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ABSTRACT
Background/aim Resistance training is an exercise
modality at which overweight and obese adolescents can
excel and which can therefore positively affect their
psychological well-being. The aim of this study was to
determine the effect of a 6-month resistance training
intervention on the self-concept strength and body
composition of overweight and obese adolescent males.
Methods 56 overweight and obese males aged
13–17 years were randomly allocated to an Intervention
(n=30) or Control (n=26) group. Primary ( psychological)
and secondary (strength and body composition)
outcomes were assessed at baseline as well as at 3
(halfway through the intervention), 6 (immediately
postintervention) and 12 months follow-up. Random
effects mixed modelling was used to determine the
effects of the intervention.
Results Statistically signiﬁcant differences between
the Intervention and Control groups were observed at
3-month and 6-month assessments for exercise selfefﬁcacy, resistance training conﬁdence and self-esteem.
Large increases in strength for the Intervention group,
relative to Controls, were also observed with no
substantial changes in body composition shown for
either group. Values for all variables returned to baseline
following completion of the programme.
Conclusions A 6-month resistance training
intervention can positively affect the self-concept and
strength of overweight and obese adolescent boys.

INTRODUCTION

To cite: Schranz N,
Tomkinson G, Parletta N,
et al. Br J Sports Med
2014;48:1482–1488.

About 20–25% of adolescents in Australia are overweight or obese.1 The physical health-related consequences of overweight in this population are well
documented2; however, less attention has been
directed towards psychological impacts.3 4
Typically, aerobic exercise is recommended for
overweight and obese adolescents.5–9 Aerobic exercise, however, does not provide overweight or
obese adolescents with the best chance to compete
evenly with their leaner peers, given the higher
physical and physiological demands placed on them
due to their larger size.10 For this reason, participation in aerobic exercise (especially in front of
others) is usually avoided by overweight and obese
adolescents in the hope that they will not be
further ridiculed by their peers,11 and as such,
adherence and compliance to such programmes can
be problematic.12
Alternatively, resistance training offers a number
of physical health-related beneﬁts, such as

improved body composition and increased
strength.13–21 It is an exercise modality at which
overweight and obese adolescents can excel relative
to their non-overweight peers, given their larger
fat-free mass.10 This success then has the potential
to have a positive effect on their self-concept (or
self-esteem) through improving exercise self-efﬁcacy
(ie, conﬁdence to exercise) and physical self-worth
(ie, self-perception of their physical ability and
appearance).22 23
Despite the potential psychological beneﬁt of
resistance training, we have been unable to ﬁnd a
single study using a resistance training only intervention that has examined its effects on the psychosocial status of overweight and obese adolescents.
Furthermore, only two studies using a resistance
training only intervention employed a randomised
controlled trial design (but did not measure psychosocial outcomes).17 21 The aim of the current
study was to determine the effect of a 6-month
resistance training intervention on the strength,
body composition and self-concept of overweight
and obese adolescent males, using a randomised
controlled trial design. This study was registered
with the Australia and New Zealand Trials registry
(ACTRN12609001078246).

METHODS AND PROCEDURES
Participants
Adolescent male participants, considered to be very
overweight or obese using Cole’s criteria,24 were
recruited from the Adelaide metropolitan area
using a number of different processes (eg, newspaper advertisements, advertisements in school
newsletters and ﬂyers at community places of interest). Very overweight was deﬁned as being above
the mid-point between the age-sex speciﬁc body
mass index (BMI) cut-offs for overweight and
obese (eg, if the age–sex speciﬁc BMI cut-offs for
overweight and obesity were 23 and 25, respectively, then the BMI cut-off for very overweight was
calculated to be 24.0).
Participants who met the following inclusion
criteria were invited to take part: (1) aged
13–17 years at their last birthday; (2) BMI ≥ age–
sex speciﬁc cut-off; (3) Tanner stage ≥2; (4) categorised as a low or moderate risk by the Sports
Medicine Australia screening questionnaire25 or, if
categorised as high risk, obtained a medical clearance from their general practitioner and (5) had no
history of injuries or musculoskeletal conditions.
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Procedures
Orientation session
Prior to baseline assessments, each participant was required to
attend an orientation session run by one of the trainers who was
involved with the 6-month resistance training programme. The
purposes of the orientation session were as follows: (1) to familiarise participants with the machines/exercises they would be
using during their strength assessments and resistance training
programme (if in the Intervention group); (2) to estimate
one-repetition maxima for lower and upper body strength measures, which would be used to guide their strength testing and
(3) to determine a starting load (10-repetition maximum) for
each of the exercises comprising their resistance training programme (if in the Intervention group).

