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Strength Training and Physical Activity in Boys:
a Randomized Trial

WHAT’S KNOWN ON THIS SUBJECT: Levels of daily physical
activity in children are decreasing worldwide. This implies risk
factors for cardiovascular and metabolic diseases.

WHAT THIS STUDY ADDS: Strength training makes children not
only stronger but significantly increases their daily spontaneous
physical activity outside the training intervention.

abstract
BACKGROUND: In developed societies levels of daily physical activity
(PA) among school-age children are decreasing. This implies risk fac-
tors for cardiovascular and metabolic diseases. Specific strategies to
improve levels of PA are needed. In prepubertal boys there is evidence
that strength training increases spontaneous PA outside of training.

METHODS: A total of 102 schoolchildren (age 10–14 years) in Switzerland
were randomly assigned to physical education classes or to partici-
pate twice weekly at a guided strength training program for 19 weeks.
Spontaneous PA energy expenditure (PAEE; 3axial accelerometry for
7 days), leg and arm strength, and body composition (dual energy
radiograph absorptiometry) were measured at baseline, after 19
weeks of training intervention, and after 3 months of washout.

RESULTS: There were no significant differences between the groups at
baseline. In the intervention group, PAEE increased by 10% from base-
line to end of training in boys (P = .02), but not in girls. Leg and arm
strength were increased owing to training intervention in both boys
and girls. All other variables were unchanged. Baseline PAEE was
significantly negatively correlated with changes of PAEE.

CONCLUSIONS: Targeted strength training significantly increases daily
spontaneous PA behavior in boys. The less active children showed the
greatest increase in spontaneous PAEE. Girls showed a similar increase
in strength, but not in spontaneous PAEE. This may be explained by their
earlier pubertal development. Strength training may be a promising
strategy in schools to counteract decreasing levels of PA. Pediatrics
2013;132:1–7
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In human history, satisfying hunger
meant that people were forced to be
physically active to get foodandsurvive.
During the last 50 years, as food supply
became uncoupled from physical ac-
tivity (PA), lifestyles changed frombeing
physically active to being predomi-
nantly sedentary and inactive.1 Because
our genetic program did not change as
fast as our lifestyle, PA changed from
being a necessity into a primary pre-
ventive healthmeasure for all ages. It is
well established that PA reduces car-
diovascular risk and helps protect
against type 2 diabetes and some
forms of cancer.2 PA is also imperative
for developing and maintaining muscle
strength, joint function, and bone
health. PA relies on muscular strength.
Several studies showed that muscle
strength also has significantly de-
creased over the past 20 years in
children.3,4 Today the majority of girls
and a large proportion of boys fail to
meet the minimum target of 60
minutes of at least moderate intensity
PA per day.5 Furthermore, PA declines
as children get older.6

The arcuate nucleus of the hypothala-
mus is recognized as the brain’s com-
mand center for controlling energy
balance.7 Along with other hypotha-
lamic and brainstem nuclei, the neu-
rons of the arcuate nucleus coordinate
energy intake and expenditure. Al-
though most reviews discussing the
regulation of energy balance are fo-
cused on food intake, little is known
about the regulation of spontaneous PA
in childhood.

Recentlywehaveshown inchildrenwho
have Prader-Willi syndrome (PWS), as
well as in healthy junior ice hockey
players, that individually targeted
strength training induces increased
spontaneous PA outside of training. In
children who have PWS, a complex ge-
netic disorder causing a profound
aversion to PA, we were able to show
that the introduction of a 10-minute

daily strength training led to a signifi-
cant increase of spontaneous PA, with
the daily walking distance improving
from an average 3.7 to 5.8 km.8 In 12- to
13-year-old ice hockey-playing boys we
found that 16 weeks of strength train-
ing not only increases leg and arm
strength, but also significantly increa-
ses spontaneous PA outside of train-
ing.9

The main objective of this randomized
controlled intervention study was to
assess whether participation in a
school-based strength training pro-
gram 2 hours per week would increase
spontaneous daily PA outside of train-
ing in normal schoolchildren. We also
wanted to test whether girls show
a similar response to the training as
boys, as our previous studies had only
included boys. In addition, wewanted to
examinewhether theselectedstrength-
training program is safe and whether it
can be implemented easily by a school
without using more resources than for
normalphysical education (PE) classes.
The findings of this study could shed
some light onwhat kindof interventions
are effective to increase spontaneous
daily PA in schoolchildren.

