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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 |5—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 20002001 (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%Cl) = -0.09 (-0.15, -0.03)] and peer problems [B (95%Cl) =
-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-

http://www.biomedcentral.com/1471-2458/7/155

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) = .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,
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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 (21) 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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Table I: 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* % b, 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 .5
Alcohol use last year 0.094
2-3 times per week 42 39 51 38
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 247 232 342 25.8
Not at all 313 294 357 26.9
Smoking <0.001
No 844 782 939 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 263 244 234 17.4
8-10 hours per week 187 17.4 96 7.1
I'l hours or more per week 120 1.1 60 4.5

*The numbers who answered the different questions differ somewhat.

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
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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)? included, for both boys (p =
0.003) and gitls (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
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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** b, gender***

SDQ -Emotional Symptoms 0.183 0.021

baseline 1074 1.64 1.69 1340 3.38 227 <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 322 1.93 1339 3.62 1.90 <0.001

follow up 1083 335 2.07 1344 3.88 211 <0.001
SDQ - Peer Problems* 0.009 0.008

baseline 1074 1.6l 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* <0.00/ <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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Table 3: Strengths and Difficulties Questionnaire (SDQ) according to weekly hours of physical activity. SDQ (mean scores) 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)

Strengths and Difficulties Questionnaire (age 18-19)

Boys Girls
Crude Adjusted* Crude Adjusted*
n mean 95%Cl F b n mean 95%Cl F b n mean 95%Cl F p n mean 95%Cl F p

SDQ - Emotional Symptoms 591 000! 328 0.020 6.14  <0.001/ 0.08 0971
0 hours 80 2.00 (1.60-2.40) 73 1.80  (1.46-2.14) 141 4.05 (3.64-4.46) 131 3.54 (3.19-3.89)
1—4 hours 424 196  (1.78-2.13) 410 1.86 (1.72-2.01) 777 3.59 (3.42-3.76) 750 3.48 (3.34-3.62)
5-7 hours 263 1.51 (1.32-1.69) 254 156  (1.38-1.75) 233 3.09 (2.80-3.37) 227 346 (3.20-3.73)
8 hours or more 307 1.55  (1.38-1.73) 299 1.56  (1.40-1.73) 156  3.18 (2.80-3.56) 151 3.54 (3.22-3.87)
SDQ - Conduct Problems 290 0.087 1.28 0.280 1.69  0.168 1.09 0353
0 hours 8l .62 (1.35-1.89) 74 1.57  (1.30-1.85) 141 1.89 (1.69-2.08) 131 1.69 (1.50-1.88)
1—4 hours 424 171 (1.57-1.84) 412 1.71  (1.60-1.83) 777  1.64 (1.56-1.73) 753 1.63 (1.55-1.71)
5-7 hours 263 1.51 (1.34-1.67) 253 1.58  (1.43-1.73) 233 1.65 (1.51-1.79) 227 1.70 (1.56-1.84)
8 hours or more 307 1.79  (1.64-1.95) 300 1.75  (1.62-1.89 156 1.72 (1.53-1.92) 151 1.80 (1.63-1.97)
SDQ - Hyperactivity- Inattention .14 033/ 092 0431 1.14 0331 0.47 0.700
0 hours 8l 348  (3.00-3.96) 74 331 (2.89-3.73) 141 4.08 (3.75-4.41) 131 3.95 (3.63-4.27)
1—4 hours 424 323 (3.04-342) 410 327  (3.09-3.45) 778 378 (3.63-3.92) 751 3.80 (3.67-3.93)
5-7 hours 263 332  (3.08-3.56) 254 334 (3.11-357) 233 3.89 3.61-4.17) 227  3.90 (3.66—4.14)
8 hours or more 307 350  (3.25-3.74) 299 350 (3.29-3.71) 156 3.99 (3.65-4.33) 151 393 (3.63-4.22)
SDQ - Peer Problems 13.3  <0.001 2.57 0.053 441  0.004 2.10 0.098
0 hours 81 220  (1.83-2.56) 74 1.79  (1.48-2.10) 141 1.90 (1.62-2.18) 131 1.74 (1.50-1.98)
1—4 hours 424 169  (1.54-1.84) 409 1.52  (1.39-1.65) 777 149 (1.38-1.60) 750 143 (1.34-1.53)
5-7 hours 263 .21 (1.04-1.38) 254 140  (1.23-1.56) 234 132 (1.13-1.50) 227 147 (1.29-1.65)
8 hours or more 307 128  (l.11-1.45) 300 135 (1.20-1.50) 156 1.49 (1.24-1.73) 151 1.57 (1.35-1.79)
SDQ - Prosocial Behavior** 5.00 0.002 444  0.004 096 0411 0.79  0.490
0 hours 8l 7.4  (6.72-7.55) 74 740  (7.04-7.75) 141 843 (8.22-8.65) 131 850 (8.28-8.72)
-4 hours 424 777  (7.61-7.94) 412 775 (7.60-7.90) 778 833 (8.23-8.44) 754 834 (8.25-8.43)
5-7 hours 263 753  (7.32-7.73) 254 744 (7.25-7.63) 233 839 (8.21-8.57) 227 842 (8.25-8.58)
8 hours or more 307 786  (7.67-8.04) 300 786 (7.68-8.04) 156 853 (8.32-8.74) 151 842 (8.22-8.63)
SDQ - Total Difficulties 431  0.005 0.67 0579 463  0.003 1.03 0377
0 hours 80 924 (8.22-10.25) 73 832 (7.43-921) 141 1191  (11.07-12.7¢) 131 10.88 (10.16—11.60)
1—4 hours 424 858  (8.14-9.02) 409 835 (7.98-8.73) 776 1051  (10.15-10.87) 749 1035 (10.06—10.65)
5-7 hours 263 754 (7.01-8.07) 253 793 (7.45-8.40) 233 994  (9.31-10.56) 227 1056  (10.02-11.10)
8 hours or more 307 813 (7.62-8.63) 299 8.5 (7.72-8.59) 156 10.38  (9.57-11.20) 151 10.83  (10.17-11.49)

*Adjusted for: invitation group, ethnicity, family economy, smoke, use of alcohol, and the respective SDQ subscore at baseline.

**High values are positive
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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 Boys Girls
(age 15-16)
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. 139 367  ref. ref.
1—4 hours 423 173 071 039-127 079 042-149 775 288 067 046-098 082 0.53-1.24
5-7 hours 262 103 039 020-075 051 025-1.04 232 246 056 036-089 076 045-1.27
8 or more hours 304 17.1 070 038-128 084 044-1.64 55 297 073 045-1.19 1.05 0.61—18I

*High total impact score I

**|nvitation group, Ethnicity, Family economy, smoking and alcohol habit, SDQ total at baseline

*Percent of n with high total impact score

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 10t 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
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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

http://www.biomedcentral.com/1471-2458/7/155

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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