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Abstract

Background Overweight and obesity are a burden of the modern world that requires urgent action. Prevention has proven to be
efficient in the fight against overweight and obesity. As many children gain excessive weight at an early age, intervention during
school years are important. While daily physical activity (PA) is known to have an influence on overweight and obesity
prevention, the importance of a healthy lifestyle, including dietary habits, should not be underestimated. The aim of this study was
to assess how a combination of daily PA and healthy/unhealthy diet affect the anthropometric measures of 4th graders in Norway.
Methods The Health Oriented Pedagogical Project (HOPP) is a longitudinal intervention in primary school children, which
includes increased amount of daily physical activity during teaching— active learning. Assessed were weight, muscle and
bone mass, as well as fat mass, using a bio-impedance Tanita scale. A dietary survey, Ungkost 2000, with 18 multiple-choice
questions was used to evaluate the overall nutrition characteristics of the children.

Results Between 2015 and 2018, a total of 917 (intervention group n = 614, control group n = 303) 4th graders from nine
different schools from the south—east part of Norway participated. We observed that daily PA and a regular healthy diet
increases—while an unhealthy diet decreases—muscle and bone mass despite daily PA. Daily PA appears to counteract
some of the effects of an unhealthy diet on weight and fat mass. In addition, daily PA and a regular intake of fruits and
berries lowers weight and fat mass in children with overweight.

Conclusion Combination of daily 45-minute of PA and a healthy diet leads to reductions in body weight and incease in
muscle and bone mass in elementary school children.

Introduction

In recent decades, increased incidence in lifestyle related
morbidities such as diabetes and cardiovascular diseases
has led to reductions in the quality of life in individuals
and increased healthcare-related costs [1]. It is important to
address the roots of these morbidities, as unhealthy life-
style, physical inactivity and an unhealthy diet continue to
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increase globally [2]. Lack of physical activity (PA)
combined with increased intake of an unhealthy diet with a
high caloric value negatively affects body composition and
health status [3]. A consequence of an unhealthy lifestyle
is an increased amount of adipose tissue, which can
influence body composition and cardiovascular status [4].
A high amount of adipose tissue is associated with higher
inflammation, which in turn, may negatively affect the
cardiovascular system and increase the risk of cardiovas-
cular disorders as well as inhibit the formation of new
neurons [5-7]. Fortunatley, these morbidities can be
reduced by preventive interventions [8]. Therefore,
approaches such as increasing physical activity and con-
sumption of healthy diets have been identified as efficient
approaches in children to decrease the incidence of these
chronic morbidities. These approaches also have far
reaching effects on the society, not just in terms of
improving health but also in the reduction of cost of care
[8-10].
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The World Health Organisation (WHO) has recommended
that, at least, 60 min of PA carried out daily is necessary for
children [11]. While encouraging children to be more physi-
cally active and eating healthy is to a large extent a respon-
sibility of the parents, the school system can play a significant
role in stimulating children to adopt a healthy lifestyle.
Indeed, several education programs have been developed in
schools towards this goal [12, 13]. When such programs are
included during school hours—and even included in the
school curriculum—they have the advantage that the included
health promotion activities are accessible to all children from
different socioeconomic backgrounds [14]. Numerous studies
have found a reduction in body mass index and fat mass with
increased PA, and that these positive effects are even main-
tained after years following such an intervention [15-17].

Earlier studies have analysed the effects of a combined
daily PA and healthy nutrition; however, the results of these
studies vary widely and, in some cases, are even contra-
dictory [18]. While some earlier studies reported no effect,
others have observed that a combination of daily PA and
healthy nutrition provides the best effect towards weight
reduction and cardiovascular fitness improvement [18-21].
Therefore, the present study simultaneously evaluates the
effects of a synergy of a PA educational program and
healthy/unhealthy nutritional habits. The aim of the HOPP
study is to evaluate whether nutritional habits in combina-
tion with an additional 45-min of daily moderate-to-
vigorous PA during school hours positively affect anthro-
pometric characteristics in elementary school children.

