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We are pleased to present this special issue. As we noted in
our call for papers for this special issue,
the volume of exercise science research increases
every year; however, it is disappointing to note
that exercise prescription has continued to follow
the same guidelines for many decades. Have we
not uncovered any new findings that would make
exercise prescription more efficient and overcome
many of the purported barriers to participation?
Is there no evidence to help health professionals to
adequately choose and design exercise program for
specific outcomes?
Physical inactivity is considered one of the most important public health problems of the 21st century [1]. Indeed,
mortality due to physical inactivity is as high as tobacco
smoking [2]. The failure to reach minimal amounts of
physical activity decreases life expectancy by 3–5 years [3]
and increases the risk of cancer, heart disease, stroke, and
diabetes up to 30% [3, 4]. Despite its effect in prevention,
exercise has also an important role in treating diseases, being
considered as a polypill, due its wide positive effects [5].
Regular practice of exercise contributes to body mass control,
improvement in muscle health, and reduction on body fat
percentage. Nevertheless, the prevalence of sedentarism is
alarming [6] and the percentage of overweight and obese
people is increasing [7].
It is important to recognize that the positive effects of
exercise are null if people do not engage with it and if the
programs engaged with do not produce improvements in the
desired outcomes [8, 9]. In this sense, we expect that this
special issue can improve our knowledge concerning different

aspects of the relationship between exercise, health, and
disease. Here we present seven articles which have considered
varied exercise approaches across a range of populations,
both healthy and diseased, and in varied contexts.
Contributions from A. Wittke et al., W. D. N. Santos et
al., and J. Steele et al. have considered applications of resistance training exercise in both healthy (middle-aged males
and elderly adults) and diseased populations (breast cancer
survivors). They have provided insight into the applications of
resistance training (application of progressive high effort), its
effects in combination with supplementation (protein), and
both the positive outcomes and risk of adverse effects in a
clinical population (breast cancer survivors).
Work from C. Ranucci et al., T. Dalager et al., and
L. Fox et al. have also offered insights into “real world”
multidisciplinary approaches to exercise. C. Ranucci et al.
report the positive effects of a family-based multidisciplinary
approach to improving health status, nutrition habits, and
physical performance in overweight and obese children or
adolescents. T. Dalager et al. showed the implementation
of “Intelligent Physical Exercise Training” compared with
moderate intensity physical activity on a workplace setting
upon musculoskeletal health. Further, L. Fox et al. provide
important “real world evidence” on quantitative and qualitative data feedback from men with prostate cancer who had
undergone a structured exercise intervention.
Lastly, S. C. E. Schmidt et al. report on the results of an
important 18-year longitudinal study examining the effects
of physical activity types, fitness, and health in adults. They
report key findings regarding the role of type of physical
activity upon fitness and health, as well as the impact of
confounding sociodemographic factors.
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We hope that the contributions from authors in this
special issue serve to aid in enhancing specific exercise
prescription in a range of populations and that they also
stimulate further interest and work in advancing our understanding of exercise in both health and disease.
Paulo Gentil
Fabrı́cio Boscolo Del Vecchio
James Steele
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Purpose. To assess effects of 1-year Intelligent Physical Exercise Training (IPET) on musculoskeletal health. Methods. Office workers
were randomized 1 : 1 to a training group, TG (𝑁 = 193), or a control group, CG (𝑁 = 194). TG received 1 h supervised high intensity
IPET every week within working hours for 1 year and was recommended to perform 30 min of moderate intensity physical activity
for 6 days a week during leisure. The IPET program was based on baseline health measures. Results. No baseline differences were
present. An intention-to-treat analysis showed significant between-group effect for muscle strength but not for musculoskeletal
pain. However, a per-protocol analysis of those with an adherence of ≥70% demonstrated a significant between-group effect for neck
pain during the past three months. Several significant within-group changes were present, where TG and TG ≥ 70% demonstrated
clinically relevant pain reductions whereas minimal reductions were seen for CG. Conclusion. IPET and recommendations of
moderate intensity physical activity demonstrated significant between-group effect on muscle strength. Interestingly, significant
within-group reductions in musculoskeletal pain were seen not only in TG but also in CG. This may underlie the lack of such
between-group effect and shows that a possible positive side effect of merely drawing attention can improve musculoskeletal health.

1. Introduction
During the past decades evidence has emerged that physical
activity and fitness are associated with decreased mortality
and positive health outcomes [1–4]. Despite this, most adult
people in the Western World are insufficiently active, that is,
not meeting the international recommendations of moderate
to vigorous activity [5, 6]. In addition, due to a technological
evolution we are facing an increased sedentary workforce
[1] that is illustrated by the fact that as much as 27% of
European workers are sitting all or most of the time of
a workday [7]. Such lifestyle prompts low muscle strength
and cardiorespiratory fitness and has consequences that
among others are high prevalence of musculoskeletal pain. In
Europe musculoskeletal pain accounts for approx. 40% of all
occupational diseases and is considered a growing problem
[8]. The presence of musculoskeletal pain has been associated
with reduced quality of life for the individual, decreased
productivity and increased sickness absence at the workplace,
and economic consequences for the society [8–10]. Thus, it

is essential to identify strategies that can counteract these
potential health problems.
The workplace has been suggested as a specially prioritized arena for health promotion, as it provides an opportunity to reach a large and diverse population and engage
individuals who might not otherwise have time and/or face
other obstacles to participate in physical activity [11, 12].
Studies have already pinpointed positive effects of workplace
interventions promoting health and physical activity on
improvements in physical fitness as well as reductions in
sickness absenteeism, job stress, and musculoskeletal pain
[10, 13–15]. Strong evidence was found for relieving upper
extremity musculoskeletal pain by implementing strength
training [16].
As the workplace involves a large and diverse population, not all employees may benefit from the same training
program. Despite the same occupational exposure, there
are individual differences regarding physical capacity and
health issues that also need to be accounted for in a health

2
promoting physical exercise training program. Therefore, we
have developed a physical activity concept termed Intelligent
Physical Exercise Training (IPET). For each employee at the
workplace, we have designed individually tailored physical
exercise training by balancing the occupational exposure with
the individual’s physical capacity and health risk indicators
[17]. The training regimen combines various forms of physical exercise training to improve cardiorespiratory fitness,
individual health risk indicators, and musculoskeletal health
based on relevant baseline health check.
The aim of the present paper was to investigate effects
on musculoskeletal health. Changes in muscle strength and
musculoskeletal pain were monitored after a one-year intervention with one weekly hour of supervised high intensity
IPET at the workplace combined with recommendations of
leisure time physical activity. Based on a number of earlier
findings [14] we tested the one-sided hypotheses that muscle
strength increased and pain decreased with this physical
exercise training intervention.

2. Materials and Methods
2.1. Study Design. The present paper presents secondary
analysis of a randomized single-blinded parallel controlled
trial conducted in Denmark from May 2011 to March 2014.
Primary outcome analysis, one-year change in cardiorespiratory fitness, has been published previously and demonstrated,
for example, a significant increase in maximal oxygen uptake
[18]. The protocol for this study has been presented in detail
regarding recruitment procedure and outcome measures [17].
In short, office workers were recruited from six different
companies located across Denmark: two private companies,
two public municipalities, and two national boards. The
enrolment was sequential in six strata from May 2011 to
March 2012 with baseline, one-year, and 2-year follow-up
measurements.
Participants were assigned an arbitrary ID number by an
authorized member of the technical staff to ensure allocation concealment. When all the participants had completed
baseline measurements, they were individually randomized
within each company using the identification number and a
random number computer algorithm.
Due to the content of the intervention, physical exercise training, participants, instructors supervising the IPET
intervention, and health ambassadors could not be blinded
to group allocation. The examiners performing the health
checks were blinded to each participant’s group allocation
and at follow-up testing, the participants were told not to tell
the examiners the group to which they were allocated. All test
personnel and investigators involved in data treatment were
blinded to the randomization.
All participants were informed about the purpose and
content of the project and gave written informed consent
to participate in the study. The study was conducted in
accordance with the CONSORT statement [19] and conformed to The Declaration of Helsinki and approved by the
Local Ethical Committee of Southern Denmark (S-20110051).
The study qualified for registration in ClinicalTrials.gov
(NCT01366950).
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2.2. Subject Recruitment. Office workers who worked ≥25 h
per week within an office environment were eligible and
were invited by e-mail containing a link to an Internetbased questionnaire regarding working conditions, health
behavior, musculoskeletal pain, and physical activity level.
Exclusion criteria were (a) cardiovascular disease, chest pain
during physical exercise, myocardial infarction (lifetime history), stroke, severe musculoskeletal disorders, symptomatic
herniated disc, and other severe disorders of the spine,
postoperative conditions, or lifetime history of severe trauma
and (b) pregnancy. Exclusion was based on questionnaire
replies and baseline health check. A total of 1.343 employees
were invited; 395 accepted the invitation and were assessed
for eligibility. Eight females were excluded due to pregnancy
and a total of 387 participants were randomized to either
TG (𝑛 = 193) or CG (𝑛 = 194). See Figure 1 for flow of
participants.
2.3. Intervention. The participants in CG received no workplace physical exercise training or other information regarding recommended leisure time physical activity but were
encouraged to maintain their lifestyle as usual. The participants in TG were to follow the training intervention that was
based on the theoretical framework of IPET. Each participant
in TG received an individually tailored exercise training
program based on outcome measures of the baseline health
check and questionnaire data [17].
In short, the exercise training program was performed
during working hours, at or near the workplace. The program
lasted one hour a week for 2 years, the first year was fully
supervised, and, during the second year, monthly supervision
of a weekly training session was provided. The present paper
only presents one-year effects.
Strength training was included based on measures of
baseline muscle strength, balance test, core and neck/
shoulder stability, and pain intensity in specified body
regions. For each measure, cut-off points were identified to
allocate individual training modes, duration, and intensity
[17].
For each training session, 10 min was allowed for getting
to and from the training area. The first 20 min was for all
participants allocated to cardiorespiratory fitness training,
including 10 min warm-up, due to office workers’ sedentary
working condition. Hereafter, for the last 30 min each participant trained his or her specific exercises according to the individual training program provided. The individualized IPET
programs were composed following the guidelines from the
American College of Sports Medicine [6], as well as specific
strength training exercises for the neck and shoulder region
[20, 21]. Participants performed 3 sets of 8 repetitions with an
intensity of 60–80% of one repetition maximum, though for
neck and shoulder exercises intensity was to pain limits or as
heavy as possible with proper technical execution. In total,
32 individual training programs were developed, of which
nine covered more than 85% of the participants’ needs, most
of which included neck/shoulder strength training and extra
cardiorespiratory training. Examples of exercises for strength
training were for neck and shoulders: shrugs, reverse flies,
1-arm row, and lateral raise. For large muscle groups: bench
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Assessed for eligibility N = 1.341 and accepted participation N = 395

Enrollment

Accepted participation N =
Accepted participation N =
Accepted participation N =
Accepted participation N =
Accepted participation N =
Accepted participation N =

Company A: assessed N = 116
Company B: assessed N = 223
Company C: assessed N = 469
Company D: assessed N = 196
Company E: assessed N = 195
Company F: assessed N = 142

Randomized N = 387

41
107
104
53
42
48

Excluded (N = 8)
Not meeting inclusion criteria
(pregnancy) (N = 8)

Allocation
Allocated to training group N = 193

Allocated to control group N = 194

Follow-up
Lost to follow-up N = 63 (33%)

Lost to follow-up N = 64 (33%)
(i) Left job N = 37
(ii) Dismissed N = 2
(iii) Lack of motivation N = 4
(iv) Did not answer the questionnaire N = 21

(i) Left job N = 36
(ii) Dismissed N = 2
(iii) Lack of motivation N = 3
(iv) Did not answer the questionnaire N = 22

Analysis
Analysed ITT N = 193

Analysed ITT N = 194

Analyzed per protocol (；＞Ｂ？Ｌ？Ｈ＝？ ≥ 70%) N = 89

Analyzed per protocol N = 194

Figure 1: Flow-chart, updated from Sjøgaard et al. 2014 [17].

press, lunges, squat, and pelvic lift. For low back and core
stability: basic and side plank, back extension, and diagonal
raise. The exercises could vary depending on the available
equipment or individual preferences, but the chosen exercise
targeted the specific muscle group. The instructor, who was
a sports science based exercise training specialist, assessed
training intensity for each participant at the end of every
training session using the Borg scale (Rating of Perceived
Exertion (RPE 6–20)) [22]. Target training intensity was RPE
14–17 for every training session.
In addition to the workplace intervention, participants
in TG were encouraged by health ambassadors to engage in
moderate physical activity (64–76% HR max, RPE 12-13) for
six days a week during leisure time or a minimum of three
hours weekly. Health ambassadors were appointed for every
10–15 employees by the company’s middle managers. The
appointed health ambassadors participated in the training at
the workplace but were not included in the randomized TG.

2.4. Data Collection. All measurements at baseline were
performed before the randomization and repeated after one
and two years. Besides demographics and information on
weight, height, body mass index, and body fat%, the following
health variables constituted the data for the present paper.
2.4.1. Muscle Strength. Maximal isometric muscle strength
was measured with Bofors MODEL dynamometer (Bofors
Elektronik, Karlskoga, Sweden) mounted in a reproducible
standardized setup for four tests: back extension, abdominal
flexion, shoulder elevation, and arm abduction [23]. In short,
for back extension and abdominal flexion, the participant
was standing in an upright position, with relaxed arms, and
with a strap attached to a strain gauge dynamometer around
the shoulders at the level of deltoid insertion. The pelvis
was placed against a plate with the upper edge aligned with
the iliac crest. The participant was instructed to tighten the
core muscles and with maximal strength bend backward
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and forward, respectively. For shoulder elevation and arm
abduction, the participant was seated in a standardized chair
with the back vertical and no floor contact with the feet.
The head was positioned anatomically neutral. For shoulder
elevation two force dynamometers were placed bilaterally
above the shoulders one cm medially to the lateral edge of the
acromion, and the participant was instructed to elevate the
shoulders with maximal strength. For shoulder abduction,
elbows were bent 90 degrees and two force dynamometers
were placed bilaterally proximal to the lateral epicondyle, and
the participant was instructed to abduct the upper arms with
maximal strength. In every test the participant completed
three maximal voluntary contractions (MVC) with at least
a 30 s break between tests (if the 3rd MVC was 5% higher
than the first or second test the participant was instructed
to perform another test with a maximum of five tests). The
highest value was registered and reported in Newton (N) [23].
2.4.2. Musculoskeletal Pain. Musculoskeletal pain in lower
back, upper back, neck, and shoulders was measured using
the validated Nordic Musculoskeletal Questionnaire [24]. For
each site, participants were asked “how many days have you
experienced pain in your [body part] during the last three
months?” Response categories were (1) 0 days, (2) 1–7 days,
(3) 8–30 days, (4) >30 days, or (5) every day. In addition,
the participants rated their pain intensity, “on average, how
intense was your pain in [name of body part] during the past
three months/past seven days?,” on a 10-point numerical box
scale ranging from 0 (no pain) to 9 (worst possible pain) [24].
A pain index of the past three months, ranging from 0
to 100%, was calculated for all subjects not lost to followup. Additionally 11 participants were excluded from this
analysis because not all the required questions for the index
calculation were answered, resulting in a total of 261 subjects
included (130 for TG, 131 for CG, and 75 for TG ≥ 70%). The
pain index was calculated as average normalized values of the
four above-mentioned body regions, as the sum of intensity
and duration with equal weight. For duration, answers were
recorded as follows: 0 days = 0, 1–7 days = 4, 8–30 days = 19,
>30 days = 60, and every day = 90. Zero equals 0% and 90
equals 50%. For intensity, 0 on the scale of 0–9 equals 0% and
9 equals 50% [25].
2.5. Adherence. Attendance to the weekly supervised training
sessions at the workplace for the TG was recorded by the
instructor and applied to calculate adherence, defined as the
number of attended training sessions out of possible training
sessions within the one-year intervention. For a per-protocol
analysis, we defined an inclusion criterion to be an adherence
in the training sessions performed at the workplace of ≥70%
[26].
2.6. Statistics. The statistical analyses were based on an
intention-to-treat (ITT) approach using STATA version 14.
Missing values in either baseline or follow-up measurements
were substituted with data carried forward or backward.
When measurements had missing values in both baseline and
follow-up measurements, these were replaced by means of
each respective group. Nonparametric testing was applied,
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as data did not meet the assumption of normal distribution.
Differences in the baseline characteristics were examined by
either a Chi square test or Mann–Whitney test depending on
type of data. Analyses of intervention effects were performed
using the Mann–Whitney test on delta values (follow-up
values minus baseline values). Within-group changes were
analyzed using the Wilcoxon signed rank test. In addition, a
per-protocol analysis (PP) was performed for those participants in TG who had an adherence of minimum 70% (TG
≥ 70%) and including all participants in CG. ITT and PP
analyses were performed both for the group of all participants
and for the group of participants being a pain case at
baseline (intensity ≥ 3). With a logistic regression model,
we also analyzed changes in symptom status in terms of the
proportion of participants who was a “no pain case” at followup, adjusted for baseline status. The statistical significance
level was set to 0.05. Tests of one-sided hypotheses were
deemed significant if a two-sided 𝑃 value was less than 0.1.

3. Results
3.1. Baseline Characteristics. At baseline, there were no differences in demographics between TG and CG or between TG
≥ 70% and CG (Table 1). Mean ± SD for age was 44 ± 10 years,
74% were females, and participants had an average body mass
index of 25.4 ± 5.1 kg/m2 . No differences were present for
muscle strength. For musculoskeletal pain symptoms, there
were no differences except for a small difference in low back
pain in the past seven days between TG and CG.
3.2. Intervention Effects. At follow-up, 28% in TG and 30% in
CG were lost to follow-up (Figure 1). The overall adherence
for TG was 56 ± 29% corresponding to 29.2 training sessions.
No difference between companies or between sexes regarding
adherence was present. The 89 participants in TG ≥ 70% had
a mean adherence of 80 ± 8% corresponding to 41.7 training
sessions. In total, 77% of the participants in the TG were
offered specific exercises for the neck and shoulders (ranging
from 10 to 20 minutes) and 65% were offered core stability
exercises (ranging from 5 to 20 minutes). One hundred
and four participants (54%) were allocated to both types of
training.
The ITT analysis showed statistically significant larger
changes in TG for muscle strength compared with CG.
Changes are shown as delta values in Table 2. No significant
differences in changes were present between TG and CG for
any of the musculoskeletal pain variables. Likewise, when
comparing pain cases, no significant differences in changes
were present between TG and CG (Table 3).
In the PP analysis, TG ≥ 70% demonstrated statistically
significant larger increases in muscle strength compared with
CG (Table 2). In addition, TG ≥ 70% improved neck pain
in the past three months significantly compared with CG.
Likewise, pain cases among TG ≥ 70% significantly improved
neck pain in the past three months and left shoulder pain
in the past three months and seven days compared with CG
(Table 3).
Additionally, within-group changes occurred. TG significantly increased muscle strength except for right arm
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Table 1: Baseline characteristics. Data are shown as mean ± SD except for proportion of females. 3 mt = 3 months. 7 d = 7 days. TG = training
group, TG ≥ 70% = participants in TG with an adherence of ≥70%, and CG = control group. ∧ = significant difference between groups.
TG
(𝑛 = 193)

TG ≥ 70%
(𝑛 = 89)

CG
(𝑛 = 194)

TG versus CG

TG ≥ 70% versus CG

Females (%)

73.1

69.7

74.7

0.729

0.388

Age (years)

44.0 ± 11.0

45.0 ± 11.0

45.0 ± 10.0

0.265

0.863

Height (cm)

171.0 ± 8.9

171.3 ± 9.1

170.3 ± 8.5

0.429

0.398

Weight (kg)

74.1 ± 16.1

74.7 ± 16.8

74.2 ± 17.1

0.834

0.723

Fat (%)

28.9 ± 8.9

28.8 ± 8.6

29.3 ± 8.8

0.646

0.647

25.3 ± 5.0

25.4 ± 4.7

25.5 ± 5.2

0.759

0.989

Back extension (N)

534.3 ± 166.0

552.6 ± 166.3

535.8 ± 165.4

0.941

0.407

Abdominal flexion (N)

460.1 ± 145.0

473.0 ± 145.9

461.2 ± 151.1

0.958

0.479

Right shoulder elevation (N)

492.0 ± 163.4

504.8 ± 161.4

491.4 ± 187.6

0.421

0.336

Left shoulder elevation (N)

479.7 ± 164.4

500.5 ± 171.0

472.1 ± 184.2

0.631

0.632

Right arm abduction (N)

249.4 ± 95.4

254.1 ± 98.1

248.7 ± 109.5

0.298

0.140

Left arm abduction (N)

241.1 ± 96.4

245.0 ± 99.5

242.9 ± 110.4

0.225

0.077

2.7 ± 2.4

2.7 ± 2.4

2.6 ± 2.3

0.958

0.918

Neck 7 d

2.0 ± 2.3

2.1 ± 2.4

2.0 ± 2.2

0.879

0.840

Right shoulder 3 mt

2.1 ± 2.6

2.2 ± 2.6

1.8 ± 2.0

0.994

0.722

Right shoulder 7 d

1.6 ± 2.4

1.6 ± 2.4

1.4 ± 1.8

0.284

0.401

Demographics

2

BMI (kg/m )
Muscle strength

Musculoskeletal pain (scale from 0 to 9)
Neck 3 mt

Left shoulder 3 mt

1.2 ± 2.1

1.0 ± 2.0

1.3 ± 1.9

0.065

0.061

Left shoulder 7 d

1.0 ± 2.0

0.9 ± 1.8

1.1 ± 1.7

0.069

0.078

Upper back 3 mt

1.7 ± 2.3

1.7 ± 2.4

1.5 ± 2.1

0.501

0.554

Upper back 7 d

1.3 ± 2.0

1.4 ± 2.2

1.1 ± 1.9

0.583

0.603

Low back 3 mt

2.6 ± 2.5

2.5 ± 2.6

2.1 ± 2.1

0.125

0.410

Low back 7 d

2.0 ± 2.3

2.0 ± 2.4

abduction strength and decreased musculoskeletal pain in
all body regions (Table 2). CG significantly increased left
shoulder elevation strength but decreased muscle strength for
right and left arm abduction strength, and no changes were
observed for the other muscle strength outcomes. Furthermore, CG significantly decreased musculoskeletal pain for
all body regions. Further, TG ≥ 70% significantly increased
muscle strength except for right arm abduction strength and
decreased musculoskeletal pain. Finally, pain cases decreased
musculoskeletal pain in all body regions for each of the three
groups: TG, TG ≥ 70%, and CG.
The logistic regression model did not demonstrate any
significant differences in change of symptoms status between
TG and CG or between TG ≥ 70% and CG.
The analysis of pain index in the past three months
conducted on a subsample of 261 participants showed no
differences between groups at baseline with an overall pain
index of 19.0±18.3. The pain index change in TG (−8.0±13.8)
was not statistically significantly different from that in CG

1.5 ± 1.9

∧

0.033

0.228

(−5.5 ± 13.5), and likewise there was no difference between
TG ≥ 70% (−8.4 ± 14.2) and CG.

