increase health care costs. At any given time, one in eight
children have an impairing psychiatric disorder [1], and
considerably more adolescents report psychiatric symp-
toms [2]. The fact that symptoms of mental distress are
frequent and cause significant impairment underlines the
importance of knowledge about risk and protective factors
in relation to mental health problems.

The documented benefits from regular physical activity
for psychological well being in adults include improved
mood states, enhanced self-perception and self-esteem
[3]. Further, exercise has been recommended as a tool in
therapy for mild to moderate depression and anxiety
[3,4]. Several mechanisms have been hypothesized. Bio-
chemical mechanisms which include release of endor-
phins, and increased serotonin and norepinephrine
synthesis have been suggested, but methodological prob-
lems have prevented the link to mental health effects in
humans [3,5,6]. Another hypothesis is that exercise
reduces emotional strain and serves as a buffer against
stressful events. In addition, participation in regular phys-
ical exercise programs may convey a sense of mastery and
increased self-esteem [7-9]. Participation in sport and
exercise groups may also provide social interaction and
promote social support. Most studies reporting mental
health effects of physical activity deal with relationships
between physical activity and mental health within short
time frames [3,4]. Little is known about the long-term
effects of physical activity on the risk of developing men-
tal health problems [4]. The small known number of pro-
spective studies of adults concludes that inactivity is an
independent predictor of depressive disorder and that
physical activity protects against depression [10-15]. One
study of women reports a negative association between
athletic activity in college and depression 15 years later
[15]. Others could not find evidence that exercise reduces
the risk of depression [16] or anxiety [10,13]. Some pop-
ulation-based studies focus on the relation between phys-
ical activity and mental health in adolescents, but most of
them are cross sectional [17-21]. The only, to our knowl-
edge, population-based longitudinal study in young teens
(7th to 8th grade) reported an association between
reduced physical activity and increased depressive symp-
toms [22]. Thus, knowledge of the association between
physical activity and various dimensions of mental health
in a longitudinal perspective are lacking. In a review of the
dose-response effects of physical activity on depression
and anxiety, the authors noted the lack of studies focusing
on frequency or duration of physical activity and symp-
toms of mental health problems [23]. Although both
physical activity and mental health problems in adoles-
cence differ by gender, results are rarely reported sepa-

rately for boys and girls. Thus, little is known of the
relationships between different amounts of physical activ-
ity in mid-teens and various mental health outcomes over
time, and whether the associations differ by gender.

The aim of the present study was to investigate how num-
bers of weekly hours of physical activity in boys and girls
at age 15–16 are associated with mental health three years
later.

Methods
Baseline study
All 10th graders in Oslo during the school years 1999–
2000 and 2000–2001 were invited to enter the youth
component of the Oslo Health Study, a questionnaire
study conducted in schools. All parents received written
information and the students completed a consent form
before participation. The students completed the two
questionnaires during two school classes. A project assist-
ant was present in the classroom to inform the students
about the survey and to administer the questionnaires.
Questionnaires were left at school to be completed by stu-
dents not present on the day of the survey. Those who did
not respond were sent a copy by mail to their home
address, together with a prestamped, return envelope. A
more detailed description has been published elsewhere
[24]. From the total population of 15–16-year-olds, 7343
(88%) participated. Those participating in 2000–2001 (n
= 3811) constituted the baseline of our longitudinal study
and were invited again in 2004.

Follow-up study
The follow-up study was carried out partly as a school-
based survey and partly through mail. The study is
described more thoroughly elsewhere [25]. The procedure
of the school-based part of the study was similar to the
baseline. All the 32 secondary high schools in Oslo took
part and the final year students filled out one question-
naire during one school class.

The participants in the baseline study (2000–2001) who
were not enrolled in the final year of secondary high
school in Oslo and who had consented to participate in a
follow-up were invited by mail to participate. The invita-
tion included an invitation letter, an information bro-
chure, a consent form, the questionnaire and a
prestamped return envelope. Two reminders were sent to
those who did not respond.

Study population
From the participants in the baseline study (3811), 2489
(1112 boys and 1377 girls) participated in the follow-up
with consent to link data from the two surveys. Students
reporting motor disabilities at baseline were excluded (n =
56). Only adolescents who had participated in both sur-
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veys were included in the analysis (n = 2433) [see Addi-
tional file 1]. Those who did not respond in the follow-up
were characterized at baseline by higher mean (SD) SDQ
total (10.8 (4.9) vs. 9.6 (4.8), p < 0.001) and lower phys-
ical activity levels (p < 0.001). The association between
SDQ total score and physical activity at baseline among
the responders and non-responders was similar (p(interac-

tion) = 0.725).

Measures
Mental health
We used the self-report version of the Strengths and Diffi-
culties Questionnaire (SDQ) [26]. The SDQ has been used
in large number of studies during the last ten years,
including the British Child and Adolescent Mental Health
Survey [27], The US National Health Interview Survey
[28], and several large Norwegian epidemiological studies
[29]. The SDQ is a 25-item screening questionnaire with
five scales, each consisting of five items, generating scores
for emotional symptoms, conduct problems, hyperactiv-
ity-inattention, peer problems, and prosocial behaviour.
Each item can be answered with 'not true' (0), 'somewhat
true' (1) or 'certainly true' (2). The first four problem
scales are summed to generate a total difficulties score.
SDQ is designed and validated for youngsters (11–16
years), but SDQ has also been used for older youths [29].
In the follow-up questionnaire minor linguistic changes
were made in accordance with the approved Norwegian
translation. The internal consistency (Cronbach's alpha)
of the various SDQ scales at baseline and follow-up were:
0.73, 0.77 for the total difficulties score; 0.70, 0.73 for
emotional symptoms; 0.47, 0.38 for conduct problems;
0.54, 0.65 for hyperactivity-inattention; 0.53, 0.57 for
peer problems; and 0.64, 0.61 for prosocial behaviour. In
accordance with other studies, the Cronbach's alpha val-
ues were low for some of the subscales [30], particularly
for conduct problems [31]. The problem scales are based
on current nosological concepts [30]. Conduct problem
items cover selected essential criteria for oppositional
defiant disorder and conduct disorder [32]. A large valida-
tion study found that a high score on the self-report con-
duct problems was associated with an odds ratio of 7.1 for
having conduct or oppositional-defiant disorder [30]. The
self-report version of SDQ has also shown satisfactory dis-
crimination between community and clinical samples
[33].