Methodology

Participants

A total of 917 fourth graders from nine different schools
from the south—east of Norway took part in this study. They
were divided into an intervention group (n=614) and a

control group (n=303). The two groups had similar
socioeconomic status. The control group had a traditional

Table 1 The number of participants for each grade and year.

education program, which included a compulsory 90-min
PA per week. An additional daily 45-min active learning
session was introduced to the intervention group. Doing
these sessions, teachers gave lectures on academic subjects
while the children were engaged in moderate to vigorous
physical activity in the outdoor playground. For example, in
the mathematics relay activity, the children received a
number (e.g. 54). They then had to run to four different
stations/places to find the correct numbers between 1 and 9,
and they kept on running and adding the numbers until a
total of 54 was obtained.

The intervention program started in 2015 for children in
the 1-6th grade. In both the groups, baseline measurements
were performed followed by annual tests. Assessed were
several parameters, including anthropometry, body com-
position, fitness, and PA levels (see details below).

All 4th graders in 2015 (born 2005) performed baseline
measurements. In 2016, children born in 2005 (now 5th
graders) performed the test again in order to get one-year
follow-up data on the same children. In 2016, an additional
group of 4th graders (born 2006) had one-year intervention
follow-up. Accordingly, 4th graders in the intervention
group in 2017 (born 2007) had two-years intervention. And
finally, 4th graders in 2018 (born 2008) were enrolled in the
intervention group for 3 years before the questionnaire was
administered (Table 1). This implies that the effect of diet
on anthropometric variables included both one-year effect
for the class of 2005, and secular trends for the classes of
2006, 2007 and 2008.

The parents of all children were informed about the
procedure and signed informed consent was obtained from
all participants. A complete description of the study proto-
col is given in Fredriksen et al. [14].

Measured variables

Measurement of anthropometry, body composition, fitness
and PA levels were carried out. Muscle mass (kg), bone mass
(kg) and body mass (kg) were assessed using a bio-impedance
Tanita scale (Tanita MC-980MA, Tokyo, Japan) [22]. The

n=7389 n="1759 n =381 n=2351
1G n =264 CGn=125 1G n =493 CG n=266 1IG n =264 CGn=117 1IG n =248 CGn=103
4th-206 4th-2006
n=229 n=141
4th-2005 4th-2005 5th-2005 5th-2005 4th-2007 4th-2007 4th-2008 4th-2008
n=264 n=125 n=2064 n=125 n=2064 n=117 n =248 n=103
2015 2016 2017 2018

The numbers are estimated based on enrolment in 2015. (Fredriksen et al. 2017. BMC Public Health).

1G intervention group, CG control group.

SPRINGER NATURE



The effect of physical activity intervention and nutritional habits on anthropometric measures in...

1679

body mass index (BMI) for the children was calculated from
the body mass divided by the body height/squared and then
adjusted for age and sex (isoBMI). In this paper, we used the
isoBMI instead of the z score. The isoBMI depicts the chil-
dren’s BMI in relation to the adult BMI of 25, 30 and 35
(overweight, obesity, morbid obesity), while the z score is
only another way of ranking the children’s BMI. There may,
therefore, be reasons to use isoBMI when the children’s BMI
is to be assessed in relation to overweight and obesity, since
isoBMI is based on absolute values. Cut-off values for z score
only show differences for different datasets, and are not
related to morbidity, as is the isoBMI. Thus, based on the
isoBMI, the children were categorized into thin, normal
weighted and overweight [23, 24].

In addition, a nutrition questionnaire (Ungkost2000) was
used for the fourth graders [25]. This is a nation-wide
(Norwegian) used questionnaire which assessed the nutri-
tional characteristics of children. This nutritional survey
includes 18 multiple-choice questions (age, sex, diet and
body weight) [26]. Children were also asked if they took
part in regular mealtimes such as breakfast, lunch and
dinner. Finally, questions related to the frequency of soft
drinks consumption (with- and without- sugar), and the
frequency of the weekly consumption of various foods,
including vegetables, bread, dairy products, fish, fast-food,
sweets and vitamins were also included [26].