4. Discussion
The major finding of this study was the significantly increased
muscle strength among office workers after one year of
workplace health promotion including IPET. Surprisingly,
the significant increases in muscle strength were in the ITT
analysis not accompanied by a significant between-group
effect in musculoskeletal pain (TG versus CG). Only in
the PP analysis, where adherence to the intervention was
70% or more, was a significant between-group effect (TG
≥ 70% versus CG) found for neck pain in the past three
months. In addition, the pain case group also significantly
decreased neck pain in the past three months as well as left
shoulder pain in the past three months and the past seven
days compared to CG. Several within-group changes were
observed. TG and TG ≥ 70% significantly increased muscle
strength, whereas CG decreased muscle strength for arm
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Table 2: Delta values (follow-up values minus baseline values). Data are shown as mean ± SD. 3 mt = 3 months. 7 d = 7 days. TG = training
group, TG ≥ 70% = participants in TG with an adherence of 70%, and CG = control group. ∗ = significant between groups’ effect (test of
one-sided hypothesis). § = significant within group effect.

Muscle strength
Back extension (N)
Abdominal flexion (N)
Right shoulder elevation (N)
Left shoulder elevation (N)
Right arm abduction (N)
Left arm abduction (N)
Musculoskeletal pain (scale from 0 to 9)
Neck 3 mt
Neck 7 d
Right shoulder 3 mt
Right shoulder 7 d
Left shoulder 3 mt
Left shoulder 7 d
Upper back 3 mt
Upper back 7 d
Low back 3 mt
Low back 7 d

TG
(𝑛 = 193)

TG ≥ 70%
(𝑛 = 89)

CG
(𝑛 = 194)

TG versus CG

TG ≥ 70% versus CG

8.1 ± 68.4§
13.2 ± 48.8§
15.6 ± 63.9§
14.3 ± 62.4§
−0.4 ± 46.0
4.4 ± 51.7§

14.2 ± 80.1§
17.6 ± 46.9§
18.5 ± 66.0§
15.5 ± 71.0§
1.5 ± 46.0
7.6 ± 57.3§

0.7 ± 68.0
1.2 ± 49.9
4.2 ± 74.9
6.6 ± 69.2§
−6.6 ± 49.8§
−4.2 ± 50.9§

0.090∗
0.012∗
0.063∗
0.056∗
0.024∗
0.001∗

0.064∗
0.005∗
0.068∗
0.091∗
0.029∗
0.001∗

−1.0 ± 2.1§
−0.9 ± 2.0§
−0.8 ± 2.1§
−0.7 ± 1.8§
−0.3 ± 1.6§
−0.4 ± 1.5§
−0.9 ± 1.8§
−0.7 ± 1.7§
−0.6 ± 2.0§
−0.7 ± 1.9§

−1.2 ± 1.9§
−1.1 ± 2.1§
−0.7 ± 2.4§
−0.5 ± 1.9§
−0.6 ± 1.7§
−0.5 ± 1.5§
−1.1 ± 21§
−0.9 ± 2.2§
−0.9 ± 2.1§
−0.9 ± 1.9§

−0.8 ± 1.8§
−0.7 ± 1.8§
−0.7 ± 2.1§
−0.7 ± 1.7§
−0.3 ± 1.9§
−0.3 ± 1.6§
−0.7 ± 1.7§
−0.6 ± 1.4§
−0.6 ± 2.1§
−0.5 ± 1.8§

0,449
0,272
0,556
0,194
0,956
0,399
0,335
0,659
0,932
0,436

0,078∗
0,150
0,891
0,216
0,494
0,966
0,298
0,565
0,155
0,122

Table 3: Baseline and delta values (follow-up values minus baseline values) for pain cases (participants who at baseline had a pain intensity ≥3
for the respective body regions). Data are shown as mean ± SD. 3 mt = 3 months. 7 d = 7 days. TG = training group, TG ≥ 70% = participants
in TG with an adherence of 70%, and CG = control group. Musculoskeletal pain (scale from 0 to 9). ∗ = significant between groups’ effect
(test of one-sided hypothesis). § = significant within group effect. ∧ = significant difference between TG and CG at baseline.
𝑛
Neck 3 mt
80
Neck 7 d
56
Right shoulder 3 mt∧ 64
Right shoulder 7 d∧ 44
Left shoulder 3 mt 35
Left shoulder 7 d∧ 24
Upper back 3 mt
56
Upper back 7 d
35
Low back 3 mt
87
Low back 7 d
57

TG
Baseline
5.0 ± 1.8
5.0 ± 1.9
5.2 ± 1.8
5.4 ± 1.9
5.1 ± 2.0
5.7 ± 1.9
4.8 ± 1.8
5.1 ± 1.9
4.8 ± 1.8
4.9 ± 1.9

Delta
−2.0 ± 2.6§
−2.5 ± 2.5§
−2.5 ± 2.5§
−2.6 ± 2.9§
−2.0 ± 2.9§
−2.9 ± 2.6§
−2.7 ± 2.3§
−3.1 ± 2.5§
−1.5 ± 2.2§
−2.0 ± 2.4§

𝑛
37
29
33
22
16
11
26
19
39
24

TG ≥ 70%
Baseline
Delta
5.1 ± 1.6 −2.4 ± 2.2§
5.0 ± 2.0 −2.7 ± 2.6§
5.1 ± 1.9 −2.3 ± 2.5§
5.3 ± 2.0 −2.2 ± 3.0§
4.9 ± 1.7 −3.2 ± 2.2§
5.0 ± 1.6 −3.4 ± 2.2§
5.0 ± 1.7 −3.3 ± 2.5§
5.1 ± 1.9 −3.8 ± 2.6§
4.9 ± 2.0 −2.1 ± 1.9§
5.3 ± 2.0 −2.6 ± 2.5§

abduction. Musculoskeletal pain decreased significantly not
only within TG and TG ≥ 70% but also within CG.
The lack of a significant between-group effect in musculoskeletal pain is contradictory to previous studies demonstrating clinically relevant between-group effect in musculoskeletal pain following workplace physical exercise training
interventions [20, 27, 28]. Office workers’ occupational exposure implies extensive inactivity for the large muscle groups
that impacts on cardiovascular fitness. Therefore, the present
study intervention included a minimum of 20 minutes of
the allocated one hour weekly training to high intensity

𝑛
84
54
58
40
40
29
44
29
75
39

CG
𝑃 values on delta values
Baseline
Delta
TG versus CG TG ≥ 70% versus CG
4.7 ± 1.6 −1.4 ± 2.1§
0.133
0.017∗
§
5.0 ± 1.8 −2.1 ± 2.4
0.422
0.348
4.5 ± 1.5 −2.3 ± 2.3§
0.664
0.980
4.4 ± 1.7 −2.5 ± 2.3§
0.712
0.747
4.3 ± 1.7 −1.7 ± 2.5§
0.384
0.026∗
4.4 ± 1.8 −2.1 ± 2.3§
0.245
0.095∗
§
4.8 ± 1.7 −2.4 ± 2.5
0.667
0.146
§
5.0 ± 2.0 −2.4 ± 2.3
0.427
0.149
4.3 ± 1.5 −1.7 ± 2.2§
0.482
0.296
4.5 ± 1.8 −1.8 ± 2.6§
0.429
0.173

aerobic exercise training [18]. Depending on the individual
workers’ capacity and health profile, specific strength training
exercises of the painful body regions were allocated for
5–20 minutes in the training program. Specific strength
training of the neck and shoulder region for 20 minutes
was only allocated to 46% of TG, and 20 minutes of core
stability training was allocated to even fewer [17]. Thus, the
accumulated weekly training volume for the strength training
exercises may not have been sufficient to result in significant differences in pain reductions between TG and CG.
Previously we have demonstrated a significant dose-response
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relationship between training volume and change in pain
[25]. In the present study, measures were not taken to
quantify training volume per session but the increases in
muscle strength in this study correspond to only approx. a
3% increase for TG. This is half the size or even less than
other studies have reported in which significant betweengroup effect for musculoskeletal pain has been demonstrated
[29–31]. This may explain that only between-group effects
were shown for those with high adherence (TG ≥ 70%) who
demonstrated muscle strength increases of approx. 5%. In
addition to insufficient training volume a plausible reason for
no significant between-group effect for musculoskeletal pain
is training intensity. Studies have shown the importance of a
high training intensity rather than high training volume with
regard to decreasing musculoskeletal pain [32, 33]. A single
training set to failure instead of multiple training sets may
also promote adherence.
Of note in the present study is that 50% of CG increased
the number of active days at leisure time per week as reported
in our previous paper [18]. A reason for this finding may
be the high risk of contamination from TG to CG due to
randomization being performed on the individual workerlevel and not as in previous studies on a department cluster
level. This contamination may be the cause of the significant
reductions in pain seen in CG, since a previous study
showed that also all-round physical exercise was beneficial for
decreasing musculoskeletal pain [34]. Although the positive
effect within CG explains the lack of effect between groups,
it should be noted that TG and TG ≥ 70% demonstrated
clinically relevant reductions of >1 whereas this was not the
case for CG.
Existing literature suggests that the effectiveness of workplace health promotion interventions is determined by intervention characteristics. Larger effect sizes have been found
for multicomponent interventions, where interventions were
implemented during paid working hours, and had employee
facilitators, and the interventions offered weekly contact [12,
13, 35, 36]. The present study encompassed these four characteristics and showed the positive side effects of also improving
CG, thus not demonstrating the expected between-group
effects. This shows that merely drawing attention to health
aspects at the workplace can improve perceived musculoskeletal health.
4.1. Strengths and Limitations. A strength of this study was
the high external validity due to mean age and gender
distribution of the participants being similar to office workers
in the Danish workforce and the companies being located
in different parts of Denmark with both private and public
sectors being represented. Also, adherence was reported
objectively by instructor observation, which was regarded a
strength of this study as compared to self-reporting.
A limitation was the low acceptance rate of roughly
30% among the invited employees and unfortunately we
do not know the characteristics of those who did not
accept to participate. Thus, a potential limitation of this
study and reason for not finding between-group effect on
musculoskeletal pain could be that it was not attractive
to people with severe musculoskeletal pain. Also the low
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adherence of 56% must be considered as a limitation. In
addition, randomization was performed on a worker-level
with a high risk of contamination from TG to CG.

5. Conclusion
This study demonstrated that one hour of supervised individually tailored physical exercise training once a week integrated into the workday, combined with the recommendation
of 30 minutes of moderate physical activity for six days a
week, had a significant positive between-group effect on muscle strength. Only participants adhering 70% or more to the
worksite training reached significant between-group effect on
neck pain in the past three months. Significant within-group
reductions of musculoskeletal pain in several body regions
were seen for TG, TG ≥ 70%, and CG. The combined evidence
from the present and numerous previous studies suggests that
it is now “time to move ahead” and implement IPET at a large
scale on the labour market. The implementation strategies
will be crucial; they are pertinent to systematize, and evidence
for best practice is to be documented.

6. Future Perspectives: Time to Move Ahead
IPET as an individually tailored training program showed
significant effects on muscle strength and cardiorespiratory fitness [18], significant increases in productivity and
workability, and a decrease in neck pain and short term
sickness absenteeism for TG ≥ 70% [37]. Though IPET in
the ITT analysis did not show between-group effect on
musculoskeletal pain, the overall results of IPET underline
the effectiveness of such an intervention on several relevant
health outcomes that are directly linked to all-cause mortality.
Future perspectives for IPET include the development of
a framework that corporates also the organizational supports.
Physical exercise plays a central role, not only for prevention,
but also for treatment of several health problems, yet a large
proportion of the population remains inactive. A qualitative
study of motivation and barriers to physical exercise at
the workplace emphasizes the importance of interaction
between management at the workplace, the employees, and
the intervention, since management can result in both a
facilitation and a barrier [38]. Companies’ internal working culture is crucial for the success of future workplace
interventions and there is a need for a clear connection
between the implementational intentions of the management
and the actual implementation. To avoid low acceptance
rates and adherence it is important to ensure the legitimacy
of the intervention among the managers, participants, and
colleagues, as well as centrally organize, structure, and ensure
flexibility for all employees during the workday to allow time
for physical exercise training [38–41].
Moreover, we need to work with the motivational aspect.
Emphasis on physiologically effective exercises in a scientific
intervention is not sufficient, we need to implement varying,
motivating, and entertaining exercises as it is far more
important for adherence and sustained participation [38].
IPET addresses the individual as well as the organization.
The interaction between the individual and the environment
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seems to be a stronger predictor for participation and
adherence than individual factors alone. With knowledge
within exercise physiology and a focus on the social and
psychological factors, a future corporate framework of IPET
with organizational support is envisaged to significantly
increase the low acceptance rate as well as adherence, to attain
high effectiveness of work place physical exercise training
studies.
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Objective. To analyse effects of resistance training (RT) in breast cancer survivors (BCS) and how protocols and acute variables
were manipulated. Methods. Search was made at PubMed, Science Direct, and LILACS. All articles published between 2000 and
2016 were considered. Studies that met the following criteria were included: written in English, Spanish, or Portuguese; BCS
who have undergone surgery, chemotherapy, and/or radiotherapy; additional RT only; analysis of muscle performance, body
mass composition (BMC), psychosocial parameters, or blood biomarkers. Results. Ten studies were included. PEDro score ranged
from 5 to 9. Rest interval and cadence were not reported. Two studies reported continuous training supervision. All reported
improvements in muscle strength, most with low or moderate effect size (ES), but studies performed with high loads presented
large ES. Five described no increased risk or exacerbation of lymphedema. Most studies that analysed BMC showed no relevant
changes. Conclusions. RT has been shown to be safe for BCS, with no increased risk of lymphedema. The findings indicated that
RT is efficient in increasing muscle strength; however, only one study observed significant changes in BMC. An exercise program
should therefore consider the manipulation of acute and chronic variables of RT to obtain optimal results.

1. Introduction
The term “cancer” refers to a set of more than 100 diseases.
Cancer is one of the leading causes of morbidity and mortality
worldwide with an incidence of around 14.1 million cases and
approximately 8.2 million deaths in 2012 [1]. Breast cancer
is the most common form of cancer among women and in
2012 presented approximately 1.7 million cases worldwide
[1]. Breast cancer aetiology is not fully understood, but it
seems to have multifactorial causes involving reproductive
and endocrine factors such as nulliparity, hormonal history,
and the use of hormone therapy (contraceptive and hormone
replacement). Other factors have also been associated with
breast cancer, such as exposure to ionizing radiation, use of

alcohol, high-calorie diets, physical inactivity, and obesity [1–
3].
Breast cancer treatment includes surgery, chemotherapy,
radiation, and hormone therapy, which can be used alone or
in combination. Although aimed at a cure, cancer treatment
has numerous deleterious side effects, diminishing patient
quality of life. It has been reported in the literature that treatment can induce lymphedema [4–6], sedentary behaviour
[7, 8], decreased aerobic fitness and muscle strength [9, 10],
fatigue [11, 12], weight gain and changes in body composition
[13], decrease in bone mineral density [14], high inflammatory profile [15, 16], immunosuppression [17, 18], peripheral
neuropathy [19], changes in the perception of body image,
anxiety, and depression [20–22]. These factors are commonly
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associated with treatment and can cause a downward spiral,
reducing physical function and worsening the symptoms
related to fatigue, which increases the risk of developing other
diseases and reduces life expectancy in this population.
Regular exercise is becoming increasingly popular as an
alternative treatment due to its ability to disrupt this downward spiral, minimise treatment side effects, and improve
a survivor’s quality of life [23]. Regular exercise has also
shown physiological and psychological benefits, including
positive changes in levels of fatigue and mood disorders (i.e.,
anxiety and depression) [24, 25]. Studies involving aerobic
and resistance exercises have shown interesting effects in
reducing fatigue levels, increasing functional capacity and
muscle strength, and inducing positive changes in body composition and quality of life [24, 26–36]. Aerobic and resistance
training protocols performed in combination (on different
days) or concurrently (at the same session), however, have
resulted in divergent outcomes in breast cancer survivors
[32, 37–39]. Resistance training performed alone has also had
contradictory effects on strength gain and changes in body
composition in this population [40–43].
Paoli et al. [44] pointed out that in order to design a
resistance training programme it is necessary to properly
handle the acute variables related to training, such as muscle
actions, type of resistance used, intensity (load), volume (total
number of sets and reps), exercise selection, exercise order,
rest intervals between sets, velocity (speed of execution), and
training frequency [44, 45]. The different findings on strength
gain and changes in body composition can be attributed in
part to the different design of the training protocols [31, 32,
37–43, 46]. Current reviews of resistance training and cancer
survivors have looked at safety and efficacy and at the effects
of resistance training outcomes [47, 48]; however, to the best
of the authors’ knowledge, there is no systematic review that
has aimed to critically analyse the acute training variables and
how the resistance training protocols have been manipulated
and designed in breast cancer survivors. This information will
help researchers and health professionals to standardise and
optimally design efficient resistance programmes in breast
cancer survivors. The purpose of this systematic review is thus
to analyse studies of the effects of resistance training in breast
cancer survivors and how the resistance training protocols
and the acute variables were manipulated in these studies.

2. Methods
2.1. Search Strategy. The current study follows the criteria of
PRISMA (Preferred Reporting Items for Systematic Reviews
and Meta-Analyses) in developing a systematic review [49].
Article searches were conducted by two researchers. The
databases examined included: PubMed, Science Direct, and
LILACS. Each researcher searched for articles individually,
and after the searches, the researchers compared their findings and eliminated duplicated items.
The search terms were all possible combinations of
the terms: “weight training”, “strength training”, “resistance
training”, “resistance exercise”, and “breast cancer” separated
by the “AND” operator (i.e., resistance training AND breast
cancer). The search was conducted from February to April
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2016 and the articles selected were published between 2000
and 2016.
2.2. Eligibility Criteria. All studies involving women breast
cancer survivors who had undergone surgery, chemotherapy,
and/or radiotherapy were included in the initial analysis. These studies should have objectively evaluated and/or
applied an intervention with only resistance training (i.e.,
training with free weights, machines, and/or barbells). Only
randomised clinical studies published in English, Spanish,
or Portuguese were selected. The expected outcomes should
involve at least one of the following variables: muscle performance involving objective measures of force (i.e., isokinetic strength, maximal strength (one-repetition maximum,
1 RM), multiple repetitions, and grip strength), body composition, psychosocial parameters (fatigue, depression, and
quality of life), and blood biomarkers.
We excluded systematic review and/or meta-analyses,
guidelines, letters to the editor, animal studies, studies in the
paediatric population and other cancers (i.e., prostate cancer,
lymphomas, etc.), studies using combined interventions (i.e.,
aerobic exercise and resistance training, among others) or
nonconventional exercise prescription (e.g., aqua aerobics,
Tai Chi, and yoga), studies that showed no objective measures of muscle performance, and studies that provided no
consistent information regarding the experimental protocols
used (i.e., type and/or number of exercises, sets, repetitions,
training frequency, etc.). The reviewers had to be in agreement about the selection or exclusion of a study. In cases of
disagreement, the opinion of a third reviewer was requested.
2.3. Data Extraction. The data extracted was authors, year of
publication, description of the acute variables of resistance
training protocol (volume, intensity, frequency, cadence, rest
intervals, supervision ratio, and duration of the intervention),
outcomes on muscular performance and body composition,
sample characteristics, periods and types of evaluation, study
results, and conclusions.
2.4. Methodological Quality and Strength of Evidence. The
methodological quality of the studies in this systematic
review was assessed by two independent reviewers using the
Physiotherapy Evidence Database (PEDro) scale [50]. PEDro
scale has been shown to have good levels of validity and
reliability [50]. This scale evaluates the risk of bias and the
statistical reporting of randomised controlled trials (RCTs)
and is comprised of 11 items. The total PEDro score ranges
from zero to 10 points, RCTs receiving less than six were
considered to be of low quality (LQ), and those with a score
six or greater were considered of high quality (HQ). The
divergent scores were resolved by a third reviewer.
Effect size (ES) calculation was used to examine the
magnitude of RT effect on BCS. Cohen’s 𝑑 ranges of 0.20,
0.50, and 0.80 were used to define small, medium, and large
𝑑 values (𝑑 = ([𝑀 pre − 𝑀 post]/SD pooled)), respectively,
calculated according to Cohen [51]. Values below 0.2 were
classified as trivial.

BioMed Research International

3

Table 1: Methodological quality and reporting of eligible studies PEDro scale.
First author, year
Ahmed, 2006 [52]
Brown, 2012 [40]
Hagstrom, 2016 [53]
Hagstrom, 2016 [41]
Ohira, 2006 [54]
Schmitz, 2009 [42]
Schmitz, 2005 [43]
Schmitz, 2010 [55]
Speck, 2010 [56]
Waltman, 2010 [57]

1
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

2
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

3
N
N
Y
Y
Y
Y
Y
Y
Y
N

4
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

5
N
N
Y
Y
N
N
N
N
N
N

6
N
N
N
N
N
N
N
N
Y
N

PEDro scale items∗∗
7
8
9
Y
N
Y
N
N
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y
N
Y
Y
Y
Y
Y
N
Y
N
Y
Y

10
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

11
Y
Y
Y
Y
Y
Y
Y
Y
Y
Y

PEDro score (0–10)∗
6
5
9
9
8
8
7
8
8
6

N: no; Y: yes. ∗ Scores of six or greater considered of high quality and scores of less than six considered of low quality. ∗∗ PEDro scale items 1: eligibility criteria
and source of participants; 2: random allocation; 3: concealed allocation; 4: baseline comparability; 5: blinded subjects; 6: blinded therapists; 7: blind assessors;
8: adequate follow-up; 9: intention-to-treat; 10: between-group comparisons; 11: point estimates and variability.