Many young people with high psychiatric symptoms score
in epidemiological studies, are not significantly socially
impaired by their symptoms [34]. To get a better indica-
tion of influence of the symptoms an impact supplement
has been made [35]. This supplement was included in our
follow-up survey and starts with a question on whether
the respondent thinks he or she has a problem. If so, fur-
ther enquiries are made about chronicity, overall distress,

social impairment and burden to the environment. The
impact questions have four response categories: no (0),
little (0), quite a lot (1), a great deal (2). The items con-
cerning overall distress and social impairment related to
family, friends, learning situation and leisure activities
generate a total impact score, ranging between 0 and 10.
A validation study finds that the impact scores discrimi-
nate between a clinical and a community sample, and that
impact scores were better than symptoms scores at dis-
criminating between the two samples [35]. Goodman
defines a score of two or more as 'abnormal' or 'caseness'
and a score of one as borderline [35]. The variable is
dichotomized into high (�1) and low (<1) scores when
conducting logistic regression.

Weekly hours of physical activity in leisure time
Participants were asked how many hours per week they
spend on physical activity 'to an extent that make you
sweat and/or out of breath'; 0, 1–2, 3–4, 5–7, 8–10, or 11
hours or more per week. When studying the relationship
between physical activity and mental health by variance
analysis and logistic regression, physical activity was
recoded into four groups (0, 1–4, 5–7 and �8 hours per
week). The six original categories were included as an
ordinal variable coded 1,2,..6 in multiple linear regres-
sion.

Confounding factors
Adjustments were done for well-documented confound-
ing factors: ethnic background, family economy, smok-
ing, and use of alcohol [36-39]. Of the study population,
20% reported an ethnic minority background, defined as
those having both parents born in a country other than
Norway [40]. The family economic status was character-
ized as 'very bad/bad', 'good' or 'very good' based on a
question comparing the family economy with other fam-
ilies in Norway. Alcohol consumption was measured by
asking how often in course of the past year the person had
drunk alcohol, and coded into six categories (Table 1).
Smoking habits were categorized into 'never/quit', 'once
in a while' and 'daily'.

Because the study was conducted partly in school and
partly by mail, we created a variable, 'Invitation group',
categorizing mail or school participation.

Ethics
Both protocols were evaluated by the Regional Commit-
tee for Medical Research Ethics and were approved by the
Norwegian Data Inspectorate. The baseline study, and the
part of the follow-up study carried out in the schools,
received approval from the school authorities in Oslo.
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Statistical methods
In addition to descriptive statistics, paired and un-paired
t-testes, we used the GLM Repeated Measure to test if
change in SDQ in the follow-up period differed between
boys and girls. One-way ANCOVA between-groups analy-
sis of covariance was used to test if the SDQ subscales in
the follow-up varied by weekly hours of physical activity
(0, 1–4, 5–7 or �8) at baseline. Invitation group, ethnic
background, family economy, smoking and alcohol use,
and the respective SDQ subscale at baseline were collec-
tively entered as covariates. Results are given as adjusted
means with 95% confidence intervals (95% CI). To test
the linearity of the associations described in the ANOVA/
ANCOVA we performed multiple linear regression. To test
a nonlinear association between physical activity and
mental health, physical activity squared [(physical activ-
ity)2] was included in the model. Logistic regression was
conducted to study how those with high total impact
score at follow-up varied between the four groups of phys-

ical activity at baseline. All analyses were done separately
for boys and girls. Calculations were performed in SPSS
13.

Results
Baseline characteristics are presented in Table 1. There was
no gender difference in ethnic background, invitation
group and alcohol consumption. Girls perceived their
family economic status to be slightly worse than did boys.
Girls were more often daily or 'once in a while' smokers
than boys, and boys spent more hours per week on phys-
ical activity compared with girls (Table 1).

At baseline, girls reported more overall mental health dif-
ficulties (SDQ total difficulties), emotional symptoms
and hyperactivity-inattention problems than boys. Girls
also reported more prosocial behaviour than boys,
whereas boys reported more conduct problems and peer
problems than girls (Table 2). During the follow-up

Table 1: Baseline characteristics of participants in the youth part of the Oslo Health Study (2000–2001) who participated in the follow-
up in 2004.

Characteristics at age 15–16 Boys Girls

n = 1085* % n = 1348* % p, gender

Invitation group 0.489
In school 913 84.1 1148 85.2
By mail 172 15.9 200 14.8
Ethnic background 0.099
Ethnic Norwegian 879 81.5 1057 78.8
Ethnic minority 200 18.5 285 21.2
Family economic status 0.047
Very bad/Bad 285 26.6 399 30.2
Good 634 59.2 771 58.3
Very good 152 14.2 152 11.5
Alcohol use last year 0.094
2–3 times per week 42 3.9 51 3.8
Once per week 137 12.9 204 15.4
2–3 times per month 233 21.9 245 18.5
Once per month 94 8.8 128 9.6
A few times 247 23.2 342 25.8
Not at all 313 29.4 357 26.9
Smoking <0.001
No 844 78.2 939 70.0
Once in a while 152 14.1 232 17.3
Yes, daily 83 7.7 171 12.7
Physical activity <0.001
0 hours per week 82 7.6 143 10.6
1–2 hours per week 202 18.8 418 31.0
3–4 hours per week 223 20.7 361 26.8
5–7 hours per week 263 24.4 234 17.4
8–10 hours per week 187 17.4 96 7.1
11 hours or more per week 120 11.1 60 4.5

*The numbers who answered the different questions differ somewhat.
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period, the difference in overall mental health difficulties
between the genders increased, with a reduction in SDQ
total difficulties for boys and an increase for girls. Peer
problems were reduced in boys and increased in girls.
Emotional symptoms also increased in girls, while there
was no change in boys. Both genders had an increase in
hyperactivity-inattention problems and prosocial behav-
iour, while conduct problems decreased (Table 2).

Mental health at age 18–19 years according to physical 
activity at age 15–16 years
Emotional symptoms and peer problems at age 18–19
were inversely associated with physical activity at age 15–
16 in both genders, whereas prosocial behaviour was pos-
itively associated only in boys (p < 0.05 for all these asso-
ciations in linear regression analyses) (Table 3, crude
analysis). Boys and girls who were physically active 5–7
hours per week at age 15–16 had the lowest total problem
score at follow up [see Additional file 2]. The U-shaped
association was statistically significant in regression mod-
els, with (physical activity)2 included, for both boys (p =
0.003) and girls (p = 0.014). When adjusting for invitation
group, ethnic background, family economic status, smok-
ing, use of alcohol and the respective SDQ score at base-
line, the U-shaped trend between SDQ total and physical
activity was no longer statistically significant for neither
boys (p = 0.14) nor girls (p = 0.31). Also the differences in
the SDQ subscales according to physical activity decreased
after adjustments (Table 3, adjusted model). In girls, there

were no significant differences between categories of
physical activity at baseline for any SDQ subscale at fol-
low up after adjustments (Table 3, adjusted model),
whereas emotional problems [B (95%CI) = -0.09 (-0.15, -
0.03)] and peer problems [B (95%CI) = -0.08 (-0.14, -
0.03)] decreased with increasing amount of physical activ-
ity in boys. In boys, prosocial behaviour varied signifi-
cantly between the groups of physical activity (Table 3,
adjusted model) but there was no significant linear trend
[B (95%CI) = 0.05 (-0.02, 0.12)].