Statistical procedure

All data were analysed using IBM SPSS v. 23 (IBM,
Armonk, NJ, USA) statistical software. One-year effect on the
class of 2005 was analysed using student ¢ test. The secular
trends were analysed using Linear mixed model (LMM) with

a restricted maximum likelihood approach which is suitable
for analyses of multilevel clustered data. A model using nine
schools as a random factor and classes nested within the
schools was used to create a random slope in the LMM
procedure. The fixed factors were specified as the interaction
between all fourth grader groups, the categorical ques-
tionnaires and the intervention/control groups. The reference
points for the statistical analysis were specified as following:
(1) Fourth graders in 2015 (baseline group); and (ii) None or
rare intake of some specific types of food or beverage
(according to the questionnaires); and (iii) control group of all
fourth graders. Statistical significance was achieved when the
target variables for a specific questionnaire was in relation to
all three reference points. All target variables were metric and
included the weight, muscle mass, fat mass and bone mass.
Data are presented as mean + SD.

Results

A prospective study was conducted during 2015-2018 in
nine different schools in the south-east of Norway. Details
of the dietary intake and anthropometric variables in the
control and intervention groups at baseline and over time is
presented in Table 2.

Effect of PA intervention on anthropometry

The two groups (intervention and control) of fourth graders
in 2016 differ in age and BMI while in 2017 the fourth
graders differed in BMI and bone mass. There were no other
observables differences between the two groups. Further,
observable differences in BMI and weight were seen

Table 2 The table displays values from baseline, 1, 2- and 3-year secular trends for anthropometric variables for both intervention and

control group.

Baseline 1-year 2-years 3-years

Intervention  Control Intervention  Control Intervention  Control Intervention  Control

(n=176) (n=98) (n=144) (n=96) (n=183) (n=62) (n=111) (n=47)
Age 9.7 (0.3) 10 (0.3) 9.7 (0.3)* 10.1 (0.3)* 10.5 (0.8) 11.5 (0.5) 10.4 (0.5) 10.1 (0.8)
BMI 16.9 (2.3) 16.7 (1.8) 17.7 2.2)® 16.8 (1.6)* 17.4 2.3 16.5 (2.2) 17.5 2.4) 16.9 (1.8)
BMI (overweight) 20.7 (0.8) 20.8 (0.6) 20.9 (0.9) 20.7 (0.5) 188.8 (0.6) M.D. 18.9 (0.6) 18.9 (0.9)
Weight 33.1 (5.8) 33.7 (5.6) 34.6 (5.5)° 33.5 (4.2) 33.8 (5.7) 32.5 (6.0) 34.1 (6.1) 33.9 (5.0)
Weight (overweight) 423 (3.4) 44.7 (2.6) 40.4 (2.9) 41.7 (2.5) 36.8 (3.8) M.D. 38.4 (4.5) 39.4 (3.4)
Height 139.4 (5.9) 1415 (6.3) 1394 (6.2) 1409 (5.1) 139.4 (6.0) 1399 (5.8)  139.7 (6.7) 141.5 (5.7)
Muscle mass 24.5 (3.5) 25.3 (3.5) 253 (3.4) 25.1 2.7) 24.7 (3.3) 24.5 (3.5) 24.8 (3.4) 25.6 (3.0)
Bone mass 7.1 (2.6) 6.9 (2.2) 7.8 (2.7) 6.9 (2.0) 7.7 (3.0)* 6.8 (2.7)* 7.6 (3.0) 6.8 (2.3)

Values are mean + SD.
M.D. missing data
Significant differences between intervention and control group.

bSignificant changes associated with intervention time (compared to baseline).
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between 2015 fourth graders, which represent the baseline
intervention group, and the 2016 fourth graders that had
completed a 1-year PA intervention: a higher BMI and
weight was seen in the 1-year intervention group. Fourth
graders from 2017 (with 2-years intervention) or 2018
fourth graders (with 3-years intervention) did not differ
significantly from 2015 fourth graders (baseline interven-
tion group) in BMI, weight, muscle mass and bone mass
(Table 2).