In order to illustrate data, forest plots were done using
the Review Manager Software (RevMan software package
version 5.3) using the effect size (weighted mean difference,
Hedges’ g) and 95% confidence interval (CI) using a continuous random effects model for muscle strength and body
composition.

3. Results
Between February and April 2016, 492 articles were identified
for potential inclusion in the review. After an initial screening, 186 citations remained for further evaluation. Following
the second screening, the remaining 20 potential articles were
read and analysed. Finally, only 10 articles were selected for
the review (Figure 1).
3.1. Methodological Quality of Studies. The methodological
qualities of the studies are reported in Table 1. The median
PEDro score for trials was 8 (range from 5 to 9). Nine trials
were considered HQ and presented a low risk of bias [40–
42, 52–57], and one study was considered LQ [40].
3.2. Description of Studies. All studies were published
between 2005 and 2016. The sample size ranged from 39 to 295
participants. A total of 1448 women were evaluated, although
779 women participated in more than one study. Thus 669
women were effectively examined by the studies. The main
outcomes are shown in Table 2.
Resistance training was performed twice a week in eight
studies [40, 42, 43, 52, 54–57] and three times a week in
another two studies [41, 53]. Exercise intensity for upper
body ranged from low load, around 0.5 lb [43, 52, 54], to
high load, 8 RM [41, 53]. The exercise load for lower body
muscles was equivalent to 8–10 RM [43, 52, 54]. Training
volume ranged from 2 to 3 sets and from 8 to 12 repetitions
per exercise [40–43, 52–57]. Rest interval and movement
velocity (speed of execution) were not reported in any study.
There was continuous supervision only in 2 studies [41, 53].

Training periods ranged from 4 to 24 months [40–43, 52–
57]. Additional information about the resistance training
programmes is presented in Table 3. Resistance training
significantly augmented muscle strength in all studies [40–43,
52–57]. Cohen’s d effect size for muscle strength was medium
to large, ranging from 0.59 to 1.10 [40, 42, 52, 53, 55, 56] and
from 0.76 to 1.71 [40, 42, 52, 53, 55, 56] for upper and lower
body muscles, respectively (Table 4). Experimental groups
did not present increased risk or exacerbation of lymphedema
symptoms [41, 42, 52, 53, 55]. Resistance training improved
fatigue scores [53], quality of life [53, 54, 56], body image [56],
psychosocial assessment [54], and bone mineral density [57].
In the studies reviewed, no significant changes were
observed in BMI [40–43, 55], body weight [40, 42, 43, 55],
lean body mass [40, 42, 55], body fat [40, 42, 43, 55], and
waist circumference [43]. Most studies did not find changes
in body fat percentage [40–42, 55]. Only one study found a
significant increase in lean body mass and a reduction in body
fat percentage [43]. Three studies reported a low effect size
(𝑑 = −0.07 to −0.08) on body fat [40, 42, 55], and another
one reported a large effect size (𝑑 = −0.85) [43] (Table 5).
Forest plots for upper body strength, lower body strength,
body fat percentage, fat mass, and lean body mass are
presented from Figures 2–6.

4. Discussion
Resistance training is known to induce positive muscle
adaptations, even in BCS [58]; however, there is no consensus
or guidelines concerning the optimal design for resistance
training programmes in order to induce greater muscle
strength and alterations in body composition in this population. The aim of the present systematic review was thus to
analyse the effects of resistance training in BCS and to analyse
the resistance training protocols used in these studies. Ten
studies were included in the review and, in accordance with
the PEDro scale, nine were considered of high quality and
one was considered of low quality. The findings showed that
resistance training is efficient in increasing muscle strength

Group

EG and CG

EG and CG

EG and CG

EG and CG

Sample

𝑁 = 85
52 ± 7.7 years

𝑁 = 295
EG = 56 ± 9 years
CG = 57 ± 10 years

𝑁 = 39
51.9 ± 8.8 years

𝑁 = 39
51.9 ± 8.8 years

Ahmed et
al. [52]

Brown et
al. [40]

Hagstrom
et al. [53]

Hagstrom
et al. [41]

Study

4 months

4 months

12 months

6 months

Intervention
length (months)

Significant correlation between improvements in strength of the
treated limb and improvements in global life quality in EG
(𝑟 = 0.46, 𝑝 = 0.004).
Lower NK and NKT cell expression of TNF-𝛼 in EG compared
to CG.

EG improved muscle strength.

EG improved muscle strength.
Perceptions of fatigue and quality of life improved in EG
compared to CG.

Symptoms of lymphedema were not changed.
EG had lower body fat than the CG after 12 months of
intervention. However, no differences were found for other
anthropometric parameters.

Three women of CG reported lymphedema symptoms, while
EG did not.

Two subjects of CG and one of EG self-reported lymphedema;
however there was no difference between groups (𝑝 = 4.0).

EG increased muscle strength.

Outcomes

No adverse events, nor new cases of lymphedema.

Natural killer cell (NK) and natural killer T-cell
(NKT) function and markers of inflammation No change in body composition or in any inflammatory marker.
(serum TNF-𝛼, IL-6, IL-10, and CRP)
EG improved muscle strength.
Body composition
Inverse correlations between changes in lower body strength
and TNF-𝛼 expression on NK (𝑟 = −0.69, 𝑝 = 0.001) and NKT
Lower (1 RM) and upper body strength
(isometric)
cells (𝑟 = −0.36, 𝑝 = 0.04).

Lower (1 RM) and upper body strength
(isometric)

Godin Leisure-Time Exercise Questionnaire

Fatigue and quality of life by FACIT and
FACT-G scales, respectively

Lower and upper body strength (1 RM)

Body composition (DXA)

Lymphedema

Lower and upper body strength (1 RM)

Parameters

Table 2: Distribution of studies according to sampling, intervention, parameters, and main outcomes found.
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Sample

ITG and DTG

EG and CG

N = 85
52 ± 7.7 years

N = 141
EG: 56 ± 9 years
CG: 58 ± 10 years

Schmitz et
al. [42]

EG and CG

Group

Schmitz et
al. [43]

N = 86
Ohira et al.
EG: 53.3 ± 8.7 years
[54]
CG: 52.8 ± 7.6 years

Study

12 months

12 months

12 months

Intervention
length (months)

Lymphedema

Upper and lower body strength (1 RM)

Body composition (DXA)

Plasma glucose and insulin, and hormones of
IGF axis

Upper and lower body strength (1 RM)

Body composition (DXA)

Depressive symptoms
(CES-D)

Quality of life (CARES short form)

Upper and lower boy strength (1 RM)

Body composition (DXA)

Parameters

Table 2: Continued.

EG had greater improvements in self-reported severity of
lymphedema symptoms and muscle strength and a lower
incidence of lymphedema exacerbations (14% versus 29%) in
comparison to CG.

Reduction in IGF-II in both ITG and DTG groups. IGFBP-3
decreased in DTG group after 6 months of intervention.
There were no differences in body composition between groups.

Increase in upper and lower body muscle strength with training
intervention.

ITG group increased lean mass and decreased body fat%
compared to DTG from baseline to 6 months.

Correlation between increases in upper body strength and
improvements in physical global score (𝑟 = 0.32; 𝑝 < 0.01) and
psychosocial global score (𝑟 = 0.30; 𝑝 < 0.01). Increases in lean
mass correlated with improvements in physical global score
(𝑟 = 0.23; 𝑝 < 0.05) and psychosocial global score (𝑟 = 0.24;
𝑝 < 0.05).

There were no changes in CES-D scores.

Psychosocial global score improved in EG (2.5%) compared to
CG (0.3%).

Physical global score increased 2.1% in TG and decreased 1.2%
in CG.

Outcomes
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12 months

24 months

EG and CG

EG (also took
medications)
and CG (only
took
medications)

Speck et al.
N = 295
[56]
56.5 years (36–80)

𝑁 = 249
58.69 ± 7.5 years

Hip and knee muscular strength (Biodex)

Bone mineral density and bone turnover
(DXA)

Upper and lower body strength (1 RM)

EG improved muscle strength.

EG and CG improved body mineral density and bone turnover.
EG had no additional improvements.

EG improved muscle strength.

EG improved self-perceptions of appearance, health, physical
strength, sexuality, relationships, and social functioning.

Greater improvement in BIRS total score in EG compared CG.

Body image and relationships scale (BIRS)
Quality of life

No between-group differences were observed in
clinician-defined lymphedema onset or symptoms in secondary
analysis limited to women with 5 or more nodes removed.

EG increased muscle strength.

Body fat% was lower in EG at 12 months.

Outcomes

Lymphedema

Upper and lower body strength (1 RM)

Body composition (DXA)

Parameters

Table 2: Continued.

EG, experimental group. CG, control group. 1 RM, one-repetition maximum. DXA, dual-energy X-ray absorptiometry. CARES, cancer rehabilitation evaluation system. CES-D, center for epidemiologic studies
depression scale. BCS, breast cancer survivors. ITG, immediate treatment group trained from months 0 to 12. DTG, delayed treatment group serving as control from 0 to 6 months and trained from months 7 to 12.
FACIT, Functional Assessment of Chronic Illness Therapy. FACT-G, Functional Assessment of Cancer Therapy-General.

Waltman
et al. [57]

12 months

EG and CG

N = 134
EG 54 ± 8 years
CG 56 ± 8 years

Schmitz et
al. [55]

Group

Sample

Study

Intervention
length (months)
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Exercises

Training load

Ahmed et
al. [52]

Upper body exercises
9 exercises involving arms, back, load starting at 0.5 lb,
and 8–10 RM for
chest, buttocks, and legs.
lower body exercises
Seated row, chest press, lateral or
front raise, bicep curl, triceps
Brown et al.
—
pushdown, leg press, back
[40]
extension, leg extension, and leg
curl.
Programme 1:
leg extension, leg curl or
Romanian deadlift, lat. pull
down, machine bench press,
seated row, back extension, prone
Hagstrom
8 RM
hold, or sit ups.
et al. [53]
Programme 2:
barbell squat, deadlift, free
weight barbell bench press, leg
press, bent over barbell row, and
assisted chin up
Programme 1: leg extension, leg
curl or Romanian deadlift, lat.
pull down, machine bench press,
seated row, back extension, prone
Hagstrom
8 RM
hold, or sit-ups. Programme 2:
et al. [41]
barbell squat, deadlift, free
weight barbell bench press, leg
press, barbell bent over row, and
assisted chin up.

Study

—

—

—

—

3 × 8–10

2-3 × 10

3 × 8–10

3 × 8–10

2x

3x

3x

Rest
interval

2x

Weekly Volume (sets
frequency × repetitions)

60 min

60 min

90 min

∼60 min

Session
duration

1 : 1 or 1 : 2–5.

Exercise load was increased
when subjects performed 10 RM.

Load was increased when
subjects performed 10 RM.

Exercise load was slowly
increased if there were no
lymphedema symptoms.

First 3 months supervised,
followed by 9 months with no
supervision.

1 : 1 or 1 : 2–5.

—

Training progression

First 3 months at 1 : 4; then
there was no supervision or it
was 1 : 2.

Supervision ratio

Table 3: Characteristics of resistance training protocols in the analysed studies.
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Training load

Upper body exercises
9 exercises involving chest, back, load starting with no
Schmitz et
shoulders, arms, buttocks, hips, weight or at 0.5 lb and
al. [43]
8–10 RM for lower
and thighs.
body exercises

Exercises

2x

Weekly
frequency
9 exercises involving chest, back,
According
Ohira et al.
According to Schmitz
shoulders, arms, buttocks, hips,
to Schmitz
[54]
2005
and thighs.
2005
Seated row, supine dumbbell
press, lateral or front raises,
biceps curl, and triceps
Schmitz et
—
2x
pushdown, leg press, back
al. [42]
extension, leg extension, and leg
curl.

Study

3 × 8–10

3 × 10

—

—

∼60 min

90 min

13 weeks at small groups,
followed by no supervision.

13 weeks in small groups,
followed by no supervision.

Rest
Session
Supervision ratio
interval
duration
According According First 3 months at 1 : 4; then
According to
to Schmitz to Schmitz there was no supervision or it
Schmitz 2005
was 1 : 2.
2005
2005

Volume (sets
× repetitions)

Table 3: Continued.

Upper body load: progressed as
symptoms allowed. Lower body:
weight was increased if subjects
could perform 10 repetitions at
each two sessions for the first 3
months. For the remaining
months, participants increased
the weight after four sessions
during which they lifted the same
weight for 10, 10, and 12
repetitions in each set.

Exercise load was slowly
increased when subjects
completed 2 training sessions
with no change in arm
symptoms.

According to Schmitz 2005

Training progression
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Exercises

∗

Biceps curl, overhead triceps or
press and upward row, back and
knee extension, side hip raise,
and hip flexion and extension.

RM, repetition maximum.

Waltman,
et al. [57]

Seated row, supine dumbbell
press, lateral or front raises,
biceps curl, and triceps
Schmitz et
pushdown, leg press, back
al. [55]
extension, leg extension, and leg
curl.
Seated row, supine dumbbell
press, lateral or front raises, bicep
Speck et al.
curls, and triceps pushdowns, leg
[56]
press, back extension, leg
extension, and leg curl.

Study

2x

2x

—

—

2x

—

Training load

—

—

3 × 10

2 × 8–12

—

3 × 10

Rest
interval

Table 3: Continued.
Weekly Volume (sets
frequency × repetitions)

—

90 min

90 min

Session
duration

Training progression

Exercise load was slowly
increased when subjects
completed 2 training sessions
with no change in arm symptom.
Potential goals for progressive
training were increases in
Strength training took place in
weights of 20% the first 3 months
subject homes using free
of exercises, 10% at 6 and 9
weights the first 9 months of
months, 5% at 12, 15, and 18
the study, and at fitness
months, and 3% at 21 and 24
centres the last 15 months.
months.

13 weeks at 1 : 2–6, followed by
no supervision.

Exercise load was slowly
increased when subjects
13 weeks at 1 : 2–6, followed by
completed 2 training sessions
no supervision.
with no change in arm symptom.

Supervision ratio
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Table 4: Muscle strength gain d effect size.
Studies

Ahmed et al. [52]
Brown et al. [40]
Brown et al. [40]
Hagstrom et al. [53]
Schmitz et al. [42]
Schmitz et al. [55]
Speck et al. [56]
Speck et al. [56]
Ahmed et al. [52]
Brown et al. [40]
Brown et al. [40]
Hagstrom et al. [53]
Hagstrom et al. [53]
Schmitz et al. [42]
Schmitz et al. [55]
Speck et al. [56]
Speck et al. [56]

Condition

—
Lymphedema
Nonlymphedema
—
—
—
Lymphedema
Nonlymphedema
—
Lymphedema
Nonlymphedema
Treated arm∗∗∗
Nontreated arm∗∗∗
—
—
Lymphedema
Nonlymphedema

RT
(ES d)

ES
magnitude

Control
(ES d)

ES
magnitude

1,71
0,77
0,88
0,92
0,77
0,88
0,76
1,00

Lower body strength∗
Large
0,44
Medium
0,05
Large
0,21
Large
0,09
Medium
0,05
Large
0,21
Medium
0,02
Large
0,25

Small
Trivial
Small
Trivial
Trivial
Small
Trivial
Small

0,69
0,59
1,04
0,88
0,95
0,59
1,04
0,58
1,10

Upper body strength∗∗
Medium
0,15
Medium
0,00
Large
0,17
Large
−0,13
Large
−1,11
Medium
0,00
Large
0,17
Medium
−0,01
Large
0,27

Trivial
Trivial
Trivial
Trivial
Large
Trivial
Trivial
Trivial
Small

RT: resistance training; ES: effect size. ∗ Leg press (1 RM). ∗∗ Bench press (1 RM). ∗∗∗ Unilateral isometric chest press.

Table 5: Body composition d effect size.
Studies

Condition

RT
(ES d)

ES
magnitude

Lymphedema
Nonlymphedema
ITG∗
ITG versus DTG∗∗
—
—

−0,08
−0,07
−0,87
−1,70
−0,08
−0,07

Trivial
Trivial
Large
Large
Trivial
Trivial

Control
(ES d)

ES
magnitude

0,08
0,05
0,19
−1,42
0,08
0,05

Trivial
Trivial
Trivial
Large
Trivial
Trivial

0,13
−0,52
0,01
−0,02

Trivial
Medium
Trivial
Trivial

Body fat (%)
Brown et al. [40]
Brown et al. [40]
Schmitz et al. [43]
Schmitz et al. [43]
Schmitz et al. [42]
Schmitz et al. [55]

Fat mass (kg)
∗

Schmitz et al. [43]
Schmitz et al. [43]
Schmitz et al. [42]
Schmitz et al. [55]

ITG
ITG versus DTG∗∗
—
—

−0,30
−0,85
−0,13
−0,11

Small
Large
Trivial
Trivial

Schmitz et al. [43]
Schmitz et al. [43]
Schmitz et al. [42]
Schmitz et al. [55]

ITG∗
ITG versus DTG∗∗
—
—

1,14
1,79
−0,16
−0,08

Lean body mass (kg)
Large
0,03
Large
1,92
Trivial
−0,09
Trivial
−0,13

Trivial
Large
Trivial
Trivial

∗
Calculation based on 12-month endpoint. ∗∗ Calculation based on 6-month period. ITG, immediate treatment group trained from months 0 to 12. DTG,
delayed treatment group serving as control from 0 to 6 months and trained from months 6 to 12.
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Identification

Publications identified:
PubMed (n = 393), Science Direct (n = 92), Lilacs (n = 7)
(n = 492)

Articles duplicates (n = 53)

Screening

Articles after duplicates removed
(n = 439)
Removed article based on the title
(n = 253)

Eligibility

Potential articles included
(n = 186)

Included

Potential articles included
(n = 20)

Full text articles included
(n = 10)

Removed article based on the
abstract (n = 166):
Systematic review or meta-analysis
(n = 30)
Acute study (n = 4)
Nonconventional exercise (yoga, Tai
Chi, dancing, etc.) (n = 6)
Home-based exercise (n = 8)
Mixed exercise (n = 65)
No objective measure ( n = 20)
Aerobic exercise (n = 11)
During treatment (n = 22)

Removed article after full read:
Without information (n = 1)
Acute study (n = 1)
Mixed exercise (n = 1)
Analysis of the studies previously
published (n = 2)
No objective muscle performance
measure (n = 4)
Not a randomised controlled trial
(n = 1)

Figure 1: Flow diagram of selection process using PRISMA.

Study or subgroup
Ahmed et al. 2006
Schmitz et al. 2009
Schmitz et al. 2010
Speck et al. 2010

Resistance training
Total
Mean SD
32.3 38.89
23
10
17
56
13
12.5
59
33.2 40.8
113

Control
Mean SD
6.9 38.65
0
12.5
2
12
7.6
43.7

Total (95% CI)
251
Heterogeneity: 2 = 0.00; 2 = 1.59, ＞＠ = 3 (p = 0.66); I2 = 0%
Test for overall effect: Z = 7.59 (p < 0.00001)

Total
22
63
63
119
267

8.7%
23.0%
22.7%
45.5%

Std. mean difference
IV, random, 95% CI
0.64 [0.04, 1.24]
0.67 [0.30, 1.04]
0.89 [0.52, 1.27]
0.60 [0.34, 0.87]

100.0%
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IV, random, 95% CI
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Figure 2: Forest plot on upper body strength (bench press: 1 RM, lb).
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Study or subgroup
Ahmed et al. 2006
Hagstrom et al. 2016
Schmitz et al. 2009
Schmitz et al. 2010
Speck et al. 2010

Resistance training
Total
Mean SD
81.8 47.94
23
88.27 96.17
19
50
65
59
43
49
61
33.2 33.9
113

Control
Mean SD
20.4 46.75
8.99 96.63
3
57.5
11
53.5
7.9
26.6

Total (95% CI)
275
Heterogeneity: 2 = 0.00; 2 = 3.11, ＞＠ = 4 (p = 0.54); I2 = 0%
Test for overall effect: Z = 9.02 (p < 0.00001)

Total
22
15
63
63
119
282

7.2%
6.0%
22.1%
23.1%
41.6%

Std. mean difference
IV, random, 95% CI
1.27 [0.63, 1.92]
0.80 [0.10, 1.51]
0.76 [0.39, 1.13]
0.62 [0.26, 0.98]
0.83 [0.56, 1.10]

100.0%

0.80 [0.62, 0.97]

Weight

Std. mean difference
IV, random, 95% CI

−2

−1
Control

0

1
2
Resistance training

Figure 3: Forest plot on lower body strength (leg press: 1 RM, lb).

Study or subgroup
Schmitz et al. 2005(1)
Schmitz et al. 2009
Schmitz et al. 2010

Resistance training
Total
Mean SD
−1.15 0.45
39
6
65
−0.5
65
−0.37 5.48

Control
Mean SD
0.23 0.44
0.4
5.25
0.33 6.42

Total
40
64
68

Total (95% CI)
169
172
Heterogeneity: 2 = 1.46; 2 = 66.87, ＞＠ = 2 (p < 0.00001); I2 = 97%
Test for overall effect: Z = 1.52 (p = 0.13)
(1)

Weight Std. mean difference
IV, random, 95% CI
32.1% −3.07 [−3.73, −2.41]
33.9% −0.16 [−0.50, 0.19]
33.9% −0.12 [−0.46, 0.22]
100.0%

Std. mean difference
IV, random, 95% CI

−1.08 [−2.48, 0.32]
−4

−2
0
Resistance training

2
Control

4

Calculation based on 6-month endpoint period.

Figure 4: Forest plot on body composition: body fat (%).