Boys and girls who were physically active 5–7 hours per
week at age 15–16 years had the lowest risk of reporting
distress and social impairment (total impact score �1)
three years later (Table 4, crude model). However after
adjusting for possible confounders and mental health at
baseline the associations were no longer statistically sig-
nificant (Table 4, adjusted model).

Discussion
In boys, weekly hours of physical activity at age 15–16
years were inversely associated with emotional symptoms
and peer problems at age 18–19 years after adjustment for
confounders and mental health at baseline. In boys also
prosocial behaviour varied with physical activity after
adjustments, but there was no linear trend. In girls there
was no independent effect of physical activity at age 15–
16 on mental health at age 18–19 after adjustments. Par-
ticipants reporting five to seven hours of physical activity

Table 2: Strengths and Difficulties Questionnaire (SDQ)  mean score at age 15–16 years (baseline) and at age 18–19 years (follow-up) 
in boys and girls in Oslo (2001–2004).

Measure and Time Point Boys Girls

n mean SD p time** n mean SD p time** p, gender***

SDQ -Emotional Symptoms 0.183 0.021
baseline 1074 1.64 1.69 1340 3.38 2.27 <0.001
follow up 1082 1.73 1.69 1343 3.52 2.41 <0.001

SDQ – Conduct Problems* <0.001 <0.001
baseline 1076 2.07 1.67 1344 1.88 1.37 0.002
follow up 1083 1.67 1.39 1343 1.69 1.22 0.684

SDQ – Hyperactivity-Inattention 0.038 <0.001
baseline 1074 3.22 1.93 1339 3.62 1.90 <0.001
follow up 1083 3.35 2.07 1344 3.88 2.11 <0.001

SDQ – Peer Problems* 0.009 0.008
baseline 1074 1.61 1.56 1340 1.39 1.39 <0.001
follow up 1083 1.50 1.54 1344 1.51 1.53 0.874

SDQ -Prosocial Behavior* <0.001 <0.001
baseline 1077 6.95 1.87 1344 7.98 1.55 <0.001
follow up 1083 7.69 1.71 1342 8.38 1.40 <0.001

SDQ -Total Difficulties* 0.019 0.011
baseline 1072 8.53 4.63 1339 10.27 4.64 <0.001
follow up 1082 8.25 4.51 1342 10.60 5.12 <0.001

*General Linear Model Repeated Measure showed a statistical interaction between time and gender (p < 0.001)
**Paired t-test
***Un-paired t-test
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per week at age 15–16 had the lowest mean score for SDQ
total difficulties and the lowest percentage with high
impact score at follow up, but the differences were not sta-
tistically significant after adjustments.

Methodological strengths and limitations
Our longitudinal study extends beyond previous reports
of population-based cross-sectional associations between
physical activity and depression [19], emotional well-
being [20] and social problems [17,18] when studying
physical activity at age 15–16 years and different aspects
of mental health three years later. We are still not able to
infer the direction of causality from our analysis. There
could be common underlying factors influencing both
physical activity and mental health at both time points, or
these two factors could be in a continuous circular rela-
tionship.

In the baseline study, all 10th graders in Oslo were invited
to participate in the school year 2000–2001. The high par-
ticipation rate implies that the baseline cohort is repre-
sentative for 10th graders in Oslo. In the follow-up, those
not participating were less physically active and reported
more symptoms of mental health problems at baseline
than those who participated. However, the association at
baseline between SDQ total problem score and physical
activity was similar for the non-responders and those par-
ticipating in the follow-up. Thus, we believe it is unlikely
that those lost to follow-up would appreciably influence
the associations at follow-up.

When measuring mental health among children and ado-
lescents it is preferable to use several informants (also par-
ents and teachers). Self-reports are generally less strongly
associated with psychiatric disorder than parent reports
[30]. In our follow-up study the participants were 18
years, and parent reports could not be included. The fact
that this is a self-report study, with low internal consist-

ency for some of the subscales, should be kept in mind
when interpreting the results. However, low internal con-
sistency may have led to an underestimation of associa-
tions.

Measuring physical activity by questionnaire is also asso-
ciated with difficulties [41]. We have used a single item
measure for this variable, something that has to be taken
into consideration. A measure of weekly hours of physical
activity however, has shown the ability to discriminate
between levels of aerobic fitness in youth [42]. It seems
reasonable to assume that the question captures different
levels of physical activity, but how accurate the adoles-
cents report hours peer week is unknown.

Within the limitation of the study design the results reveal
an interesting association between physical activity and
mental health. Although the associations were weak,
physical activity was a positive factor for some dimensions
of mental health problems in boys. In the population
strategy of prevention: 'even a small shift in the distribu-
tions may have a large effect on the number of individuals
falling into the high vulnerable tail of the distribution'
[43].

Mental health at age 18–19 years according to physical 
activity at age 15–16 years
We found a more consistent association between weekly
physical activity and mental health in boys than in girls,
and the associations were connected to emotional symp-
toms, peer problems and prosocial behaviour. Similar
overall findings have been reported from cross-sectional
studies of adolescents [17-19], but not by gender. One
such study of adolescents in grades 7–13 found a positive
association between vigorous physical activity and social
functioning, but no association for depression/anxiety
when adjusted for age, gender, and SES [17]. Kirkcaldy et
al reported that adolescents who engaged regularly in

Table 4: Total Impact score according to weekly hours of physical activity. Percentage (p%) with high score*  and odds ratio (OR) for 
high score* at age 18–19 years according to hours of physical activity per week at age 15–16 years, in boys and girls–unadjusted (crude) 
and adjusted for confounders and mental health at baseline.