METHODS

This study was an individually random-
ized, controlled, school-based interven-
tion study involving 102 schoolchildren
(age 10–14 years) of a public primary
and secondary school near Zurich,
Switzerland. The study was approved
by the Ethics Committee of the Univer-
sity Hospital of Zurich and, according to
the institutional review board guide-
lines, informed consent was obtained
from all participants and their parents.
Two fifth and 4 seventh grade classes
were selected. All girls and boys of
these 6 classes were asked to partici-
pate. Those who were not able to take
part in the normal PE classes for
medical reasons, and therefore could
not participate in a strength-training

program, were excluded. Children who
had a BMI above or below 62.5 SDs or
on stimulant medication such as meth-
ylphenidate participated in the normal
PE classes and were involved in the
measurements, but were excluded from
analysis. Under the supervision of the
researcher (UE) children of each grade
were randomly assigned to the inter-
vention or control group by drawing
lots. Girls and boys were randomized
separately to balance the groups. There
was no other stratification.

The intervention tookplace during 2 of 3
regular PE classes and consisted of 45
minutes of individualized strength
training for the whole body following
the recommendations of the American
Academy of Pediatrics, Committee on
Sports Medicine and Fitness.10

Seven basic multiple-joint exercises
wereperformedasacircuit ingroupsof
2: barbell back squat, barbell lunge
squat, resistive-ball back extension,
twisting crunch, barbell bench press,
barbell bent over row, and barbell
overhead press (Table 1, Supplemental
Information I). Each session started
with a 10-minute warm-up. Weights
were introduced gradually when chil-
dren had mastered proper technique.
The weight was increased when the
child was able to do more than 15
repetitions in the second set before
reaching muscular exhaustion (60% of
1 repetition maximum). The PE teacher
(RP), who was experienced in testing
and training children, reviewed the
workout logs during and after every
session and made appropriate adjust-
ments regarding training loads. Details
of the training program are outlined in
Table 2. During the training the ratio
between teacher and children was at
least 1 to 8 (2 instructors for 16 chil-
dren). The control group and the chil-
dren not participating in the study
continued their normal PE classes at
the same time as the intervention
group.
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The study started in August, at the be-
ginning of the new school year, and
lasted until June. All children were
tested 3 times: test 1 at baseline
(August/September), test 2 after 19
school weeks at the end of the in-
tervention (March), and test 3at theend
of a 3-month washout period after the
intervention (June).

Height and weight were measured
with standard techniques by using a
Harpenden stadiometer (accuracy of
measurement 1 mm) and an electronic
balance (SECA708, Hamburg, Germany;
d = 0.1 kg; CV, 0.055%), respectively.
Children’s anthropometric data are
given as SD score (SDS) to scale them
for comparison across ages and gen-
der, according to the first Zurich Lon-
gitudinal Study.11

PA energy expenditure (PAEE) was ob-
jectively measured for 7 consecutive
days by a body-fixed triaxial acceler-
ometer (RT3, Stayhealthy,Monrovia, CA)
in all participants. The accelerometer
was worn following the manufacturer’s
instructions at all times, except during

sleeping hours and when taking a bath
or shower. Measurements of PAEE were
analyzed by a single blinded examiner
(FW). PAEE was derived by dividing the
total sum of all activity measurements
(kcal) recorded every minute by the
total amount of minutes when the ac-
celerometer wasworn during the 7-day
period. We had previously validated
this method in children by using Deu-
terium water dilution and indirect
calorymetry.12

Lean body mass (LBM) and fat mass
(FM) were measured by dual energy
radiograph absorptiometry (Hologic
Discovery Wi, Bedford, MA). Children’s
LBM and FM are expressed as SDS.13

The maximum strength of the lower
body was determined on a seated leg
press (TECA, R.O.M. prestige, Ortona,
Italy) and for the upper body on a Cybex
smith press (Cybex; Owatonna, MN) by
1 repetition maximum testing. After
a short standardized warm-up the
participant performed the test with the
maximum possible resistance (weight).
All performance tests were conducted

according to the protocol of Faigenbaum
AD14 by a single examiner (RP).

Skeletalmaturitywasassessedwith the
Tanner-Whitehouse 3 method.15 Bone
age (BA) was calculated based on
a radiograph of the left hand and wrist.

All analysesweremade inSPSS(version
9.0; IBM SPSS Statistics, IBM Corpora-
tion). Means and SDs were calculated
for all variables. Student’s t test was
used to test differences between
groups and univariate relationships
were assessed with Pearson correla-
tion analysis. Multiple regression
analysis was used to test associations
independently from possible con-
founding factors. P values ,0.05 were
considered to be significant.