Effects of combined PA and nutritional intake on
anthropometry

A daily PA combined with a regular intake of vegetables led
to beneficial effects on muscle and bone mass. Daily PA
and 4-6 times in a week vegetables intake was shown to
positively influence muscle mass (3-years PA, p=0.011
and 2-years PA, p =0.028) and bone mass (3-years PA,
p = 0.015). Similarly, four-times a day vegetable intake was
shown to positively influence muscle mass (3-years PA,
p=0.015 and 2-years PA, p=0.027) and bone mass
(3-years PA, p=0.019). Children with only regular daily
intake of vegetables had less increase in muscle and bone
mass compared to when both regular intake of vegetables
and additional daily PA were carried out in combination.
This beneficial effect was independent of the intervention
duration. Furthermore, a combination of daily PA and
regular intake of wholegrain bread was associated with

lower weight and fat mass and a higher muscle mass as
compared to a daily PA without a daily intake of wholegrain
bread. Daily PA and 4-6 times in a week wholegrain bread
intake was shown to negatively influence the weight
(2-years PA, p=0.015) and fat mass (2-years PA, p=
0.012). Daily PA and three-times a day wholegrain bread
intake positively influenced muscle mass (3-years PA, p =
0.037 and 2-years PA, p =0.04) (Tables 3, 4).

Effects of combination of PA and unhealthy
nutritional intake on anthropometry

Daily PA combined with regular intake of unhealthy fast
food was associated with lower muscle and bone mass as
compared to a daily PA without the intake of fast food.
Daily PA and 1-3 times in a week fast food intake nega-
tively influenced muscle mass (3-years PA, p =0.034 and
2-years PA, p =0.038) and bone mass (3-years PA, p=
0.010 and 2-years PA, p = 0.015). Furthermore, muscle and
bone mass decreased with higher consumption of soft
drinks with sugar regardless of additional daily PA. Daily
PA and 4-6 times in a week soft drinks with sugar intake
negatively influenced muscle mass, (2-years PA, p = 0.005)
and bone mass (2-years PA, p =0.007) and 1-3 times a day
intake of soft drinks with sugar was shown to negatively
influence muscle mass (2-years PA, p =0.037). However,
despite increased regular intake of soft drinks with sugar,
daily PA led to reductions in fat mass. A decrease of muscle

Table 3 The table display the effects of a daily physical activity and vegetable or sugar intake on anthropometric parameters in school children.

Questionnaires Groups (Intervention, Muscle mass Bone mass
(n=904) n = 603; control, - -
n=300) Baseline  1-year 2-years 3-years Baseline 1-year 2-years 3-years

(n=263) (n=240) (n=243) (n=158) (n=263) (n=240) (n=242) (n=158)
Rarely Intervention 27.0 (1.9) 24.8 3.5) 24.7 (3.1) 23.6 (2.8) 156 (0.1) 1.41 (1.84) 1.43 (0.14) 1.33 (0.13)
(n=177) Control 25.1 (4.6) 24.2 (2.9) 23.9 (3.3) M.D. M.D. 1.39 (0.17) 1.35 (0.07) M.D.
1-3 times a month Intervention 24.8 (4.3) 24.1 (2.9) 25.7 (4.0) 23.6 (3.3) 1.41 (0.24) 1.37 (0.16) 1.45 (0.19) 1.36 (0.19)
(n=65) Control 25.0 (3.2) 255 (3.0) 26.4 (3.0) 25.1 (1.4) 141 (0.27) 1.46 (0.17) 1.53 (0.15) 1.46 (0.05)
1-3 times a week Intervention 24.7 (3.9) 26.5 (3.6) 25.0 (3.9) 24.4(42) 143 (0.23) 1.49 (0.19) 1.40 (0.21) 1.38 (0.23)
(n=174) Control M.D. 24.6 (2.4) M.D. 255 (3.5) 144 (1.9) 1.39 (1.40) M.D. 144 (0.2)
4-6 times a week Intervention 24.2 (3.3) 25.1 (3.3) 25.0 (2.9)* 25.2 (3.4)* 1.37 (0.18) 1.41 (0.19) 1.43 (0.16) 1.44 (0.16)*
(n=127) Control 25.7 (3.9) 25.6 (3.4) 23.7 (4.0) 25.0 (3.3) 1.45(0.22) 1.45(02) 1.36(0.2) 1.4 (0.17)
2 times a day Intervention 253 (4.7) 24.5 (2.8) 247 (3.8) 243 (1.7) 1.45(0.27) 1.36 (1.59) 1.4 (0.18) 1.35 (0.1)
(n=58) Control 24.9 3.4) 264 (3.2) 23.9 (42) 237 (1.0) 1.41 (0.18) 1.46 (0.17) 1.35 (0.19) 1.3 (0.05)
3 times a day Intervention 26.0 (4.0) 252 (5.1) 23.4 (3.2) 24.6 (2.9) 1.45 (0.24) 1.43 (0.28) 1.31 (0.18) 1.41 (0.15)
(n=62) Control 253 (3.8) 24.8 (2.0) 25.1 (2.9) 28.1 (1.0) 1.41 (0.22) 1.40 (0.1) 1.38 (0.15) 1.56 (0.5)
4 or more times a day Intervention 24.3 (3.2) 25.8 (2.9) 24.7 (3.0)* 25.1 3.4 1.35 (0.18) 1.48 (0.16) 1.4 (0.17) 1.4 (0.17)*
(n=121) Control 26.4 (3.3) 24.7 (1.3) 23.8 (4.4) 254 (27) 1.49 (0.19) 1.45(0.05) 1.37 (0.21) 1.41 (0.17)