Physical activity per week
 (age 15–16)

Boys Girls

Crude Adjusted** Crude Adjusted**

n p%*** OR 95%Cl OR 95%Cl n p%*** OR 95%Cl OR 95%Cl

0 hours 79 22.8 ref. ref. 139 36.7 ref. ref.
1–4 hours 423 17.3 0.71 0.39 – 1.27 0.79 0.42 – 1.49 775 28.8 0.67 0.46 – 0.98 0.82 0.53 – 1.24
5–7 hours 262 10.3 0.39 0.20 – 0.75 0.51 0.25 – 1.04 232 24.6 0.56 0.36 – 0.89 0.76 0.45 – 1.27
8 or more hours 304 17.1 0.70 0.38 – 1.28 0.84 0.44 – 1.64 155 29.7 0.73 0.45 – 1.19 1.05 0.61 – 1.81

*High total impact score �1
**Invitation group, Ethnicity, Family economy, smoking and alcohol habit, SDQ total at baseline
***Percent of n with high total impact score
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physical activity display much less inhibition in social
behaviour than their less active counterparts [18]. A third
cross-sectional study reported that adolescents who did
not exercise, or exercised infrequently, scored higher on
psychological discomfort measured by loneliness, shyness
and hopelessness than did adolescents who were more
frequent exercisers [19]. One explanation for all these
findings may be that physical activity and the sports arena
represent an increased opportunity for social interaction
and development of social skills. Adolescents who join a
sports club show lower anxiety and depression scores than
those pursuing individual sports [44]. Boys are more often
than girls doing sport in a club [45]. If physical activity
promotes social development, it is likely that this is a
more permanent influence – and may be possible to
detect as a long-term effect. Cardon et al found in a study
among 1124 children aged 10 and 11 that boys felt more
social support from family and friends to be active than
girls [46]. Boys also perceived more benefits from physical
activity than girls in regard to being together with friends/
meet people, have fun and being admired by others. The
difference in peer problems and prosocial behavior
according to physical activity may also be due to individ-
uals with low social competence ceasing physical activity
or participating in sports at a young age. Adolescents who
possess good sport or physical activity skills may also be
more socially attractive than less talented peers. Different
patterns in type of physical activity, and changes in weekly
hours over the period under study may also contribute to
the gender difference.

Participants reporting 5–7 hours of physical activity per
week at age 15–16 had both the lowest SDQ total problem
score and the lowest percentage with SDQ total impact
score at follow-up, but the differences became insignifi-
cant after adjustments. Cross sectional studies have how-
ever reported similar U-shaped associations [19,21,47].
One suggested reason for the non-linear association
involves the detrimental effect of overtraining in athletes
[47]. Unger (1997), who studied participation in sport
team and suicidal behaviour, revealed that girls who exer-
cised 6–7 days per week and did not participate in team
sports, were at the greatest risk of suicidal behaviour [21].
The author of this study suggests that these results may be
due to a widespread perception of overweight and nega-
tive body image among adolescent girls who then exercise
to lose weight. More research in general populations is
needed on effects of high volume physical activity/exer-
cise and mental health among adolescents.

Conclusion
Our findings indicate that physical activity at age 15–16
years may influence some aspects of mental health three
years later in boys, but not in girls. Our study underlines
the need to perform longitudinal studies with different

aspect of mental health as outcome, conducting separate
analyses by gender, and also consider the amount of phys-
ical activity when studying the relation between physical
activity and mental health in adolescence. The results
encourage subsequent cohort studies to focus on different
types of physical activity (competitive vs. recreational,
team vs. individual) and mental health follow up.
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Abstract
Background: More research on factors associated with physical activity and the decline in
participation during adolescence is needed. In this paper, we investigate the levels, change, and
stability of physical activity during the late teens among ethnic Norwegians and ethnic minorities,
and we examine the associations between physical activity and socio-demographic factors.

Methods: The baseline (T1) of this longitudinal study included 10th graders who participated in the
youth part of the Oslo Health Study, which was carried out in schools in 2000–2001. The follow-
up (T2) in 2003–2004 was conducted partly at school and partly by mail. A total of 2489 (1112 boys
and 1377 girls) participated both at baseline and at follow-up. Physical activity level was measured
by a question on weekly hours of physical activity outside of school. Socio-demographic variables
were collected by questionnaire and from data obtained from Statistics Norway. Analysis of
variance was used to study the level of and changes (T1 to T2) in physical activity, and the
associations between physical activity and socio-demographic factors. Stability in physical activity
was defined as the percentage of students reporting the same physical activity both times.

Results: Boys were more active than girls at age 15 and 18 years, independent of ethnic
background. Among girls, ethnic Norwegians were more active than ethnic minorities. Hours per
week spent on physical activity declined in all groups during the follow-up period. Few associations
were found between physical activity and socio-demographic factors in both cross-sectional and
longitudinal data. Among the ethnic minority girls, 65% reported being physically active 0–2 hours
per week at baseline, and 82% of these girls reported the same level at follow up.

Conclusion: The association between physical activity and ethnicity at age 15 years remained the
same during the follow-up. Few associations were found between physical activity and socio-
demographic variables. A large proportion of ethnic minority girls reported a persistently low
physical activity level, and this low participation rate may need special attention.
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Background
Regular physical activity is important for healthy growth
and development of children and adolescents. It helps
build and maintain healthy bones, muscles, and joints,
and enhances psychological well-being [1]. Regular phys-
ical activity contributes to the control of body weight,
which is important because the prevalence of obesity is
increasing [2]. Mid-adolescence is an important period in
young people's life as adult patterns of health behaviours
start to emerge. Habits of, and attitudes towards, physical
activity developed during childhood are assumed to con-
tinue through adolescence and into adulthood [3,4].
Despite the importance of physical activity in youth, stud-
ies show consistently that participation in physical activity
declines during adolescence. This decline has been
reported in both cross-sectional [5-7] and longitudinal
studies [8-17], and in studies using both self-reported
measures [5,8-13] and objective measures of physical
activity [6,7,17]. Knowledge about the factors related to
this decline in physical activity is scarce.

With an increasing influx of immigrants to the Western
parts of the world, cultural and ethnic background has
become an important variable when studying health and
health behaviour from the public health perspective. Few
studies have investigated the relationship between physi-
cal activity and ethnicity in adolescence. Most studies
have reported that ethnic minorities are less active than
their majority counterparts [13,18-20], whereas others
have not found any association [21] or have found that
ethnic minorities are more physically active [16].

In addition to ethnicity, socio-economic status (SES) is an
important factor regarding physical activity [22]. In chil-
dren and adolescents, the association between SES and
physical activity is inconsistent [23-26]. The controversy
relates to whether SES and physical activity level are posi-
tively associated [20,21,24-27] or not related at all [24-
26,28]. The differences between studies may reflect differ-
ences in the methods used to measure SES and physical
activity and the subgroup studied [24-26].

