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Abstract

Background Mental health problems in young people have become a global health burden. The positive effects
of physical activity on mental health in adults are well known but still not clear in children. The aim of this study
was to investigate to what extent physical activity in early childhood would affect mental health in middle childhood.

Methods From the Dutch GECKO Drenthe birth cohort, 850 children (51.5% boys) were enrolled in this analysis. Phys-
ical activity and sedentary time were measured at age 5-6 using ActiGraph GT3X. Mental health was assessed using
the Strengths and Difficulties Questionnaire (SDQ) at age 5-6 and age 10-11. Multiple linear regression models were
used to estimate the associations between physical activity, sedentary time and SDQ subscales, stratified by gender,
adjusting for age, BMI, maternal education level, family size, accelerometer wear time and season, and additionally
adjusting for SDQ scores at age 5-6 to take tracking of mental health over time into account.

Results Greater physical activity volume at age 5-6 was associated with lower peer problems scores at age 10-11

in boys and girls. An increase in MVPA was associated with lower peer problems scores in boys (b=-0.445,-0.713

to -0.176) and girls (b=-0.354, -0.601 to -0.107), however, increased sedentary time was linked to higher peer prob-
lems scores in boys (b=1.18,0.455 to 1.906) and girls (b=0.870, 0.191 to 1.550). For hyperactivity, higher levels

of physical activity volume and MVPA were associated with higher hyperactivity scores in boys. Increased sedentary
time was related to lower hyperactivity scores in boys. Further adjustment for SDQ scores at age 5-6 attenuated
associations between physical activity and hyperactivity in boys but hardly changed the relationships with peer prob-
lems. No significant associations between physical activity and other SDQ subscales or total difficulties scores were
observed, neither in boys nor in girls.

Conclusions Children who are more physically active at age 5-6 have fewer peer problems at age 10-11,
and for boys, greater activity levels at age 5-6 could be an indicator of hyperactivity at age 10-11.
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Introduction
Mental health problems affect 10-20% of children and
adolescents worldwide, and these problems can con-
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half of the mental disorders in adults were reported to

©The Author(s) 2023. Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give appropriate credit to the
original author(s) and the source, provide a link to the Creative Commons licence, and indicate if changes were made. The images or

other third party material in this article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line
to the material. If material is not included in the article’s Creative Commons licence and your intended use is not permitted by statutory
regulation or exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy of this
licence, visit http://creativecommons.org/licenses/by/4.0/. The Creative Commons Public Domain Dedication waiver (http://creativecom-
mons.org/publicdomain/zero/1.0/) applies to the data made available in this article, unless otherwise stated in a credit line to the data.


http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://creativecommons.org/publicdomain/zero/1.0/
http://crossmark.crossref.org/dialog/?doi=10.1186/s12966-023-01506-1&domain=pdf
http://orcid.org/0009-0007-0632-6246

Yang et al. Int J Behav Nutr Phys Act (2023) 20:114

emerge before 14 years of age [3], which emphasizes the
need to prevent and manage mental health problems in
childhood.

A growing body of evidence shows that physical activ-
ity may be associated with mental health outcomes [4, 5].
Three mechanisms have been most reported to explain
the relationships between physical activity and mental
health. First, at the neurobiological level, participation
in physical activity is believed to enhance cognition and
mental health by changing the structural and functional
composition of the brain [6, 7]. Furthermore, physical
activity promotes the release of endorphins in the brain,
which can ease pain and produce feelings of euphoria,
and hence reduces depression and increases well-being
[8]. Second, another hypothesis proposes that physical
activity mediates mental health outcomes by changing
behaviors. For example, physical activity could improve
sleep volume and pattern in children by increasing
energy expenditure, and then reduce cognitive deficits
caused by insufficient sleep [9]. Third, physical activ-
ity has the potential to improve well-being by satisfying
basic psychological needs for social connectedness, self-
acceptance and life purposes [9].

As physical activity is a modifiable factor, it may play
a role in the prevention and management of mental
problems. Systematic review studies have found posi-
tive effects of physical activity interventions on mental
health in different age groups. Peng et al. reported that
the administration of a physical activity intervention may
lead to moderate improvements in symptoms of depres-
sion in adolescents aged 12—18 years old [10]. In addition,
Hale et al. summarized studies involving physical activ-
ity interventions for children aged 6 to 11 years old and
concluded that these interventions had positive effects
on mental health in school and neighborhood settings,
but evidence on reducing ill-being in children remained
unclear [11].