RESULTS

Descriptive Statistics

Out of the 112 schoolchildren, 105
consented to participate. One boy was
excluded because he was on stimulant
medication (methylphenidate); 2 were
excluded for having BMI higher than
+2.5 SDS. A total of 102 children (42 girls
and 60 boys)were included in the study.
At baseline there was no difference for
any of the variables between the in-
tervention and the control group. Girls’
and boys’ mean age was 11.9 (10.3–
13.9) and 12.3 (10.1–14.1) years, re-
spectively (Tables 3 and 4). Of the boys,
21 out of 32 in the intervention group
and 17 out of 28 in the control group
were prepubertal with a BA,13 years.
Of the girls, 4 out of 22 in the interven-
tion group and 4 out of 20 in the control
group were prepubertal with a BA,11
years. Eighteen out of the 306 PA meas-
urements were invalid, 6 for technical
reasons and 12 for noncompliance (see
Tables 3–5). No injuries occurred during
the whole study period.

Group Analysis

Table 5 depicts the changes from base-
line to the end of training intervention

TABLE 1 Training Equipment

Equipment/Exercise Muscles Trained

Barbell back squat Quadriceps, semitendinosus, semimembranosus, biceps femoris, gluteal
Barbell lunge squat Quadriceps semitendinosus, semimembranosus, biceps femoris, gluteal,

gastrocnemius, soleus
Resistive-ball back extension Erector spinae system; uses body weight as a resistance
Twisting crunch Straightandobliqueabdominalmuscles;usesbodyweightasaresistance
Barbell bench press Pectorals, anterior deltoids, triceps
Barbell bent over row Trapezius (middle and lower part), rhomboids, latissimus dorsi,

teres major
Barbell overhead-press Anterior deltoid, middle deltoid, trapezius, middle rhomboids

TABLE 2 Training Execution

Number of repetitions 15 (20 for back extension and twisting crunch)
Time under tension per repetition 2- to 3-s concentric, 1-s rest, 2- to 3-s excentric
Range of motion Full possible range of motion
Number of sets 2
Rest in between sets 2–3 min
Recovery time in between training sessions Minimum 48 h
Number of exercise interventions per week 2
Weight increase 1 kg
Weight increase for squats 2 kg
Back extension and twisting crunch First increasing number of reps, then adding another set
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and from baseline to the 3-month

washout (see Supplemental Table 6 for

table showing baseline, intervention,

and washout data for all variables).

In the boys’ intervention group, PAEE
significantly increased by 10% from
baseline to the end of training. The
mean change in PAEE from baseline to
the end of training was significantly
higher in the intervention group com-
pared with the control group. PAEE was

unchanged between the groups from

baseline to 3-month follow-up after

washout period. In the intervention
group, upper and lower body strength
increased by 38% and 36%, re-
spectively, while in the control group
upper and lower body strength in-
creased by 11% and 7%, respectively,
from baseline to the end of training
intervention, the differences between
the groups being highly significant. At
the end of the 3-month washout pe-
riod however, upper and lower body
strength of both groups showed no
significant differences anymore. Age-
corrected LBM slightly increased in

the intervention group from baseline to
the end of training intervention; how-
ever, when comparing the groups, LBM
was unchanged. Age-corrected relative
FM was unchanged across the study
and between the groups.

In girls, PAEE remained unchanged in
both the intervention and control
group throughout the study. The in-
tervention group showed an increase
in upper and lower body strength by
33% and 29%, whereas in the control
group upper and lower body strength
increased by 12% and 9% from base-
line to the end of training intervention.
Again the difference between the
groups was highly significant. After
3-month washout, however, no differ-
ences in upper and lower body strength
between the groups were apparent. At
the end of the training period, age-
corrected LBM showed a non-significant
decrease in the intervention group
(20.1 SDS, +1.1 kg) and a non-
significant increase in the control
group (+0.1 SDS, +2.0 kg), the differ-
ences between the groups being sig-
nificant (P = .02). At the end of training
intervention, relative FM significantly
(P = .03) increased in the intervention
group (+1.0%) compared with the
control group (+0.3%).

Covariable Analysis

Entire group correlation analysis of
baseline variables revealed a positive
correlation between PAEE and chrono-
logical age (r = 0.27, P , .05) and an
even stronger correlation between
PAEE and BA (r = 0.43, P , .05). A sep-
arate gender analysis showed a corre-
lation with BA for boys (r = 0.46, P ,
.001) but not for girls (r = 0.43, P, .05).