Few longitudinal population-based studies in adolescents
have focused on the relationship between physical activity
and ethnicity while also considering socio-demographic
factors [20]. In a longitudinal population-based study of
about 2500 adolescents for 3 years, of which 20% had an
ethnic minority background, we collected data about
physical activity, ethnicity, and socio-demographic fac-
tors. The aims of this study were: (1) to estimate and com-
pare levels of physical activity in ethnic Norwegian and
ethnic minority youth at ages 15 and 18 years; (2) to
examine the association between socio-demographic fac-
tors and physical activity in the two groups at 15 and 18
years; (3) to describe changes in, and stability of, physical

activity in ethnic Norwegian and ethnic minority youth
after three years of follow-up; and (4) to examine the rela-
tionships between socio-demographic factors and change
in physical activity over the three years in the two ethnic
groups.

Methods
Baseline study (T1)
All students in grade 10 (aged 15–16 years, later referred
to as 15 years) in Oslo during the school years 1999–2000
and 2000–2001 were invited to enter the youth part of the
Oslo Health Study. This was a questionnaire study con-
ducted in schools. All parents received written informa-
tion, and the students completed a consent form before
participation. The students completed questionnaires dur-
ing two school classes. For those not present on the day of
the survey, questionnaires were left for them at school. A
copy was mailed to the home address of those who did
not respond, together with a stamped return envelope. A
more detailed description has been published elsewhere
[29,30]. From the total population of 10th graders (both
1999–2000 and 2000–2001), 7343 (88%) participated.
The 3811 subjects participating in the year 2000–2001
comprised the baseline of our longitudinal study. During
the school year 2003–2004, a second study was con-
ducted with the same adolescents.

Follow-up study (T2)
The follow-up study was carried out partly as a school-
based survey and partly through mail, as described else-
where [30,31]. The procedure for the school-based part of
the study was similar to the baseline procedure. All 32 sec-
ondary high schools in Oslo took part, and the senior year
students (aged 18–19 years, later referred to as 18 years)
completed the questionnaire during one school class. The
participants in the baseline study (year 2000–2001) who
were not enrolled in the senior year of secondary high
school in Oslo and who had consented to participate in
the follow-up were invited to participate by mail.

Study population
Of the 3811 participants in the baseline study, 2489
(65.3%) participated in the follow-up and gave their con-
sent to link their data between the two surveys. Only the
adolescents who participated in both surveys were
included in our analyses (1,112 boys and 1,377 girls)
(Figure 1). Of the participants in the follow-up, 20% had
an ethnic minority background. Ethnic minorities were
defined as those having both parents born in a country
other than Norway [32]. The parents' countries of birth
were provided by Statistics Norway and were linked to the
data file. Most of the ethnic minority youth (96%) came
from non-Western countries. The largest ethnic minority
groups were from the Indian subcontinent (42%), the
Middle East (16%), and Eastern Europe (11%). Fifty-four
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percent of the minority group were born in a country
other than Norway (first-generation immigrants).

Measures
Weekly hours of physical activity in leisure time
Participants were asked how many hours per week they
spent in physical activity "to an extent that makes you sweat
and/or out of breath": 0 (0), 1–2 (1.5), 3–4 (3.5), 5–7 (6),
8–10 (9), or 11(11) hours or more per week. The numbers
in the parentheses represent the coding when using the
ranked ordinal variable as a continuous variable. In an
unpublished validation study, physical activity was meas-
ured both objectively, using Actigraph accelerometers, and
subjectively using the questionnaire. The question about
"hours per week" was the one that best predicted physical
activity measured by an accelerometer and was therefore
chosen as our physical activity measure (Hein Stigum, Nor-
wegian Institute of Public Health, personal communica-
tion). Change in physical activity was defined as the
difference in hours of physical activity per week between
baseline and follow-up. To study stability in physical activity
from baseline to follow-up, we dichotomized hours per
week spent doing physical activity as 0–2 hours versus 3
hours or more, and we measured the tendency of subjects to
report the same activity level at the two times.

Socio-demographic factors
To obtain information on the education and income lev-
els of fathers and mothers, the questionnaire was linked
to information collected by Statistics Norway. Statistics

Norway's register on income and education (2002) was
used. In the analysis, education was categorized by the
highest level of education: tertiary education, intermedi-
ate education, and compulsory education [33]. The
father's and mother's income [34] was categorized as high
(above the 75th percentile), medium (25th to 75th percen-
tile), or low (below the 25th percentile).

The "perceived family economy" question had four
options – "poor ", "moderate", "good", or "very good" –
based on a question asking the participant to compare his
or her family economy with other families in Norway.
"Parents' marital status" was categorized as having parents
who were married/cohabitant or "other" (i.e. divorced/
separated, one or both deceased). "Socio-economic
region of residence" in Oslo (neighbourhood socio-eco-
nomic level) was a social index that took into account the
distribution of unemployment, education, non-Western
immigrants and single parents [35]. In our analyses, East
and West regions were used.

Invitation group
Because the follow-up part of the study was conducted
partly in school and partly by mail, a variable called "Invi-
tation group", was created to dichotomize mail and school
participation.

Ethics
Both protocols were evaluated by the Regional Commit-
tee for Medical Research Ethics and were approved by the
Norwegian Data Inspectorate. The baseline study and the
part of the follow-up study carried out in the schools
received approval from the school authorities in Oslo.

Lost to follow-up
Seventy percent of the ethnic Norwegian students and
54% of the ethnic minority students participated in the
follow-up study. In ethnic Norwegian participants,
baseline physical activity did not differ between those
who participated in the follow-up and those who were
lost to follow-up. In the ethnic minority participants,
physical activity level at baseline was higher in those
who completed the follow-up than in those lost to fol-
low-up. To test whether the physical activity level
among the immigrants could be biased by the length of
stay in Norway, we compared the physical activity level
of those lost to follow-up and in those participating at
both times in first- and second-generation immigrants.
Weekly hours of physical activity by both boys and girls
did not differ between first- and second-generation
immigrants. To predict how attrition might bias the
results, others have shown that subjects who participate
after reminders are fairly similar to the non-responders
[36]. In our analysis, the change in physical activity did
not differ significantly between adolescents from ethnic
minorities who participated after the first invitation

Flow sheet of the study populationFigure 1
Flow sheet of the study population.
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and those who participated after reminders [mean dif-
ference in change in weekly hours of physical activity
(SE), -0.28 (0.59), p = 0.59].

Statistical analysis
The data were stratified by sex and partly by ethnicity (eth-
nic Norwegians and ethnic minorities). To compare phys-
ical activity levels at baseline (T1) and follow-up (T2), the
change in physical activity from baseline to follow-up
(T2-T1), and the associations between physical activity
and socio-demographic factors at the two times, we classi-
fied hours per week as a continuous variable and analysed
the data using analysis of variance (ANOVA). The patterns
of association were compared between ethnic Norwegians
and ethnic minorities by testing the interaction terms.

