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Abstract
Background: Few studies have examined the benefits of regular physical activity, and risks of sedentary behaviour, in 
young children. This study investigated associations between participation in sports and screen-entertainment (as 
components of physical activity and sedentary behaviour), and emotional and behavioural problems in this 
population.

Methods: Cross-sectional analysis of data from 13470 children (50.9% boys) participating in the nationally 
representative UK Millennium Cohort Study. Time spent participating in sports clubs outside of school, and using 
screen-entertainment, was reported by the child's mother at child age 5 years, when mental health was also measured 
using the Strengths and Difficulties Questionnaire.

Results: 45% of children did not participate in sport clubs and 61% used screen-entertainment for ≥ 2 hours per day. 
Children who participated in sport had fewer total difficulties; emotional, conduct, hyperactivity-inattention and peer 
relationship problems; and more prosocial behaviours. These relationships were similar in boys and girls. Boys and girls 
who used screen-entertainment for any duration, and participated in sport, had fewer emotional and behavioural 
problems, and more prosocial behaviours, than children who used screen-entertainment for ≥ 2 hours per day and did 
not participate in sport.

Conclusions: Longer durations of screen-entertainment usage are not associated with mental health problems in 
young children. However, our findings suggest an association between sport and better mental health. Further 
research based on longitudinal data is required to examine causal pathways in these associations and to determine the 
potential role of this and other forms of physical activity in preventing mental health disorders.

Background
In Great Britain, ten percent of children (aged 5-16) have
a mental health disorder such as hyperactivity, or an emo-
tional (anxiety or depression) or conduct disorder [1].
These children are at risk of school exclusion, antisocial
behaviour, offending, and drug and alcohol misuse, and
are also prone to mental health problems later in life [2].
Poverty, abuse and parental separation are some of the
known risk factors for social and emotional problems [3]
but lifestyle factors that contribute to, or protect against,
mental health disorders remain unclear. Identifying these

factors may help to inform the development of effective
mental health interventions.

Physical activity is important for psychological well-
being [4,5] and has been found to reduce anxiety, depres-
sion and behavioural problems [6-8]. The majority of
studies investigating associations between physical activ-
ity and mental health problems have focused on adults [4]
and adolescents [7,9-16], with relatively few studies in
young children. A recent study (mean age 8.5 years) [17]
reported that psychological distress was associated with
low levels of activity and higher levels of sedentary behav-
iour. Furthermore, the benefits of physical activity may be
different in boys and girls; Sagatun et al [13] observed a
significant association between physical activity and
mental health in adolescent boys but not girls.
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Research suggests that sedentary behaviours, like tele-
vision viewing (TV) or computer use (hereafter termed
screen-entertainment), are independent of physical activ-
ity involvement [18,19]. Despite this, sedentary behav-
iours have been linked to mental health problems in
children, including attention [20,21] and behavioural
conduct disorders [22,23]. Nevertheless, there is limited
evidence of these associations in young children or of dif-
ferences by sex. Furthermore, few studies have examined
a range of mental health problems.

The aim of this study was to examine associations
between participation in sports clubs or lessons, and
screen-entertainment, and a range of emotional and
behavioural problems in a nationally representative
cohort of 5-year-old children. We also investigated
whether these associations differed between boys and
girls. We hypothesized that both girls and boys who did
not participate in sport, who used screen-entertainment
for ≥ 2 hours a day, or the combination of these behav-
iours, would have more emotional and behavioural prob-
lems.

Methods
Subjects and Design
The Millennium Cohort Study (MCS) is a prospective
study of the social, economic and health-related circum-
stances of British children born between September 2000
and January 2002 who were resident in the United King-
dom and eligible for Child Benefit (a universal benefit for
families with children). A stratified clustered sampling
design was employed to over-represent children living in
disadvantaged areas, from ethnic minority groups, and
from Wales, Scotland and Northern Ireland. The first
contact with the cohort was at 9 months, when informa-
tion was collected on 18818 infants (18296 singletons),
72% of those approached [24]. The second and third sur-
veys took place when the cohort were aged 3 and 5 years
[25]. At each contact, survey interviews were conducted
within the home and information obtained from main
(usually the child's mother) and partner respondents. The
MCS received ethical approval from the South West and
London Multi-Centre Research Ethics Committees [25].

The MCS data were obtained from the UK Data
Archive, University of Essex, UK. For this analysis, we
examined data from the first and third contacts, which
included 14403 singleton children. However, we excluded
families in which the main survey respondent was not
female (n = 370) or the child's biological mother (n = 41),
where there were two cohort children from the same
family (n = 9), or if data for sports participation (n = 29),
screen-entertainment (n = 36) or any of the emotional or
behavioural problems (n = 522) were missing. Some par-
ticipants had more than one exclusion criterion, resulting

in a sample size of 13470 children. Children were more
likely to be excluded if they were from an ethnic minority
group, if they were obese, if their mothers were unem-
ployed or had lower academic qualifications, socioeco-
nomic circumstances or household incomes, if they had
lone mothers, or if there were more than two children in
their household; however, the overall differences between
those included and excluded were small (data not shown).

Predictor variables
At age 5, mothers reported how many days a week their
child went to a club or class to do sport or any other phys-
ical activity outside of school lessons, like swimming,
gymnastics, football or dancing. Responses ranged from
none to five or more days/week. A physical activity vari-
able was derived based on whether the child participated
in any sport clubs or lessons (i.e. on 1 - 5 days/week) or
less often than 1 day/not at all. Mothers were also asked
how many hours a day their child watched television/vid-
eos/DVDs and used a computer or played electronic
games. A sedentary activity variable was derived based on
whether the child used screen-entertainment for ≥ 2
hours or < 2 hours per day. This 2-hour cut-off was based
on the American Academy of Pediatrics recommended
threshold for daily media time[26]. Finally, these two
derived variables were combined to examine both sport
and screen-entertainment. Children were classified into
one of four groups: i) no participation in sports and using
screen-entertainment for ≥ 2 hours, ii) participation in
sports and using screen-entertainment for ≥ 2 hours, iii)
no participation in sports and using screen-entertain-
ment for < 2 hours, or iv) participation in sports and
using screen-entertainment for < 2 hours.