Study or subgroup
Schmitz et al. 2005(1)
Schmitz et al. 2009
Schmitz et al. 2010

Resistance training
Total
Mean SD
−0.52 0.43
39
65
−1.3 10.2
65
−0.93 8.79

Control
Mean SD
0.22 0.43
0.1 10.55
−0.26 10.63

Weight
Total
40
31.9%
64
34.0%
68
34.1%

Total (95% CI)
169
172
Heterogeneity: 2 = 0.56; 2 = 30.22, ＞＠ = 2 (p < 0.00001); I2 = 93%
Test for overall effect:Z = 1.37 (p = 0.17)
(1)

Std. mean difference
IV, random, 95% CI
−1.70 [−2.22, −1.19]
−0.13 [−0.48, 0.21]
−0.07 [−0.41, 0.27]

Std. mean difference
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100.0% −0.61 [−1.49, 0.27]
−1
0
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Resistance training
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2

Calculation based on 6-month endpoint period.

Figure 5: Forest plot on body composition: fat mass (kg).

Study or subgroup
Schmitz et al. 2005(1)
Schmitz et al. 2009
Schmitz et al. 2010

Resistance training
Total
Mean SD
0.88 0.23
40
7.6
65
−1.2
65
−0.59 7.24

Mean
0.02
−0.7
−1

Control
SD
0.23
7.5
7.54

Total
41
64
68

Total (95% CI)
170
173
Heterogeneity: 2 = 2.06; 2 = 89.71, ＞＠ = 2 (p < 0.00001); I2 = 98%
Test for overall effect: Z = 1.41 (p = 0.16)
(1)

Weight Std. mean difference
IV, random, 95% CI
32.2%
3.70 [2.97, 4.43]
33.9% −0.07 [−0.41, 0.28]
33.9% 0.06 [−0.28, 0.40]
100.0%

Std. mean difference
IV, random, 95% CI

1.19 [−0.46, 2.84]
−4

−2
Control

0

2
4
Resistance training

Calculation based on 6-month endpoint period.

Figure 6: Forest plot on body composition: lean body mass (kg).

in BCS; however, except for one study [43], it did not appear
to alter body composition.
The resection of lymph nodes can change lymph flow
and cause abnormal member oedema, which is classified
as lymphedema. Previous studies to 1995 recommended
avoiding repetitive or vigorous exercise for upper limbs

because it could induce lymphedema [59, 60]. However
from 2000, new researches demonstrate that repetitive and
vigorous exercise as Dragon Boat Racing can be safe [61].
Sagen et al. [62] researched influence of physical activity
on the development of arm lymphedema. Women who had
axillary node dissection were separated into two different
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rehabilitation programs that lasted for 6 months: a group
of no activity restrictions in daily living combined with a
moderate resistance exercise program and another group
with an activity restrictions (AR) program combined with a
usual care program. No difference was found between groups,
so little adverse effects were found between groups of no
activity restrictions. However, a BMI > 25 was a risk factor
for the development of lymphedema. More recently, Cormie
et al. [63] showed that resistance exercise performed with
both high- (6–8 RM) or low-load (15–20 RM) exercises for
upper limbs caused no increased risk of lymphedema and
was well tolerated by BCS. Notwithstanding, we did not find
an increase in the appearance or exacerbation of oedema
of the ipsilateral limb surgery with resistance training when
compared to the control groups in any study reviewed. Nelson
[64] observed that progressive resistance training did not
increase the risk or severity of symptoms or even exacerbate
lymphedema after a resistance training period ranging from
4 to 12 months. The studies in the present systematic review
[41, 42, 52, 53, 55] are in agreement with these previous studies
[63, 64], since no risk of lymphedema was found in any study.
An important issue for BCS is the control of body
weight, because an increase in body weight above 10% is
associated with increased mortality risk [65]. Women who
have undergone chemotherapy have a 2.1 times greater risk of
weight gain when compared to women without breast cancer
[66]. Obesity can also double the risk of recurrence and death
in breast cancer survivors [2]. Changes in body weight are the
result of various factors, such as physical inactivity, decreased
resting metabolic rate, excessive food intake, and hormonal
changes [13]. Resistance training can therefore potentially
have an important role in the control of body composition
[67], but surprisingly, the current systematic review found
only one study that observed significant changes in body
composition [43]. Schmitz et al. [43] reported that resistance
training resulted in a significant increase in lean body mass
and a significant reduction in body fat. The body fat effect
size was moderate (𝑑 = −0.52) for the control group (started
training six months after the end of treatment) and large
(𝑑 = −0.85) for the experimental group (started training
immediately after the end of treatment). Schmitz et al. [55]
and Brown et al. [40] did not report differences in body
composition between the experimental and control groups;
however, they reported lower body fat in the experimental
group in comparison to the control group after the resistance
training period, although there is a small effect size.
We further analysed the study protocols in order to
understand the difference in the results reported. The methods used to evaluate body composition (DXA) and the
training protocol adopted by Schmitz et al. [43] were very
similar to Schmitz et al. [42] and Schmitz et al. [55]. The
absolute fat loss after 12 months in Schmitz et al. [43], Schmitz
et al. [42], and Schmitz et al. [55] was 1.47, 1.3, and 0.93 kg,
respectively. The large effects size in Schmitz et al. [43] seems
to be an artifact of the low standard deviation and there seems
to be no clinically meaningful difference in fat loss among
the studies. Based on this analysis, it does not seem plausible
to suggest that resistance training promotes a clinically
relevant reduction in body fat in BCS, nor is it possible
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to get insight into what RT protocol may be more suitable
for that outcome. This lack of results seems to be related
to training intensity, since the reviewed studies reported
that participants increased the load based on subjective
perceptions of discomfort [40], or after performing multiple
sets with the same load for 2 to 4 consecutive training sessions
[42, 43, 55]. When exercise is performed to or close to muscle
failure, however, it is not possible to keep the number of
repetitions constant in two consecutive sets while using the
same load [68], which suggests that the participants were
probably training at submaximal intensity. Considering that
previous studies reported a significant loss in body fat as a
result of resistance training usually involved high intensity
protocols [69–72], the lack of adequate intensity may be the
reason for the low reductions in body fat; however, it is
important to test the feasibility of this type of training in
BCS and at which stage it would be applicable. In addition
to RT, aerobic training could potentiate changes in body
composition [32, 38]; however these (aerobic exercise) effects
were beyond the scope of the present review.
Another important factor for BCS is the maintenance
and/or gain of muscle mass, since women with breast cancer
who underwent chemotherapy showed a loss of muscle mass,
mainly in the lower body [73], and the loss of lean mass can
be worsened over time after treatment [74]. In this sense, RT
is important both for maintenance and for increasing muscle
mass in BCS, and it is an efficient tool to increase functional
capacity and prevent sarcopenia and sarcopenic obesity [58].
We identified only one study that found a significant increase
in lean mass [43] and large ES (ITG: 𝑑 = 1.79 and DTG:
𝑑 = 1.92), and two studies [42, 55] showed a reduction of
lean mass in the EG at the end of 12 months as demonstrated
by the negative ES (𝑑 = −0.16, 𝑑 = −0.08, resp.).
The outcomes observed by Schmitz et al. [42, 43, 55] could
be explained by basic different training protocols, and again
intensity may have been the critical factor in the magnitude
of the effect on muscle mass. In first study, [43] used more
intense stimuli when working with loads close to maximal
repetitions for lower limbs, whereas in others [42, 55] used
a training programme with low progressive loads, without
muscular failure, which may have resulted in differences
between the studies.
Muscle strength is an important outcome, because higher
levels of muscle strength are associated with lower mortality
risk and a higher quality of life in different populations
[75–81]. Six studies assessed the ES of upper body strength
[40, 42, 52, 53, 55, 56]. The smallest ES was reported by
Ahmed et al. [52], Brown et al. [40], Schmitz et al. [42],
and Speck et al. [56], and the highest was seen in Brown
et al. [40], Schmitz et al. [55], and Speck et al. [56]. When
using the same protocol, the studies of Brown et al. [40]
and Speck et al. [56] reported moderate ES in women with
lymphedema and high ES in women without lymphedema;
for that reason, the discrepancies among studies seem to
be related to the presence of lymphedema. Considering
that intensity was regulated by the subjective perception of
discomfort in these studies, the use of lower intensities by
patients with lymphedema may have led to the smaller ES
seen in Brown et al. [40] and Speck et al. [56]. The same may
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be true for Ahmed et al. [52] and Schmitz et al. [42], which
involved participants with lymphedema. Another study by
Schmitz et al. [55] reported large ES in women without
lymphedema when using the same protocol as Schmitz et
al. [42]. The results therefore suggest that the different ES
reported are due to the characteristics of the participants
and suggest that the presence of lymphedema leads to a
reduction in upper body strength gains. Psychological factors
can affect performance during exercise; approximately 36% of
patients with lymphedema report fear of using the affected
limb, which induces less physical activity of the site and,
consequently, a reduction of muscle strength when compared
to the unaffected limb [82]. Such aspects may limit the
magnitude of muscle strength gains for these women.
Six studies analysed the ES of lower body strength [40,
42, 52, 53, 55, 56]. Interestingly, patients with lymphedema
generally reported smaller ES for lower body strength as well
[40, 42, 56], and the analysis of patients without lymphedema
had higher ES [40, 53, 55, 56]. The only exception was
Ahmed et al. [52], which reported the highest ES for lower
body strength (1.71) among the reviewed studies, in addition
to involving participants with lymphedema. Once more,
intensity may be the key. In Ahmed et al. [52], it was reported
that the participants performed 8 to 10 RM and lifted the most
weight they could in the lower body exercises, which suggests
that training was performed with maximum loads.
As previously highlighted, an exercise programme should
consider the manipulation of acute and chronic variables of
resistance training in order to obtain optimal results [44, 45].
The present review found important weaknesses in training
protocols; for example, many studies did not report the
rest interval between sets, movement velocity, supervision
ratio, and whether the exercise was performed until muscle
failure. It is important to note that studies involving resistance
training are usually limited to healthy people [83], which
makes it difficult to design efficient and safe resistance
training protocols for BCS. More detailed analyses of variable
selection in BCS are needed.
A previous study in older people reported that shorter
rest intervals (1 min) resulted in higher body composition
and performance gains than longer rest intervals (4 min) [84].
On the other hand, McKendry et al. [85] demonstrated that
one-minute rest interval may attenuate myofibrillar synthesis
signalling compared to 5 minutes in young adults. The only
known study to analyse resistance training variables in BCS
was performed by Vieira et al. [86]. The authors investigated
the acute effect of the rest interval between sets in women
BCS [86]. They compared the effect of 1-minute versus 2minute rest intervals on resistance training performance
in BCS and women without breast cancer. The resistance
training session was composed of three sets of 10 repetitions
at 60∘ ⋅s−1 of isokinetic unilateral knee extension. The results
showed that peak torque and total work were significantly
lower for the BCS group. The results also suggested that
BCS may need rest intervals longer than 2 minutes to be
able to fully recover; however, the chronic effects of recovery
intervals on resistance training adaptations in BCS remain
unknown.
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The combination of the load used and muscle fatigue
provided by resistance training, usually identified by repetitions leading to momentary muscle failure and falling
performance in subsequent sets [68], may play an important
role on resistance training adaptations [87, 88]. Protocols
with a high load (3 sets with 85% of 1 RM), performed with
rapid concentric contraction and 2 seconds for controlled
eccentric phase without muscular failure, concentric and
eccentric phases fast without muscular failure, and controlled
concentric and eccentric actions (2 s for each muscle action)
with muscle failure, were similar in strength gain and the
hypertrophy of the elbow flexor muscles [89]. On the other
hand, protocols with low loads (3-4 sets with 30–50% of 1 RM)
may increase neuromuscular activation when repetitions are
brought to momentary muscle failure [90, 91] and it has
been demonstrated as able to promote strength gain and
the muscular hypertrophy of the thighs [92] and arms [91].
Low-load resistance training performed to failure (3 sets with
30% of 1 RM) can lead to a similar increase in muscular
strength and size in comparison to high-load training (1 set
or 3 sets with 80% of 1 RM) [93]. Protocols with low loads
(50% of 1 RM) and with controlled cycles of movements (3 s
for concentric muscular contractions and 3 s for eccentric
muscular contractions, without relaxation) were also able to
elevate muscular strength and mass, similarly to high loads
(80% of 1 RM), with rapid and intermittent movement cycles
(1 s for concentric muscle contractions and 1 s for eccentric
muscle contractions, 1 s pause) [94]. Note that these studies
evaluated healthy subjects. According to the current review,
studies that evaluated the effect of resistance training in BCS
used low load for the upper body or high load for the lower
body [43, 52, 54] and high load for the whole body [41, 53].
The training volume was from 2 to 3 sets and from 8 to
12 repetitions [40–43, 52–57]. Studies that used high loads
and training volumes with 3 sets of 8 to 10 repetitions had
a large effect size on lower limb [52, 53] and upper limb
strength [53]; however, resistance training with progressive
loads had a large and moderate effect size on BCS for lower
and upper limb strength [40, 42, 52, 55, 56]. These outcomes
are in agreement with studies that used low load, without
reaching muscle failure, and that demonstrated an increase in
the muscle strength but without an increase in the muscular
mass [94, 95].
Muscle contraction velocity is also an important variable
to be controlled, since it can alter the activation and production of power, presenting an important role in the improvement in functional capacity in the elderly [96]. Nogueira et
al. [97] and Bottaro et al. [98] reported that older people
performing RT at higher velocities showed greater gains
in muscle size, strength, and functionality when compared
with people that performed the same programme at lower
velocities. Unfortunately, this variable was not reported in
any of the reviewed studies, which precludes us knowing the
potential effect in BCS.
Another variable that can affect the magnitude of resistance training adaptations is the training supervision ratio.
Mazzetti et al. [99] examined the effect of resistance training
with and without supervision and noted that the supervised
group had higher muscular strength and fat-free mass gain
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when compared to nonsupervised group. Gentil and Bottaro
[100] have found that a high supervision ratio (1 : 5 strength
trainer to athlete ratio) induced higher strength gain in upper
and lower body when compared to low supervision ratio
(1 : 25) in young men. The present systematic review found
that six studies reported a high training supervision ratio [41,
52–56], and only two studies reported continuous training
supervision during the entire training period [41, 53]. Other
studies mentioned that training sessions were supervised, but
its ratio was not reported [40, 42]. Finally, studies with a
high supervision ratio presented a large effect size for muscle
strength gain [52, 53, 55, 56]; on the other hand, moderate
effect size was observed in those studies in which supervision
was not continuous [40, 42, 56]. Overall, these studies suggest
that direct supervision during resistance training might be
important for BCS.

15

[7]

[8]

[9]

[10]

5. Conclusions
Resistance training seems to be safe for BCS, since it did
not increase or exacerbate the risk of lymphedema. However,
the effects of resistance exercise on BCS women in outcomes
related to body weight and muscle strength appear to be
higher, possibly due to the intensities adopted in the studies.
An exercise programme should consider the manipulation
of acute and chronic variables of resistance training in order
to obtain optimal results. In this way, further studies should
evaluate the effects of load, volume, rest intervals between
sets, cadence (speed of execution), exercise choice and order,
and training methods, on muscular adaptations in BCS so
as to determine and consolidate the potential benefits of
resistance training for this population.
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Aim. To explore patient experiences of a structured exercise intervention for men with prostate cancer (PCa). Sample. 41 men
with either localised or advanced PCa who had been referred for a structured exercise programme by their physician and then
subsequently consented to a telephone survey. Method. Participants underwent a 10-week supervised exercise programme within a
large cancer centre hospital consisting of 8 sessions. They then completed a short multiple choice telephone survey, elaborating on
their responses where appropriate. Views expressed by participants were analysed using an affinity diagram and common themes
were identified. Results. Feedback from our telephone surveys was consistently positive and suggests that the structured exercise
intervention provides exercise confidence, motivation to exercise, and social support and promotes positive health behaviour change
in the context of exercise. Individual differences arose amongst participants in their perceived utility of the intervention, with 73.3%
expressing a preference for structured exercise classes and 19.5% expressing a preference for exercising independently. Conclusion.
Design of a structured exercise intervention for patients with PCa should embrace the positive aspects outlined here but consider
patients’ individual differences. Ongoing feedback from patients should be utilised alongside traditional study designs to inform
intervention design in this area.

1. Introduction
In the UK, prostate cancer (PCa) accounts for a quarter of all
new male cancer diagnoses (46,690 in 2014) [1]. Individuals
undergoing treatment for PCa can experience a multitude
of physical and psychological issues that, coupled with the
high incidence rate of PCa, form a high burden of disease.
Moreover, PCa in men with metabolic conditions (i.e., with
comorbidities of diabetes, obesity, or dyslipidaemia) is suggested to be linked with aggressive disease and death [2].
Not only is it thought that preexisting metabolic disorders
increase the likelihood of a poor outcome for men who

develop PCa, but androgen deprivation therapy (ADT, a
standard treatment for advanced PCa) has also been linked to
an increased risk of developing metabolic syndrome (MetS).
When including only studies comparing men with PCa who
were undergoing ADT to other PCa populations who were
not undergoing ADT, our meta-analysis on risk of MetS
after ADT for PCa [3] found a relative risk of 1.75 (95% CI:
1.27–2.41) for men undergoing ADT.
In recent years these observations have driven significant
interest in physical exercise as an inexpensive and holistic
adjuvant therapy that may help to improve physical and
psychosocial outcomes [4] and survival time [5, 6]. There
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is evidence that engaging significantly with exercise can
improve body composition, incontinence, muscular strength,
cardiorespiratory fitness, and cancer-specific fatigue and
quality of life (QoL) [7–10]. The salutary effects of exercise on
depression are well documented [11]. Furthermore, exercise
might provide a valuable antidote to feelings of helplessness,
emasculation, and a lack of help-seeking behaviour that tends
to be typical of men [12]. In addition, several studies have
demonstrated that engagement with exercise following a PCa
diagnosis can increase survival time [5, 6, 13]. For instance, a
recent study using the Health Professionals Follow-up Study
developed and applied a lifestyle score for prevention of
lethal PCa [14]. Points were given in relation to smoking
behaviour, BMI, physical activity, and diet. It was found
that adhering to a healthy lifestyle, defined by not smoking,
normal body weight, high physical activity, and a healthy diet,
may lower risk of lethal PCa. Indeed, early in vitro evidence
has suggested that serum taken from individuals who have
been partaking in acute exercise may have an inhibitory
effect on the growth of PCa cells [15]. Specific biological
mechanisms underlying the apparent effect of exercise on
prognosis are yet to be delineated and are currently under
investigation [16, 17].
Thus, efforts are now underway to provide men with
PCa with access to structured exercise classes as an adjunct
to their usual care. Currently, most studies on exercise for
PCa patients have small sample sizes, focus on a specific
treatment of PCa, or have used self-report measures such as
QoL questionnaires [18] or an objective quantitative outcome
such as PCa survival [19–22]. It is recommended for the
development of a complex intervention to take into account
emergent insights about its implementation amongst the target population [23]. We therefore aimed to explore feedback
from PCa patients (with both localised and advanced disease
and undergoing various treatments) engaged with an ongoing
pilot study of such structured exercise classes, with a view to
report on the experiences of these men.
Previous qualitative research on men with PCa has provided evidence for physiological and psychosocial benefits of
participating in a supervised exercise programme, although
to our knowledge there is just one published qualitative study
available that has focused on the experiences of an exercise intervention specifically amongst men with PCa. Using
semistructured interviews, Cormie et al. [24] thematically
analysed the interview responses of 12 men with PCa, following >3 months’ involvement with a twice-weekly supervised
aerobic and resistance exercise programme. Their analysis
defined a number of psychosocial and physiological benefits
to engagement with the programme, which they grouped
into 3 overarching categories: health-related benefits, support
from the exercise physiologists, and social support.
Cormie et al.’s study highlighted the importance of qualitative approaches to this area by presenting a number of
insights that would not naturally translate into quantitative
measurements. This influenced our approach; however the
aim of the study we present here is not so much to collect
evidence of the benefits of a supervised exercise intervention,
but to gain further understanding of the best approach to
maximising engagement with (and adherence to) exercise
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Figure 1: The prostate exercise class structure.

in general amongst this population, whether that be via
a supervised exercise programme or independent exercise.
A multivariate analysis by Courneya et al. [25] suggested
that predictors of adherence to an exercise intervention for
women with breast cancer may vary according to whether
the exercise is supervised or unsupervised. They concluded
that “predictors of adherence may differ for supervised and
unsupervised exercise, moreover, predicting adherence to
supervised exercise may be particularly difficult in wellcontrolled efficacy trials.” In the spirit of their latter point,
the telephone surveys reported on here are an exploratory
attempt to determine how much heterogeneity there may be
in patients’ attitudes to supervised/nonsupervised exercise
and what factors may be driving this variance.