Cohen's kappa and percentage of agreement were used to
study the stability in physical activity (0–2 hours versus 3
hours or more) from baseline to follow-up in the four
subgroups.

Finally, we studied the association between socio-demo-
graphic factors and change in physical activity level (T2-
T1) using a linear regression model. The estimated regres-
sion coefficients (�) and 95% confidence interval (95%
CI) are presented in the text. The socio-demographic fac-
tors that showed associations with physical activity at T1
or T2 were entered collectively in the adjusted model.
Only participants who provided information on all varia-
bles in the adjusted analysis were included in the crude
comparisons. Weekly physical activity level did not differ
significantly between participants excluded and those
included in this analysis. The level of significance was set
at p < 0.05. The data were analysed using SPSS version 14.

Results
Physical activity at 15 and 18 years
Boys were more physically active than girls at both 15 and
18 years, and this was independent of ethnic background

(Table 1). We found ethnic differences in physical activity
levels in girls but not boys. At both ages 15 and 18 years,
ethnic Norwegian girls were more physically active than
ethnic minority girls (Table 1).

Physical activity and socio-demographic factors at 15 and 
18 years
Ethnic minority adolescents had parents with lower
income and lower education level than ethnic Norwe-
gians (p < 0.001). Compared with their Norwegian coun-
terparts, more ethnic minority boys and girls lived in
eastern regions of Oslo and had parents that were mar-
ried/cohabiting (both sexes p < 0.001). Ethnic minority
girls perceived poorer family economy than did ethnic
Norwegian girls (p = 0.01). No difference was observed in
boys (p = 0.38).

Boys
At age 15 years, ethnic Norwegian boys who perceived a
poor family economy reported low physical activity level
(Table 2a). At age 18 years, ethnic minority boys living in
the eastern part of Oslo were more physically active than
those living in the western part. The association between
physical activity level and socio-demographic factors did
not differ between ethnic Norwegian and ethnic minority
boys at ages 15 or 18 years (i.e. no interaction).

Girls
In ethnic Norwegian girls, higher levels of physical activity
at both ages 15 and 18 years were positively associated
with father's income and perceived family economy.
Physical activity at age 18 years was positively associated
with mother's education and parents' marital status
(Table 2b). Ethnic minority girls living in the western
regions of Oslo were more physically active at age 18 years
than were ethnic minority girls living in the eastern part
(Table 2b). The associations between physical activity
level and socio-demographic factors in the two ethnic
groups were significantly different for only one factor:

Table 1: Physical activity level at age 15 and 18 years in ethnic Norwegian and ethnic minority adolescents.

Physical activity

Ethnic Norwegian Ethnic minority
n Mean 95%CI* n Mean 95%CI* p ethnicity

Boys
15 years (baseline) 892 5.35 5.13 5.58 211 5.00 4.55 5.46 0.18
18 years (follow-up) 897 4.61 4.38 4.84 209 4.37 3.92 4.83 0.38
� ** (follow-up-baseline) 889 -0.73 -0.96 -0.58 209 -0.61 -1.17 -0.06 0.67
Girls
15 years (baseline) 1058 4.00 3.82 4.18 283 2.43 2.16 2.70 < 0.001
18 years (follow-up) 1066 3.58 3.41 3.77 287 2.01 1.74 2.27 < 0.001
� ** (follow-up-baseline) 1044 -0.38 -0.56 -0.20 274 -0.47 -0.77 -0.16 0.66

*95% confidence interval (CI).
** � Change from baseline to follow-up.
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Table 2: 

2a: Physical activity level and socio-demographic factors in ethnic Norwegian and ethnic minority boys.

Boys (1112*) Physical activity at age 15 years Physical activity at age 18 years
Ethnic Norwegian (900) Ethnic minority (211) Ethnic Norwegian (900) Ethnic minority (211)

Socio-demographic 
factors

M° SD° p M° SD° p M° SD° p M° SD° p

Income father # 0.12 0.69 0.91 0.17
Low 3.98 3.30 4.80 3.54 4.03 3.34 5.37 3.34
Medium 4.50 3.31 5.14 3.23 4.75 3.57 5.43 3.52
High 6.04 3.88 4.46 3.33 4.65 3.38 5.32 3.36

Education mother # 0.13 0.29 0.31 0.16
Compulsory 4.43 3.64 5.34 3.51 3.92 3.69 4.50 3.31
Intermediate 5.36 3.63 4.43 3.37 4.59 3.62 4.04 3.50
Tertiary 5.44 3.25 5.28 3.21 4.69 3.37 5.47 3.26

Perceived family economy 0.01 0.54 0.22 0.74
Poor 3.56 3.34 6.86 3.34 3.83 3.61 3.71 4.37
Moderate 5.03 3.61 4.91 3.75 4.38 3.50 4.11 3.20
Good 5.41 3.30 4.94 3.18 4.62 3.38 4.62 3.42
Very good 5.96 3.54 5.05 3.42 5.10 3.83 4.21 3.44

Parents marital status 0.08 0.70 0.20 0.29
Married or cohabiting 5.49 3.39 5.06 3.35 4.71 3.52 4.25 3.35
Other § 5.05 3.48 4.80 3.46 4.38 3.42 4.95 3.40

Residence in Oslo 0.15 0.79 0.01 0.93
East 5.54 3.65 4.94 3.43 4.99 3.78 4.27 3.31
West 5.20 3.24 5.13 2.77 4.38 3.24 4.34 3.73

° Values are expressed as Mean (M) and Standard Deviation (SD).
* Some participants have missing information on some of the background characteristics.
# Information collected by Statistics Norway (2002).
§ Parents divorced or separated, or one or both parents dead.