for this scale (in adolescents) are 0.75 and 0.83, respectively.27
Test-retest reliability is very good with intra-class correlation
coefﬁcients ranging from 0.69 to 0.88.28

Physical self-worth
Global physical self-worth was assessed by the Physical
Self-Worth (PSW) scale.29 To minimise socially desirable
responses, the PSW scale uses a four-choice structured alternative format (eg, one scenario presented to participants is as
follows: ‘Some kids are proud of themselves physically’, but
‘Other kids don’t have much to be proud of physically’). Test–
retest reliability in adolescents (over 2 weeks) is very good with
an intraclass coefﬁcient of 0.86.30

Self-esteem
Assessment sessions
Participants were measured at the following four time points
throughout the study: baseline (week following screening and
orientation); 3 (halfway through the intervention); 6 ( postintervention) and 12 months (follow-up, ie, 6 months after completion). All outcome variables (with the exception of DEXA which
the lead author conducted) were conducted by trained research
assistants who were blinded to group allocation. Participants
were randomised (after baseline) to either the Intervention or
Control conditions using a random number generator.
Table 1 shows the outcome variables, the tests used, the measurement points and the time taken per measurement.

Self-efﬁcacy
Exercise self-efﬁcacy was measured by the Exercise Self-Efﬁcacy
questionnaire.26 Participants were required to indicate, using a
ﬁve-point Likert scale, how conﬁdent they were that they could
exercise when faced with different situations (eg, I am tired, my
friends ask me to go out). The internal consistency of the questionnaire in adolescents (for 10 items) is very high (Cronbach’s
α=0.85).26
A modiﬁed version of the Resistance Training Self-Efﬁcacy
and Outcome Expectancy questionnaire27 was used to assess
participants’ conﬁdence and beliefs about resistance training
speciﬁcally, using a ﬁve-point Likert scale. Cronbach’s α values

Table 1 Outcome variables measured at each time point
Type of
Variable

Constructs
measured

Primary

Self-efficacy

Secondary

Physical
self-worth
Self-concept
(self-esteem)
Body
composition
Strength

Measurement
point

Time
3M 6M 12M (min)

Test

B

Exercise Self-efficacy
and resistance
training self-efficacy
and outcome
expectancy
questionnaire
PSW scale

● ●

● ●

●

●

8

SPAA

● ●

●

●

5–10

DEXA
Stature, mass and
skinfolds
1RM Leg and Bench
press

●
● ●

●
●

●
●

20
20

● ●

●

●

30–45

●

●

5

1RM, one repetition maximum; 3M, 3 months; 6M, 6 months; 12M, 12 months;
B, baseline, DEXA, dual energy X-ray absorptiometry; PSW, physical self-worth;
SPAA, self-perception profile for adolescents.
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Self-esteem and its different components were measured by the
Self-Perception Proﬁle for Adolescents (SPPA),31 using the same
four-choice structured alternative format and scoring scale as
the PSW scale. SPPA demonstrates very good internal consistency (Cronbach’s α=0.74–0.92).31 Convergent validity with
grades, peer integration and physical activity participation is
weak to very strong (r=0.21–0.77).32