2. Methods
2.1. Study Population. We included men with either localised
or advanced PCa who were recommended by their physicians
to engage with a physiotherapy-led structured exercise programme as a complement to their standard of care (Figure 1).
Between November 2014 and September 2015, 76 men with
PCa were referred to the physiotherapy team at Guy’s Hospital (London, UK) for the structured exercise programme.
Of these, 46 men completed the exercise programme, 10
dropped out before completing the programme, 10 declined
to participate from the start (of whom three underwent initial
assessment and then did not attend the classes), and one man
died after agreeing to take part.
2.2. Exercise Intervention. Patients were invited to attend an
exercise programme once a week for eight sessions over a
10-week period, allowing for the patient to miss up to two
sessions as part of a pragmatic programme design. The rolling
exercise programme was attended by 8–12 patients in each
session and was modelled from existing published cancer
exercise and UK physical activity recommendations [27, 28].
The intensity, load, and frequency of the exercise training
were dependent on the physical function of the patient
and also the current cancer treatment phase they were in
(see Table 1). The exercise component consisted of a once
weekly, 60-minute session, supervised by physiotherapists.
The programme started with a warm-up, 5-10-minute standard flexibility regime to prevent injury. Combined circuit,
of aerobic and progressive resistive exercise, was carried out
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Table 1: Exercise intensities of low-to-moderate intensity (LMI) and moderate-to-high (MHI) intensity endurance and resistance prescription
related to cancer treatment and physical level.
Intensity level
LMI

MHI

Patient description
(i) On active cancer treatment
(ii) <8 weeks posttreatment
(iii) ∗ Reduced physical level
(i) On established hormone therapy
(ii) 8 weeks after completion of active treatment
(iii) ∗ Expected physical level

HRR

BORG
(RPE) 0–10

1-RM

40–60%

3-4

40–60%

60–80%

4–6

60–70%

HRR, heart rate reserve; BORG (0–10), modified rating of perceived exertion scale; 1-RM, one-repetition maximum. ∗ Physical level was determined on
completion of a 6-minute time walk test [26] and a functional assessment before commencing the exercise classes. Where training intensity seemed too high
or too low, the HRR, BORG, or 1-RM was reassessed.

for 40 minutes. Each circuit consisted of 3-minute exercise
and 1-minute rest to allow for recovery and movement
between each station. Neuromotor exercises (i.e., balance or
coordination) and additional tailored exercises (i.e., pelvic
floor muscle exercises) were prescribed as per individual
need. Aerobic exercises were included aiming to maximise
improvements in cardiorespiratory fitness and comprised of
cross trainer, treadmill, arm cycle, and static cycling. The
workload was defined by the heart rate reserve (HRR) using
the Karvonen formula [29]. The low-to-moderate intensity
(LMI) patient trained at 40–60% of HRR and the moderateto-high intensity (MHI) patient trained at 60–80% of HRR.
Patients were also encouraged to exercises between moderate
to vigorous intensity using the Borg rating of perceived
exertion scale [30]. Resistive exercises targeting large muscle
groups consisted of leg press, leg extension, cable based
multigym, dumbbells (ranging from 1 kg to 10 kg), and body
weight (sit to stand, backward lunge, heel raises, and wall
press). Resistive workload was defined by the one-repetition
maximum (1-RM) measurement. LMI resistance exercises
started in the first week at 40% of 1-RM and gradually
increased to 60% of 1-RM in week 8, whereas MHI resistance
exercises started at 60% of 1-RM gradually increasing to 70%
of 1-RM by week 8. Each exercise was performed at 2-3 sets
of 8–12 repetitions. The session ends with a cooldown, of 10minute standard flexibility and relaxation regimen (standing
or sitting). All exercises and exertion were scored and selfrecorded by each patient.
In addition, three individualized sessions were provided
at week 0 (prior to starting the exercise class), at session
4 (mid programme), and at session 8 (end of programme).
These sessions were aimed at setting/reviewing training
aims (i.e., workload, intensity, and frequency), applying
behavioural motivational counselling techniques to enhance
self-efficacy and overcome possible exercise barriers, and
informing the patient of available services or resources on
completion of the exercise programme.
Patients were encouraged (but not monitored) to complete two additional moderate intensity 30-minute exercise
sessions by week 4 and three by week 8 as part of a home
walking exercise programme. They were also given a pamphlet containing instructions on how to perform resistance
exercises that they had been doing in the supervised sessions.
The combination of our supervised exercise session and

home-based programme aimed to encourage patients in
meeting the recommendations of 150 minutes of physical
activity for cancer survivors [27].
2.3. Surveys. Of the 76 men referred for the cancer exercise
programme as of November 2016, 51 consented to involvement in our ongoing pilot study. Each of these men was
contacted via phone in order to be interviewed as part of
an audit process; all of them were contacted within the
space of 2 weeks in November 2016, meaning that the time
since completion of the exercise programme differed between
participants within a range of approximately 6 months. 41
men were successfully contacted and all of these 41 men were
willing to respond to a short telephone survey. None declined
to take part in the survey. Men who agreed underwent a short
interview about their experience of the exercise programme.
Multiple choice questions that were put to the respondents
are detailed in Table 3. Participants were also given the
opportunity to elaborate on reasons for their responses, in
an open-ended format that we hoped would offer some
useful insight with regard to future refinement of our exercise
intervention design.
As the participant feedback described here was obtained
originally for audit purposes, the conversations that took
place during the telephone survey were written down by
researcher whilst conducting the interview. The information was thus not recorded and transcribed, but whilst we
acknowledge that this limits the robustness of the findings
presented here, we still obtained a valuable mixture of
quantitative and qualitative data. The data proved to be
informative with regard to our ongoing efforts to design
an exercise intervention for men with prostate cancer.
Participants provided responses to predetermined multiple
choice questions, and notes were taken by the interviewing
researcher that summarised any extra points made by each
participant in the ensuing informal conversation. The data
produced by this process enabled us to quantify to some
extent the heterogeneity of responses to specific questions
that we wanted to ask about the delivery of our exercise
intervention, whilst leaving participants free to describe to
us their first-hand experiences, which were of the utmost
value in helping us to refine our intervention design and
formulate further research questions. The notes produced by
the researchers were analysed using an affinity diagram by
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another researcher (LF), and these themes were assessed and
validated by a third researcher (CB).
An affinity diagram approach is a basic qualitative analysis method commonly used to inform management and
planning [31]. In this process the source data (in this case,
all of the notes taken by the interviewers) are divided into
discrete units: for example, “participant describes a fun,
social atmosphere at the classes” or “participant said the
classes gave him the kick start he needed to get into routine
exercise.” Units that are logically related are then grouped
together, establishing any consistent themes. A theme was
considered consistent if it was alluded to more than five times
by participants. We were then able to examine our themes
side by side with our quantified data from the multiple choice
questions and draw some conclusions about how the exercise
intervention could be refined or what research questions we
should be asking going forward.
2.4. Ethics. Approval for a process evaluation/audit was
obtained through the hospital’s research and development
department (project number: 47351).

3. Results
A description of the final sample of PCa patients that
responded to our telephone survey is shown in Table 2.
Responses to our multiple choice questions are shown in
Table 3. Our affinity diagram produced from the notes that
were taken on feedback offered by participants produced 5
common themes: physiotherapy guidance, structured classes
being a motivator, behaviour change, social support, and
individual differences.
3.1. Physiotherapy Guidance. The input of the physiotherapists was the most frequently identified valuable aspect of the
structured classes. Indeed, the ability of the physiotherapists
to give the participants exercise confidence, in the context
of the physical and mental debilitation that can accompany
PCa, was something frequently alluded to by interviewees.
One participant said that the exercise class “feels like a safe
environment” and another that the physiotherapists “cater
to his care and needs.” Good-natured relationships with the
physiotherapy team were reported frequently, and it was clear
that the style of engagement of the physio team was a primary
reason that the exercise classes were received so positively on
the whole.
3.2. Structured Classes as a Motivator. It was apparent from
our interviews that when it comes to engaging with physical
exercise, the structured and tailored nature of the exercise
classes acted as a strong motivating force. Of the 23 participants that told us that they felt less motivated when exercising
independently, the responses of the vast majority highlighted
two clearly dominant themes: the social environment that
is provided with the structured classes and the potency of
structured, timetabled appointments to provide an antidote
to motivational inertia. Patients’ descriptions of the motivational force of the group setting attributed this to both peer
support and friendly intragroup competition.
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3.3. Behaviour Change. Positive behavioural changes
(defined in the context of the transtheoretical model of
behaviour change [32]) were recorded by the physiotherapists
in many patients participating in the structured exercise
classes. These observations are consistent with a large
number of responses from our interviews that were along the
lines of “I wouldn’t have engaged without the kick start that
the structured classes gave me.” One participant, for example,
said that he was initially sceptical, but the structured classes
quickly changed his mind and now he continues to engage
with the exercises he learnt in the class. Another participant
said that the structured classes were a “massive boost” to
his engagement with exercise, as he very quickly observed
and felt the benefits. Another participant recalled being
“taken aback” at how challenging the exercise programme
was but went on to note that this was a positive experience.
There were also a number of participants who admitted that,
without the ongoing engagement with the structured classes,
they would have been likely to quickly disengage with any
initial efforts at routine physical exercise.
3.4. Social Support. One of the aspects of the structured exercise classes that participants were most enthused about was
the social value of the classes. Our interviews drew a picture
of an environment that is good-humoured and enjoyable.
One interviewee referred to fellow class participants as his
“friends.” Some also told of the value of having someone to
relate to (i.e., other men with PCa). One of the interviewees
drew this into sharp focus: he had been told by his doctor that
he needed to engage with exercise but had been too depressed
to adhere to this advice alone; he went on to say that the
class enabled him to talk with another patient who had been
through the classes already and had lost weight and got fit.
The interviewee described this encounter as a strong antidote
to the inertia he was experiencing as a result of his depression.
3.5. Individual Differences. Both participant feedback and the
multiple choice responses indicated that individual personality traits seemed to be strongly influential in determining how
useful a structured exercise intervention would be for that
person. Most of the participants (73.3%) seemed to prefer the
structured classes. This figure is comparable to that of Gjerset
et al. (2011), which looked at exercise interests and preferences
in cancer survivors [33]. However, almost 20% of participants
said that they would prefer to exercise independently, with
many of these participants giving substantive reasons relating
to individual personality traits or lifestyle, for instance,
having the ability to motivate oneself or integrating exercise
into their recreational activities.
Some of the individual differences we note are a likely
result of our offered exercise intervention not meeting individual preferences. Although our programme design took a
proactive approach when determining the intensity, load, and
frequency of the exercise training, the chosen mode was a
predetermined circuit set of exercises within a supervised
group setting. Research has cited that exercise interests and
intervention preferences can vary in cancer populations with
the most reported preferred types of exercises including
walking, resistance exercises, activities of recreation, and
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Table 2: Description of the final sample of PCa patients on the exercise programme who were contactable and agreed to a phone interview.
All values are baseline (preexercise programme).

Age
Minimum
Maximum
Mean (SD)
Initial PSA
Minimum
Maximum
Mean (SD)
Initial Gleason score
6
7
8
9
10
Current/most recent treatment
Active surveillance
ADT
Brachytherapy
Chemotherapy
Radiotherapy
RALRP
Awaiting RALRP
TURP
Ethnicity
White/Caucasian
Black/Afro-Caribbean
Asian
Other
Marital status
Married
Divorced/separated
Widowed
Never married
Current living circumstances
Alone
With partner
With other family
Other
Current work circumstances
Full-time
Part-time
Retired
Unemployed
(Missing data)
>150 mins of moderate exercise per week
Yes
No
Approx. sedentary minutes per week
Minimum
Maximum
Mean (SD)

Total
41

Localised disease
20

Advanced disease
21

43
80
63.63 (9.24)

43
70
59.2 (8.38)

52
80
67.9 (8.15)

0.4
3196
138.15 (509.74)

0.4
67.45
10.7 (14.03)

4.1
3196
265.6 (706.37)

10 (24.39%)
18 (43.9%)
5 (12.2%)
7 (17.07%)
1 (2.44%)

9 (45%)
10 (50%)
1 (5%)
0
0

1 (4.76%)
8 (38.1%)
4 (19.05%)
7 (33.33%)
1 (4.76%)

2 (4.88%)
10 (24.39%)
1 (2.44%)
5 (12.2%)
3 (7.32%)
16 (39.02%)
3 (7.32%)
1 (2.44%)

2 (10%)
0
0
0
1 (5%)
13 (65%)
3 (15%)
1 (5%)

0
10 (47.62%)
1 (4.76%)
5 (23.81%)
2 (9.52%)
3 (14.29%)
0
0

35 (85.4%)
3 (7.3%)
1 (2.4%)
2 (4.9%)

16 (80%)
2 (10%)
0
2 (10%)

19 (90.5%)
1 (4.8%)
1 (4.8%)
0

28 (68.3%)
6 (14.6%)
3 (7.3%)
4 (9.8%)

15 (75%)
1 (5%)
1 (5%)
3 (15%)

13 (61.9%)
5 (23.8%)
2 (9.5%)
1 (4.8%)

6 (14.6%)
32 (78%)
2 (4.9%)
1 (2.4%)

4 (20%)
16 (80%)
0
0

2 (9.5%)
16 (76.2%)
2 (9.5%)
1 (4.8%)

10 (24.4%)
5 (12.2%)
24 (58.5%)
1 (2.4%)
1 (2.4%)

8 (40%)
2 (10%)
9 (45%)
1 (5%)
0

2 (9.5%)
3 (14.3%)
15 (71.4%)
0
1 (4.8%)

35 (85.4%)
6 (14.6%)

14 (70%)
6 (30%)

21 (100%)
0

90
4800
1459 (1190)

90
4200
1175 (1220)

240
4800
1729 (1123)
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Table 3: Responses to multiple choice questions.

Q1. Would you take part again, if offered hospital-based exercise classes again?
Yes

39

95.2%

No

2

4.8%

Exercising independently, outside of the hospital

8

19.5%

Exercising using hospital facilities, with minimal support

2

4.8%

Structured exercise classes within the hospital

30

73.3%

1

2.4%

Q2. Do you prefer . . .

No preference

Q3. When doing independent exercise outside of the hospital, rather than supervised exercise, do you feel more motived to exercise, or less
motivated?
More motivated

15

36.6%

Less motivated

23

56.1%

The same

3

7.3%

Yes

14

34.2%

No

27

65.8%

Q4. Was your prior perception of how hard you would be pushed on the exercise programme accurate?

Q5. If we had given you an advice leaflet on exercise, and you were not offered exercise classes within the hospital, would you have been . . .
More likely to exercise

4

9.8%

Less likely to exercise

25

61.0%

The same either way

12

29.2%

Q6. If your doctor had recommended exercise to you to improve treatment outcome, and you were not offered exercise classes within the
hospital, would you have been . . .
More likely to exercise

10

24.4%

Less likely to exercise

14

34.2%

The same either way

17

41.4%

Q7. If your doctor had NOT recommended exercise to you to improve treatment outcome, but you were offered exercise classes within the
hospital within the nursing team, would you have been . . .
More likely to exercise

31

75.6%

Less likely to exercise

2

4.8%

The same either way

8

19.6%

exercises of a moderate intensity [34, 35]. Furthermore, cancer survivors have a preference on how exercise programmes
are delivered. Unlike our study, a 2002 study of cancer
survivors by Jones and Corneya reported that 40% of the
people studied expressed a preference for exercising within
their own home [34].
We noted that some of the participants who were already
previously engaged with physical exercise still found the
classes to be a valuable component of their care, for example,
as a way to facilitate reengagement with physical exercise
following radical surgery. We also observed that participants’
responses to question 6, “If your doctor recommended
exercise to you to improve treatment outcome, and you
were not offered exercise classes within the hospital, would
you have been more/less likely to exercise (or the same
either way)?,” were fairly evenly distributed, highlighting
differences between participants in the way in which they

might respond to exercise recommendations from their
doctor.

4. Discussion
Informal feedback from open-ended surveys with the PCa
patients in our ongoing pilot study has provided some
preliminary insights into how best to devise a structured
exercise intervention for all men with PCa. Overall across our
sample we observed that participant feedback regarding the
structured exercise classes was strongly positive. Our interview responses suggest that there may be multiple benefits to
patients of running such a service, namely, the provision of
motivation to exercise, exercise guidance, and social support,
and it is possibly a catalyst for positive health behaviour
change relating to exercise. Some heterogeneity in interviewees’ responses suggested that patients’ individual differences
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should be taken into account when designing interventions
of this type, indicating that personal disposition, personal
circumstances, and exercise history may be useful candidates
for predicting of the likelihood of adherence to a particular
exercise programme, or receptiveness to a particular way of
presenting the intervention to them (e.g., via the nursing team
rather than the patient’s consultant).
Bourke et al. have assessed the effects of exercise on
cancer-specific quality of life and adverse events in PCa
trials [10]. They concluded from 16 randomised controlled
trials (RCTs) involving 1,574 men with PCa that exercise
interventions are efficacious in improving cancer-specific
QoL, fatigue, and exercise capacity in men with PCa. The
evidence to date comes mainly from men on ADT. However,
there is a lack of data on effectiveness and cost-effectiveness
of PCa exercise interventions when integrated into healthcare
services [10]. There are still some ongoing trials [36, 37] but
common limitations of these are small sample sizes as well
as a focus on only one specific treatment for PCa. The Individualized Diet and Exercise Adherence Pilot Trial (IDEAP) includes 40 patients with PCa undergoing ADT. Sheffield
University is setting up an exercise training intervention as
a novel primary therapy for men with localised prostate
cancer only: PANTERA (Prostate cAncer Novel ThERApy)
trial [37]. To our knowledge very little information is available
today about the patient experience and preferences for these
exercise interventions. In addition to the existing qualitative
and quantitative measurements, the insights obtained from
these interviews will improve our understanding of how best
to encourage men with PCa throughout their cancer pathway
to undertake exercise. Below we describe the different themes
observed in our responses in the context of our quantitative
multiple choice responses and existing research.
Individual differences were pronounced in the feedback
we received. Lifestyle factors and personality traits appeared
to influence preference. It could be speculated that men more
used to exercising independently may feel that exercising
independently gives them more control over their engagement, whereas the reverse may be true for men who were not
previously exercising regularly: they may feel as though the
structured classes empower, rather than inhibit, them. The
latter was certainly true for some of the participants in this
study. Preferences for individually tailored interventions have
been expressed in previous studies [38, 39]. For instance, a
Canadian study set up focus groups with 27 men on ADT and
identified that men were interested in a mobile application to
reduce sedentary behaviour designed to be easy to use, have
an alerting function to interrupt sitting, have the ability to
track and monitor physical activity levels, to be tailored to
the individual, and involve social support [39]. There is also
research suggesting that predictors of adherence may vary
according to whether exercise programmes are supervised or
unsupervised [4, 25]. These findings are somewhat consistent
with our interpretation.
Individuals also expressed differences in how they
respond to different styles of advice, expressed clearly by the
mixed responses that we received to question 6. This was
reflected in various comments from participants. According
to some, the advice of a consultant would be effective enough
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to get them to engage with exercise behaviour, whereas others
expressed a level of endearment to, and trust of, the nursing
team that would make them more likely to adhere to their
instructions than their consultant. It is possible that this
distribution of responses to question 6 represents both (a)
variance in the quality of the participants’ relationships with
their particular doctor and (b) variance in dispositional attitudes towards the medical profession amongst participants.
Two studies have found that around two-thirds of their cancer
patient samples were interested in participating in exercise
[40, 41], yet one of these, conducted in Canada, also found
that 70% had received no exercise counselling throughout
their cancer care [40]. It has been suggested that this is likely
due to a lack of knowledge amongst clinicians about exercise
for prostate cancer and that contact with clinical exercise
physiologists could benefit patients [4]. An Australasian survey of 119 oncology nurses reported that two of the primary
barriers to physical exercise promotion were lack of time
and lack of adequate support structures [42]. Considering
this in terms of our own experience, our cancer-specific
exercise intervention currently receives patients via interdepartmental referrals from urology to cancer physiotherapy,
and it may be that further integration of the physiotherapy
team into the urology clinic/multidisciplinary team could
facilitate patient engagement with exercise programmes, by
promoting awareness amongst clinicians and providing a
proximal person for patients to talk to specifically about
exercise, before any further referral is made. Further integration of this type may help to accommodate for individual
differences in the way prostate cancer patients respond to
exercise advice.
It was clear that some of these men with PCa felt a lack
of confidence in their ability to exercise effectively. As well
as motivation, the physiotherapy team were able to provide
personalised clinical supervision and guidance to patients
that let them engage in exercise knowing they were not
putting their health at risk. To the best of our knowledge,
there is a lack of published research on cancer-related fear
avoidance behaviour. Some of our interviewees, however,
described what appeared to be fear avoidance behaviours
relating to overexertion in light of their cancer diagnosis. We
can speculate that the negation of this fear via the support of
the physiotherapists is one of the reasons why around threequarters (73.3%) of our participants expressed a preference
for attending structured classes, despite the inconvenience
of the weekly travel to the hospital. In other chronic disease
settings, it has already been shown that fear avoidance beliefs
may be useful in identifying patients at risk of psychosocial
problems as well as their pain intensity and physical impairment [43]. Hence, challenging cancer-related fear avoidance
behaviour that could be detrimental to physical and mental
wellbeing may be beneficial to PCa patients, and so there may
be scope for research in this area. It will be interesting to see
the results from a Norwegian trial on early rehabilitation of
patients with breast, colorectal, prostate, or testicular cancer
[44]. This RCT will provide empirical evidence of whether
an individually administered stress management programme
can decrease stress and maintain or enhance patients’ physical
activity level, quality of life, and psychological wellbeing.
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It was clear from the participant feedback that the
structured classes provided additional motivation to exercise.
The structured nature of appointments, on a certain day and
time, made patients feel obliged to attend, which requires
less willpower that attempting to engage with exercise independently. In addition, the physiotherapists are skilled at
driving patients to push themselves harder physically then
they may do otherwise. Around two-thirds (65.8%) of our
participants were pushed harder than they had expected to
be and yet still maintained their attendance. Furthermore,
there is likely a social aspect to motivation: some patients
were making friends in the class, which could arguably
make attending the classes feel more attractive for some.
The opportunity for social interaction within group exercise
has been described previously by clinical populations as
a motivator to attend [45, 46]. Conversely, it is possible
that more introverted individuals may not find the group
setting attractive. The latter was not a view expressed by
any of our interviewees but may be worth considering.
A 2014 systematic review found that there was a dearth
of research into social influences on exercise adherence in
cancer patients and recommended this as a future avenue of
inquiry [47]. Our interviews would appear to support their
recommendations.
Our interview responses suggested that, for some men,
attending these classes may provide a crucial social support
network. Friendships were being formed via attendance at
the classes and patients may find particular solace in their
social interactions with fellow patients in the class that
they may not be able to find elsewhere. This observation
is consistent with previous research involving women with
breast cancer, which suggested that the action-oriented format of an exercise class may provide a preferable way to
acknowledge cancer in a social context, as opposed to simply
talking about it [48]. It is likely that this sentiment could
be more strongly expressed in men. Given previous research
suggesting that exercise engagement can be used to facilitate
engagement with counselling via partnerships with physiotherapists and counsellors [49], an exercise programme
could be a valuable tool in addressing the psychosocial
issues facing men with PCa, both within the class and via
counselling.
This study was limited in the sense that, due to constraints
on the methodology, the results reported are more descriptive
than analytical. However, insight from patients is a necessary
component of the development of a complex intervention
[23]. Combined with quantitative and qualitative data of
existing and ongoing studies, this work can generate data
on how best to support PCa patients in terms of exercise
empowerment. Our population consisted predominantly of
Caucasian men, so future research will have to ensure a better
representation of different ethnic groups. It is however the
case that black men are consistently underrepresented in
clinical trials, and this is an ongoing challenge [50]. It is also
possible that our responses suffer from selection bias as those
willing to participate may also have a more positive attitude
towards exercise interventions.
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5. Conclusion
This work on patients’ views and experiences has generated
UK data on how best to support PCa patients in terms of
exercise empowerment. The spectrum of insights obtained
highlighted some components that can be considered when
designing exercise interventions for men with PCa, with individual tailoring being the most commonly suggested need.
Future research into understanding how best to encourage
men with PCa throughout their cancer pathway to undertake
exercise should combine emerging insights from immediate
feedback with more general qualitative observations and
quantitative measurements. Research questions addressing
exercise adherence in the PCa population may do well to
acknowledge the value of service and facilities provision
such as that outlined here, in particular the social aspects
of such provision and the role it can play in exercise
confidence/fear avoidance behaviour, motivation, and health
behaviour change. Our observations suggest that those who
are looking to implement this type of service provision should
acknowledge these factors, whilst appreciating that preferred
approaches to exercise engagement can vary largely between
individuals.
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Purpose. The present study examined the progressive implementation of a high effort resistance training (RT) approach in older
adults over 6 months and through a 6-month follow-up on strength, body composition, function, and wellbeing of older adults.
Methods. Twenty-three older adults (aged 61 to 80 years) completed a 6-month supervised RT intervention applying progressive
introduction of higher effort set end points. After completion of the intervention participants could choose to continue performing
RT unsupervised until 6-month follow-up. Results. Strength, body composition, function, and wellbeing all significantly improved
over the intervention. Over the follow-up, body composition changes reverted to baseline values, strength was reduced though it
remained significantly higher than baseline, and wellbeing outcomes were mostly maintained. Comparisons over the follow-up
between those who did and those who did not continue with RT revealed no significant differences for changes in any outcome
measure. Conclusions. Supervised RT employing progressive application of high effort set end points is well tolerated and effective
in improving strength, body composition, function, and wellbeing in older adults. However, whether participants continued, or did
not, with RT unsupervised at follow-up had no effect on outcomes perhaps due to reduced effort employed during unsupervised RT.