Outcome variables
At age 5, parents completed the Strengths and Difficulties
Questionnaire (SDQ) [27].

The SDQ is an emotional and behavioural screening
questionnaire consisting of 25 psychological attributes.
These are divided between five scales which examine:
emotional symptoms (complains of headaches/stomach
aches/sickness, often worried, often unhappy, nervous or
clingy in new situations, easily scared); conduct problems
(often has temper tantrums, generally obedient, fights
with or bullies other children, can be spiteful to others,
often argumentative with adults); hyperactivity/inatten-
tion problems (restless, overactive, cannot stay still for
long, constantly fidgeting, easily distracted, can stop and
think before acting, sees tasks through to end); peer rela-
tionship problems (tens to play alone, has at least one
good friend, generally liked by other children, picked on or
bullied by other children, gets on better with adults); and
pro-social behaviour (considerate of others' feelings,
shares readily with others, helpful if someone is hurt or
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ill, kind to younger children, often volunteers to help oth-
ers).

Parents score the items as 'not true', 'somewhat true'
and 'certainly true', with responses coded as 0, 1 and 2,
respectively (those in italics are reverse scored). Scores
range from 0 to 10; higher scores indicate more problems,
with the converse for higher scores on the pro-social
scale. A 'total difficulties' score is derived from the sum of
scores for the emotional, conduct, hyperactivity and peer
relationship problem scales; scores range from 0 to 40
with higher scores also indicating more difficulties. Rec-
ommended cutoff scores are available to identify children
who are 'likely cases' with mental health disorders [27]
but this study used the scales as continuous variables.

The SDQ has been used in other large epidemiological
studies, such as the British Child Mental Health Survey
and the Avon Longitudinal Study of Parents and Children
[28,29]. It is also reported to have high test-retest reliabil-
ity and good validity [30].

Potential confounding factors
A range of social, demographic and health information
has been collected on the cohort children and their fami-
lies. The following factors, collected at the first and third
contacts, were examined as potential confounding fac-
tors: collected at the first contact (child age: 9 months) -
child's gender, ethnicity (categorised according to guide-
lines from the Office for National Statistics [31]), mater-
nal socio-economic status (classified according to the
National Statistics Socio-economic Classification [32]),
and the mothers highest academic qualification attained;
collected at the third contact (child age: 5 years) - mater-
nal employment, household income, lone motherhood
status, number of siblings in household, maternal and
child longstanding illnesses, and maternal emotional
problems (e.g. feeling anxious or depressed in the last
month). Weight status at age 5 was also considered as a
potential confounding factor. At age 5, children were
weighed using Tanita HD-305 scales (Tanita UK Ltd,
Middlesex, UK), recorded to the nearest 0.1 kg, and
height was measured using Leicester Height Measure
Stadiometers (Seca Ltd, Birmingham, UK), recorded to
the nearest 0.1 cm. Childhood overweight (including obe-
sity) was defined using the International Obesity Task
Force cut-off for BMI [33]. Those below this cut-off were
classified as 'normal weight'.

Statistics
Analyses were conducted in STATA/SE 10.0 (Stata Cor-
poration, TX), using survey commands to allow for the
cluster sampling design and to obtain robust standard
errors. Weighted percentages, univariate and adjusted
analyses were calculated using survey and non-response
weights to account for the sampling design and attrition
between contacts.

Relationships between frequency of participation in
sports clubs or classes, hours of screen-entertainment
and combined sport/screen-entertainment with each of
the five SDQ scales (emotional symptoms, conduct prob-
lems, hyperactivity/inattention, peer relationship prob-
lems, and pro-social behaviour) and the composite SDQ
total score were investigated using linear regression anal-
yses. Coefficients, their 95% confidence intervals and p-
values are reported. Univariate models were adjusted for
factors found to be significantly associated with both the
predictor and outcome variables within the model as they
were therefore considered to be confounding factors.
Stratified gender analyses were conducted.

Results
Description of the sample
The mean age of the children was 5.2 years when, in the
UK, nearly all children are in school. The characteristics
of all children, and boys and girls separately, are provided
in Table 1.

Participation in sports clubs or classes and hours of screen-
entertainment
44.6% of children did not participate in sport outside of
school (Table 2), with boys (48.3%) significantly less likely
to take part than girls. 60.7% of children used screen-
entertainment for ≥ 2 hours each day, with boys (64.9%)
significantly more likely to do so than girls. 32.5% of boys
and 24.2% of girls did not participate in sport and used
screen-entertainment for ≥ 2 hours each day, i.e. were
among the most sedentary.

Emotional and behavioural problems
Boys had significantly more conduct problems, hyperac-
tivity/inattention problems, peer relationship problems,
and total difficulties (Table 2). Girls had significantly
more pro-social behaviours.

Regression analyses
Participation in sports clubs or classes
Both boys and girls who participated in sport had signifi-
cantly fewer total difficulties (Table 3). They also had
fewer emotional problems, conduct problems, hyperac-
tivity-inattention problems, peer relationship problems
and more pro-social behaviours. These associations
remained significant after controlling for confounding
factors, with the exception of hyperactivity-inattention
problems in boys.
Screen-entertainment
Screen-entertainment was not significantly associated
with any problems in girls, whereas boys who used
screen-entertainment for < 2 hours per day had signifi-
cantly fewer conduct disorders (Table 4). After control-
ling for confounding factors, only two significant
associations were observed: girls who used screen-enter-
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Table 1: Sample Characteristics

Characteristic All children Boys Girls

N = 13470 N = 6883 N = 6587

% or Mean (SD) (n)

Ethnicity

White 88.9 (11671) 89.0 (5973) 88.9 (5698)

Mixed 3.1 (373) 3.0(180) 3.2 (193)

Asian 4.6 (899) 4.5 (453) 4.7 (446)

Black 2.3 (353) 2.5 (186) 2.2 (167)

Other 1.0 (145) 1.0 (76) 1.0 (69)

Weight statusa

Normal weight 79.0 (10394) 81.2 (5456) 76.7 (4938)

Overweight 15.7 (2143) 13.9 (965) 17.5 (1178)

Obese 5.3 (742) 4.9 (350) 5.7 (392)

Maternal employment

Full time 12.1 (1729) 12.4 (898) 11.8 (831)