All variables are displayed as mean + SD.

M.D. missing data

#Significant interaction between nutrition and physical activity on anthropometric outcomes.
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Table 4 The table display the effects of physical activity and wholegrain bread intake on anthropometric parameters in school children.
Questionnaires Groups Weight Fat mass Muscle mass
(n=917) (Intervention, - - -
n =614 control, Baseline 2-years 3-years  Baseline 2-years 3-years Baseline  2-years 3-years
n=2303) (n=274) (n=245) (m=158) (n=263) n=243) (n= (n=263) (n=243) (n=158)
158)
Rarely (n = 158) Intervention 31.3 (5.5) 344 (53) 333(7.2) 6.5(2.2) 8.1(3.3) 8.1(4.0) 23.4 (3.8) 24.8 (2.6) 23.8 (3.6)
Control 329 (7.0) 31.1 (5.1) 32.0(3.3) 6.6 (2.5) 6.1 (2.5) 5.6(0.9) 24.8 (4.6) 24.4 (3.0) 249 (2.8)
1-3 times a month  Intervention 324 (4.7) 33.6 (7.0)* 35.8 (5.8) 6.3 (1.7) 8.1 (3.9 8.8 (2.8) 24.7 (3.2) 24.2 (3.5)" 25.6 (3.6)
(n=194) Control 31.3 (5.3) 40.2 (6.4) 36.6 (7.2) 6.0 (1.9) 10.0 (4.0) 8.2 (4.6) 23.6 (3.2) 25.8 (2.5) 26.9(2.9)
1-3 times a week  Intervention 32.6 (5.6) 33.5(53) 32.7(54) 7332 7427 7.0Q24) 243 (2.4) 246 3.2) 243 (3.1)
(n=205) Control 35.1 4.8) 347 (7.1) 36.5(5.2) 7.7 (2.1) 79(3.2) 7.5(2.6) 25.8 (3.09) 23.4 (4.3) 27.4 (2.6)
4-6 times a week  Intervention 35.7 (5.5) 32.8 (5.3)" 34.2(6.3) 8.0(2.8) 6.7 (1.8)* 7.7 (3.0) 26.2 (3.2) 24.7 (3.6) 25.1 3.5)
(n=118) Control 33.0 (6.5) 343 (6.7) 31.7(29) 6.7(2.8) 7.6 (2.7) 6.5(0.9) 249 (3.7) 251 (4.1) 23.8(2.3)
2 times a day Intervention 33.0 (6.0) 339 (7.3) 34.7(5.3) 72 (2.1) 82(3.2) 7.2(2.6) 243 (4.1) 244 (42) 24.6(2.5)
(n=67) Control 348 (5.2) 29.5 (2.1) 36.1(5.6) 69 (1.8) 4.9(0.9) 8.3 (3.5 263 (34) 232(1.7) 263 (2.2)
3 times a day Intervention 334 (7.7) 363 (5.4) 36.1(84) 8.0(3.8) 85(2.8) 6.6(3.1) 23.8 (4.3) 263 (2.6) 27.9 (5.0)*
(n=48) Control 356 (6.7) 285(3.6) MD.  79(25) 54(1.2) MD. 262 (44) 213(25) MD.
4 or more times a  Intervention 33.0(39) 34.0(54) 340(7.2) 6.6(1.8) 7224 79(3.6) 25.0(2.9) 255 3.5) 247 4.1)
day (n=56) Control 36.0 (3.6) M.D. 35.6 (9.3) 7.4 (1.3) M.D. 8.4 (3.5) 26.7 (2.9) M.D. 25.7 (5.5)