Body composition
Body mass was measured using the Tanita (Tanita Corporation,
Japan) or SECA (GMBH & Co., Germany) scales and stretch
stature using the Height Measure stadiometer (Invicta Plastics
Ltd., Leicester). Skinfolds were also measured (biceps, triceps,
subscapular, iliac crest, supraspinale, abdominal, front thigh and
medial calf ) to calculate a sum of skinfolds measure, using
Harpenden calipers. Stature, mass and skinfold measurements
were taken using the International Society for the Advancement
of Kinathropometry (ISAK) protocols33 and all research assistants were ISAK Level 2 trained anthropometrists who demonstrated intratester technical errors of measurement of <1.3%
(girths) and <4.5% (skinfolds).
Body composition ( per cent body fat, lean mass and bone
mineral density) was assessed using whole body DEXA scanning
using a Lunar scanner (Lunar Prodigy: Lunar Radiation Corp.,
Madison, Wisconsin). In our laboratory, repeated measures
using DEXA show coefﬁcients of variation for repeated measurements for total body scanning using DEXA, which are as
follows: 2.1% for per cent body fat; 1.5% for fat mass; 2.1%
for lean mass; and 1.3% for bone mineral density. The coefﬁcient of variation for percent body fat relative to the criterion
four-compartment model is 1.6%.34

Strength
Absolute upper and lower body strength was measured by the
one-repetition maximum for the bench (using a Smith machine)
and leg press (using an incline leg press) exercises.
One-repetition maximum testing has been shown to be a safe
measure of absolute strength for adolescents35 with a coefﬁcient
of variation for repeated measures of <7%.15

Intervention
Intervention participants undertook a 6-month resistance training programme in one of two gymnasia, supervised by undergraduates in exercise science who had passed an undergraduate
resistance training course. A maximum participant to trainer
ratio of 4:1 was maintained throughout the study and participants trained with a buddy (another participant from the
Intervention group) where possible.
Schranz N, et al. Br J Sports Med 2014;48:1482–1488. doi:10.1136/bjsports-2013-092209
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The programme consisted of three 75 min sessions per week
on non-consecutive days. Each session included a 10 min
warm-up, 60 min of resistance training, and a 5 min static
stretching cool down. A total of 10 separate multijoint exercises
and single-joint exercises for major muscle groups were trained
during each session. Weight-stacked machines and free-weight
exercises were used, including bench press, leg press, lat pulldown, leg curl (lying or seated), shoulder press (seated), seated
row, biceps curl, triceps pressdown, calf raise (seated) and
abdominal crunch. Table 2 shows the progression of the resistance training programme over a 6-month period. Control participants were instructed to continue with their normal everyday
activities. At completion of their 12-month assessment, all
Control participants were offered a complimentary 3-month
gym membership.

Statistical analysis
Power calculation
With two groups and four measurement points for the primary
outcome variables (exercise self-efﬁcacy, physical self-worth and
self-esteem), a sample size of 17 per group was required to
detect a moderate effect size (Cohen’s d) of 0.5 with 80%
power and α of 0.01 (to allow for multiple comparisons).

baseline, for strength, body composition and exercise self-efﬁcacy
as the mediators. Analysis was run for 3-month (using attendance, as a percentage, after 3 months of the resistance training
programme), 6-month and 12-month assessments (using attendance, as a percentage, at completion of the resistance training
programme). Both direct and indirect effects were calculated.

RESULTS
A total of 56 participants attended baseline testing and were
randomly allocated to the Intervention (n=30) or Control
(n=26) group. They were included in the analysis at all subsequent assessment sessions. Figure 1 shows how participants progressed through the study and how many participants
completed each stage. At completion of the 6-month resistance
training programme, the average attendance of all participants
(who had not dropped out before their 6-month assessment,
n=27) was 74% (ie, an average of 58 of 78 sessions were
attended).
Table 3 shows the descriptive summary statistics for basic physical (age, stature, mass, BMI) data for the Intervention and
Control groups recorded at screening and baseline testing. The
Control group had signiﬁcantly lower scores on the social acceptance and close friends subscales of the SPAA questionnaire.