Part time 38.2 (4924) 38.0 (2524) 38.3 (2400)

On leave 2.8 (391) 2.9 (201) 2.6 (190)

Self-employed 6.3 (786) 6.4 (394) 6.3 (392)

Unemployed or Student 40.6 (5617) 40.2 (2855) 41.0 (2762)

Maternal highest 
qualification

Degree 18.2 (2384) 17.9 (1195) 18.5 (1189)

Diploma 9.6 (1260) 9.9 (657) 9.4 (603)

A/AS/S levels 9.9 (1354) 9.6 (684) 10.1 (670)

O level/GCSE grades a-c 35.8 (4666) 36.2 (2414) 35.4 (2252)

GCSE grades d-g 10.7 (1414) 10.8 (741) 10.7(673)

Other 1.9 (287) 1.9 (133) 2.0 (154)

None 13.9 (2078) 13.8 (1041) 14.0 (1037)

Maternal socio-economic 
status

Managerial & professional 31.2 (3948) 31.0 (2001) 31.4 (1947)

Intermediate 18.5 (2374) 18.4 (1221) 18.7 (1153)

Small employers & own 4.3 (501) 4.4 (265) 4.0 (236)

Lower supervisor & tech 5.5 (766) 5.5 (370) 5.5 (396)

Semi-routine & routine 34.7 (4762) 35.2 (2465) 34.2 (2297)

Never worked/
unemployed

5.8 (962) 5.4 (473) 6.2 (489)

Household Income (€)

0-12999 pa 21.6 (3132) 21.4 (1576) 21.9 (1556)

13000-25999 pa 32.7 (4556) 32.8 (2346) 32.6 (2210)

26000-36399 pa 19.4 (2504) 19.3 (1279) 19.5 (1225)

≥ 36400 pa 26.3 (3164) 26.5 (1619) 26.0 (1545)
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tainment for <2 hours per day had more emotional prob-
lems and more conduct problems.
Sports and screen-entertainment
Less than 2 hours screen-entertainment and sports ver-
sus ≥ 2 hours screen-entertainment and no sports (i.e.
most active versus most sedentary): Boys and girls had
fewer emotional problems, conduct problems, hyperac-
tivity-inattention problems, peer relationship problems
and total difficulties, and more pro-social behaviours
(Table 5). Following adjustment for confounding factors,
boys had fewer emotional problems, conduct problems,
peer relationship problems and total difficulties. Girls
had fewer emotional problems, hyperactivity-inattention
problems, peer relationship problems and total difficul-
ties.

Less than 2 hours screen-entertainment and no sports
versus ≥ 2 hours screen-entertainment and no sports (i.e.
effect of screen entertainment in physically inactive):
There were no significant differences for boys and girls
for any of the emotional and behavioural problems within
the univariate analyses (Table 5), or for boys in the
adjusted analyses. Girls had more hyperactivity-inatten-
tion problems.

More or equal to 2 hours screen-entertainment and
sports versus ≥ 2 hours screen-entertainment and no
sports (i.e. effect of physical activity in high screen enter-
tainment users): Boys and girls had fewer emotional

problems, conduct problems, hyperactivity-inattention
problems, peer relationship problems and total difficul-
ties, and more pro-social behaviours (Table 5). Following
adjustment, boys had fewer emotional problems, conduct
problems, peer relationship problems and total difficul-
ties. Girls had fewer emotional problems, conduct prob-
lems, hyperactivity-inattention problems, peer
relationship problems and total difficulties.

Discussion
Summary of findings
Children who participate in sports clubs or classes out-
side of school exhibit lower total difficulties scores, fewer
emotional, conduct, hyperactivity-inattention, and peer
relationship problems and more prosocial behaviours.
However, 45% of children in this UK-wide cohort did not
participate in any sport outside of school, while 29% did
not participate in any sport and used screen-entertain-
ment >2 hours per day. Although 61% of children used
screen-entertainment for >2 hours per day, this behav-
iour was only associated with emotional and conduct
problems in girls, but not with any of the other mental
health outcomes.

Boys and girls who participated in sport had fewer
mental health problems, and more prosocial behaviours
irrespective of the duration of their daily screen-enter-
tainment use.

Lone motherhood status

Non-lone mother 81.0 (10867) 81.0 (5549) 81.1 (5318)

Lone mother 19.0 (2603) 19.0 (1334) 18.9 (1269)

No. siblings in household

1 child 16.4 (2227) 16.2 (1140) 16.5 (1087)

2 children 49.4 (6447) 49.5 (3285) 49.2 (3162)

>2 children 34.3 (4796) 34.2 (2458) 34.3 (2338)

Child: Longstanding illness

Yes 19.4 (2623) 22.0 (1520) 16.7 (1103)

No 80.6 (10840) 78.0 (5361) 83.3 (5479)

Mother: Longstanding 
illness

Yes 23.9 (3238) 23.4 (1626) 24.5 (1612)

No 76.1 (10230) 76.6 (5255) 75.5 (4975)

Maternal emotional 
problems

No 48.9 (6836) 49.4 (3500) 48.3 (3336)

Yes 51.1 (6631) 50.6 (3380) 51.7 (3251)

Missing data (all children): gender 0; ethnicity 29; weight status 191; maternal employment 23; maternal highest qualification 27; maternal 
socio-economic status 157; household Income 114; lone motherhood status 0; no. siblings in household 0; child - longstanding illness 7; 
mother - longstanding illness 2; maternal emotional problems 3.
a Defined using the International Obesity Task Force cut-offs for BMI[33].

Table 1: Sample Characteristics (Continued)
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Strengths and limitations
The breadth of information collected within the MCS
permitted the exploration of associations between an
indicator of physical activity, and sedentary behaviour,
and mental health in a contemporary, nationally repre-
sentative, cohort of young children. Furthermore, the
depth of information collected on social and demo-
graphic factors allowed us to control for a range of con-
founding factors, thereby reducing the potential for
residual confounding due to unmeasured individual char-
acteristics. Although information on screen-entertain-
ment and sports participation were via parental (proxy)
report that were not validated against objective or obser-
vational measures of these activities, information on
other health behaviours and information collected within
the MCS has been shown to be valid and reliable [34-36].
The SDQ is also a valid and reliable instrument for
assessing mental health problems in children [37] and

one that correlates with other clinical measures [30]. The
parent-proxy version of this instrument used within this
study was specifically developed for this age group and its
usage therefore also overcomes limitations of previous
studies that have used adult screening tools when exam-
ining young people.