Although various studies have suggested that physical
activity may promote various mental health outcomes
in children, findings about the impacts of physical activ-
ity on young children were not consistent. A systematic
review of observational studies in children aged 0-5
years found that clear conclusions about the associations
between physical activity and mental health cannot be
drawn because too few studies existed [12]. Research-
ers also pointed out that a critical limitation of those
included studies was the lack of device-based physical
activity [12], which may have resulted in the inconsist-
ent results in young children. The researchers warranted
more studies using device-based physical activity to
improve research quality. More recently, a review study
aiming to determine the effects of physical activity on
mental health outcomes in preschoolers, children and
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adolescents found significant effects of physical activ-
ity interventions on mental health in adolescents aged
12-18 but not in children aged 6-11. This reivew also
reported that evidence for physical activity effects on
mental health of preschoolers was nearly non-existent
[13]. Most of involved studies in this review were about
adolescents, which to extent explains the inconsistent
results in children and limited evidence in preschoolers.
Therefore, there is a need for studies on young children
to determine the associations between physical activity
and mental health during this period.

Given that a variety of developmental changes are hap-
pening in the brain during the early stages of human life
[14], identifying the effects of physical activity in the early
stage on the later psychological outcomes may further
clarify the role of physical activity in the development of
psychological health. Therefore, the purpose of this study
is to explore whether device-based physical activity in
early childhood is associated with mental health in later
childhood.

Methods

Study design

The GECKO Drenthe study is a population-based birth
cohort focusing on early risk factors for children’s physi-
cal and mental health. In 2006, almost 3000 pregnant
women were recruited, and their children were moni-
tored from the last trimester until now. More details of
the GECKO cohort study have been described elsewhere
[15]. For the current study, of 1389 children with accel-
erometer-derived physical activity data measured at age
5-6, 1070 children with valid physical activity data were
enrolled. Among these, children who had valid data on
mental health at age 10-11 were included in the main
analysis (n=850). This study was approved by Medical
Ethics Committee of the University Medical Center Gro-
ningen and performed in accordance with the Declara-
tion of Helsinki. Informed consent of participation was
given by parents or guardians. The cohort is registered on
www.birthcohorts.net (id 138).

Physical activity

The ActiGraph GT3X accelerometer (ActiGraph, Pen-
sacola, Florida, USA) was used to measure sedentary
time and physical activity. The accelerometer was placed
on the right hip and worn during waking hours for four
days including at least one weekend day, except for water-
based activities such as swimming and bathing. Data
were collected using a frequency of 30 Hz and analyzed
with a 15-s epoch. Non-wear time of the ActiGraph was
classified as a minimum length of 90 min, with allowance
of 2 min intervals of spike tolerance with the up/down-
stream 30-min consecutive zero counts window [16].
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Physical activity volume was computed as total acceler-
ometer counts (counts per minute (cpm)) on average per
day. Physical activity intensity was computed using cut-
off points recommended by Butte et al, i.e. sedentary
time (<819 cpm), light physical activity (LPA, 820-3907
cpm), moderate physical activity (MPA, 3908—6111 cpm),
vigorous physical activity (VPA,>6112 cpm), and mod-
erate-to-vigorous physical activity (MVPA,>3908 cpm)
[17]. Time spent in different physical activity intensity
was used in analyses. A valid wearing period was selected
as being from 6:00 until midnight. A valid measurement
was defined as a wear time of at least 600 min/day for at
least three days regardless weekday or weekend. Season
was also obtained from the ActiGraph output. Winter
was defined as December — February, spring as March —
May, summer as June — August and autumn as Septem-
ber — November.

Mental health

The Dutch version of the Strengths and Difficulties Ques-
tionnaire (SDQ) was used to measure mental health of
children at age 5-6 and age 10-11 (Goodman, 1997).
SDQ is a screening tool for identifying mental problems
that was filled in by parents in the present study. It has
shown adequate reliability and validity from preschoolers
to adolescents [18, 19]. The SDQ is a short questionnaire
that comprises 5 subscales: (1) hyperactivity/inattention,
(2) behavioral problems, (3) peer problems, (4) emotional
problems, and (5) prosocial behaviors. Each subscale
consists of 5 items on a 3-point scale, namely 0 (not true),
1 (somewhat true), and 2 (certainly true). The scores for
each subscale can range from 0 to 10 if all items are com-
pleted. The subscale scores can only be scaled up pro-rata
if at least 3 items are completed. Otherwise, the subscale
scores are set to missing [3]. In the present study, a valid
measurement of mental health was defined as no missing
scores for hyperactivity, behavior problems, peer prob-
lems and emotional problems at age 10-11. Total diffi-
culties scores are calculated by summing scores from all
subscales except prosocial behaviors subscale. Externaliz-
ing problems scores are calculated as the sum of hyperac-
tivity and behavior problems subscales, and internalizing
problems scores are the sum of emotional and peer prob-
lems subscales.