Statistical procedures
Participants’ demographic data were analysed descriptively.
t Test, Mann-Whitney and χ2 analyses were used to determine if
there were baseline differences between the groups for demographic characteristics. Programme adherence was quantiﬁed as
the percentage of intended training sessions attended.
The effect of the intervention on outcome measures was
determined using random effects mixed modelling (REMM) to
compare mean changes in the key outcome variables between
groups at each measurement point (baseline, 3, 6 and
12 months).36 Sequential Bonferroni correction was applied to
post hoc analyses, and analysis was performed on an
intention-to-treat basis. Using raw descriptive summary statistics,
standardised effect size (ES) changes relative to baseline measures for the Intervention and Control groups were calculated
for all outcome variables at each measurement point along with
the corresponding 95% CIs. Effect sizes were described as very
small (<0.2), small (≥0.2 and <0.5), moderate (≥0.5 and
<0.8) or large (≥0.8).37
Mediation effect analysis38 was run (for the Intervention
group only) to determine whether changes in the primary
outcome variables were mediated by changes in strength and/or
body composition. The independent variable was training attendance, the dependent variables were the calculated change scores
relative to baseline, for exercise self-efﬁcacy, physical self-worth
and self-esteem with the calculated change scores relative to

Psychological outcomes
Table 4 shows the REMM analysis results for all psychological
outcomes. For all questionnaires and their subscales, a higher
score (or positive ES change) indicates higher self-efﬁcacy/conﬁdence or beliefs/self-perception.
For exercise self-efﬁcacy, there were large and statistically signiﬁcant differences between the Intervention and Control
groups (for raw scores) at 3 and 6 months (ES: 0.88 and 0.83,
respectively; table 4 and ﬁgure 2) with the results in favour of
the Intervention group. There were no statistically signiﬁcant
differences between the Intervention and Control participants
for resistance training beliefs; however, there were large and
statistically signiﬁcant differences between the two groups (for
raw scores) at 3, 6 and 12 months for the resistance training
conﬁdence subscale (ES: 0.90, 0.93 and 0.97, respectively;
table 4 and ﬁgure 2).
Positive trends relative to baseline measures were shown for
both groups for physical self-worth; however, there were no
statistically signiﬁcant differences between the Intervention and
Control participants (table 4 and ﬁgure 2). There were moderate
to large and statistically signiﬁcant differences (ES: 0.57
and 0.86) between the Intervention and Control groups (for
raw scores) at 3-month assessments and 6-month assessments,
respectively, for global self-esteem, in favour of the Intervention
group (table 4 and ﬁgure 2).

Table 2 Progression of the 6-month resistance training programme

Phase

Weeks

Focus

Sets×reps

Rest (sets/
exercises;
min/min)

Initial

1

Proper lifting
technique
Proper lifting
technique
Increase in
strength

1×8–12

NA/2

2×8–12

1/2

3×8–12

1/2

2
Improvement

3–26

Intensity/load
Constant-concentric failure within prescribed rep range (10RM as
determined at orientation).
Constant—concentric failure within prescribed rep range (10RM as
determined at orientation).
Participants increased load by a minimum of 2.5%45 once able to perform
3 sets of 12 reps per exercise comfortably and with good form

Rep tempo
(ecc:conc; s:s)
2:2
2:2
2:2

conc, concentric contraction; ecc, eccentric contraction; rep, repetitions; RM, repetition maximum.
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Figure 1 Flow chart of how participants progressed through the study and how many participants completed each stage.

Body composition
Table 5 shows the REMM analysis results for body composition
outcomes. Increases are considered to be negative, with the
exception of lean mass, where an increase is a positive result.
There were no statistically signiﬁcant differences between the
Intervention and Control groups for any of the body composition outcomes (table 5).

Strength
Table 6 shows the REMM analysis results for strength, with an
increase (ie, a positive ES change) considered to be a positive
result. There were moderate to large and statistically signiﬁcant
differences (for raw scores) between the Intervention and
4 of 8

Control participants at 3 months for leg press (ES: 0.96) and at
6 months for bench and leg press (ES: 0.65 for both measures)
in favour of the Intervention group (table 6 and ﬁgure 3).

Mediation analysis
There were no signiﬁcant indirect effects at 3, 6 or 12 months
for any of the primary outcome variables. In addition, there
were no consistent relationships shown for any of the direct
effects.