The main limitation of this study is the cross-sectional
study design, prohibiting the direction of causality to be
inferred. Few longitudinal studies in childhood have been
conducted in this area, although in adolescence higher
activity levels are related to fewer mental health problems
later on in life [12,13]. At the time of writing, information
on physical activity, sedentary behaviours, and mental
health problems had only been collected at age 5 in this
cohort. This analysis forms a basis for a planned longitu-
dinal analysis of data from the follow-up of this cohort.
This will be enhanced by objective measurements of

Table 2: Sport, screen-entertainment and emotional and behavioural problems scores

Characteristic All children Boys Girls

% or Mean (SD) (n)

Participation in any sports 
clubs

No 44.6 (6277) 48.3 (3448) 40.8 (2829) *

Yes 55.4 (7193) 51.7 (3435) 59.2 (3758) *

Hours screen-entertainment 
per day

< 2 hours 39.3 (5249) 35.1 (2366) 43.7 (2883) *

≥ 2 hours 60.7 (8221) 64.9 (4517) 56.3 (3704) *

Sports and screen-
entertainment (SE)

No sports and ≥ 2 hours 
SE

28.5 (4004) 32.5 (2342) 24.2 (1662) *

Sports and ≥ 2 hours SE 32.2 (4217) 32.4 (2175) 32.1 (2042)

No sports and < 2 hours 
SE

16.2 (2273) 15.8 (1106) 16.6 (1167)

Sports and < 2 hours SE 23.2 (2976) 19.4 (1260) 27.1 (1716) *

SDQ ** scores

Emotional problems 1.3 (1.6) 1.3 (1.6) 1.4 (1.6)

Conduct problems 1.5 (1.5) 1.6 (1.6) 1.3 (1.4) *

Hyperactivity/inattention 
problems

3.3 (2.4) 3.6 (2.4) 2.9 (2.2) *

Peer relationship 
problems

1.1 (1.4) 1.2 (1.5) 1.0 (1.3) *

Prosocial behaviours 8.4 (1.7) 8.1 (1.8) 8.7 (1.5) *

Total difficulties 7.2 (5.0) 7.7 (5.2) 6.7 (4.7) *

*Significant difference (P ≤ 0.05) between boys and girls.
** Strengths and Difficulties Questionnaire
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physical activity that have recently been collected from
these children at age eight years.

Comparison with other findings
The mean SDQ scores obtained in this study were similar
to scores obtained from 5855 5-10 year olds in a 1999 sur-
vey of British children [38]. In common with the latter
survey, our findings showed that, in general, boys had
more problems/difficulties than girls and displayed less
prosocial behaviour.

Following adjustment, longer hours of screen-enter-
tainment were not associated with mental health prob-
lems in boys or girls. In girls, we observed that lower
screen entertainment use was associated with more emo-
tional and conduct problems, and with more hyperactiv-
ity-inattention problems if they did not participate in
sports. To our knowledge, lower levels of screen-enter-
tainment exposure have not previously been shown to be
associated with poorer mental health, and these findings
need to be confirmed within a longitudinal analysis as
discussed above. Other studies have shown detrimental
influences of screen-entertainment. For example, Mistry
et al [23] reported that TV viewing for more than 2 hours
was associated with fewer social skills, although not asso-

ciated with behavioural outcomes, at 5.5 years of age. Fur-
thermore, Hamer et al [17] reported that higher levels of
TV increased total difficulties on the SDQ. Discrepancies
between our findings and previous research may be due
to the use of differing measures of mental health, adjust-
ment for different confounding factors, or due to the age
of the participants. Further research is required in this
area to develop understanding of the possible, if any,
adverse effect of these sedentary behaviours, which are so
prevalent among children and young people. This
research should include investigation of the timing and
content of this media exposure, which may be mediating
factors.

Our study has clearly shown statistically significant
inverse associations between participation in sport and
mental health problems: Children who took part in sport
beyond the school setting had fewer emotional, conduct,
peer and hyperactivity/inattention problems, fewer total
difficulties, and more pro-social behaviours. These find-
ings support existing evidence in adolescents showing
that those who are active have fewer emotional, behav-
ioural or social problems, [14,39] fewer total difficulties
(also measured with the SDQ by Ussher et al [10]), fewer
depressive symptoms, [40] and lower levels of anxiety

Table 3: Associations between any sports (yes versus no (referent)) and SDQ scales: regression coefficients and 95% 
confidence intervals.

Emotionala Conductb Hyperactivitya Peera Prosocialc Totala

Univariable Results

Boys -0.39
(-0.46, -0.31);

p < 0.001

-0.48
(-0.60, -0.39);

p < 0.001

-0.55
(-0.69, -0.41);

p < 0.001

-0.49
(-0.55, -0.42);

p < 0.001

0.22
(0.12, 0.32);
p < 0.001

-1.89
(-2.16, -1.63);

p < 0.001

Girls -0.52
(-0.62, -0.43);

p < 0.001

-0.50
(-0.59, -0.42);

p < 0.001

-0.81
(-0.93, -0.69);

p < 0.001

-0.45
(-0.53, -0.37);

p < 0.001

0.21
(0.13, 0.30);
p < 0.001

-2.29
(-2.56, -2.01);

p < 0.001

Adjusted results

Boys -0.18
(-0.26, -0.10);

p < 0.001

-0.14
(-0.22, -0.05);

p = 0.002

-0.06
(-0.20, 0.07);

p = 0.35

-0.21
(-0.29, -0.13);

p < 0.001

0.11
(0.00, 0.21);

p = 0.04

-0.60
(-0.86, -0.33);

p < 0.001

Girls -0.31
(-0.41, -0.21);

p < 0.001

-0.19
(-0.28, -0.11);

p < 0.001

-0.33
(-0.45, -0.20);

p < 0.001

-0.18
(-0.25, -0.10);

p < 0.001

0.11
(0.01, 0.20);