1. Introduction
The age associated decline in physical function and condition
is widely evidenced. For example, bone mineral density, muscle mass, strength, and cardiorespiratory fitness all decline
with increasing age and affect health and wellbeing [1–6]. The
World Health Organisation physical activity guidelines for
older adults including a range of approaches are designed to
attenuate this age-related decline [7]. In particular, due to the
loss of muscle mass and strength, inclusion of whole body
“muscle strengthening activities” (e.g., resistance training:
RT) is encouraged 2x/week.
Participation in RT is associated with reduced morbidity
and mortality risk in the elderly [8, 9]. Hurley and Roth [10]

noted that “∼2 decades of age-associated strength loss can
be regained in ∼2 months of resistance exercise” and RT can
even enhance cardiorespiratory fitness in older adults [11, 12].
Higher levels of strength and cardiorespiratory fitness are also
associated with greater cognitive function [13, 14] as well as
functional ability, improved walking speed, and a reduced
risk of falling [15–19]. The outcomes of RT, such as increased
muscle mass [20, 21], strength [22–26], and cardiorespiratory
fitness [27, 28], may even contribute to reduced mortality
risk in the elderly. Further, though there is interindividual
variability in responsiveness in older adults [29], all seem to
benefit in some way from RT [30].
In consideration of the benefits of RT in older adults,
studies have examined the manipulation of RT variables
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(length of training intervention, load, repetition range, repetition duration, rest periods, training frequency, and set volume) for optimal benefits [31]. Indeed, recent meta-analyses
have attempted to characterise the literature in this regard
[32, 33]. These generally highlight the fact that a range of RT
approaches seem similarly effective for older adults reporting
large effect sizes (ES). However, one variable often not
considered is the role of effort and as such the set end points
used during RT, a variable that in younger adults has been
suggested to potentially impact upon adaptation [34, 35].
Clear definitions of set end points in RT, representing
a progression of intensity of effort, have recently been suggested including: nonrepetition maximum (nRM), selfdetermined repetition maximum (sdRM), momentary failure
(MF), and momentary failure plus advanced techniques
(MF+) [36]. In these the nRM represents completion of
an arbitrary predetermined number of repetitions despite a
person being able to perform more, the sdRM represents the
point where a person determines they could not complete the
next repetition if it were attempted (i.e., they predict MF on
the next repetition), MF represents the point where a person
cannot complete the current repetition in the prescribed form
despite attempting to do so, and MF+ is where after reaching
MF a person continues using an advanced RT technique such
as forced repetitions or drop sets. Within these definitions
MF represents the point of maximal effort as it is the point
where, despite the greatest effort, a person is unable to meet
and overcome the demands of the exercise.
Intensity of effort may be important in determining the
efficacy of RT in older adults. Where nRM has previously
been used as set end point (a target repetition number in
combination with a submaximal rating of perceived exertion
[RPE] using the OMNI-RES Scale) there were no significant
improvements in any outcome measures compared to a
nontraining control group over 8 weeks of supervised elastic
band based RT [37]. One recent study has employed the
use of sdRM as a set end point in a supervised low volume
(single set) and low frequency (twice a week) RT intervention
[38] reporting significant increases in strength outcomes
with large within-participant ESs (1.59 to 3.31). Thought not
representing a maximal effort, the application of sdRM in
older adults does induce a relatively high perceived effort [39].
Considering that in younger adults there may be additional
benefit of training to maximal effort (i.e., MF) it is of interest
to examine higher effort approaches in older adults.
High effort RT interventions performed to MF in older
adults are uncommon but have been employed previously
examining the role of load [40]. Adaptations to heavier- or
lighter-loads seem similar when repetitions are performed
to MF in older adults [40] similarly to findings in both
adolescent [41] and young adult populations [42]. However,
though supervised high effort RT is effective, Van Roie et al.
[43] have reported that long term adherence after the initial
supervised intervention, whether using heavier- or lighterloads, is poor. Further, the training effort of participants
may drop considerably over this period. Indeed participants
were performing a lower number of repetitions with training
loads lighter than during the initial 12-week intervention [43].
However, measures of fitness or function were not made at
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follow-up. Though a relatively low dose of RT is needed to
maintain strength and muscle mass after an initial 12-week
RT intervention for older adults [44], it is possible that the
reduced effort employed might mean that initial efforts are
potentially wasted as adaptations may not be maintained.
It may be that a longer initial supervised RT intervention
combined with the use of progressive introduction to high
effort set end points could result in greater long term adherence and maintenance of initial adaptations. High effort RT
can cause discomfort [39, 45] which could generate negative
affect. Introduction to RT initially at lower efforts might
permit expectations of positive outcome affect reinforcing
behaviour and allowing gradual introduction to higher effort
RT [46]. However, to the authors’ knowledge no study has
examined the application of RT in older adults using clearly
defined set end points inducing progressively higher efforts.
As such, the aim of the present study was to examine the
progressive implementation of a high effort RT approach
[47, 48] in older adults over 6 months and through a 6month follow-up on strength, body composition, function,
and wellbeing of older adults.

2. Materials and Methods
2.1. Study Design. A single arm prospective trial was conducted examining the effects of a 6 month supervised RT
intervention with progressive implementation of high effort
set end points in older adults. Upon completion of the 6month intervention participants self-selected whether they
continued participating in RT unsupervised or not. Participants were followed up 6 months after intervention. The study
design was ethically approved by the author’s institution. All
procedures were performed in accordance with the ethical
standards of the Helsinki Declaration. Written informed
consent was obtained from all participants. The trial was
registered in the ISRCTN registry (ISRCTN15170767).
2.2. Participants. Power analysis of effect sizes from recent
meta-analysis of RT research with untrained older participants [33] was conducted to determine participant numbers
(𝑛) using ESs of 1.57 for improvements in strength. Participant numbers were calculated using G∗ Power [49, 50]. These
calculations suggested only ∼3 participants were required to
meet the required power of 0.8 at an alpha value of 𝑝 < 0.05
for the statistical analyses proposed (see below). However,
though this might be the minimum participant requirement
for the studies primary outcome (strength) attempts were
made to recruit a greater number of participants considering
estimated attrition rates of potentially ∼50%. A total of 28
participants were initially recruited (females 𝑛 = 14, males
𝑛 = 14; age 69.1 ± 4.9 years, range 61 to 80 years). Participants
were required to be at least 60 years of age, to present
with a medical certificate verifying their otherwise good
health, to have not previously engaged in RT, and to have
not any contraindication to participation in RT. Participants
were excluded if they had a pacemaker (due to the use of
bioelectrical impedance analysis), failed to attend ≥4 training
sessions, or did not meet the above criteria. Twenty-three
participants completed the study with 5 drop-outs (females
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Figure 1: Twenty-five-metre course for carrying task.

𝑛 = 4, males 𝑛 = 1) for unrelated health reasons. At follow-up 13 participants had continued engaging in the RT
intervention unsupervised (females 𝑛 = 5, males 𝑛 = 8).
2.3. Materials and Equipment. Strength measurements and
training were performed using leg press, chest press, seated
row, knee extension, knee flexion, trunk extension, and
trunk flexion resistance machines (Ergo-Fit, Germany). Body
composition including body mass, whole body muscle, and
fat mass and percentage was estimated using bioelectrical
impedance (Tanita MC 180, Tanita Europe B. V., Amsterdam).
This device is reported as valid compared with dual energy
X-ray absorptiometry for estimating body composition in
healthy adults [51]. Physical function in tasks of daily living
was measured as isometric grip strength performed using a
digital handgrip dynamometer (Trailite, Germany), a stair
climb task involving 6 flights of 17 steps (102 steps in total)
each at 17 cm height, a carrying task using a shopping basket
weighing either 5 kg for females or 10 kg for males which
was lifted from the ground, carried around a 25 m course
involving various turns of both 90∘ and 180∘ (Figure 1), and
then placed on the ground again at the end, and a chair
rise task using a chair at 45 cm height. Resting heart rate
was measured using an A300 Polar Monitor (Polar, Finland).
Rating of perceived exertion (RPE) using Borg’s CR-10 scale
was taken during both the stair climb task and carrying task.
Questionnaires were also used to examine perceived function
and wellbeing. The WHO-5 Wellbeing Index was completed
in addition to a questionnaire asking participants to rate their
overall present state of health, comparison with other older
adults of their age, present sporting condition, and ease with
which they can perform household chores, stair climbing,
shopping, gardening, and transport. For these participants
were asked to provide ratings using a 5-point Likert scale
ranging from 1 (“very bad”) to 5 (“very well”) for state of
health, comparison with other older adults, and sporting
condition and 0 (“this is very difficult for me”) to 5 (“I can
manage this easily”) for ease with which they can perform
household chores, stair climbing, shopping, gardening, and
transport.
2.4. Testing. Testing was conducted before and after the intervention and at 6-month follow-up for all outcomes with the

exception of physical function tests which were conducted
before and after intervention only. Muscular strength testing
was performed in the following order with 2-3 minutes of
rest between exercises: leg press, chest press, and seated
row. Participants performed a ∼5RM test following National
Strength and Conditioning Association guidelines for RM
testing [52]. From this, predicted 1RM was calculated using
the Brzycki [53] formula. Body composition was measured
on a separate day from muscular performance testing both
before and after the intervention following the manufacturer’s
guidelines. Testing for the stair climb task, carrying task, and
chair rise task was performed using a stopwatch. For each
the participants were instructed to begin on the command
“Go” and to complete the task as quickly as possible. For the
stair climb task this involved climbing the 102 steps, for the
carrying task this involved picking up the shopping basket,
completing the 25 m course, and then placing the shopping
basket on the ground at the end of the course, and for the
chair rise task this involved the participants beginning seated
on the chair with their arms folded across their chest and
then standing from the chair until their legs were straight five
times. Isometric grip strength was taken as the average of two
maximal voluntary isometric efforts. Participants positioned
their arms adducted at their sides with elbows at 90∘ as
recommended by the American Society of Hand Therapists
[54]. Participants were instructed to squeeze the handle of the
dynamometer progressively harder culminating in a maximal
voluntary effort after 3 seconds and lasting for a further 2
seconds.
2.5. Training. During the intervention period training was
supervised and conducted 2x/week (at least 48 hours between
sessions) for 6 months (25 weeks). Participants all performed a general warm-up using either treadmill, crosstrainer, upright cycle ergometer, or recumbent cycle ergometer depending on preference for 10 minutes followed by
a single set of moderate load leg press, chest press, and
seated row exercises for 15 repetitions prior to each training
session. In each training session participants performed leg
press, chest press, seated row, knee extension, knee flexion,
trunk extension, and trunk flexion. Order of exercises was
not fixed and dependent upon preference and availability
of equipment in the gym where training was conducted.
Rest between exercises lasted for 2–4 minutes. Participants
were instructed to perform the exercises using relatively
long repetition duration of at least 2 seconds concentric,
1 second pause at the top of the range of motion, and 2
seconds eccentric and to not exceed 4 seconds concentric,
1 second pause at the top of the range of motion, and 4
seconds eccentric. The first 2 weeks of the intervention was
a familiarisation phase whereby participants trained using
a single set of each exercise using a moderate load and
performing 15–18 repetitions, that is, nRM. After this period
participants progressed for a further 2 weeks to perform each
exercise to a set end of point of sdRM defined as cessation
at the point where participants predicted they would reach
momentary failure if the next repetition was attempted [36].
After this period participants progressed to perform each
exercise to a set end point of MF and continued training
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in this manner until week 18. For the final 6 weeks of the
intervention participants progressed to perform each exercise
to set end point of MF followed by a drop set whereby the load
was reduced by ∼5 kg and an additional set continued to the
point of MF was performed immediately upon completion
of the first. Load was progressed for each group by 2–10%
in the next session if participants could achieve greater than
12 repetitions before reaching the defined set end point for
their current period of training (in the case of the final 6
weeks this applied to the first set performed to momentary
failure). After the 25-week intervention participants wishing
to continue performing resistance training unsupervised
were given access to the training facility and allowed to train
without direct supervision.
2.6. Data Analysis. Independent variables for analyses in the
present study were time (before intervention, after intervention, and at follow-up) and also whether participants did, or
did not, continue with unsupervised resistance training during the follow-up period. Dependent variables were strength,
body composition, physical function, and perceived wellbeing and function. Assumptions of normality were examined using a Shapiro-Wilk test and assumptions of equality
of variance examined using Mauchly’s test for sphericity.
Strength and body composition data met assumptions of
normality of distribution and equality of variance so repeated
measures analysis of variance (ANOVA) was used to examine
effects by time (before intervention, after intervention, and at
follow-up). Post hoc pairwise comparisons using a Bonferroni adjustment were conducted comparing preintervention
to postintervention period (encompassing the intervention
period), postintervention to follow-up period (encompassing
the follow-up period), and preintervention to follow-up
period (encompassing the whole study). Physical function
data met assumptions of normality of distribution and so
paired samples t-tests were used to examine effects by time
(before to after intervention). Questionnaire data did not
meet assumptions of normality of distribution and so a nonparametric Friedman test was used to examine effects by time
(before intervention, after intervention, and at follow-up).
Post hoc pairwise comparisons using Wilcoxon signed ranks
tests were conducted comparing pre- to postintervention
period (encompassing the intervention period), postintervention to follow-up period (encompassing the follow-up
period), and preintervention to follow-up period (encompassing the whole study). Between groups comparisons were
made for absolute changes in strength, body composition,
and questionnaire data using independent samples t-tests and
Mann–Whitney U tests (follow-up minus postintervention
period) for the follow-up period comparing those who either
did or did not continue with unsupervised RT. Further, 95%
confidence intervals (CI) and within-participant ESs (𝑑 =
𝜇change /𝜎change ; small = 0.20–0.49, moderate = 0.50–0.79, and
large = ≥0.80) were calculated for changes in strength, body
composition, and physical function across the intervention
(post- minus preintervention period) period. Statistical analysis was performed using SPSS statistics computer package
(versus .23; IBM, Portsmouth, UK) and 𝑝 ≤ 0.05 set as the
limit for statistical significance.
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3. Results
3.1. Strength. Descriptive data for all strength outcomes and
all time points and 95% CIs and ESs for changes are reported
in Table 1. Figure 2 also shows individual responses at
each time point for strength measures. Repeated measures
ANOVA revealed significant effects by time for leg press 1RM
(F (2,26) = 88.876, p < 0.001), chest press 1RM (F (2,26) = 63.577, p
< 0.001), and seated row 1RM (F (2,26) = 48.750, p < 0.001). Post
hoc pairwise comparisons revealed significant differences
between pre- and both postintervention and follow-up time
points for leg press 1RM (p < 0.001), chest press 1RM (p <
0.001), and seated row 1RM (p < 0.001). Significant differences
between postintervention and follow-up time points were
also found for leg press 1RM (p < 0.001) and chest press 1RM
(p = 0.017).
Independent samples t-tests for changes over the followup period revealed no significant differences between those
who chose to continue with unsupervised training compared
with those who did not for change in leg press 1RM (t (21) =
−1.150, p = 0.263; −98.38 kg versus −154.74 kg, resp.), change
in chest press 1RM (t(21) = −0.522, p = 0.607; 30.48 kg versus
−38.99 kg, resp.), or change in seated row 1RM (t (21) = −1.412,
p = 0.173; −22.81 kg versus −46.64 kg, resp.).
3.2. Body Composition. Descriptive data for all body composition outcomes and all time points and 95% CIs and
ESs for changes are reported in Table 1. Figure 3 shows
individual responses at each time point for body composition
measures. Repeated measures ANOVA revealed significant
effects by time for BMI (F (2,26) = 3.654, p = 0.040), fat mass
(F (2,26) = 9.752, p = 0.001), fat percentage (F (2,26) = 10.120,
p = 0.001), and muscle percentage (F (2,26) = 10.543, p <
0.001), but not body mass (F (2,26) = 3.175, p = 0.058), or
muscle mass (F (2,26) = 3.940, p = 0.086). Post hoc pairwise
comparisons revealed significant differences between preand postintervention for fat mass (p = 0.003), fat percentage
(p = 0.004), and muscle percentage (p = 0.007). Significant
differences between postintervention and follow-up time
points were also found for fat mass (p = 0.005), fat percentage
(p = 0.006), and muscle percentage (p = 0.004).
Independent samples t-tests for changes over the followup period revealed no significant differences between those
who chose to continue with unsupervised training compared
with those who did not for change in body mass (t(21) = 0.791,
p = 0.438; 0.65 kg versus 1.22 kg resp.), change in BMI (t (21) =
1.458, p = 0.160; 0.09 kg⋅m2 versus 0.45 kg⋅m2 , resp.), change
in fat mass (t (21) = −0.931, p = 0.363; 2.13 kg versus 1.47 kg,
resp.), change in fat percentage (t (21) = −0.671, p = 0.510;
2.04% versus 1.54%, resp.), change in muscle mass (t (21) =
1.161, p = 0.259; −1.02 kg versus −0.24 kg, resp.), and change
in muscle percentage (t(21) = 0.786, p = 0.440; −2.03% versus
−1.45%, resp.).
3.3. Function. Descriptive data for all function outcomes and
all time points and 95% CIs and ESs for changes are reported
in Table 2. Figures 4, 5, 6, and 7 show individual responses at
each time point for function measures. Paired samples t-tests
revealed significant differences from pre- to postintervention

242.86 ± 76.60a
70.60 ± 25.23a
81.99 ± 24.74a
77.54 ± 16.44
26.49 ± 3.72
19.74 ± 6.44a
25.52 ± 6.30a
54.94 ± 12.72
70.78 ± 6.00a

79.19 ± 16.84
27.04 ± 3.80
22.06 ± 6.80
27.90 ± 6.43
54.27 ± 12.77
68.47 ± 6.13

Postintervention
(mean ± SD)

92.03 ± 31.95
33.85 ± 12.83
40.76 ± 14.33

Preintervention
(mean ± SD)

78.43 ± 16.41
26.73 ± 3.71
21.58 ± 6.61b
27.34 ± 6.00b
54.27 ± 12.77
69.02 ± 5.73b

183.96 ± 61.91a,b
59.831 ± 21.83a,b
74.86 ± 22.46a

Follow-up
(mean ± SD)

−2.59 to −0.71
−0.87 to −0.25
−3.16 to −1.47
−3.30 to −1.47
−0.14 to 1.48
1.45 to 3.20

126.29 to 175.35
30.42 to 43.09
33.75 to 48.72

−0.76
−0.79
−1.19
−1.13
0.36
1.15

2.66
2.51
2.38

Intervention period change
(Δ)
95% CIs
ES

0.16 to 1.63
−0.01 to 0.51
1.11 to 2.57
1.07 to 2.58
1.37 to 0.02
−2.53 to −1.02

−173.64 to −72.13
−50.68 to −17.10
−50.91 to −15.43

0.52
0.42
1.09
1.04
−0.42
−1.02

−1.04
−0.90
−0.81

Follow-up period change
(Δ)
95% CIs
ES

Note: a indicates significant difference (𝑝 ≤ 0.05) with post hoc pairwise comparison of pre- compared with postintervention/follow-up period; b indicates significant difference (𝑝 ≤ 0.05) with post hoc pairwise
comparison of postintervention compared with follow-up period.

Strength
Leg press 1RM (kg)
Chest press 1RM (kg)
Seated row 1RM (kg)
Body composition
Body mass (kg)
BMI (kg⋅m2 )
Fat mass (kg)
Fat percent (%)
Muscle mass (kg)
Muscle percent (%)

Measure

Table 1: Strength and body composition preintervention, postintervention, and follow-up descriptive data (mean ± SD) and intervention and follow-up period change (Δ).
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Figure 2: One repetition maximum at preintervention, postintervention, and follow-up period: (a) leg press, (b) chest press, and (c) row.