2b: Physical activity level and socio-demographic factors in ethnic Norwegian and ethnic minority girls

Girls (1377*) Physical activity at age 15 years Physical activity at age 18 years
Ethnic Norwegian (1081) Ethnic minority (296) Ethnic Norwegian (1081) Ethnic minority (296)

Socio-demographic 
factors

M° SD° p M° SD° p M° SD° p M° SD° p

Income father # 0.02 0.45 0.05 0.05
Low 3.36 2.92 2.25 2.08 3.10 3.09 1.71 2.19
Medium 4.00 3.04 2.40 2.52 3.55 3.02 2.00 2.24
High 4.18 2.90 3.00 2.20 3.83 2.92 3.08 2.11

Education mother # 0.74 0.32 0.04 0.12
Compulsory 3.80 3.04 2.48 2.46 2.74 2.62 1.69 1.86
Intermediate 4.07 2.96 2.29 2.20 3.55 3.05 2.35 2.66
Tertiary 3.97 3.01 2.93 2.48 3.73 2.99 2.16 2.09

Perceived family economy 0.01 0.10 0.001 0.54
Poor 3.30 2.80 2.21 3.25 2.25 2.58 1.07 0.73
Moderate 3.56 2.99 2.07 1.91 3.13 2.90 1.94 2.33
Good 4.11 2.92 2.48 2.34 3.73 2.99 2.17 2.23
Very good 4.53 3.20 3.16 2.70 4.19 3.21 1.82 2.35

Parents marital status 0.11 0.12 0.01** 0.14**
Married/cohabiting 4.10 2.97 2.33 2.24 3.77 3.00 1.88 2.31
Other § 3.79 3.00 2.85 2.51 3.24 2.98 2.36 1.93

Residence in Oslo 0.12 0.87 0.53 0.03
East 4.15 3.09 2.42 2.36 3.65 3.13 1.89 2.17
West 3.86 2.89 2.49 1.92 3.54 2.91 2.76 2.63

° Values are expressed as Mean (M) and Standard Deviation (SD).
* Some participants have missing information on some of the background characteristics.
** Interaction term = 0.02 (marital status, ethnicity, and physical activity).
# Information collected by Statistics Norway (2002).
§ Parents divorced or separated, or one or both parents dead.
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having married/cohabitating parents was positively asso-
ciated with physical activity in Norwegian girls at age 18
years, but the opposite was the case in ethnic minority
girls (Table 2b) (interaction term, p = 0.02).

The mother's income and father's education level was not
significantly related to physical activity level in boys or girls.

Change in and stability of physical activity from age 15 to 
18 years
Physical activity level measured as weekly hours declined
in all groups (�, change) from age 15 to 18 years (Table
1). The change in physical activity level from age 15 to 18
years did not differ between ethnic Norwegian and ethnic
minority boys or girls (Table 1).

More ethnic Norwegian girls and boys were physically
active for three hours or more at both times (stability)
than were ethnic minority girls and boys (Figure 2).
Eighty-two percent of the ethnic minority girls had a per-
sistently low physical activity level (0–2 hours per week)
at both times. Fifty-four percent of ethnic minority girls
who were physically active for more than three hours per
week at age 15 years reduced their activity level at age 18
years (Figure 2). The kappa (�) values for stability of phys-
ical activity level are presented in Figure 2 according to sex
and ethnicity. The � values varied between 0.15 and 0.31
for both sexes and ethnic groups. The lowest � value was
seen in ethnic minority boys.

Socio-demographic factors and change in physical activity 
level over three years
We found similar associations in the crude and adjusted
analyses for the association between socio-demographic
variables and change in physical activity analysed by sex.
The only significant associations found in the adjusted
analyses were that physical activity level declined more in
girls with mothers with compulsory education than in
girls with mothers with tertiary education [�, -0.75;
95%CI, -1.38, -0.12)], and declined more in boys with
fathers with low income than in boys with fathers with
high income [�, -0.90; 95% CI, -1.66, -0.14).

The association between socio-demographic factors and
change in physical activity level did not differ between
ethnic Norwegians and ethnic minorities (i.e. no interac-
tion).

Discussion
Physical activity and ethnicity
In our study, boys were more physically active than girls, as
has been reported earlier [6,7,37]. We found ethnic differ-
ences in activity level, an observation that is consistent with
previous findings from the UK [20] and USA [13,18],
although other studies in the USA reported no differences

[21] or higher physical activity level in some ethnic minor-
ity groups [16]. The difference between the USA and
Europe may reflect differences in the immigrants' ethnicity,
history, and time since immigration. Discrimination and
racism are other factors that might cause differences in
sport participation between ethnic minority and host ado-
lescents [38,39]. Fear of being exposed to racism could be
keeping ethnic minorities away from organized sport [40].
However, our results do not allow us to conclude whether
racism influences the choice of physical activity type.

As observed in other studies [13,18], we found that ethnic
differences in physical activity were more apparent in girls
than in boys. Differences in physical activity may reflect
the influence of factors such as the religion and culture in
the country of origin. In our study, 96% of the ethnic
minorities came from non-Western countries, the largest
group being from the Indian subcontinent. The difference
between boys and girls could relate to gender segregation
in some religions (Islam), girls having more household
responsibility, or stricter rules set by parents [41-43]. The

Change in physical activity level from T1 to T2Figure 2
Change in physical activity level from T1 to T2. Per-
centage of participants who were physically active 0–2 hours 
per week or 3 or more hours per week at baseline (T1) and 
follow-up (T2), and percentage who maintained or changed 
activity level from T1 to T2 in ethic Norwegian (a and c) and 
ethnic minority (b and d) boys and girls. 
* indicates the number of participants who answered the question about physical activ-

ity at both times.
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ethnic minority girls' low activity level might also relate to
the structure of organized sports in Norway, which
includes fewer differences according to gender than in
many of the ethnic minorities' countries of origin [44].
Another contributing factor could be the low physical
activity level among ethnic minority women in Oslo [45].
Parents' physical activity patterns probably influence their
children's physical activity through modelling, social
influence, and social support [1].

Physical activity and socio-demographic factors at age 15 
and 18 years
Consistent with other studies, [24-26] we found few sig-
nificant associations between socio-demographic factors
and physical activity level. Such associations seem to be
dependent on the SES measure used and the characteristic
of the subgroup being studied.

One relatively consistent finding in our study was the
lower physical activity level among ethnic Norwegians
who perceived family economy as poorer than other Nor-
wegian families. Those who perceived themselves as hav-
ing low family income might be restricted in their physical
activity choices and opportunities because of the cost
involved.

The lack of association between physical activity and SES
in ethnic minorities may indicate a different relationship
between SES and health and disease, and a different influ-
ence on health behaviour in ethnic minorities than in eth-
nic Norwegians. A Norwegian study focusing on
determinates of diabetes in different ethnic adult groups
reported a negative association between the prevalence of
diabetes and SES among ethnic Norwegians and Western-
ers but almost no association in ethnic minorities [45].

Change in and stability of physical activity from age 15 to 
18 years
We found a decline in mean hours per week of physical
activity from age 15 to 18 years, which was similar in eth-
nic Norwegians and ethnic minorities. In the UK, Asian
adolescents and black girls are less active than white girls
at age 11–12 years, and this difference does not change
over the next five years [20]. McMurray et al. [16]
observed a similar decline in physical activity from age 8
to 16 years in African-American and Caucasian girls but a
greater decline in Caucasian boys than in African-Ameri-
can boys. Another longitudinal study from the USA [13]
found a substantial decline in physical activity level that
was higher in black girls than in white girls.