p = 0.03

-1.02
(-1.29, -0.75);

p < 0.001

Regression coefficients represent differences in SDQ scores compared with the reference group.
a Adjusted for gender, child's ethnicity, maternal employment status, mother's highest academic qualification, maternal socio-economic 
status, household income, lone parent status, no. of children in household, child's longstanding illness, mother's longstanding illness, 
maternal emotional problems.
b Adjusted for gender, maternal employment status, mother's highest academic qualification, maternal socio-economic status, household 
income, lone parent status, no. of children in household, child's longstanding illness, mother's longstanding illness, maternal emotional 
problems.
c Adjusted for gender, maternal employment status, mother's highest academic qualification, maternal socio-economic status, household 
income, lone parent status, no. of children in household, child's longstanding illness, maternal emotional problems.
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[39]. Furthermore, this study is consistent with Hamer et
al's [17] study in Scottish children, which showed that low
activity levels were associated with more total difficulties.
This study extends existing knowledge in this area by
focusing on young children, by examining a range of
emotional and behavioural problems, and by examining
gender differences. Although some gender differences
were observed for screen-entertainment, both boys and
girls had fewer problems and more prosocial behaviours
if they participated in sport.

Previous studies have identified significant gender dif-
ferences in activity and sedentary behaviours, with many
studies reporting higher activity levels in boys [41,42].
Although girls in this study participated in more sport
than boys, there may be more out-of-school classes avail-
able for girls of this age in the UK, such as dance and
gymnastic classes. Young boys may spend more time par-
ticipating in 'free play' e.g. playing with a ball, which may
not have been captured in the MCS question.

Implications for policy and further research 
recommendations
It is currently recommended that all young people partic-
ipate in physical activity of at least moderate intensity for
one hour per day, and that, at least twice a week, this
should include weight-bearing activities that produce
high physical stresses to improve bone health, muscle

strength, and flexibility [43]. Physical education (PE),
exercise, sport, and other daily activities, in and out of
school, all contribute to these overall activity levels. It is
estimated that 96% of primary schools achieve high rates
of participation in two hours of PE and school sport per
week [44], and our findings show that over half of all 5-
year-olds (55%) also participate in structured activities
outside of school. These figures are encouraging given
that this study has shown, for example, that girls, with an
overall mean score of 6.7 on total difficulties, have a 1.02
reduction in this score if they participate in sport. Never-
theless, more young people still need to be supported to
engage in regular physical activity and our study therefore
supports public health recommendations, interventions,
and policies to increase activity levels, such as the recent
NICE physical activity guidelines [45]. Clearly, opportu-
nities should also be appropriate for the children's age
group to foster increased activity levels, physical and
social skills, and for enjoyment.

Nine in 10 children in the UK have a computer at home,
almost all 5-16 year olds have access to multi-channel TV,
and eight in ten 5-16 year olds have their own TV [46].
The American Academy of Pediatrics recommends that
parents should limit their children's total media time to
no more than 1 to 2 hours per day [47]. There are cur-
rently no recognized screen-entertainment guidelines in
the UK, and, although this study has not shown many

Table 4: Associations between hours of screen-entertainment (< 2 hours versus ≥ 2 hours (referent)) and SDQ scales: 
regression coefficients and 95% confidence intervals.

Emotionala Conductb Hyperactivityb Peerb Prosociala Totalb

Univariable Results

Boys -0.06
(-0.15, 0.02);

p = 0.16

-0.10
(-0.19, -0.01);

p = 0.03

-0.02
(-0.17, 0.13);

p = 0.81

-0.07
(-0.15, 0.02);

p = 0.14

-0.01
(-0.11, 0.10);

p = 0.92

-0.25
(-0.56, 0.06);

p = 0.12

Girls 0.05
(-0.03, 0.13);

p = 0.23

0.01
(-0.08, 0.09);

p = 0.83

-0.11
(-0.23, 0.02);

p = 0.11

-0.07
(-0.15, 0.01);

p = 0.08

-0.02
(-0.10, 0.07);

p = 0.73

-0.12
(-0.39, 0.15);

p = 0.40

Adjusted Results

Boys -0.03
(-0.10, 0.07);

p = 0.77

-0.01
(-0.10, 0.08);

p = 0.78

0.11
(-0.03, 0.26);

p = 0.12

-0.00
(-0.09, 0.09);

p = 0.94

-0.04
(-0.14, 0.06);

p = 0.45

0.08
(-0.22, 0.37);

p = 0.60

Girls 0.09
(0.01, 0.18);

p = 0.03

0.09
(0.01, 0.17);

p = 0.03

0.04
(-0.09, 0.16);

p = 0.55

-0.02
(-0.09, 0.06);

p = 0.68

-0.05
(-0.13, 0.03);

p = 0.21

0.19
(-0.05, 0.44);

p = 0.13

Regression coefficients represent differences in SDQ scores compared with the reference group.
a Adjusted for gender, maternal employment status, mother's highest academic qualification, maternal socio-economic status, household 
income.
b Adjusted for gender, child's weight status, maternal employment status, mother's highest academic qualification, maternal socio-economic 
status, household income.
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Table 5: Associations between hours of screen-entertainment and sports and SDQ scales: regression coefficients and 95% 
confidence intervals.

Emotionala Conductb Hyperactivityc Peerc Prosociald Totalc

Univariable Results

Boys

<2 hr/sports -0.44
(-0.54, -0.34);

p < 0.001

-0.56
(-0.67, -0.44);

p < 0.001

-0.53
(-0.74, -0.33);

p < 0.001

-0.53
(-0.64, -0.42);

p < 0.001

0.21
(0.08, 034);
p = 0.002

-2.06
(-2.44, -1.68);

p < 0.001

<2 hr/no 
sports

0.02
(-0.12, 0.16);

p = 0.8

-0.04
(-0.19, 0.11);

p = 0.6

-0.02
(-0.26, 0.22);

p = 0.9

-0.00
(-0.14, 0.14);

p = 0.9

-0.03
(-0.20, 0.14);

p = 0.7

-0.04
(-0.55, 0.47);

p = 0.9

≥ 2 hr/sports -0.35
(-0.45, -0.24);

p < 0.001

-0.45
(-0.55, -0.34);