DISCUSSION
In this study, a 6-month resistance training intervention for overweight and obese adolescent males had a moderate-to-large
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Table 3 Descriptive summary statistics for age and basic physical
data recorded at baseline assessment

Age
Stature
Mass
BMI

Intervention group
(n=30)

Control group (n=26)

Mean

SD

Mean

SD

14.9
173.9
97.7
32.2

1.4
5.7
18.3
4.3

15.1
173.4
99.1
32.6

1.6
10.0
23.7
5.0

Note: There were no statistically significant physical differences between the
Intervention and Control groups for any descriptive summary data at baseline testing.
BMI, body mass index.

effect on exercise self-efﬁcacy, resistance training conﬁdence,
self-esteem and strength relative to controls and no substantial
effect on body composition. However, the statistically signiﬁcant
between-group differences observed during the 6-month training period were not apparent at 12 months. Changes in psychological outcomes were not mediated by changes in strength or
body composition. In relation to strength and body composition, these results are similar to those of previous studies that
have used a resistance training intervention,14–21 39 with very
small to small and non-signiﬁcant effects shown for body composition and moderate-to-large effects shown for strength.
While no previous studies have examined the effects of resistance training on psychological outcomes for overweight and
obese adolescents, there are studies that have examined these
effects on the general population.40 41 A study conducted by
Valez et al40 recruited 15 Hispanic adolescents to take part in a
resistance training intervention three times a week for 12 weeks,
while a study run by Morgan et al41 recruited 50 ‘low active’
adolescent boys (attending low socioeconomic status schools) to
participate in a 6-month school-based multicomponent

Table 4 Psychological REMM results table
Outcome
Exercise
self-efficacy

RT beliefs

RT
confidence

Physical
self-worth

Global
self-esteem

Intervention Control
p
Time Mean (SD)
Mean (SD) Time
B
3M
6M
12M
B
3M
6M
12M
B
3M
6M
12M
B
3M
6M
12M
B
3M
6M
12M

3.11
3.69
3.57
3.18
4.09
4.14
4.12
4.10
3.71
4.19
4.14
4.10
2.05
2.48
2.51
2.40
2.63
2.76
2.90
2.79

(0.70)
(0.66)
(0.64)
(0.90)
(0.42)
(0.50)
(0.57)
(0.51)
(0.57)
(0.57)
(0.50)
(0.47)
(0.53)
(0.68)
(0.66)
(0.54)
(0.56)
(0.51)
(0.54)
(0.57)

3.19
3.09
2.99
3.21
4.11
4.17
4.19
3.94
3.57
3.69
3.60
3.60
2.15
2.25
2.29
2.44
2.45
2.44
2.43
2.50

p
p
Group Group×time

(0.66)
0.11 0.10
(0.69)
(0.77)
(0.55)
(0.35)
0.35 0.81
(0.41)
(0.37)
(0.34)
(0.45) <0.01 <0.01
(0.54)
(0.66)
(0.55)
(0.54) <0.01 0.52
(0.55)
(0.57)
(0.57)
(0.55)
0.50 0.04
(0.60)
(0.55)
(0.55)

0.67
<0.01
<0.01
0.75
0.90
0.90
0.53
0.13
0.35
<0.01
<0.01
<0.01
0.53
0.09
0.13
0.57
0.23
0.05
0.01
0.24

Note: Descriptive summary data are raw scores and those p values in italics show
significance (p<0.05) after Bonferroni correction.
3M, 3 months; 6M, 6 months; 12M, 12 months; B, baseline; REMM, random effects
mixed modelling; RT, resistance training.