Other factors

Exact ages of children at physical activity and SDQ meas-
urement were collected by questionnaires filled in by par-
ents. Height, weight at the age of 5-6 and 10-11 years
were measured by trained nurses according to standard-
ized protocols, as described previously [20]. Body mass
index (BMI) was calculated accordingly. With regard to
socio-economic status, maternal education level was
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obtained from questionnaires filled in by the parents dur-
ing pregnancy and classified into the following groups:
(1) no education or lower general secondary education,
(2) senior secondary vocational education or higher gen-
eral secondary education/pre-university education, and
(3) higher vocational education or university level. Family
size, including number of adults and number of children
in a household, was collected using questionnaire filled in
by parents when the child was born.

Statistical analysis

As sex differences in physical activity and SDQ scores
were observed in children at age 5-6 in our previous
study, the current analysis were separately performed
for boys and girls [21]. Sample descriptive characteris-
tics (sex, age, BMI, family size, maternal education) were
expressed as frequency, percentage of total number for
categorical variables, mean and SD for normally dis-
tributed variables, and median with interquartile range
(25-75™ percentile) for non-normally variables. The dif-
ferences between boys and girls on physical activity and
SDQ were compared using independent Student’s t-tests
and non-parametric Mann—Whitney U tests.

Spearman’s rank correlations were calculated to evalu-
ate the association between physical activity at age 5-6
and SDQ scores at age 10-11. Next, multiple linear
regression models were fitted for SDQ subscales show-
ing significant correlations (p <0.05). The unit of physical
activity was 100 cpm for physical activity volume, 30 min
for sedentary time and light physical activity, and 10 min
for MVPA. As determinants, physical activity volume,
sedentary time and MVPA needed log-transformation
with base 2 to obtain normal distribution of residuals,
before regression models were constructed. Missing val-
ues in BMI and family size were replaced with the varia-
ble mean. In the regression analysis, model 1 was defined
as the crude model. Model 2 was adjusted for potential
confounders including exact age at SDQ measurement,
BMI at age 10-11, family size, maternal education, accel-
erometer wear time and season. Then, to investigate to
what extent tracking of mental health over time was rel-
evant for the findings, model 2+ was adjusted for SDQ
scores at age 5—6 in addition to model 2. Outcomes were
presented as b coefficients, standardized b coefficients
and 95% CI. To enhance the robustness of our findings,
we performed a sensitivity analysis by repeating the lin-
ear regression analysis on a restricted sample of chil-
dren who provided valid accelerometry data during both
weekdays and at least one weekend.

All statistical analyses were performed using IBM SPSS
Statistics Version 28.0 (SPSS Inc., Chicago, IL). A 2-sided
statistical significance was set at P<0.05 for all analyses.
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Results
Sample characteristics
Of 1070 children with valid physical activity data, 850
provided a valid SDQ questionnaire at age 10-11,
including 438 boys and 412 girls (Fig. 1). Table 1 shows
the differences between included and excluded partici-
pants. The descriptive characteristics and physical activ-
ity behaviors for involved boys and girls are displayed
in Table 2. The mean age at which physical activity was
assessed was 5.11+0.89 years, whereas the mean ages
for the initial and subsequent measurements of SDQ
were 5.88+0.39 years and 10.57+0.55 years, respec-
tively. Physical activity data indicated that total wear time
in boys and girls was comparable, but boys were more
active than girls at the age of 5-6 years. Boys spent less
time in sedentary behaviors (P=0.004), but more time in
MPA (P<0.001) and VPA (P<0.001) than girls.

An overview of SDQ scores for children aged 5-6
and age 10-11 is shown in Table 3. For children at age

Children measured PA
at age 5-6

N=1389
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10-11, boys scored higher than girls on total difficulties
and externalizing problems. No significant differences
in internalizing problems were observed. For SDQ sub-
scales measured at age 10-11, scores on hyperactivity,
behavioral problems and peer problems were higher for
boys than girls (p <0.01). Inversely, girls had higher SDQ
scores on prosocial behaviors (p<0.001). No significant
difference in emotional problems between boys and girls
was observed.

Associations between physical activity and SDQ

The correlations between physical activity at age 5-6
and SDQ at age 10-11 are presented in Table 4. No sig-
nificant association between physical activity and total
difficulties scores was observed, neither in boys nor
in girls. For boys, higher levels of physical activity vol-
ume and intensity, including MPA, VPA and MVPA
were significantly associated with lower internalizing
scores and with higher externalizing scores. LPA was

1 g childreh

Y

Children with valid
PA data at age 5-6

N=1070

- gxcluded

220 children

Y

Children with valid
SDQ data at age 10-11

N=850
(included in study)