p < 0.001

-0.57
(-0.73, -0.40);

p < 0.001

-0.46
(-0.55, -0.37);

p < 0.001

0.22
(0.10, 0.33);
p < 0.001

-1.81
(-2.14, -1.48);

p < 0.001

≥ 2 hr/no 
sports

0 0 0 0 0 0

Girls

<2 hr/sports -0.45
(-0.57, -0.33);

p < 0.001

-0.47
(-0.58. -0.35);

p < 0.001

-0.87
(-1.03, -0.70);

p < 0.001

-0.49
(-0.60, -0.39);

p < 0.001

0.19
(0.07, 0.30);
p = 0.002

-2.28
(-2.66, -1.90);

p < 0.001

<2 hr/no 
sports

0.06
(-0.08, 0.20);

p = 0.4

0.08
(-0.06, 0.22);

p = 0.3

0.15
(-0.05, 0.36);

p = 0.1

-0.01
(-0.15, 0.12);

p = 0.9

-0.07
(-0.21, 0.06);

p = 0.3

0.28
(-0.14, 0.71);

p = 0.2

≥ 2 hr/sports -0.54
(-0.66, -0.41);

p < 0.001

-0.47
(-0.58, -0.37);

p < 0.001

-0.65
(-0.81; -0.50);

p < 0.001

-0.42
(-0.51, -0.33);

p < 0.001

0.18
(0.07, 0.29;
p = 0.002

-2.08
(-2.42, -1.75);

p < 0.001

≥ 2 hr/no 
sports

0 0 0 0 0 0

Adjusted results

Boys

<2 hr/sports -0.20
(-0.32, -0.09);

p < 0.001

-0.16
(-0.28, -0.03);

p = 0.01

0.06
(-0.15, 0.27);

p = 0.6

-0.22
(-0.34, -0.09);

p < 0.001

0.07
(-0.07, 0.21);

p = 0.3

-0.54
(-0.94, -0.13);

p = 0.01

<2 hr/no 
sports

0.05
(-0.08, 0.18);

p = 0.5

0.01
(-0.13, 0.15);

p = 0.9

0.04
(-0.19, 0.26);

p = 0.8

0.02
(-0.11, 0.16);

p = 0.7

-0.06
(-0.23, 0.11);

p = 0.5

0.11
(-0.36, 0.58);

p = 0.6

≥ 2 hr/sports -0.15
(-0.27, -0.04);

p = 0.01

-0.12
(-0.22, -0.02);

p = 0.02

-0.11
(-0.27, 0.06);

p = 0.2

-0.21
(-0.3, -0.11);

p < 0.001

0.10
(-0.02, 0.22);

p = 0.1

-0.60
(-0.93, -0.27);

p < 0.001

≥ 2 hr/no 
sports

0 0 0 0 0 0

Girls

<2 hr/sports -0.20
(-0.32, -0.08);

p = 0.001

-0.09
(-0.20, 0.02);

p = 0.1

-0.27
(-0.43, -0.11);

p = 0.001

-0.20
(-0.30, -0.09);

p < 0.001

0.04
(-0.08, 0.16);

p = 0.5

-0.79
(-1.14, -0.44);

p < 0.001

<2 hr/no 
sports

0.08
(-0.06, 0.21);

p = 0.3

0.13
(-0.01, 0.27);

p = 0.07

0.22
(0.01, 0.42);

p = 0.04

-0.03
(-0.17, 0.12);

p = 0.7

-0.10
(-0.24, 0.04);

p = 0.2

0.37
(-0.05, 0.79);

p = 0.09

≥ 2 hr/sports -0.34
(-0.47, -0.21);

p < 0.001

-0.18
(-0.28, -0.07);

p = 0.001

-0.21
(-0.37, -0.06);

p = 0.01

-0.19
(-0.29, -0.10);

p < 0.001

0.07
(-0.04, 0.19);

p = 0.2

-0.94
(-1.28, -0.61);

p < 0.001
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associations with mental health problems, prolonged
periods of engagement in these sedentary activities are
discouraged as they may be associated with other adverse
child health outcomes, such as obesity [48].

Psychological (e.g. improvements in body satisfaction,
self-esteem, self-efficacy and social support) [49] and
physiological (e.g. monoamine and endorphin hypothe-
ses) [14] mechanisms are proposed to underlie the mental
health benefits resulting from physical activity involve-
ment. Further longitudinal cohort studies and random-
ized controlled trials are required to examine these and
other causal pathways mediating associations between
physical activity/inactivity and mental health. This
research also should aim to identify which components of
physical activity (e.g. timing of exposure, amount and
intensity, and type) are most beneficial for mental health
prevention, and treatment, programs for young children.

Conclusions
The findings of this study suggest an association between
sport and better mental health. Given these and other
well known benefits of physical activity, public health
interventions and policies should continue to increase
opportunities for young people to engage in regular
habitual physical activity, exercise, and sport. However,
further research is needed, based on longitudinal data, to
examine causal pathways in the associations between this
behaviour and emotional/behavioural problems.

Competing interests
The authors declare that they have no competing interests.

Authors' contributions
LJG designed the study, analysed and interpreted the data and drafted the
manuscript. MD participated in the data analyses, data interpretation and
drafting of the manuscript. CD and RP participated in the design of the study,
data interpretation and critically revised the manuscript. All authors have read
and approved the final manuscript.

Acknowledgements
At the time of writing, Lucy Griffiths was supported by a MRC Special Training 
Fellowship in Health Services and Health of the Public Research (grant 
G1061221). The Centre for Paediatric Epidemiology and Biostatistics is sup-
ported in part by the Medical Research Council in its capacity as the MRC Cen-
tre of Epidemiology for Child Health. Research at the UCL Institute of Child 
Health and Great Ormond Street Hospital for Children receives a proportion of 
the funding from the Department of Health's National Institute for Health 
Research Biomedical Research Centres funding scheme. The Millennium 
Cohort Study is funded by grants to Professor Health Joshi, Director of the 
study, from the Economic and Social Research Council and a consortium of 
government funders. The study sponsors played no part in the design, data 
analysis and interpretation of this study, the writing of the manuscript, or the 
decision to submit the paper for publication and the authors' work was inde-
pendent of their funders.
We would like to thank all the Millennium Cohort families for their participa-
tion, the director of the Millennium Cohort Study and colleagues in the man-
agement team at the Centre for Longitudinal Studies, Institute of Education, 
University of London, and other members of the Millennium Cohort Study 
Child Health Group: Catherine Law, Anna Pearce, Tim J Cole, Helen Bedford, 
Carly Rich, Phillippa Cumberland, Jane Ahn, Irina Chris Ster, Leah Li, Demetris 
Pillas and Richard Jenkins of the MRC Centre of Epidemiology for Child Health, 
UCL Institute of Child Health, London, UK.