Table 2: Function pre- and postintervention descriptive data (mean ± SD) and intervention and follow-up period change (Δ).
Preintervention
(mean ± SD)

Postintervention
(mean ± SD)

94.59 ± 17.82

Stair climb time (seconds)

72.25 ± 9.00

64.27 ± 17.74

Stair climb rating of perceived exertion (0–10)

4.68 ± 1.73

3.59 ± 1.89a

44.96 ± 5.34

39.19 ± 4.71a

Measure

Intervention period change
(Δ)
95% CIs

ES

85.68 ± 10.33a

−14.95 to −3.05

−0.64

a

−13.91 to −2.44

−0.59

−1.70 to −0.30

−0.67

−6.70 to −4.49

−2.16

Physical function
Resting heart rate (beat⋅min−1 )

Carrying task time (seconds)

a

−2.35 to −0.92

−1.01

−2.66 to −1.09

−1.09

1.17 to 3.63

0.87

−0.62 to 3.33

0.31

Carrying task rating of perceived exertion (0–10)

3.35 ± 1.50

1.74 ± 1.00

Char rise time (seconds)

9.63 ± 2.25

7.73 ± 1.73a

35.34 ± 10.52

36.70 ± 10.91

Right hand grip strength (kg)
Left hand grip strength (kg)

34.01 ± 10.95

36.41 ± 10.81

a

Note: a indicates significant difference (𝑝 ≤ 0.05) for paired samples t-test of pre- compared with postintervention/follow-up period; b indicates significant
difference (𝑝 ≤ 0.05) for paired samples t-test of postintervention compared with follow-up period.
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Figure 3: Body composition at preintervention, postintervention, and follow-up: (a) body mass, (b) body mass index, (c) fat mass, (d) fat
percentage, (e) muscle mass, and (f) muscle percentage.

period for resting heart rate (t (21) = 3.096, p = 0.005), stair
climb time (t (21) = 2.858, p = 0.009), stair climb RPE (t (21) =
3.257, p = 0.004), carrying task time (t (22) = 10.350, p < 0.001),
carrying task RPE (t (22) = 4.858, p < 0.001), chair rise time
(t (22) = 5.249, p < 0.001), and left hand grip strength (t (21) =
−4.006, p = 0.001) but not right hand grip strength (t (21) =
−1.431, p = 0.167).

3.4. Questionnaires. Descriptive data for all questionnaire
outcomes and all time points and Friedman and Wilcoxon
test p values are reported in Table 3. Friedman tests revealed
significant effects by time for state of health, comparison with
other seniors, WHO-1, WHO-2, WHO-3, WHO-4, WHO5, and perceived ability to accomplish household chores,
stair climbing, shopping, gardening, and transport, but not

4.00 ± 1.00a
4.00 ± 1.00a
3.50 ± 2.00b
4.00 ± 0.00a,b
4.00 ± 1.00a,b
4.00 ± 1.00a,b
4.00 ± 2.00a,b
4.00 ± 0.25a
4.00 ± 1.00a
4.00 ± 2.00a
4.50 ± 2.00a
4.00 ± 2.00a,b
3.50 ± 1.00a,b

4.00 ± 2.00a
4.50 ± 1.00a
4.00 ± 1.00a
4.00 ± 1.00a
4.00 ± 1.25a
4.00 ± 1.00a
5.00 ± 1.25a
4.00 ± 1.00a
4.00 ± 1.00a
4.00 ± 1.00a
4.00 ± 1.00a
5.00 ± 1.00a
4.00 ± 1.00a

3.00 ± 1.25
3.00 ± 2.00
3.00 ± 2.00
3.00 ± 2.00
3.00 ± 1.25

Follow-up
(median ± IQR)

3.00 ± 0.00
3.00 ± 2.00
3.00 ± 2.00
3.00 ± 2.00
3.00 ± 1.00
3.00 ± 1.25
3.00 ± 2.00
3.00 ± 1.25

Postintervention
(median ± IQR)

<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
0.113
<0.001
<0.001
<0.001
<0.001
<0.001

Friedman test
(𝑝)

<0.001
<0.001
<0.001
<0.001
<0.001

<0.001
<0.001
0.006
<0.001
<0.001
<0.001
<0.001
<0.001

0.002
<0.001
<0.001
0.001
0.001

0.001
0.005
0.744
0.007
<0.001
0.003
<0.001
<0.001

0.071
0.589
0.327
0.021
0.003

0.499
0.084
0.020
0.010
0.019
0.003
0.017
0.090

Wilcoxon signed ranks test
(𝑝)
Preintervention to
Preintervention to
Postintervention to
postintervention
follow-up comparison follow-up comparison
comparison

Note: a indicates significant difference (𝑝 ≤ 0.05) for Wilcoxon signed ranks test for pre- compared with postintervention/follow-up period; b indicates significant difference (𝑝 ≤ 0.05) for Wilcoxon signed ranks
test for postintervention compared with follow-up period.

Questionnaire data
State of heath
Comparison with other older adults
Sporting condition
WHO-1
WHO-2
WHO-3
WHO-4
WHO-5
Perceived ability to accomplish
Household chores
Stair climbing
Shopping
Gardening
Transport

Measure

Preintervention
(median ± IQR)

Table 3: Questionnaire preintervention, postintervention, and follow-up descriptive data (median ± IQR), and Friedman and Wilcoxon signed ranks test results (𝑝).
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Figure 4: Functional test times at preintervention and postintervention period: (a) stair climb time, (b) parkour time, and (c) chair rise time.
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Figure 5: Resting heart rate at preintervention and postintervention
period.

present sporting condition. Post hoc Wilcoxon signed ranks
tests revealed significant differences between pre- and both
postintervention and follow-up time points for state of health,
comparison with other seniors, WHO-1, WHO-2, WHO3, WHO-4, WHO-5, and perceived ability to accomplish

household chores, stair climbing, shopping, gardening, and
transport and only pre- and postintervention periods for
perceived ability to accomplish sports. Significant differences
between postintervention and follow-up time points were
also found for WHO-1, WHO-2, WHO-3, WHO-4, and perceived ability to accomplish sports, gardening, and transport.
Mann–Whitney U test revealed no significant differences
between those who chose to continue with unsupervised
training compared with those who did not for change in
perceived state of health (U = 53.000, p = 0.435; 0.00 ± 1.50 pts
versus 0.00 ± 1.25 pts, resp.), comparison with other seniors
(U = 57.000, p = 0.648; 0.00 ± 0.50 pts versus 0.00 ± 1.50 pts,
resp.), WHO-1 (U = 63.500, p = 0.927; 0.00 ± 1.00 pt versus
0.00 ± 1.25 pts, resp.), WHO-2 (U = 61.000, p = 0.832; 0.00 ±
1.00 pt versus −0.50 ± 1.25 pts, resp.), WHO-3 (U = 60.500, p =
0.784; −1.00 ± 2.00 pts versus −0.50 ± 2.00 pts, resp.), WHO-4
(U = 63.000, p = 0.927; 0.00 ± 1.00 pt versus −0.50 ± 1.25 pts,
resp.), WHO-5 (U = 50.000, p = 0.376; −0.00 ± 1.50 pts versus
−1.00 ± 1.00 pt, resp.), and perceived ability to accomplish
household chores (U = 57.000, p = 0.648; 0.00 ± 1.00 pt versus
−0.50 ± 1.00 pt, resp.), stair climbing (U = 63.000, p 0.927;
0.00 ± 1.50 pts versus 0.50 ± 0.75 pts, resp.), shopping (U =
61.000, p = 0.832; 0.00 ± 1.00 pt versus 0.00 ± 1.25 pts, resp.),
gardening (U = 49.000, p = 0.343), transport (U = 49.000,
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Figure 6: Rating of perceived exertion during functional tests at preintervention and postintervention period: (a) stair climb, and (b) carrying
task.
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Figure 7: Hand grip strength at preintervention and postintervention period: (a) right and (b) left.

p 0.343; 0.00 ± 1.00 pt versus −0.50 ± 1.50 pts, resp.), and
sports (U = 61.000, p = 0.832; −1.00 ± 1.50 pts versus –1.00
± 3.25 pts, resp.).

4. Discussion
The present study examined the implementation of a 6month supervised RT intervention introducing increased
effort through progressive application of defined set end
points. Over the course of the intervention there were significant changes in strength, body composition, function, and
wellbeing outcomes. Participants were also followed up for 6
months after intervention. Over the follow-up period body
composition changes reverted to baseline values, strength
gains were significantly decreased compared to postintervention period but remained significantly higher than baseline,
and questionnaire outcomes were mostly maintained. During
the follow-up period participants self-selected whether they
wanted to continue participating in RT unsupervised (57%
of participants continued). When comparing between the

group that self-selected continuing with RT and those who
did not, there appeared to be no significant differences for
changes in any outcome measures over the follow-up period.
Despite the initial effectiveness of the RT intervention, these
data suggest that continuation of RT unsupervised offered
no additional benefit to maintaining intervention induced
changes compared with cessation of training.
Improvements in strength across the intervention period
were significant and large when considering the ESs. Further,
individual responses (Figure 2) revealed that all participants
increased in strength though the magnitude of change
showed considerable interindividual variability. High effort
RT has been shown to produce large improvements in
strength in older adults even when employed at a low volume
and frequency [38]. The results of the present study further
support this whilst employing progressive applications of
set end points culminating in use of MF and MF + [drop
sets]. This is apparently the first study to employ such RT
approach in older adults. Fisher et al. [38] reported withinparticipant ESs for males and females, respectively, of 2.19

BioMed Research International
and 2.36 for leg press, 1.59 and 1.59 for chest press, and 2.67
and 2.84 for seated row when considering load progression
from beginning to end of ∼12- or ∼19-week RT intervention,
respectively, using sdRM as a set end point. The ESs for
change in 1RM in the present study were similarly large (2.66,
2.51, and 2.38 for leg press, chest press, and seated row, resp.)
though not larger than that reported by Fisher et al. [38]
suggesting that employing higher effort set end points such as
MF and MF + [drop sets] may not be necessary to maximise
strength gains in older adults. However, strength gains are
thought to be highly specific to the task being performed
during training [55–57]. As such, for comparative purposes
the within-participants ESs for increases in training load
across the intervention period for the present study were
3.41, 2.84, and 2.67 for leg press, chest press, and seated row,
respectively, suggesting benefits for training to MF and MF
+ [drop sets] compared with just sdRM for leg press and
chest press. However, it should be noted that the present
study did not directly compare different RT set end points
and so further research should examine this in older populations.
Neither body mass, BMI, nor muscle mass changes across
the intervention period were significant; however, there were
significant decreases in fat mass and fat percentage as well
as increased muscle percentage. Studies applying traditional
RT approaches of multiple sets performed to an nRM have
reported significant changes in body composition in older
adults [58]. However, when higher effort set end points
have been used (MF) low volume single set RT is similarly
effective [59]. Despite the fact that research by Phillips and
Ziuraitis [60] has suggested single set approaches require
insufficient energy costs to reduce body fat, the set end
points applied in their study were unclear (described as
volitional fatigue). Prior studies in young adults using low
volume and high intensity of effort approaches have shown
similar body composition changes to the present study and
these have been ascribed to the higher effort set end points
used (i.e., MF and MF+) [48, 61]. Indeed, body composition
changes appear greater in older individuals with low volume
higher effort interventions compared with higher volume
lower effort approaches [62, 63]. Though body compositions
changes are possible with participation in high effort RT it is
difficult to ascribe the changes reported in the present study
purely to the effects of the intervention. Recent work has
shown that older adults tend to spontaneously make other
lifestyle changes such as improvements in diet including
energy intake and increases in non-RT physical activity when
initiating and maintaining an RT intervention [64]. As such,
RT could act as a first step in public health approaches in the
elderly.
With the exception of right hand grip strength, all
functional outcomes improved significantly over the intervention period. Questionnaire data further corroborate these
improvements suggesting that participants perceived their
general state of health, comparison to other older adults, wellbeing, and ability to accomplish many functional tasks were
significantly improved after the intervention. As noted, functional ability and risk of falling are associated with strength
[15, 16] and as such RT is recommended for improving falls
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risk, gait ability, and balance in physically frail older adults
[17]. The improved functional ability in the present study may
therefore have been a result of the significant strength gains
produced. Indeed, baseline strength levels are correlated with
gait speed and improve with RT [18], and a recent study also
reported that the improvements in gait speed as a result of RT
are significantly related to gains in lower body strength (r =
0.45; p = 0.04) [19]. As such, out of curiosity post hoc Pearson’s
correlation was examined between change in stair climb time
and change in leg press 1RM over the intervention period for
the present study finding a similar relationship (r = 0.48; p
= 0.003). Despite the apparent relationship between strength
and functional ability in older adults the role of improved
self-efficacy as a result of participation in the intervention
might have impacted upon improved function [65]. Indeed,
though functional outcomes were not examined at followup, the maintenance of most questionnaire outcomes despite
the loss of strength suggested that improvements in perceived
function may have been maintained.
During the follow-up period ∼57% of participants opted
to continue with unsupervised RT, considerably more than
those reported by Trappe et al. [44]. The greater maintenance
of RT behaviours compared with that reported by Trappe
et al. [44] in the present study could be for a number of
reasons. Further, though there was a significant loss of 1RM
strength for leg press and chest press exercise (though not
for seated row) over the follow-up period, strength was still
significantly higher than baseline at 6-month follow-up. The
same was not the case for body composition changes, all of
which returned to baseline levels. The loss of strength and
body composition improvements across the follow-up period
were not significantly different between those who opted to
continue with RT and those who did not. However, though
not significantly different, as can be seen from the individual
response plots there was considerably greater variation in
whether strength was maintained or lost compared with
the changes across the intervention period and, further,
descriptive statistics suggested that loss of strength was less
in the group that continued RT (−98.38 kg versus −154.74 kg,
−30.48 kg versus −38.99 kg, and −22.81 kg versus −46.64 kg
for leg press, chest press, and seated row, resp.). This did
not appear to be the case for the body composition results
though with no clear trend for more favourable outcomes
in those who continued RT. The loss of strength despite
continued RT is interesting considering that prior research
has shown that strength gains can be maintained even with
a very low RT dose. As noted Trappe et al. [44] reported
that the training effort of participants appeared to drop
considerably as evidenced by the low number of repetitions
being performed with training loads far lighter than during
the initial 12-week intervention. Numerous studies have
shown that strength and body composition changes are
reduced when training without supervision versus training
with supervision [66, 67]. Indeed they often train with lower
loads and efforts [68, 69] and it has been suggested they
likely avoid training to MF [70]. In the present study, at
follow-up participants were training with loads lower, but not
substantially so, having reduced them by ∼2.4% to ∼5.5%. As
such it seems likely that effort was reduced during follow-up
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in the present study by avoidance of set end points resulting in
higher effort (i.e., sdRM, MF, and MF+). Indeed, the majority
of participants who continued training reported at followup to have switched to performing a multiple set (∼3 sets)
program performed to nRM.
Though reduced, it may be that strength gains remain elevated above baseline levels despite reduced effort in continued RT. However, whether given sufficient time participants
strength would return to baseline values, despite continued
RT without application of sufficient effort by application of
appropriate set end points, is a question of importance. If
this were the case, efforts to implement behaviour change
including participation in RT unsupervised in addition to
employment of initial supervised RT in older adults might
be considered to represent a costly and ineffective public
health approach. Previous studies suggested that older adults
lose strength and power faster than young adults [71].
Fiatarone et al. [18] reported 32% strength loss after only 4
weeks of detraining. Moreover, Cadore et al. [72] showed
that 1/3 of the participants (older adults with dementia
and severe functional loss) died in the 6 months following
interruption of a RT intervention. Therefore, it seems that
unsupervised low volume resistance training might not be
sufficient to overcome this tendency. However, there was
also no significant differences between either of the groups
for changes in wellbeing outcomes from the questionnaire
data the improvements of which were maintained at followup. This suggests that the initial supervised intervention
may have at least had some lasting effects upon perceived
wellbeing which were maintained irrespective of whether
unsupervised RT was continued, even if objective outcomes
were not maintained. As such, longer term trials are needed
to examine the long term effects of initial RT and efficacy of
continued participation after initial supervised RT.

5. Conclusions
The present study shows that a 6-month supervised RT
intervention employing progressive application of high effort
set end points is well tolerated and is effective in improving strength, body composition, function, and wellbeing in
older adults. Compared with prior studies, a considerable
proportion of participants (∼57%) opted to continue with RT
unsupervised after completion of the intervention. Strength
and body composition outcomes were generally reduced at 6month follow-up, though strength remained above baseline,
and wellbeing outcomes were maintained. However, there
appeared to be no significant effect upon the degree of loss
of improvements whether participants continued, or did not,
with RT unsupervised at follow-up. This may be due to
the likely reduced effort employed during unsupervised RT.
As such, future work should examine approaches to ensure
maintenance of initial RT outcomes in older adults when
transferring to unsupervised continuation of RT.
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Objective. The purpose of the present study is to examine the effects of a multidisciplinary lifestyle intervention to treat overweight/
obese children and adolescents. The main outcome was cardiometabolic risk based on the waist-to-height ratio (WHTR)
measurement. Secondary outcomes were (1) changes in body composition; (2) adherence to a Mediterranean diet; and (3) physical
performance. Method. The study involved 74 overweight/obese children or adolescents. The intervention was multidisciplinary
including nutrition, exercise, and psychological aspects based on a family-based approach; it was delivered for six months for
children and three months for adolescents. Before and after the intervention, several anthropometric measures (height, body
weight, body mass index or BMI, waist circumference, and body composition), cardiometabolic risk index (waist-to-height ratio or
WHTR), and nutrition habits of the participants and their families were evaluated. In addition, a set of functional motor fitness tests
was performed to evaluate physical performance measures. Results. After the intervention both children and adolescents showed a
significant reduction in body weight, BMI, waist circumference, fat mass, and WHTR index and an improvement of fat-free mass,
adherence to the Mediterranean diet, and physical fitness performance. Conclusion. A family-based multidisciplinary approach
is effective in the short term in ameliorating the health status, the nutrition habits, and physical performance in children and
adolescents.

1. Introduction
The lack of physical activity (PA) [1] or low levels of PA
and sedentary habits with overeating/unhealthy eating are the
most causes of the increase of obesity [2–4].
Obesity is a multifactorial disease, the product of the
complex interaction of genetic, hormonal, physical, nutritional, social, and environmental factors [5]. Overweight and
obesity are growing in childhood and adolescence all over
the world. In 2014 the World Health Organization (WHO)
estimated more than 41 million overweight children under
the age of five [6]. European data show that the prevalence
of overweight ranged from 18% to 57% among boys and from

18% to 50% among girls; 6−31% of boys and 5−21% of girls
are obese [7]. Childhood obesity is a risk factor for adult
noncommunicable diseases (NCDs) and represents a health
care cost for society [8]. For these reasons childhood obesity
is one of the most serious public health problems in our time
and a new challenge [9].
A lot of studies show that sedentary behaviors independent of physical activity levels are associated with increased
risk of all-cause mortality and psychological problems [10, 11].
Therefore, the promotion of physical activity among children and adolescents is considered a strategic way to tackle
childhood obesity [12], physical activity habits developing in
early life and persisting into adulthood [13, 14].

2
A decreased adherence to the Mediterranean diet in
childhood may be related to an increase in chronic noncommunicable diseases [15]. Furthermore studies suggest a
favourable role of Mediterranean diet on BMI and metabolic
syndrome components like lipids profile and insulin resistance. Most children living in Mediterranean countries
showed low adherence to a Mediterranean-like diet. Therefore, improving their eating habits should be an objective
for the prevention and treatment of pediatric overweight and
obesity [16, 17].
The prevention and the treatment of childhood obesity is
complex and requires a multicomponent approach involving
the family and addressing individual and social aspects [18],
focusing not only on physical activity but also on nutrition
and enhancing motivation toward a healthy lifestyle [19–22].
The family-based approach was defined as the “gold
standard” treatment [23, 24]. As suggested by Kitzman and
Beech [25] the use of a family-oriented approach to pediatric
treatment of obesity can be defined as the active involvement
of parents in the treatment of overweight and obesity in
children. The parents’ active involvement allows acting on the
various multiple factors affecting childhood obesity disease.
Evidence suggests that the adherence of the entire family to
an intervention program represents an important predictor
of the intervention success [26, 27].
Parents and their support play a key role in increasing the
physical activity level of their children and in avoiding the
adoption of sedentary lifestyle. They could achieve these aims
through a change in the home environment, decreasing their
children’s screen and sitting times [28, 29].
The EPODE Umbria Region Obesity Intervention Study
(EUROBIS) is an innovative program to prevent and
treat childhood obesity [30] based on Ensemble Prévenons
l’Obésité des Enfants (EPODE) strategy [31] to improve
lifestyle habits through microenvironmental changes combined with a clinical lifestyle intervention tailored for children and adolescents, which is based on the experience of
the C.U.R.I.A.Mo. model, already experimented for adult
obesity [32]. Our clinical lifestyle intervention for children
and adolescents has been structured as a multicomponent
family-based approach taking into account and measuring
the key aspects of healthy lifestyles and has been explained
trough a nutritional, exercise, and psychological intervention.
There are already encouraging results that structured lifestyle
intervention programs for children with overweight/obesity
can lead to improvements in body composition and cardiometabolic outcomes [33]. Despite this evidence additional
research is needed to test the efficacy of a stepped care model
for children-adolescents affected by overweight/obesity [22,
34, 35]. To our knowledge there is a lack of a reproducible
and standardized clinical model of intervention [36–38]; the
implementation of multicomponent programs involving the
family and working on individual and sociodemographic
aspects [39] through group treatment [40, 41] is recommended.
The present study reports the first results of an original
clinical lifestyle intervention with a family-based approach,
for children (aged 5–12 years) and adolescents (aged 13–17
years) with overweight or obesity; we studied the following
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three major aspects: (1) changes in body composition and
cardiometabolic risk, (2) changes in the adherence to a
Mediterranean diet, and (3) changes in physical performance.