intervention with a focus on resistance training. Both studies
assessed the same psychological outcomes as those in this study
utilising the same assessment tools. Small to large improvements
in physical self-perceptions were reported with signiﬁcant
changes (relative to Controls) shown for physical self-worth (ES:
0.33)41 and global self-worth (or self-esteem) (ES: 1.04).40
Moderate and statistically signiﬁcant changes (relative to
Controls) were also reported for resistance training self-efﬁcacy
at the completion of the 6-month intervention period (ES:
0.75).41 These results are comparable to those reported in this
study.
Self-concept (measured by self-esteem) is a multidimensional
hierarchical construct that can be modiﬁed by many factors.22
Given the structure of self-concept and the Exercise Self-Esteem
Model (ie, changes in self-efﬁcacy will affect changes in physical
self-worth and then self-concept),42 one could speculate that
changes in direct measures (strength and body composition)
would directly inﬂuence self-efﬁcacy through the mastery of
skill, which could then ﬂow on to positively affect physical selfconcept. Ultimately, these changes could have an effect on selfconcept if the stimulus was applied for long enough (ie, at least
6 months).23 This study did not support this model as there
were no substantial changes in body composition, and the
changes in the primary psychological outcomes (self-efﬁcacy,
physical self-worth and self-esteem) were not mediated by
changes in strength. Why then did the psychological proﬁles of
participants improve during the programme?
Global self-concept can also be inﬂuenced by one’s emotional
and social concept, which are alongside physical self-concept in
the hierarchical model.22 Therefore, at the speciﬁc situational
level, having a positive effect on one’s social interaction (with
peers and signiﬁcant others) and emotional state could potentially have the same positive ﬂow-on effects for global selfconcept.22 Therefore, it is feasible to suggest that the same
improvements in psychological outcomes could occur for any
intervention as long as positive social interactions are experienced. However, this is unlikely given that there were improvements in exercise self-efﬁcacy and physical self-worth, not just
self-esteem. Even though these changes were not mediated by
changes in strength or body composition, the participants still
perceived that their strength and appearance improved and
without these improved self-perceptions, the overall enhancement in self-esteem may not have resulted. We recommend that
future studies investigating the effect of any exercise intervention on psychological well-being include a non-exercise placebo
group, which mirrors the social interaction experience of the
Intervention group, to determine whether similar effects on psychosocial outcomes are observed.

Strengths and limitations
Only a handful of other studies targeting overweight and obese
adolescents have used a resistance training only intervention
strategy.14–21 39 In comparison to these, this study exhibited a
number of strengths. First, a randomised controlled trial design
was employed, which provides the strongest level of evidence
when examining the effects of an intervention.43 Second, this
study has examined the effects of resistance training on the
largest sample of overweight and obese adolescents until now,
and the duration of the intervention programme and the
volume of training prescribed to participants surpasses that of
previous studies. This study also assessed participants at midintervention and at a 6-month follow-up which has not been
previously performed.
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Figure 2 Effect size change scatterplots for the psychological outcomes. Note: Dotted lines show the thresholds for small, moderate and large. ES,
effect size; RT, resistance training; #, signiﬁcant difference ( p<0.05) between the Intervention and Control groups (raw scores) at a given time point;
*, signiﬁcant difference ( p<0.05) between the Intervention and Control groups (raw scores) at a given time point after Bonferroni correction.
This study is the ﬁrst to examine the effects of resistance
training on the psychological well-being of overweight and
obese adolescent males. The tools used to assess psychosocial
variables included various subdomains to ensure that the multifaceted nature of global self-concept and physical self-worth was
examined. While the effects of resistance training on body composition and strength have been widely examined, this study has
employed both criteria and indirect measures to capture a more
complete picture (eg, one-repetition maximum testing, DEXA
and physical measures).

Stereotypically, resistance training is a masculine activity that
may improve self-perception in adolescent boys at a stage in
their lives when they are constructing their identities.44 It was
therefore thought that recruitment and adherence to the programme would be better with an all-male cohort. The recruitment of only adolescent males means that the effect of
resistance training on the psychological well-being of overweight
and obese adolescent females is still unknown. This study is also
limited by the lack of a control group experiencing social interaction that can positively inﬂuence psychological well-being.