Author Details
1MRC Centre of Epidemiology for Child Health, UCL Institute of Child Health, 
London, UK and 2Arnold School of Public Health, University of South Carolina, 
Columbia, South Carolina, USA

References
1. Green H, McGinnity A, Meltzer H, Ford T, Goodman R: Survey of the mental 

health of children and young people in Great Britain, 2004. London; 2004.
2. Wells J, Barlow J, Stewart-Brown S: A systematic review of universal 

approaches to mental health promotion in schools.  Health Education 
2003, 103:197-220.

3. Licence K: Promoting and protecting the health of children and young 
people.  Child Care Health Dev 2004, 30:623-635.

4. At Least Five a Week. Evidence on the impact of physical activity and its 
relationship to health. A report from the Chief Medical Officer 2004.

5. Harden A, Rees R, Shepherd J, Brunton G, Oliver S, Oakley A: Young people 
and mental health: a systematic review of research on barriers and facilitators. 
London 2001.

6. Larun L, Nordheim LV, Ekeland E, Hagen KB, Heian F: Exercise in 
prevention and treatment of anxiety and depression among children 
and young people.  Cochrane Database Syst Rev 2006, 3:CD004691.

Received: 6 November 2009 Accepted: 21 April 2010 
Published: 21 April 2010
This article is available from: http://www.ijbnpa.org/content/7/1/30© 2010 Griffiths et al; licensee BioMed Central Ltd. This is an Open Access article distributed under the terms of the Creative Commons Attribution License (http://creativecommons.org/licenses/by/2.0), which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly cited.International Journal of Behavioral Nutrition and Physical Activity 2010, 7:30

≥ 2 hr/no 
sports

0 0 0 0 0 0

Regression coefficients represent differences in SDQ scores compared with the reference group (≥ 2 hr/no sports).
a Adjusted for gender, child's ethnicity, maternal employment status, mother's highest academic qualification, maternal socio-economic 
status, household income, lone parent status, no. of children in household, mother's longstanding illness, maternal emotional problems.
b Adjusted for gender, child's weight status, maternal employment status, mother's highest academic qualification, maternal socio-economic 
status, household income, lone parent status, no. of children in household, mother's longstanding illness, maternal emotional problems.
c Adjusted for gender, child's ethnicity, child's weight status, maternal employment status, mother's highest academic qualification, maternal 
socio-economic status, household income, lone parent status, no. of children in household, mother's longstanding illness, maternal 
emotional problems.
d Adjusted for gender, maternal employment status, mother's highest academic qualification, maternal socio-economic status, household 
income, lone parent status, no. of children in household, maternal emotional problems.

Table 5: Associations between hours of screen-entertainment and sports and SDQ scales: regression coefficients and 95% 
confidence intervals. (Continued)

http://www.ijbnpa.org/content/7/1/30
http://creativecommons.org/licenses/by/2.0
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15527473
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16856055


Griffiths et al. International Journal of Behavioral Nutrition and Physical Activ-
ity 2010, 7:30

Page 11 of 11
7. Calfas KJ, Taylor WC: Effects of physical activity on psychological 
variables in adolescents.  Pediatr Exerc Sci 1994, 6:406-423.

8. Mutrie N, Parfitt G: Physical activity and its link with mental, social and 
moral health in young people.  In Young and active Edited by: Biddle S, 
Sallis J, Cavill N. London: Health Education Authority; 1998:49-68. 

9. Hallal PC, Victora CG, Azevedo MR, Wells JC: Adolescent physical activity 
and health: a systematic review.  Sports Med 2006, 36:1019-1030.

10. Ussher MH, Owen CG, Cook DG, Whincup PH: The relationship between 
physical activity, sedentary behaviour and psychological wellbeing 
among adolescents.  Soc Psychiatry Psychiatr Epidemiol 2007, 42:851-856.

11. Steptoe A, Butler N: Sports participation and emotional wellbeing in 
adolescents.  Lancet 1996, 347:1789-1792.

12. Wiles NJ, Jones GT, Haase AM, Lawlor DA, Macfarlane GJ, Lewis G: Physical 
activity and emotional problems amongst adolescents: a longitudinal 
study.  Soc Psychiatry Psychiatr Epidemiol 2008, 43:765-772.

13. Sagatun A, Sogaard AJ, Bjertness E, Selmer R, Heyerdahl S: 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.  BMC Public Health 2007, 7:155.

14. Kantomaa MT, Tammelin TH, Ebeling HE, Taanila AM: Emotional and 
behavioral problems in relation to physical activity in youth.  Med Sci 
Sports Exerc 2008, 40:1749-1756.

15. Clark C, Haines MM, Head J, Klineberg E, Arephin M, Viner R, Taylor SJ, Booy 
R, Bhui K, Stansfeld SA: Psychological symptoms and physical health and 
health behaviours in adolescents: a prospective 2-year study in East 
London.  Addiction 2007, 102:126-135.

16. Brosnahan J, Steffen LM, Lytle L, Patterson J, Boostrom A: The relation 
between physical activity and mental health among Hispanic and non-
Hispanic white adolescents.  Arch Pediatr Adolesc Med 2004, 158:818-823.

17. Hamer M, Stamatakis E, Mishra G: Psychological distress, television 
viewing, and physical activity in children aged 4 to 12 years.  Pediatrics 
2009, 123:1263-1268.

18. Van Der HK, Paw MJ, Twisk JW, Van MW: A brief review on correlates of 
physical activity and sedentariness in youth.  Med Sci Sports Exerc 2007, 
39:1241-1250.