Fig. 1 Flowchart of subject enrollment

excluded
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Table 1 Characteristics of excluded and included subjects
Excluded (n=220) Included (n=850) P value
Sex?
Boys 114 438 0.94
Girls 106 412
Age at physical activity measurement ° 5.11 (0.90) 5.10(0.90) 0.14
Age at SDQ measurement >4 1092 (0.53) 10.57(0.55) <0001
physical activity variables
physical activity volume (cpm) © 1319.50 [1126.68, 1521.21] 1319.67 [1142.81,1517.29] 0.99
sedentary time (min) © 369.32 [333.15,407.70] 37242 [334.80,408.27] 0.82
LPA (min) ® 26544 (36.63) 264.71 (38.20) 047
MPA (min) 43.81[33.77,54.84] 43.75 [34.81, 54.80] 0.80
VPA (min) € 17.40[11.22,24.91] 16.56 [11.23,24.19] 0.88
MVPA (min) © 62.81[45.95,78.61] 61.25 [47.90, 80.08] 091

SDQ the Strengths and Difficulties Questionnaire, LPA Light Physical Activity, MPA Moderate Physical Activity, VPA Vigorous Physical Activity, MVPA Moderate to

Vigorous Physical Activity

@ Chi-squared test

® Independent samples t-test. Data was shown as mean (SD)

¢ Non-parametric Mann-Whitney U test. Data was shown as median [P25, P75]
d Age at 2" SDQ in excluded subjects n=116 due to missing data

only negatively associated with internalizing scores.
In contrast, increased sedentary time was associated
with higher internalizing scores and lower externalizing
scores. Regarding SDQ subscales, more physical activ-
ity volume and physical activity intensity (MPA, VPA,
MVPA) were associated with higher hyperactivity scores
and lower peer problems scores, while increased seden-
tary time was linked to lower hyperactivity scores and
higher peer problems scores. The trends of correlations
between physical activity, sedentary time and SDQ sub-
scales in girls were similar to those observed in boys, but
the correlations in girls were weaker and less often signif-
icant. In both boys and girls, no significant relationships
of physical activity with behavioral problems, emotional
problems and prosocial behaviors were observed. Results
of Table 4 suggested the need for further analysis on sub-
scale scores instead of total difficulties scores, external-
izing or internalizing scores.

Table 5 presents the adjusted associations between
physical activity and peer problem scores in boys and
girls. It shows that overall, higher levels of physical
activity at age 5-6 were related to fewer peer prob-
lems score at age 10-11 in boys and girls. In more
detail, model 2 demonstrated that more physical
activity volume was associated with lower peer prob-
lems scores for boys (b=-0.232, -0.371 to -0.093) and
girls (b=-0.189, -0.314 to -0.063). Higher levels of
MVPA were also associated with lower peer problems
scores for boys (b=-0.445, -0.713 to -0.176) and girls
(b=-0.354, -0.601 to -0.107). The relationships between

MPA, VPA and peer problems paralleled the associa-
tions observed between MVPA and peer problems (See
Supplementary Table S1, Additional File 1). In con-
trast, an increase in sedentary time was associated with
higher peer problems scores in boys (b=1.18, 0.455 to
1.906) and girls (b=0.870, 0.191 to 1.550). Comparison
of standardized b indicates that these associations are
stronger in boys than in girls. Model 2+ in Table 5 indi-
cates that the additional adjustment for peer problems
scores measured at age 5-6 hardly changed the asso-
ciations between physical activity and peer problems
scores at age 10-11.

Table 5 also shows that higher levels of physical activity
at age 5-6 were related to higher hyperactivity scores at
age 10—11 in boys, but no such relationship was observed
in girls. For boys, model 2 demonstrated that increased
physical activity volume and MVPA were associated
with higher hyperactivity scores. Likewise, increased
MPA and VPA were also related to higher hyperactivity
scores (See Supplementary Table S1, Additional File 1).
Inversely, a rise of sedentary time was associated with
lower hyperactivity scores (b=-1.884, -3.251 to -0.517).
The additional adjustment for hyperactivity scores at age
5-6 attenuated all associations between physical activity
and hyperactivity scores (Table 5). For girls, no signifi-
cant associations between physical activity and hyperac-
tivity were observed. No significant associations between
physical activity and other SDQ subscales were observed,
neither in boys nor girls (See Supplementary Table S2,
Additional File 1).
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Table 2 Descriptive characteristics of the study population and physical activity variables
Boys Girls P value
boys vs
N (%) Mean (+SD) N (%) Mean (+SD) girls

Sex 438 (51.5%) 412(48.5%)
Age at 1°' SDQ? 5.89 (x0.39) 5.87(x£0.38) 0.672
Age at 2" SDQP 10,63 (+0.55) 10.50 (+0.54) 0402
Age at physical activity measurement 5.11(+0.89) 5.09 (+0.92) 0.059
BMI at age 10-11 1741 (£247) 17.65 (£2.48) 0.107
Number of adults in the household

1 6 (0.7%) 8(0.9%)

2 421 (49.8%) 389 (46.0%)

3 0 2(0.2%)

4 2 (0.2%) 0
Number of children in the household

1 156 (18.4%) 156 (18.4%)