After correcting PAEE for BA, the
changes between the groups from
baseline to the end of training in-
tervention and from baseline to 3-
month follow-upwere recalculated. The
results remained unchanged; boys but
not girls significantly increased PAEE.

TABLE 3 Descriptive Statistics Boys

Boys

Intervention Group (N = 32) Control Group (N = 28) P Value

Age, y 12.4 (1.1) 12.2 (1.3) .71
Height, cm 152.9 (8.3) 153.1 (10.5) .93
Height, SDS 0.2 (1.0) 0.3 (1.0) .72
Weight, kg 44.0 (10.2) 42.8 (10.0) .66
Weight, SDS 0.8 (1.7) 0.6 (1.5) .64
BMI 18.6 (2.9) 18.1 (2.5) .44
BMI, SDS 0.4 (1.3) 0.2 (1.1) .52
BA, y 12.2 (1.4) 12.2 (1.7) .89
LBM, kg 32.3 (6.6) 31.9 (6.5) .83
LBM, SDS 21.0 (1.3) 21.0 (1.2) .82
FM, kg 9.4 (4.7) 8.7 (4.5) .59
% FM, SDS 1.2 (0.6) 1.2 (0.6) .62
Arm strength, kg 38.0 (10.6) 37.5 (8.5) .85
Leg strength, kg 115.8 (22.7) 109.5 (17.8) .24
PAEE, kcal/mina 1.03 (0.32) 1.16 (0.30) .11

Data shown are mean (SD).
a N = 30 and N = 26 for boys’ intervention and control group.

TABLE 4 Descriptive Statistics Girls

Girls

Intervention Group (N = 22) Control Group (N = 20) P Value

Age 12.0 (1.1) 11.8 (1.1) .53
Height, cm 152.5 (9.3) 150.0 (7.5) .34
Height, SDS 0.5 (1.2) 0.3 (1.1) .54
Weight, kg 42.0 (8.7) 40.7 (9.7) .64
Weight, SDS 0.5 (1.1) 0.4 (1.3) .97
BMI 17.9 (2.3) 18.0 (3.5) .92
BMI, SDS 0.6 (1.1) 0.7 (1.7) .85
BA, y 12.1 (1.4) 12.3 (1.6) .76
LBM, kg 30.4 (5.7) 28.8 (5.0) .34
LBM, SDS 21.0 (1.1) 21.3 (1.1) .49
FM, kg 9.5 (3.6) 9.9 (5.2) .78
% FM, SDS 0.5 (0.7) 0.6 (0.9) .69
Arm strength, kg 32.7 (7.8) 33.4 (9.0) .80
Leg strength, kg 107.1 (13.4) 104.8 (18.0) .64
PAEE, kcal/mina 0.95 (0.29) 0.95 (0.31) .99

Data shown are mean (SD).
a N = 21 and N = 19 for girls’ intervention and control group.
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We then tested whether the changes of
PAEE frombaseline to theendof training
intervention could be associated with
baseline covariates. PAEE did not cor-
relatewith age, BA, upperor lower body
strength, LBM, or FM at baseline in any
of the groups. At the end of training
intervention only baseline PAEE was
significantly negatively correlated with
changes of PAEE (r =20.45, P, .001).

DISCUSSION

Over the last decades there has been
a continuing reduction in physical fit-
ness in children and adolescents.16–18

Lack of PA increases the risk for obe-
sity, metabolic and cardiovascular
diseases, and orthopedic problems.2

Decreasing PA in children may even
have a negative impact on PA behavior
during adult life as well.19

Our study in healthy schoolchildren
aged 10 to 14 years shows that an in-
dividualized school-based strength-
training program makes boys and girls
stronger and significantly increases
daily spontaneous PA outside the
training intervention in boys.

Recentlywehaveshown inchildrenwho
havePWSwhohaveaprofoundaversion
to PA, as well as in healthy junior ice
hockey players, that individually tar-
geted strength training induces in-
creased spontaneous PA outside of
training.8,9 For the current study, 102
healthy schoolchildren were randomly
placed in 2 groups. The control group
continued 3 PE classes per week,
whereas the intervention group had 2
out of 3 PE classes replaced by an in-
dividualized strength-training program.
At baseline there was no difference in
anthropometry, body composition, and
PAEE between the groups. At the end
of the training intervention, we found
a significant increase of upper and
lower body strength in the intervention
group in boys and in girls. Boys sig-
nificantly increased their PA by 0.11TA
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kcal/min or 10%. Without taking into
account the energy expenditure during
the strength training, the 10% PAEE in-
crease corresponds to a weekly bike
ride of 2.5 hours corresponding to 45
km for a child of 40 kg body weight. In
other words, an individualized school-
based strength-training program in-
creases energy expenditure outside
the intervention by an equivalent of ∼7
kg of body fat corresponding to 10 kg of
chocolate per year.