All variables are displayed as mean + SD.

M.D. missing data

“significant interaction between nutrition and physical activity on anthropometric outcomes.

and bone mass was also seen by a regular intake of soft
drinks without sugar. But our data suggest that a combi-
nation of daily PA and a regular intake of soft drinks
without sugar was associated with a lower weight and fat
mass (3-years PA, p =0.035). Daily PA and 4-6 times in a
week soda without sugar (soda light) intake negatively
influenced weight (2-years PA, p =0.002 and 1-year PA, p
=0.012) and muscle mass (2-years PA, p =0.023) and fat
mass (2-years PA, p=0.001 and 1-year PA, p=0.008)
(Tables 5-7).

Effect of PA and fruits/berries on anthropometry in
children with overweight

In children with overweight, combination of additional
daily PA and a regular intake of fruits and berries was
associated with lower weight and fat mass. Daily PA and
4-6 times in a week intake of fruits and berries intake has
shown to negatively influence weight (3-years PA, p =
0.023) and fat mass (3-years PA, p=0.007); and two
times a day fruits and berries intake negatively influenced
weight (3-years PA, p =0.018) and fat mass (3-years PA,
p =0.001). This was only observed when PA was carries
out along with the ingestion of fruit/berries. However,
this association was not seen when only the fruits and
berries were consumed or only PA was carried out
(Table 8).

Discussion

The aim of this study was to analyse the effects of combi-
nation of daily PA with an intake of healthy/unhealthy diet
on different anthropometric parameters in school children.
The main findings of this study are: (1) Daily PA and a
regular healthy diet increases muscle and bone mass; (2)
Unhealthy dietary practices such as consumption of fast food,
soda with/without sugar decreases muscle- and bone- mass.
despite carrying out daily PA; (3) Daily PA may counteract,
to some extent, the negative effects of an unhealthy diet on
weight and fat mass.; and (4) A combination of daily PA
and a regular intake of fruits and berries is beneficial for
lowering weight and fat mass in children with overweight.

In this study, a beneficial effect of only daily 45-min PA
was not seen on body weight or body composition. Never-
theless, in the present study, fourth graders in 2016 that
completed a 1-year PA intervention showed a higher BMI
and body weight as compared to the baseline fourth graders
in 2015. This is expected as the BMI tends to increase,
especially in children with overweight and obesity. Earlier
studies have reported contradictory findings regarding the
effects of a physical education program on weight and body
composition [27-31]. While some studies reported that
school-based PA programs show positive effects such as
maintenance of steady weight [27-30], others found only
limited effects of a 2-year school-based physical activity
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Table 5 The table display the effects of physical activity and fast food intake on the anthropometric parameters of school children.

Questionnaires (n = 904) Groups (Intervention, n = 604;

control, n =300)

Muscle mass Bone mass
Baseline 2-years 3-years Baseline  2-years 3-years
(n=263) n=243) (m=158) (n=263) (m=242) (n=158)

Rarely (n =223) Intervention
Control

1-3 times a month (n =367) Intervention

Control
1-3 times a week (n =261) Intervention
Control
4-6 times a week (n =24) Intervention
Control

24.6 (3.4) 24.3 (3.2)
26.0 (3.5) 24.2 (3.5)
24.3 (3.6) 24.8 (3.4)
254 (3.8) 24.2 (3.7)
25.0 3.7) 24.7 (2.9 24.3 3.1)* 1.43 (0.2)
23.7 (2.2) 262 3.4)
23.5 (2.5) 24.7 2.1)
M.D.