2 195 (23.0%) 167 (19.7%)

3 70 (8.3%) 63 (7.4%)

4 11 (1.3%) 16 (1.9%)

5 4(0.5%) 4(0.5%)

6 0 1(0.1%)
Maternal education®

1 195 (23.6%) 172 (20.8%)

2 136 (16.4%) 129 (15.6%)

3 97 (11.7%) 98 (11.9%)

physical activity variables
physical activity volume (cpm)
Total wear time (min)
Sedentary time (min)

LPA (min) 264.00 (+36.39)

MPA (min) 47.17 [39.53, 60.07]
VPA (min) 18.50 [12.46, 26.44]
MVPA (min) 68.13 [53.03, 85.64]

Median [P25, P75]/Mean (+ SD)
1362.40 [1209.10, 1575.16]

701.31 [680.55, 724.00]

368.00 [329.51,402.47]

Median [P25, P75]/Mean (+ SD)

1249.40 [1079.65, 1457.77] <0.001
699.56 [673.59, 725.64] 0.060
377.63 [340.46, 413.00] 0.004
265.81 (+40.00) 0.050
40.08 [31.39,49.32] <0.001
14.50[10.50, 21.92] <0.001
54.44142.13,71.82] <0.001

5DQ the Strengths and Difficulties Questionnaire, LPA Light Physical Activity, MPA Moderate Physical Activity, VPA Vigorous Physical Activity, MVPA Moderate to

Vigorous Physical Activity
@ 1st SDQ: SDQ measured at age 5-6
b 2" SDQ: SDQ measured at age 10-11

¢ Maternal education: 1: no education or lower general secondary education; 2: senior secondary vocational education or higher general secondary education /pre-

university education, and 3: higher vocational education or university level

In the sensitivity analyses, the main associations
between physical activity volume, MVPA and peer
problems scores remained consistent across genders.
However, the significant relationship with sedentary
time was only observed in boys. Additionally, the asso-
ciations between physical activity volume, MVPA,
sedentary time and hyperactivity scores in boys also
remained consistent in the sensitivity analyses (See
Supplementary Table S3, Additional File 1).

Discussion

The aim of the present study was to investigate whether
device-based physical activity in early childhood is
associated with mental health in middle childhood. The
findings showed that higher levels of physical activity
at age 5—6 were related to lower peer problems scores
at age 10—11 years in both boys and girls. In contrast,
increased sedentary time at age 5-6 was associated
with higher peer problems scores at age 10-11. Further
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Table 3 Mental health: Overview of SDQ scores at age 5-6 and age 10-11
Boys Girls Pvalue
Median [P25, P75] Median [P25, P75] boys vs girls
SDQ scores at age 10-11
Total difficulties 6[3,10] 412,71 <0.001
Externalizing 412,7] 210, 4] <0.001
Internalizing 2[0,4] 2[0,4] 0.32
Hyperactivity 31[1,5] 110,3] <0.001
Behavior problems 010, 1] 010, 1] <0.001
Peer problems 010, 2] 010, 1] 0.013
Emotional problems 1100,2] 110, 3] 0.932
Prosocial behaviors 91[8,10] 10[8,10] <0.001
SDQ scores at age 5-6
Total difficulties 513, 8] 412,6) <0.001
Externalizing 3[2,6] 21[1,4] <0.001
Internalizing 1100, 3] 110, 3] 0510
Hyperactivity 3[1,4.75] 110,3] <0.001
Behavior problems 1100,2] 010, 1] <0.001
Peer problems 010, 1] 010, 1] 0477
Emotional problems 1100,2] 1100,2] 0.229
Prosocial behaviors 918, 10] 91[8,10] <0.001

SDQ the Strengths and Difficulties Questionnaire

Table 4 Correlations between physical activity at age 5-6 and SDQ scores at age 10-11

Total Difficulties Internalizing Externalizing Hyperactivity Behavioral Peer problems Emotional Prosocial

problems problems behaviors

Boys

Physical activity vol- 0038 -0.098" 01317 01417 0.062 -0.163" -0.023 0010
ume (cpm)

Sedentary time (min) ~ -0.024 0.104" 0121 0.135" -0.031 0.159" 0.035 -0.024

LPA (min) -0.036 0111 0033 0.052 0018 -0.119" -0.077 0.032

MPA (min) 0.059 -0.095" 0.161" 0.170" 0.084 -0.138" -0.029 -0.045

VPA (min) 0.036 -0.094" 0.120° 01277 0.060 0.156" 0018 0018

MVPA (min) 0.054 -0.097" 0.153" 0.160" 0.082 -0.155" -0.020 0013
Girls

Physical activity vol- ~ 0.024 -0.078 0.087 0.096 0.031 -0.112" -0.020 -0.046
ume (cpm)