The relatively low � scores in our study suggest low stabil-
ity of physical activity levels within groups. Anderssen et
al. [12] used a similar physical activity questionnaire with
youths in the western part of Norway and reported � val-

ues, based on tertiles, of 0.26 for boys and 0.21 for girls
over a three-year period (age 16–19 years). The only study
that assessed physical activity stability in different ethnic
groups (Caucasians and African-Americans) reported low
� values (0.03–0.22) [16]. The discrepancy in results
might be because � appears to be higher for shorter time
periods, whereas our study and the study by Anderssen et
al. [12] studied stability over a three-year period, and
McMurray et al. [16] studied stability over seven years. We
also dichotomized physical activity level at two times,
whereas the other studies divided the physical activity var-
iable into three groups.

McMurray et al. [16] also reported that more Caucasian
than African-American youth remained in the low physi-
cal activity group during the follow-up. In our study, the
highest percentage of persistently low physical activity
was found among the ethnic minority girls. As suggested
previously, the different findings might be explained by
the different immigrant histories and cultures of origin of
the ethnic minorities in the USA and in Norway. The dis-
crepancy in results may also be caused by different sample
sizes, age, and the definition of "low physical activity".

Socio-demographic factors and change in physical activity
The only socio-demographic factors that were associated
with change in physical activity level were mother's edu-
cation in girls, and father's income in boys. The few asso-
ciations observed might reflect the influence of more
important circumstances experienced by this group of
youth. These adolescents had experienced changes in
schools, increasing homework level, and the biological,
social, and psychological changes that accompany
puberty. These factors, alone or in combination, may
affect physical activity significantly and might "overrule"
the importance of socio-demographic factors.

Methodological issues
Measuring physical activity level by questionnaire is
associated with difficulties [46]. The measure used to
capture physical activity level in this study is general:
"activities outside of school that make you feel sweaty
and out of breath". Such a crude overall measure does
not capture all the physical activities that promote
health. However, simple, self-reported questions on
overall physical activity have been used in several studies
and correlated significantly with other activity measures
[47,48], and with other indicators of physical activity
such as maximal oxygen uptake [49] and physical fitness
[50]. It seems reasonable to assume that the question
captures the level of physical activity, although we do
not know how accurate the adolescents were in reporting
hours per week. However, we compared associations,
change in, and stability of physical activity between
groups and believe that the measure is reasonably relia-
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ble and valid for this purpose. Generally, the more unre-
liable the measure, the greater the chance of not finding
differences or associations that exist. Therefore, we prob-
ably underestimated rather than overestimated any asso-
ciations and difference between the groups.

Performing a large number of tests, as we did when stud-
ying the relationship between physical activity level and
socio-demographic factors (aims 2 and 4), increases the
risk of type 1 error. Hence, we emphasize the pattern of
our findings and interpret the single significant associa-
tions with caution.

We also note the variety of ethnic minorities represented
by our sample. Even though about 96% of the ethnic
minorities in our study population were from non-West-
ern countries, they were not a homogenous group. Study-
ing all ethnic minorities together might conceal
differences in physical activity levels between different
ethnic groups.

The attrition is also a concern. Of those participating in
the baseline study, 70% of the ethnic Norwegians and
54% of the ethnic minorities participated in the follow-
up. Ethnic minorities participating at follow-up reported
more physical activity at baseline than did the ethnic
minorities lost to follow-up; there was no corresponding
difference at baseline in the ethnic Norwegians. How-
ever, in the ethnic minorities, the physical activity level
did not differ between those who completed the ques-
tionnaire after reminders compared with those who par-
ticipated after the primary invitation, indicating that the
selection probably did not influence the results substan-
tially [36].

Conclusion
This study confirms that boys are more physically active
than girls, and the ethnic differences in physical activity
are more pronounced in girls than boys. Further, the phys-
ical activity level declines during the late teenage years in
all groups. Socio-demographic factors are only weakly
related to physical activity level at age 15 and 18 years,
and the change in physical activity between these ages.
Ethnic minority girls were the least physically active
group, and a considerable proportion reported a stable
low activity level. Religious, cultural, social, and environ-
mental factors may contribute to the differences and the
decline in physical activity level. Society-wide approaches
promoting physical activity that focus on families and
local society, and that consider the special needs of sub-
groups such as immigrant girls, are required to reverse
these patterns.
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Information brochures:

� The youth part of The Oslo (and Hedmark) Health Study 

� Parents (1) 

� Youth (2) 

� Youth 2004 

� Mail Oslo (and Hedmark) (3) 
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Appendix II

Informed Consent:

� The youth part of the Oslo and Hedmark Health Study (1) 

� Youth 2004 (2) 





Lim inn etikett med 
navn og personnummer 

SAMTYKKEERKLÆRING
for deltakelse i Helseundersøkelsen i Oslo 

UNGDOM

Jeg har mottatt informasjon om ungdomsdelen av Helseundersøkelsen i Oslo. Jeg er informert 
om formålet med undersøkelsen. Jeg er også kjent med at opplysninger om meg blir behandlet 
strengt fortrolig og at undersøkelsen er godkjent av Datatilsynet. Undersøkelsen er forelagt
Den regionale komité for medisinsk forskningsetikk. Jeg er videre kjent med at det ikke er 
satt noen spesiell tidsbegrensning for hvor lenge opplysningene om meg kan lagres. Jeg kan 
på et senere tidspunkt be om å bli slettet fra registeret uten å oppgi noen grunn.  
Dette må i så fall sendes skriftlig til  Statens helseundersøkelser.  

1. Jeg samtykker i at svarene mine kan brukes til planlegging og forskning. 
2. Jeg samtykker i at jeg på et senere tidspunkt kan bli kontaktet og få tilbud om å 

være med i nye undersøkelser. 
3. Jeg samtykker i at dataene, etter godkjenning fra Datatilsynet,  kan kobles med

opplysninger om meg i andre registre.  Dette kan for eksempel være andre helse-, 
trygde- eller sykdomsregistre, eller data fra for eksempel folketellinger. 

Du kan stryke det eller de punkter som du vil reservere deg mot. 

  ----------------------------------------------------------------------------------- 
Elevens underskrift 

     ------------------------------- 
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Appendix III 

Questionnaires:

� The youth part of the Oslo Health Study (1 and 2)  

� The youth part of the Hedmark Health Study (1 and 3)  
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