19. Sallis JF, Prochaska JJ, Taylor WC: A review of correlates of physical 
activity of children and adolescents.  Med Sci Sports Exerc 2000, 
32:963-975.

20. Miller CJ, Marks DJ, Miller SR, Berwid OG, Kera EC, Santra A, Halperin JM: 
Brief report: Television viewing and risk for attention problems in 
preschool children.  J Pediatr Psychol 2007, 32:448-452.

21. Christakis DA, Zimmerman FJ, DiGiuseppe DL, McCarty CA: Early 
television exposure and subsequent attentional problems in children.  
Pediatrics 2004, 113:708-713.

22. Singer MI, Slovak K, Frierson T, York P: Viewing preferences, symptoms of 
psychological trauma, and violent behaviors among children who 
watch television.  J Am Acad Child Adolesc Psychiatry 1998, 37:1041-1048.

23. Mistry KB, Minkovitz CS, Strobino DM, Borzekowski DL: Children's 
television exposure and behavioral and social outcomes at 5.5 years: 
does timing of exposure matter?  Pediatrics 2007, 120:762-769.

24. Plewis I: Millennium Cohort Study: Technical Report on Sampling. London 4th 
edition. 2007.

25. Hansen K: Millennium Cohort Study First, Second, and Third Surveys: A Guide 
to the Datasets. London; 2008.

26. American Academy of Pediatrics: Children, adolescents, and television.  
Pediatrics 2001, 107:423-426.

27. Strengths and Difficulties Questionnaire (SDQ): information for 
researchers and professionals about the Strengths and Difficulties 
Questionnaire   [http://www.sdqinfo.com/]

28. Goodman R, Ford T, Simmons H, Gatward R, Meltzer H: Using the 
Strengths and Difficulties Questionnaire (SDQ) to screen for child 
psychiatric disorders in a community sample.  Br J Psychiatry 2000, 
177:534-539.

29. Wiles NJ, Peters TJ, Heron J, Gunnell D, Emond A, Lewis G: Fetal growth 
and childhood behavioral problems: results from the ALSPAC cohort.  
Am J Epidemiol 2006, 163:829-837.

30. Goodman R: The Strengths and Difficulties Questionnaire: a research 
note.  J Child Psychol Psychiatry 1997, 38:581-586.

31. Office for National Statistics: Ethnic Group Statistics: A Guide for the 
Collection and Classification of Ethnicity Data. London; 2003.

32. Rose D, Pevalin D: A Researcher's Guide to the National Statistics Socio-
economic Classification. London; 2003.

33. Cole TJ, Bellizzi MC, Flegal KM, Dietz WH: Establishing a standard 
definition for child overweight and obesity worldwide: International 
survey.  Br Med J 2000, 320:1240-1243.

34. Tate AR, Dezateux C, Cole TJ, Davidson L: Factors affecting a mother's 
recall of her baby's birth weight.  Int J Epidemiol 2005, 34:688-695.

35. Walton S, Bedford H, Dezateux C: Use of personal child health records in 
the UK: findings from the millennium cohort study.  BMJ 2006, 
332:269-270.

36. Griffiths LJ, Tate AR, Dezateux C, The Millennium Cohort Study Child 
Health Group: The contribution of parental and community ethnicity to 
breastfeeding practices: evidence from the Millennium Cohort Study.  
Int J Epidemiol 2005, 34:1378-1386.

37. Goodman A, Goodman R: Strengths and difficulties questionnaire as a 
dimensional measure of child mental health.  J Am Acad Child Adolesc 
Psychiatry 2009, 48:400-403.

38. Meltzer H, Gatward R, Goodman R, Ford T: Mental Health of Children and 
Adolescents in Great Britain. London; 2000.

39. Kirkcaldy BD, Shephard RJ, Siefen RG: The relationship between physical 
activity and self-image and problem behaviour among adolescents.  
Soc Psychiatry Psychiatr Epidemiol 2002, 37:544-550.

40. Motl RW, Birnbaum AS, Kubik MY, Dishman RK: Naturally occurring 
changes in physical activity are inversely related to depressive 
symptoms during early adolescence.  Psychosom Med 2004, 66:336-342.

41. Jackson DM, Reilly JJ, Kelly LA, Montgomery C, Grant S, Paton JY: 
Objectively measured physical activity in a representative sample of 3- 
to 4-year-old children.  Obes Res 2003, 11:420-425.

42. Pate RR, Pfeiffer KA, Trost SG, Ziegler P, Dowda M: Physical activity among 
children attending preschools.  Pediatrics 2004, 114:1258-1263.

43. Biddle S, Sallis J, Cavill N: Young and Active? Young People and Health-
enhancing Physical Activity - Evidence and Implications. London; 1998.

44. Quick S, Dalziel D, Thornton A, Rayner S, Neslon Sofres T: School Sport 
Survey 2007/08. London; 2008.

45. NICE: Promoting physical activity, active play and sport for pre-school and 
school-age children and young people in family, pre-school, school and 
community settings. London; 2009.

46. National Children's Bureau Library & Information Service: Statistics on 
children and young people 2009. London; 2009.

47. Committee on Public Education: Children, Adolescents, and Television.  
Pediatrics 2001, 107:423-426.

48. Department of Health: Healthy Weight, Healthy Lives: A Cross-Government 
Strategy for England. Norwich; 2008.

49. Paluska SA, Schwenk TL: Physical activity and mental health: current 
concepts.  Sports Med 2000, 29:167-180.

doi: 10.1186/1479-5868-7-30
Cite this article as: Griffiths et al., Associations between sport and screen-
entertainment with mental health problems in 5-year-old children Interna-
tional Journal of Behavioral Nutrition and Physical Activity 2010, 7:30

http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17123326
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17639309
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=8667922
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18438732
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17626617
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=18799984
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17207130
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15289257
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19403489
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17762356
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10795788
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17012738
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15060216
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9785715
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=17908763
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11158483
http://www.sdqinfo.com/
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11102329
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16524956
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=9255702
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15737964
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16455721
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=16109734
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=19242383
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12395145
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15184692
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=12634440
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=15520105
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=11158483
http://www.ncbi.nlm.nih.gov/entrez/query.fcgi?cmd=Retrieve&db=PubMed&dopt=Abstract&list_uids=10739267


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