Sedentary time (min) ~ -0.053 0.036 -0.099" -0.091 -0.084 0.061 -0.008 0.059

LPA (min) 0.035 -0.022 0076 0.070 0.045 -0.048 0016 0.029

MPA (min) 0.039 -0.077 0114 0.128" 0.030 -0.079 -0.029 -0.030

VPA (min) <0011 -0.106" 0.049 0072 -0.022 -0.141" -0.054 0015

MVPA (min) 0013 -0.104 0.092 0.110° 0.009 -0.129™ -0.045 -0.030

" P<0.01,"P<0.05; SDQ the Strengths and Difficulties Questionnaire, LPA Light Physical Activity, MPA Moderate Physical Activity, VPA Vigorous Physical Activity, MVPA

Moderate to Vigorous Physical Activity

adjustment for mental health scores at age 5-6 hardly
change the associations between MVPA and peer prob-
lems. For hyperactivity, increased MVPA and decreased
sedentary time were associated with higher hyperactiv-
ity scores in boys, but not in girls. These associations

were attenuated after adjustment for hyperactivity
scores at age 5—6.

Our findings regarding the association between
MVPA and peer problems in boys was strongly sup-
ported by a UK longitudinal study, which found that
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Table 5 Multiple linear regression analysis for physical activity at age 5-6 and SDQ subscale scores at age 10-11
Boys Girls
B Std.B 95% Cl of B B Std.B 95% Cl of B
Peer problems
Physical activity volume (100 cpm)
Model 1 -0.199** -0.142 (-0.331 t0-0.067) -0.174%* -0.139 (-0.295 t0 -0.052)
Model 2 -0.232%* -0.166 (-0.371 t0-0.093) -0.189** -0.152 (-0.314 t0 -0.063)
Model 2+ peer problems at age 5 -0.229*%* -0.164 (-0.371 t0 -0.087) -0.163* -0.134 (-0.291 t0 -0.035)
MVPA (per 10 min)
Model 1 -0.408** -0.149 (-0.667 to -0.150) -0.359** -0.146 (-0.599t0 -0.119)
Model 2 -0.445%* -0.162 (-0.713t0-0.176) -0.354%% -0.144 (-0.601 t0-0.107)
Model 2+ peer problems at age 5 -0.493** -0.179 (-0.767 t0-0.219) -0.315% -0.128 (-0.570 to -0.059)
LPA (per 30 min)
Model 1 -0.074 -0.062 (-0.187 t0 0.039) -0.055 -0.054 (-0.153 t0 0.044)
Model 2 -0.097 -0.082 (-0.213t0 0.019) -0.083 -0.083 (-0.189t0 0.022)
Model 2+ peer problems at age 5 -0.065 -0.054 (-0.184 10 0.055) -0.059 -0.058 (-0.167 t0 0.049)
Sedentary time (per 30 min)
Model 1 0.807* 0.122 (0.181to 1.434) 0.596 0.095 (-0.020t0 1.212)
Model 2 1.180%* 0.178 (0.455 to 1.906) 0.870*% 0.138 (0.191 to 1.550)
Model 2+ peer problems at age 5 1.053** 0.159 (0.308 to 1.799) 0.733* 0.119 (0.037 to 1.429)
Hyperactivity
Physical activity volume (per 100 cpm)
Model 1 0.290* 0.108 (0.036 to 0.544) 0.152 0.072 (-0.057 t0 0.361)
Model 2 0.350** 0.130 (0.088 10 0.612) 0.127 0.060 (-0.091 to 0.346)
Model 2 +hyperactivity at age 5 0.069 0.027 (-0.160 t0 0.298) -0.115 -0.055 (-0.297 t0 0.067)
MVPA (per 10 min)
Model 1 0.764** 0.145 (0.269 to 1.259) 0.303 0.072 (-0.111t0 0.718)
Model 2 0.893** 0.170 (0.390 to 1.396) 0.324 0.077 (-0.105t0 0.753)
Model 2 +hyperactivity at age 5 0.347 0.068 (-0.096 to 0.790) -0.187 -0.045 (-0.5491t0 0.175)
LPA (per 30 min)
Model 1 011 0.049 (-0.106 t0 0.327) 0.120 0.070 (-0.049 t0 0.288)
Model 2 0.147 0.065 (-0.070 to 0.365) 0.069 0.040 (-0.114 t0 0.252)
Model 2 +hyperactivity at age 5 0.031 0.014 (-0.158 t0 0.219) 0.037 0.022 (-0.116 to 0.190)
Sedentary time (per 30 min)
Model 1 -1.553* -0.122 (-2.75510-0.352) -0.950 -0.088 (-2.006 t0 0.107)
Model 2 -1.884%* -0.148 (-3.251t0-0.517) -0.590 -0.055 (-1.770 t0 0.590)
Model 2 +hyperactivity at age 5 -0.746 -0.061 (-1.947 t0 0.455) 0.154 0.015 (-0.829t0 1.138)