Table 5 Body composition REMM results table
Outcome

Time

Intervention
Mean (SD)

Control
Mean (SD)

Mass (kg)

B
3M
6M
12M
B
3M
6M
12M
B
3M
6M
12M
B
6M
12M
B
6M
12M

96.0
98.6
100.5
99.3
31.8
31.9
32.1
31.9
266.2
262.3
253.3
249.4
42.5
41.0
40.0
53.8
56.2
56.1

97.0 (21.5)
99.2 (25.4)
100.5 (26.3)
104.7 (27.1)
32.3 (4.8)
32.3 (5.5)
32.5 (5.7)
33.5 (6.4)
263.6 (77.0)
260.6 (75.3)
250.6 (81.1)
248.1 (96.9)
41.4 (6.5)
39.5 (7.6)
36.4 (9.0)
53.5 (10.1)
55.96 (10.1)
58.2 (11.0)

BMI (kg/m2)

Sum of skinfolds (mm)

Percentage of body fat

Lean mass (kg)

(15.9)
(18.1)
(18.6)
(16.6)
(3.7)
(4.0)
(4.3)
(4.5)
(80.1)
(67.6)
(71.9)
(72.9)
(5.8)
(6.0)
(5.7)
(8.7)
(8.3)
(5.9)

p Time

p Group

p Group×time

<0.01

0.69

0.08

0.56

0.06

0.86

<0.01

0.78

<0.01

0.64

0.76
0.77
0.74
0.51
0.72
0.76
0.62
0.26
0.97
0.92
0.89
0.67
0.73
0.84
0.83
0.78
0.55
0.61

Note: Descriptive summary data are raw scores and those p Values in italics show significance after Bonferroni correction.
3M, 3 months; 6M, 6 months; 12M, 12 months; B, baseline; BMI, body mass index; REMM, random effects mixed modelling.
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Table 6 Strength REMM results table
Outcome

Intervention Control
Time Mean (SD)
Mean (SD)

1RM bench B
press
3M
6M
12M
1RM leg
B
press
3M
6M
12M

43.8
57.9
64.7
58.8
230.1
370.2
385.0
363.5

(12.7)
(14.8)
(16.9)
(16.7)
(66.2)
(105.2)
(111.4)
(114.8)

p
Time

p
p
Group Group×time

46.0 (15.2) <0.01 0.34
51.5 (17.0)
53.5 (17.4)
59.1 (18.1)
221.9 (84.3) <0.01 0.02
281.6 (71.1)
317.5 (91.9)
343.1 (89.7)

0.44
0.25
0.02
0.42
0.83
<0.01
<0.01
0.13

obese adolescents, as this study has shown that once the stimulus has been removed, participants typically return to baseline.
The mechanisms behind how exercise participation can improve
the self-concept of overweight and obese adolescents need
further examination, and the inclusion of sustainable community or school-based programmes are imperative if any improvements in strength and self-concept are to be maintained.

What are the new ﬁndings?
▸ A 6-month resistance training intervention has a
moderate-to-large effect on the exercise and self-esteem of
overweight and obese adolescent males, relative to Controls.
▸ Changes in psychological outcomes were not mediated by
changes in strength and body composition.
▸ At the12-month follow-up, all positive changes had returned
to baseline.

Note: Descriptive summary data are raw scores and those p values in italics show
significance after Bonferroni correction.
1RM, one repetition maximum; 3M, 3 months; 6M, 6 months; 12M, 12 months; B,
baseline; REMM, random effects mixed modeling.

CONCLUSION
A 6-month resistance training intervention can positively affect
certain aspects of self-concept and the strength of overweight
and obese adolescent males but appears not to substantially
affect body composition. Upfront, these results seem quite
straightforward and positive. However, further research is still
needed if we want to have a signiﬁcant and lasting impact on
the physical and psychological well-being of overweight and

How might it impact on practice in the near future?
▸ The inclusion of resistance training in sustainable community
or school-based programmes to maintain positive changes
in psychological outcomes.
▸ Highlights the importance of including a non-exercise
placebo group to evaluate the social interaction impact on
self-concept.
▸ Shows that there is a need to design sustainable
programmes that can have a positive effect on not only
psychological outcomes but also physical outcomes such as
body composition.
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Figure 3 Effect size change scatterplots for strength. Note: Dotted
lines show the thresholds for small, moderate and large. 1RM, one
repetition maximum, ES, effect size; #, signiﬁcant difference ( p<0.05)
between the Intervention and Control groups (raw scores) at a given
time point; *, signiﬁcant difference ( p<0.05) between the Intervention
and Control groups (raw scores) at a given time point after Bonferroni
correction.
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