23.8 (3.3)
24.8 (2.4)
25.6 (3.4)
253 (3.3)

1.39 (0.2) 1.39 (0.16) 1.36 (0.16)
1.42 (0.19) 1.38 (0.19) 1.4 (0.13)
138 (0.2) 1.4 (0.18) 1.45 (0.17)
1.43 (0.22) 135 (0.19) 1.41 (0.18)
1.4 (0.18)" 1.38 (0.17)*
1.34 (0.09) 1.49 (0.15) 1.56 (0.15)
132 (0.17) 1.4 (0.1) 1.27 (0.29)
M.D. 1.43 (0.11) M.D.

27.6 (3.2)
22.9 (4.7)

243 (3.0) M.D.

All variables are displayed as mean + SD.
M.D. missing data

#Significant interaction between nutrition and physical activity on anthropometric outcomes.

Table 6 The table display the effects of physical activity and beverage with sugar intake on the anthropometric parameters of school children.

Questionnaires (n =903) Groups (Intervention, n =603; Muscle mass Bone mass
control, n = 300) - -
Baseline 1-year 2-years Baseline 1-year 2-years
(n=263) (n=240) (m=242) (®=263) (n=240) (n=243)
Rarely (n =302) Intervention 22.8 (4.1) 28.9(6.6) 26.0(5.7) 1.3 (0.2) 1.6 (0.3) 1.41 (0.28)
Control 21.7 2.6) M.D. 23.5 (0.1) 1.3(0.1) M.D. 1.4 (0.1)
1-3 times a month (n =250) Intervention 249 (3.7) 26.8 (5.1) 252 3.7 1.4 (0.2) 1.5 (0.3) 1.41 (0.19)
Control 249 (3.2) 27.6 (47) 245 @3.1) 1.4 (0.2) 1.54 (0.23) 1.38 (0.16)
1-3 times a week (n =241) Intervention 249 4.7) 27.2@4.2) 238 3.7 1.4 (0.3) 1.5(0.2) 1.35(0.2)
Control 26.5 (4.1) 26.7 (3.5) 253 (4.6) 1.5 (0.2) 1.51 (0.22) 1.4 (0.25)
4-6 times a week (n =43) Intervention 258 (3.8) 27.3 3.1)* 26.0 (3.6) 1.5(0.2) 1.5 (0.2)* 1.46 (0.18)*
Control M.D. 27.6 3.8) 247 (3.3) M.D. 1.55 (0.22) 1.36 (0.16)
1-3 times a day (n=28) Intervention 253 (3.7) 26.6 (44) 258 (3.8 1.4(0.2) 1.5(0.2) 1.46(0.2)
Control 26.7 (3.9) 26.6 (4.8) 243 (4.3) 1.5 (0.2) 1.49 (0.26) 1.37 (0.21)

All variables are displayed as mean + SD
M.D. Missing data

#Significant interaction between nutrition and physical activity on anthropometric outcomes.

intervention on body composition and cardiorespiratory
fitness in 7-year-olds [31]. Yet another study reported that
such programs could actually lead to weight reduction in
children with overweight [28]. As these studies differ in
design, number of involved schools and/or socioeconomical
characteristics of the studied populations, it is difficult to
compare their results. Similarly, the results of the interven-
tion program carried out in the present study are difficult to
compare with those seen in earlier studies due to the
presence of many confounding factors in our study. One
factor that may devalued the effects of the intervention
program in our study, is that no true reference-baseline is
present for each fourth graders group, while the I-year
intervention group in year 2015 were added as a reference-
baseline point for the changes in the three other groups.