" P<0.01,*P<0.05. Model 1: crude model; Model 2: the primary adjusted model, adjusting for age, BMI, family size, maternal education, wear time and season; Model
2+ peer problems/hyperactivity at age 5: further adjusting for SDQ scores at age 5 in addition to model 2. SDQ the Strengths and Difficulties Questionnaire, LPA Light

Physical Activity, MVPA Moderate to Vigorous Physical Activity

higher levels of device-based MVPA in boys at age 7
were associated with less peer problems at age 11 [22].
The present study utilized device-based measurements
of physical activity at 5-6 years old, thereby extend-
ing the existing evidence that physical activity at a
younger age serves as a predictor of peer problems at
ages 10—11. The association between MVPA and peer
problems in boys might be explained by psychosocial
factors. Participation in sports could offer opportuni-
ties for developing social skills and improving social

competence, which would in turn help to reduce the
likelihood of the development of peer problems [23].
Moreover, it is commonly observed that children tend
to gravitate towards peers who exhibit similar behav-
iors and distance from those who behave differently
[24]. A previous study has shown that it was possi-
ble that some boys who did not participate in sports
like their peers, may experience isolation from them,
which could be perceived as having social difficulties
with peers [25]. This, therefore, probably explains why
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engaging in MVPA could have a positive impact on
boys’ peer relationships in our study.

An intriguing finding in our study is the correlation
between MVPA and peer issues in girls. To the best of
our knowledge, this is the first study that shows the posi-
tive impact of MVPA at age 5-6 on girls’ peer relation-
ships at age 10—11. Ahn et al. have previously reported
that light physical activity in girls aged 7 was associated
with decreased peer problems at age 11 [22]. The dis-
crepancy in results could be attributed to different cut-off
points used to define sedentary time, light physical activ-
ity and MVPA, as well as the different ages of the partici-
pants. Our finding indicates that MVPA at an early age
could have positive impact on girls’ peer relationships
in middle childhood, offering evidence for supporting
young girls to engage in sports and physical activity from
early childhood onwards. A previous study has shown
that some girls may feel less support from parents or
teachers in physical activity pursuits than boys [26]. This
lack of support could stem from the bias that girls are not
as capable in sports as boys [26]. When girls do not have
enough support, they may be less likely to participate in
physical activity and hence miss out on the benefits of
physical activity. By providing evidence that girls could
benefit from MVPA in similar ways to boys, our study
might help to dispel sex-based stereotype about physi-
cal activity and promote equal opportunities for girls to
enjoy MVPA from an early age.

An interesting observation in this study is that the
associations between physical activity, sedentary time
and peer problems were more consistent in boys than in
girls. This difference may be driven by different expec-
tations for physical activity participation among boys
and girls, which are shaped by societal expectations and
gender norms. In many cases, athletic ability and sport
participation are seen as important criteria for popular-
ity and social recognition among boys, while these fac-
tors are less emphasized for girls [26]. As a result, boys
may place a higher value on physical activity and be more
motivated to participate in high levels of physical activ-
ity to shape their peer relationships, whereas girls may
not feel the same pressure to do so. Furthermore, the
stronger correlation between sedentary time and peer
problems in boys compared to girls may be influenced
by varying sedentary pursuits. Productive sedentary time
(e.g., reading, doing homework) and non-productive sed-
entary time (e.g., watching TV) have often been grouped
together, despite potentially having different impacts on
physical and mental health [27, 28]. A prior study found
that while boys were less sedentary than girls, they had
more screen time [29], which could also have been the
case in the current study. The previous study indicated a
higher possibility of peer problems in children with more
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screen time [30], but there is a lack of evidence for the
effects of other sedentary behaviors on peer problems.
Hence, future research on sedentary pursuits is therefore
warranted to better understand how different sedentary
behaviors can impact mental health.

With respect to hyperactivity, our results were in
accordance with a UK longitudinal study using device-
based physical activity [22], but also opposed to several
studies indicating that self- or parent-reported physical
activity could be a protective factor against hyperactive
symptoms [31, 32]. These previous studies relied on ques-
tionnaires, instead of accelerometers, to evaluate par-
ticipation of physical activity, which to an extent explains
the contradiction with our findings. Self- and parent-
reported questionnaires could mainly capture organized
and structured physical activity, such as participation
in organized sport. In contrast, accelerometers can also
detect spontaneous movements, which are often associ-
ated with neurodevelopmental disorder such as attention
deficit/hyperactivity disorder (ADHD) [33]. According to
a meta-analysis, children with ADHD exhibited higher
activity levels compared to typically developing children,
underscoring the value of actigraph as a tool for monitor-
ing ambulatory activity in ADHD cases [34]. This higher
activity level in children could result in an overestimation
of physical activity when assessed using accelerometers.
Consequently, the device-based physical activity would
not serve as a protective factor against hyperactive symp-
toms in this study. Moreover, in studies where physical
activity volume and intensity were reported via question-
naires, it is important to consider that individuals might
encounter challenges in accurately recalling or assessing
physical activity levels and intensity. This potential dis-
crepancy could lead to measurement bias and yield dis-
similar outcomes compared to device-based assessments.