In our study girls and boys trained to-
gether and qualitatively had the same
strength-training program. Although
the girls were equally motivated and
achieved a comparable increase of
upper and lower body strength, they
showed no increase in spontaneous PA
at the end of the training intervention.
We attribute this gender difference to
the maturational differences between
girls and boys. On average, puberty
beginsat age11years ingirlsandatage
13 years in boys. Most of the girls we
studied were therefore pubertal (mean
BA 12.2 years) in contrast to the boys
whoweremainly prepubertal (meanBA
12.2 years).

Corder et al measured PA behavior
among10-year-oldBritish children (age
10.2 6 0.3 years) and again 1 year
later; PA decreased over 1 year, par-
ticularly among girls and on week-
ends.20 That the onset of puberty may
be responsible for changing patterns
of PA from a child regulation to an adult
one is supported by our previous ob-
servation in junior ice hockey players,
in whom the positive correlation be-
tween training intensity and sponta-
neous PA was lost with the onset of
puberty.12 The regulatory interplay of
factors controlling PA seems to change
from childhood to adulthood. Contrary
to what we described in prepubertal
ice hockey playing boys and school boys,
it seems that exercise interventions in
adults (in particular high-intensity exer-
cise) do not affect spontaneous PA.16–18

In obese adults, induced exercise was
even shown to be negatively compen-
sated by a reduction of spontaneous PA
outside of training hours.21 Future
studies are needed to explore differ-
ences of regulation of PA between
children and adults and to show
whether individualized strength train-
ing increases PA in prepubertal girls.

As expected, LBM and FM did not sig-
nificantly change in boys owing to
strength training. Ingirls the changesof
body composition were also expected;
pubertal girls increase the percentage
of body fat and accrue FM at a rate of
1.14 kg/year.22 The differences between
the groups were statistically signifi-
cant. This may be explained because
the girls in the control group were
closer to the peak of their pubertal
growth spurt; indeed they grew a bit
faster than the girls in the intervention
group (+0.5 cm).

Covariable analysis showed that the
strength-training program was most
efficient for the children who had the
lowest PA. This is in line with our
results in children who have PWS. They
have very low PA and increased their
spontaneous PA in response to
a strength-training intervention by
57%.8 In prepubertal children, less
specific types of strength-training
interventions are also able to in-
crease PA. Sigmund et al showed that
45 minutes more PE including high-
intensity activities such as jumps,
hops, and sprints also increases leisure
time PA.23 The mechanism by which
strength training induces spontaneous
PA remains unclear. There may be an
endocrine signaling coming from the
musculoskeletal system, which is respon-
sible for a positive feedback between
physical strength and PA. However, the
physiologic importance of the homeo-
static control of food intake and body
weight, located in the central nervous
system, is well known as discussed
by Morton et al, for example.24 We

hypothesize that the central control of
energy balance located in the hypo-
thalamic nuclei also integrates infor-
mation about physical capacity and
overall physical strength. It seems that
a new strength status of a person can
induce adaptive adjustments of be-
havioral patterns and may affect ac-
tivity levels directly.

If supervised by a qualified teacher,
strength training is safe as already
shown by others.25 No injuries oc-
curred throughout the study period.
Research increasingly indicates that
strength training might be an optimal
measure for children increasing muscu-
loskeletal health and self-confidence.26,27

Schools are well suited to introduce
children to strength training as they
spend most of their time there and
such activities are also much more
attractive for children if carried out
together with schoolmates. The cost of
the equipment required for strength
training is low.

CONCLUSIONS

Identifying factors related to changes
in PA is an important step in developing
interventions to stop decreases in PA
levels during childhood. This ran-
domized controlled trial shows that an
individualized school-based strength-
training program in prepubertal boys
increases daily spontaneous PA outside
the training. The impact is likely to fade
with the onset of puberty. The girls in
this study showed the same increase in
upper and lower body strength, which
suggests that they were similarly mo-
tivated, but no increase in daily spon-
taneous PA, which may be explained by
their earlier pubertal development.

Further research is needed to un-
derstand the factors that influencePA in
prepubertal and pubertal children and
to find out what adequate training
stimulus is needed to have a lasting
impact on PA behavior.

6 MEINHARDT et al
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