SPRINGER NATURE

Thus, without a baseline for each intervention group it
becomes difficult to confirm if the same children improved
over time, or if the duration of the intervention had an
influence which could have abolished the positive effects of
the intervention. This may explain why no significant effect
was seen when only the physical activity was carried out.

Earlier studies have reported a positive effect of school
hours PA on weight reduction. This beneficial effect was
only seen, however, when it was carried out in combination
with an intense after-school hours PA [32, 33]. A manda-
tory 45-min PA a day was performed as active learning task
during school hours; however, in the present study the
children did not get any instruction to engage in after-school
hours PA. As the present study did not analyse after school
hour PA, it may be possible that a “saturation” of PA was
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Table 8 The table display the effects of physical activity and fruits and berries intake on the anthropometric parameters of school children.

Questionnaires Groups (Intervention, n =97; Weight Fat mass
(n=123) control, n = 26) - X

Baseline 3-year Baseline 3-year

(n=31) n=27) (n=30) n=27)
Rarely (n=14) Intervention 41.0 (0.1) 40.9 (6.5) 9.4 (0.1) 10.9 (2.1)

Control 45.5 (2.1) 33.6 (0.1) M.D. 6.3 (0.1)

1-3 times a month Intervention 38.5(2.2) 40.5 (6.3) 8.9 (0.4) 9.7 (1.0)
(n=20) Control M.D. 39.6 (2.7) M.D. 93 (2.6)
1-3 times a week Intervention 41.3 (3.5) 37.8 (2.8) 10.9 (1.4) 10.1 (1.1)
(n=25) Control 44.0 (0.1) 37.4 (0.1) 10.7 (0.1) 6.5 (0.1)
4-6 times a week Intervention 44.5 (0.5) 30.0 (0.1)* 13.2 (1.3) 6.8 (0.1)*
(n=15) Control 43.0 2.8) 403 (1.2) 11.9 (1.9) 9.3 (0.9)
2 times a day Intervention 44.7 (0.9) 33.7 (4.8)* 12.9 (1.4) 8.4 (1.6)
(n=14) Control 43.0 (0.1) 45.0 (0.1) 7.8 (0.1) 11.3 (0.1)

All variables are displayed as mean + SD

M.D. missing data

#Significant interaction between nutrition and physical activity on anthropometric outcomes.

such as maintenance of a healthy diet, and carrying out
regular physical activity, even post-school/at home [49-51].

Our results show that an unhealthy diet (fast food, bur-
ger, kebab, soft drinks with sugar, etc.) was associated with
a reduced muscle and bone mass. It could be that increased
fast food consumption along with sedentary activity may
have caused the reduction in muscle mass in our study.
Since physical inactivity is associated with reduced mus-
cular loading, it may theoretically also lead to reductions in
bone mass. Comparable results that highlighted negative
effects of an unhealthy diet on the musculoskeletal system
have previously been reported [52]. Regular fast food intake
was also associated with increases in body weight in these
children. However, a combination of regular fast food
intake with a daily 45-min PA removed negative effects of a
sugar rich beverage intake and also led to reductions in
weight and fat mass. These findings support the aim of the
intervention program used in this study: towards main-
tenance of healthy weight and body composition in children
who are not overly health aware.

A beneficial effect of a regular healthy diet of fruits and
berries, in combination with a daily 45-min of PA, was seen
on the body weight and fat mass in children with over-
weight in our study. However, daily 45-min PA or regular
fruit and berries intake alone was not able to reduce body
weight and fat mass. The importance of a daily PA in
combination with a regular healthy diet (vegetables,
wholegrain bread, fruits and berries) in weight reduction on
children with overweight is in agreement with what has
been reported from other studies [53-56].

In conclusion, a daily 45-min physical activity pro-
gram in combination with a healthy diet shows pro-
mising effects on the children’s body composition by

SPRINGER NATURE

reducing weight and increasing muscle -and bone -
mass. An implication of these findings may be that
educational programs aimed at improvements in health
status in children should give attention to intake of
healthy foods as well as carrying out more physical
activity. Further studies are necessary to assess how
interventional programs, which combine school based
physical educational program with an after-school hours
PA and a healthy nutritional intervention part, can be
implemented.
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