We have previously shown in a cross-sectional analysis
that more MVPA and less sedentary time were associated
with higher hyperactivity scores in children aged 5-6 [21].
To examine how the tracking of SDQ over time relates to
the current findings, model 2 was additionally adjusted
for SDQ subscale scores measured at age 5-6. As a result,
the associations with hyperactivity were attenuated. The
most likely interpretation for this phenomenon is that the
association between physical activity and hyperactivity
was already present at 5-6 years of age, and that this asso-
ciation tracks with age. The estimates for sedentary time
and MVPA are halved but remain significant. This indi-
cates that the association has become even stronger than
at 5—6 years of age. It also indicates that hyperactivity may
be an individual trait that can persist from preschool years
into middle childhood and can be measured using accel-
erometry [34]. In sensitivity analyses, the associations
with hyperactivity at age 10-11 remained unchanged
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after the additional adjustment. This reinforces the associ-
ations in children who consistently maintain higher physi-
cal activity level throughout the week, supporting the idea
of physical activity as an indicator of hyperactivity in later
childhood. Using the same approach, however, the associ-
ations between physical activity at age 5-6 and peer prob-
lems at age 10-11 remained nearly unchanged. For peer
problems, it is likely that low physical activity at 5—6 years
of age indeed increases the risk of developing peer prob-
lems later in life, whereas the reverse scenario, that physi-
cal activity is affected by peer problems at age 5-6 years of
age, is highly unlikely. This may indicate a potential causal,
albeit weak relationship between being physically active
in early life and developing healthy peer relationships in
middle childhood.

Some previous studies have reported significant associ-
ations between physical activity, sedentary time and SDQ
total difficulties scores, however, no such association was
observed in the current study [3, 22]. Total difficulties
scores are the sum of internalizing and externalizing sub-
scales. Our data showed that the relationships with the
internalizing and externalizing subscales were in opposite
directions, which may result in the neutralization of the
association between physical activity and total difficulties
scores. Therefore, we recommend for future studies to
conduct separate analyses of data related to internalizing
and externalizing subscales instead of solely focusing on
total difficulties scores.

The key strengths of this study include the device-based
physical activity in very young children and the longitu-
dinal study design. The use of device-based measurement
for physical activity is relatively rare in preschoolers,
with most studies relying on questionnaires to assess
physical activity in this age group [13]. The current study
extended the accelerometer usage into the 5-6-year-
olds. Furthermore, by using physical activity at age 5-6
and SDQ at age 10-11 and controlling for previous SDQ
at age 5-6, this longitudinal study provides additional
insight into the effects of physical activity on children’s
mental health over time. However, one limitation of this
study is that physical activity data was only available at
age 5-6, so it is impossible to determine how physical
activity patterns changed over time. Additionally, while
accelerometers can provide a more objective measure-
ment of physical activity than parent-reported data, they
have limitations as well. Accelerometers are proficient in
capturing overall physical activity and sedentary behav-
iors, but they lack precision in identifying specific activi-
ties. They are unable to provide contextual insights into
the motivations behind activity patterns. This limitation
may hinder a comprehensive understanding of behaviors
drivers. Furthermore, another limitation of this study is
the small effect size that was found. All the standard beta
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coeflicients of the significant relationships fell within the
range of 0.1 to 0.3. Mental health is a complex construct
and it could have been influenced a variety of other fac-
tors such as genetics, social conditions and lifestyle [35,
36]. Although physical activity has been shown to have
impacts on children’s mental health, it may not be the
most dominant factor. As a result, the small effect size
of physical activity variables is reasonable. Moreover,
the small effect size may also be attributed to the device
limitations mentioned earlier, particularly the absence of
information about the type and context of physical activ-
ity. To gain a better understanding of how physical activ-
ity affects mental health in children, future studies should
adopt a comprehensive approach that encompasses the
types and context of physical activity, along with their
interaction with genetic or other lifestyle factors.

Conclusion

Our research indicated that children who engage in more
physical activity at age 5—6 could be likely to experience
fewer peer problems at age 10-11. For boys, greater
activity levels at age 5-6 could be an indicator of hyper-
activity at age 10-11. The findings from this study may
help to shed light on the relationships between physical
activity in early childhood and mental health in middle
childhood. Understanding these relationships between
physical activity, sedentary time and mental health may
provide new insights on developing effective and targeted
strategies from an early age to improve mental health in
children.
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