2. Measurements and Methods
2.1. Subject Recruitment and Research Context. A total number of 74 Caucasian children and adolescents subjects with
overweight/obesity were recruited at the Healthy Lifestyle
Institute of the University of Perugia (C.U.R.I.A.Mo., Centro
Universitario Ricerca Interdipartimentale Attività Motoria)
from March 2013 to December 2014. The total sample was
divided into two subgroups by age: the children group (𝑛 =
43, age 5–12 yrs.) and the adolescent group (𝑛 = 31, age
13–17 yrs.). In the children’s group (58.1% male and 41.9%
female) there was a mean age of 9.79 ± 1.8 years (min 5–max
12), with no differences for gender, while in the adolescent
group (38.7% male and 61.3% female) there was a mean group
age of 14.32 ± 1.38 (min 13–max 17), with no differences for
gender.
Children were evaluated at the Pediatric Clinic of the
local hospital and those who met the inclusion criteria were
referred to the Health Lifestyle Institute (C.U.R.I.A.Mo.).
At the first visit patients were assessed for the anthropometric values. Inclusion criteria for the enrolment were
BMI over 85∘ percentile [42], the absence of contraindications to perform physical exercise, and parents’ informed
written consent to the lifestyle intervention. The intervention
followed the C.U.R.I.A.Mo. lifestyle approach for children
and adolescents (approved by the local Ethics Committee,
CEAS, Umbria Region, HREC number 1/10/1633), a multidisciplinary structured program including the nutritional
intervention, the exercise intervention, and the psychological
intervention [32]. All participants followed the three different
parts of the intervention described later. The 9% of the total
sample recruited (4 children) did not start the program
because they were still engaged in other sport activities or
due to family difficulties in managing the timetable of the
activities. Parents’ work difficulties were cited as the main
barriers to participation.
2.2. The Structured Intervention Programs. Subjects followed
two different group programs on the basis of their group age.
The duration of the intervention program was different for the
two age-groups lasting 6 months for the children’s group and 3
months for the adolescent group. Using a quasi-experimental
study design children and adolescents were assessed before
(𝑇0) and at the end of the intervention (𝑇1, six months for
children and three months for adolescents).
The nutritional intervention was structured in individual
counselling sessions and educational group sessions that
involved all the family components. The counselling activity
is not prescriptive in nature; it does not foresee the use of
dietary requirements but give patients the tools (food diary)
and nutritional information to verify the eating habits and
promote the change of those unhealthy.
All the children family underwent to three individual
nutritional counselling sessions of 30–60 min duration at the
beginning, in the middle, and at the end of the program.
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During the intervention four nutritional education group sessions (based on an interactive method of teaching/learning)
were organized for the parents (both mothers and fathers)
of the children and the adolescents. In this phase the family
(children/adolescents and their parents) became able to
choose and eat healthy foods, through practical advice of the
dietician.
During each meeting, the general principles of healthy
eating were clarified to the children/adolescents and their
parents, in order to explain strategies to reduce the highenergy food consumption and increase the consumption of
vegetables, fish, fruits, and foods rich in fiber, improving the
adherence to the principles of the Mediterranean diet.
These meetings should promote the restriction of extra
energy from foods with saturated fats, sugars, and salt. Whole
fresh fruit and vegetables daily-consumption should be promoted, and sugared beverages should be replaced by water.
All the advertisement follows the Italian Standard Treatments of Childhood Obesity (SIO) [16, 17, 43].
In addition, the adolescents attended four interactive
sessions on healthy nutrition recommendations (maximum
6–8 subjects/group).
To assess the change in eating habits of patients it has been
proposed to fill out a questionnaire (KIDMED) that allowed
the calculation of the Mediterranean diet score.
The exercise intervention was planned with a duration of
6 months and a frequency of 2 sessions per week for children
and with a duration of 3 months and a frequency of 2 sessions
per week for adolescents. The exercise program aimed to
improve both general physical fitness (including aerobic
capacity, flexibility, and muscle strength) and the pleasure
in leisure time physical activity. The activities for children
were organized in groups of 6–12 participants. All the training
sessions were supervised by two exercise physiologists and
the activity consisted of four phases: warm-up (15 minutes),
exercises to improve conditional and coordination skills (50
minutes), game group (15 minutes), and final stretching
(10 minutes) for a total of 90 minutes per session. The
training program for the adolescents (5-6 participants/group)
was supervised by one exercise physiologist. Each session
lasted 90 minutes and included 60 minutes of cardiovascular
workouts plus 30 minutes of circuit training for muscular
strength. The cardiovascular activity was performed using
ergometers (Run 500, Runrace 1200 Hc, Bike Race, Recline
600 Xt Pro, and Top 600xt Pro and Synchro, Technogym,
Cesena, Italy). The intensity of the exercises was gradually
increased (5% every three weeks) starting from 50% of heart
rate reserve (HRR) calculated by Karvonen’s formula to reach
70% HRR [44]. Isotonic machines (Lat machine, chest press,
leg press, and leg extension, Technogym, Cesena, Italy),
free loads, and equipment were used for muscular strength
workouts, with gradual increase from 55% up to 70–80% of
1 repetition maximum (RM), according to the adolescent’s
fitness level, estimated at the beginning of exercise with the
equation of Brzycki [45].
The psychological intervention included an initial intensive phase (five sessions lasting one month and a half)
characterized by a family-based approach involving both
parents in a counselling focused on the needs of family.
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In more detail the psychological intervention follows
three phases: (1) psychological evaluation: initial intensive
phase consisting of five meetings with the child/adolescent
and parents, designed to evaluate a number of risk factors associated with overweight/obesity in families; (2) first
phase of psychoeducational groups: four meetings involved
both parents supporting the exercise and nutrition program; (3) second phase of psychoeducational groups: three
meetings for teenagers (peer) focused on the impact of
overweight/obesity, self-esteem, and body image. The goal
was to share among peers (supported by a psychologist) the
main risk factors associated with obesity developmental age.
Four psychoeducational groups of 1 hour for the parents of
all participants addressing the psychological determinants of
obesity in the parental relationship, using a video-feedback
approach [46], were also organized. Parents were trained
by using video-feedback and self-reflection, to allow more
insight and empathy, broadening their coping skills toward
the use of healthy life habits. The objective of this intervention
is to create a personalized program based on the characteristics of each household and parents, made up of meetings
followed by children/adolescents and their parents.
2.3. Measurements
2.3.1. Anthropometric Measurements. Height, body weight,
body mass index (BMI), waist circumference (WC), waistto-height ratio (WHTR) [47], and body composition were
measured in all participants using standard techniques [48].
The waist-to-height ratio (WHTR), calculated by dividing
WC by height, is an anthropometric index for measuring central adiposity and it is useful for identifying cardiometabolic
risk. Childhood obesity is in fact linked to an increased prevalence of cardiovascular and metabolic diseases in adulthood
[49, 50]. Body composition was measured using air displacement plethysmography (BOD POD; Life Measurement Inc.,
Concord, CA, USA) [51]. Body density was calculated as
body mass divided by corrected body volume. Fat mass was
calculated using the equation of Lochman [52] and fat-free
mass subtracting fat mass from body weight. Of the total
subjects recruited that completed the intervention, 6 children
and 8 adolescents had no data on body composition because
of the lack of the equipment (BOD POD) at the time of their
enrolment.
2.3.2. Nutrition Habits. Nutrition habits were assessed at the
baseline and after the intervention for all participants, using
the KIDMED self-report questionnaire [53]. The KIDMED is
an index consisting of 16 items, based on principles sustaining
Mediterranean dietary patterns (12 items) as well as those
that undermine it (4 item). The range is from 0 to 12.
It can be self-administered (adolescents) or conducted by
interview (children with their parents). In the KIDMED
questions denoting a negative connotation with respect to
the Mediterranean diet are assigned a value of −1 and those
with a positive aspect +1. The sums of the values are classified
into three levels: (1) ≥8, optimal Mediterranean diet; (2)
4–7, improvement needed to adjust intake to Mediterranean
patterns; (3) ≤3, very low diet quality.
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2.3.3. Physical Performance. The measurements were different for the two groups. For children (5–12 years) a set of
functional motor fitness tests was performed (at sessions
number 3 and number 5) to evaluate the aerobic capacity
(endurance), speed, flexibility, and dynamic muscle strength.
The motor fitness test set [54, 55] was performed individually
and comprised: (a) 6 minutes’ walking test; (b) 30 metres’
speed test; (c) Sargent Test; (d) bending test.; (e) medicine ball
throw [56–60].
(a) 6 minutes’ walking test: this test was adopted to
quantify functional exercise capacity. The distance
that a children can walk as fast as possible in a period
of 6 minutes was recorded.
(b) 30 m speed test: children had to run the distance of
30 metres, as quick as possible. The measurement
of the test was made with a chronometer. It began
simultaneously, with the start ordered by the exercise
physiologist. Each performance’s time was recorded
in seconds and hundredths.
(c) Sargent Test: children with fingers painted with ink
were invited to stand in front of a wall and to extend
their arms as high as possible. The trace left on the
wall was recorded by the exercise physiologist. Then,
after bending their knees (90 degrees) the children
were asked to execute a vertical jump. The difference
in centimetres between the two signs (before and after
jumping) was considered.
(d) Sit and reach test: a standard method to assess hip
and trunk flexibility was executed from a standing
position (vertical bending, VB) and a seated position
(horizontal bending, HB) by using a sit and reach
box of 40 cm × 40 cm (Technogym) and recording the
distance reached by the tip of the fingers.
(e) Medicine ball throw: children were asked to sit behind
the throwing line holding the ball with two hands
stretched above the head and, after extension of the
body backwards, to throw the ball as far as possible.
Feet had to remain on the ground. The ball trajectory
had to be vertical to the throwing line. Before carrying
out the test the technique was demonstrated, with
a particular emphasis on the throwing angle (30–40
degrees) and the synchronization of body and hands.
During the test the distance between the throwing line and
the point where the ball fell onto the ground was recorded;
the best performance from three attempts was evaluated.
For the adolescents functional tests were performed at the
beginning and at the end of 24 exercise sessions (3 months,
𝑇1) to evaluate aerobic capacity (VO2 max), flexibility, and
dynamic muscle strength. Aerobic capacity was measured
using indirect calorimetry with a gas exchange analyzer
(FitMate, Cosmed, Rome, Italy). The test was conducted using
a Balke protocol [61] on a treadmill, modified according to the
FitMate user manual [62]. To determine the dynamic force of
arm flexor and extensor muscles and of leg extensor muscles,
the indirect method of extrapolation to one repetition max
was used [45]. Four isotonic machines were selected for the
exercise program (leg extension and horizontal leg press for
the leg, pull down on the frontal plane at the Lat machine,
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and push movement on the transverse plane at chest press
machine, Technogym, Cesena, Italy). A maximum number of
repetitions between 8 and 12 were considered. To determine
the value of 1 RM the predicted equation of Brzycki (1 RM =
lifted load × (1.0278 − 0.0278 × reps) − 1) was used [45, 63]. To
assess hip and trunk flexibility a standard method of sit and
reach test was executed from the standing position (vertical
bending, VB) and in a seated position (horizontal bending,
HB) by using a sit and reach box that measured 40 cm × 40 cm
(Technogym); the distance reached by the tip of the fingers
was recorded [64].
2.4. Statistical Analysis. The sample size was calculated based
on WHTR endpoint as a main predictor of cardiometabolic
risk. A sample size of 74 achieves 89% power to detect a
mean of paired differences of 3% with an estimated standard
deviation of differences of 8% and with a significance level
(alpha) of 0,05 using a two-sided paired 𝑡-test.
Descriptive analysis in terms of mean, standard deviation,
and percentages were computed for the variables investigated.
Student’s 𝑡-test for Paired Sample was used to compare all
assessment measures (anthropometry, nutrition habits, and
physical activity) before and after intervention (T0-T1). 𝑡test effect sizes were also reported in terms of Cohen’s 𝑑.
According to the literature [65] effect size 𝑑 = 0.2 is small,
𝑑 = 0.5 is medium, and 𝑑 = 0.8 is large.
Analyses were limited to participants with baseline data
on the different measurements and performed using SPSS,
version 21.0.

3. Results
3.1. Anthropometric Measurements. Anthropometric data at
the baseline and after the intervention are reported in Table 1
for the children’s group and in Table 2 for the adolescent
group.
3.1.1. Children. After the intervention (𝑇1) data showed a
significant decrease in all the measures. BMI (𝑡 = 3.96; 𝑝 <
.001; 𝑑 = 0.27), waist circumference (𝑡 = 4.02; 𝑝 < .001;
𝑑 = 0.27), and WHTR index (𝑡 = 3.36; 𝑝 < .001; 𝑑 =
0.44) showed a significant reduction with a small effect size.
Regarding body composition (subgroup of 33) data showed a
significant decrease with a large effect size of percentage for
fat body mass (𝑡 = 4.61; 𝑝 < .001; 𝑑 = 0.83) and a significant
increase in percentage of fat-free mass with a medium effect
size (𝑡 = −4.77; 𝑝 < .001; 𝑑 = 0.50).
3.1.2. Adolescents. After the three months intervention adolescents showed a significant decrease in waist circumference
(𝑡 = 5,60; 𝑝 < .001; 𝑑 = .35). The subgroup (𝑁 = 23)
assessed with BOD POD showed a reduction of fat body mass
percentage (𝑡 = 4.52; 𝑝 < .001; 𝑑 = 0,50) with a medium
effect size and an increase of fat-free mass (𝑡 = −3.17; 𝑝 =
.004; 𝑑 = .41).
3.2. Nutritional Habits Measure
3.2.1. Children 5–12 Years. Children showed a significant
improvement in KIDMED scores with a medium effect size
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Table 1: Children’s data. Descriptive, Paired Sample 𝑡-test of the anthropometric measure at 𝑇0-𝑇1. Data are presented as mean ± SD.
Characteristics
Anthropometric data
Children (5–12)
BMI (kg/m2 )
WC (cm)
WTHR (cm)
FM (kg)
FM (%)
FFM (kg)
FFM (%)

𝑇0

𝑇1

𝑡

𝑝

Cohen’s d

27.62 ± 3.50
91.82 ± 10.20
0.63 ± 0.05
24.37 ± 8.51
41.21 ± 8.06
35.86 ± 6.69
61.60 ± 5.70

26.71 ± 3.18
89.23 ± 9.24
0.61 ± 0.04
21.96 ± 8.38
35.34 ± 5.82
38.72 ± 7.97
64.53 ± 6.05

3.96
4.02
3.36
3.03
4.61
−3.86
−4.77

.001
.001
.002
.005
.001
.001
.001

.27
.27
.44
.28
.83
.39
.50

Statistical significance was considered at 𝑝 < .05; BMI = Body mass index; WC = waist circumference; WHTR = waist to height ratio; FM = fat body mass;
FFM = fat-free mass.

Table 2: Adolescent’s data. Descriptive, Paired Sample 𝑡-test of the anthropometric measure at 𝑇0 and 𝑇1. Data are presented as mean ± SD.
Characteristics
Anthropometric data
Adolescents (13–17)
BMI (kg/m2 )
WC (cm)
WHTR (cm)
FM (kg)
FM (%)
FFM (kg)
FFM (%)

𝑇0

𝑇1

𝑡

𝑝

Cohen’s d

32.50 ± 5.30
106.22 ± 12.52
0.65 ± 0.09
36.55 ± 11.24
40.55 ± 6.86
52.97 ± 7.13
59.79 ± 8.25

31.43 ± 5.76
102.00 ± 11.66
0.63 ± 0.08
33.38 ± 12.38
36.98 ± 7.38
54.83 ± 8.57
63.01 ± 7.38

5.20
5.60
2.68
4.76
4.52
−2.14
−3.17

.001
.001
.012
.001
.001
.044
.004

.19
.35
.23
.27
.50
.24
.41

Statistical significance was considered at 𝑝 < .05; BMI = body mass index; WC = waist circumference; WHTR = waist to height ratio; FM = fat body mass;
FFM = fat-free mass.

(𝑡 = −3.33; 𝑝 = .002; 𝑑 = .59) from 𝑇0 = 6.73 ± 2.27 to
𝑇1 = 7.93 ± 1.74.
3.2.2. Adolescents 13–17 Years. Adolescents showed a significant improvement in KIDMED scores with a large effect size
(𝑡 = −5,94; 𝑝 < .001; 𝑑 = 1,08) from 𝑇0 = 5.68 ± 2.76 to
𝑇1 8.39 ± 2.42.
3.3. Physical Performance
3.3.1. Children 5–12 Years. As reported in Table 3, the mean
distance walked within six minutes increased (Δ = 37.03 ±
144.03) after three months of exercise, with no statistical
difference between two times of evaluation.
Strength values were raised, as expected, in response
to the progressive work load proposed during the exercise
period. The data showed a significant increase with a medium
effect size in ball throw (𝑡 = −4.24; 𝑝 < .001; 𝑑 = 0.73 and
𝑡 = −5.53; 𝑝 < .001; 𝑑 = 0.77). The sprint time of the 30 m
test improved significantly, with a large effect size (𝑡 = 8.29;
𝑝 < .001; 𝑑 = 1.3). Finally, flexibility improved only the
bending test results from the seating position (𝑡 = −2.01;
𝑝 = .05; 𝑑 = 0.20) with a small effect size.

3.3.2. Adolescents. As shown in Table 4, maximal oxygen
consumption (VO2 max) increased (Δ = .48±4.53) after three
months of exercise, with no statistical difference between two
tests. In strength values there was a significant increase with
a large effect size in every exercise at the isotonic machine
(except in a leg press test that presented 𝑡 = −7.15; 𝑝 < .001;
𝑑 = .71), while the flexibility value improved only in bending
test from standing position with a small effect size (𝑡 = −2.38;
𝑝 = .025; 𝑑 = .23).

4. Discussion
The aim of the present study was to investigate the effects of a
multidisciplinary family-based lifestyle intervention to treat
overweight/obese children and adolescents.
The first results of our structured intervention demonstrate effectiveness in reducing the cardiometabolic risk
through a significant reduction of WHTR and changes in
body composition.
The structured multidisciplinary intervention shows
changes in nutritional habits (greater adherence to Mediterranean diet) and improvements in physical performance.
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Table 3: Children’s data. Descriptive, Paired Sample 𝑡-test of the physical activity measurement at 𝑇0 and 𝑇1. Data are presented as mean ±
SD.
Characteristics
Physical activity data
Children (5–12)
6 MinWT (cm)
Ball TA (cm)
Ball TB (cm)
30 m sprint (s)
VB (cm)
HB (cm)
Sargent (cm)

𝑇0

𝑇1

𝑡

𝑝

Cohen’s d

679.54 ± 85.66
4.47 ± 0.77
4.74 ± 1.10
7.24 ± 0.79
−3.05 ± 8.45
32.26 ± 9.97
23.03 ± 5.99

716.56 ± 159.12
5.06 ± 0.97
5.55 ± 1.42
6.37 ± 0.79
−2.10 ± 8.70
33.38 ± 9.72
26.60 ± 7.07

n.s.
−4.75
−6.71
7.98
n.s.
−2.06
−4.66

n.s.
.001
.001
.001
n.s.
.05
.001

n.s.
.67
.63
1.1
n.s.
.11
.54

Statistical significance was considered at 𝑝 < .05; 6 MinWT = six minutes’ walking test; ball TA = medicine ball throw ahead; ball TB = medicine ball throw
behind; 30 m sprint = 30 metres’ speed test; VB = vertical bending value at sit and reach test, HB = horizontal bending values at sit and reach test; Sargent =
Sargent Test Value.

Table 4: Descriptive, Paired Sample 𝑡-test of the physical activity measure of the adolescents (13–17) at 𝑇0 and 𝑇1 of the intervention. Data
are presented as mean ± SD.
Characteristics
Physical activity data
Adolescents (13–17)
VO2 max (ml/kg/min)
Lat (kg)
Chest (kg)
Press (kg)
Lext (kg)
VB (cm)
HB (cm)

𝑇0

𝑇1

𝑡

p

Cohen’s d

31.11 ± 7.64
36.36 ± 8.61
30.5 ± 8.64
175.29 ± 56.13
40.11 ± 12.52
−6.33 ± 8.97
30.19 ± 9.16

31.60 ± 7.05
44.03 ± 9.1
39.00 ± 10.64
216.76 ± 60.33
52.68 ± 11.50
−4.26 ± 9.30
31.00 ± 9.50

n.s
−11.00
−9.34
−7.15
−7.09
−2.38
n.s

n.s
.000
.000
.000
.000
.025
n.s

n.s
.86
.88
.71
1.04
.23
n.s

Statistical significance was considered at 𝑝 < .05; VO2 max = maximum rate of oxygen (O2 ) consumption; Lat = Lat machine test value; chest = chest press
test value; press = leg press test value; Lext = leg extension test value; VB = vertical bending value at sit and reach test, HB = horizontal bending values at sit
and reach test.

The model consists in a multidisciplinary approach
focused on family’s involvement and based on the best
practices of childhood obesity treatment [18, 23, 24, 37, 39].
Evidence suggests that a multidisciplinary approach is
the most effective strategy to promote lifestyle changes and
confirms that family involvement and peer support with
group meetings are the key to ensure adherence to the healthy
path [35, 36, 38]. In line with previous evidence, the results of
this study seem to be able to show how a multidisciplinary
approach based on the family is effective not only in children
but also in the adolescent group, where a significant decrease
in waist circumference (𝑝 < .001), a significant reduction of
fat body mass percentage (𝑝 < .001), and a significant
decrease in waist circumference (𝑝 < .001) and in fat
body mass percentage (𝑝 < .001) were observed as well as
improvement of the nutritional habits (𝑝 < .001) and
strength parameters (Table 4).
In particular it is suggested that adolescent family involvement and peer support with group meetings are the key
to ensure adherence to the path and promote the lifestyle

change: during the physiological intervention three meetings
for teenagers (peer) focused on the impact of overweight/
obesity, self-esteem, and body image were expected to share
among peers (supported by a psychologist) the main risk
factors associated with obesity developmental age [18, 39–41].
Further studies should better investigate the contribution of
such kind of support in the different age-group populations.
Furthermore evidence shows that adherence to physical
activity is poor when only children and adolescent are
involved without their families or friends [28, 29, 66] and that
restricting diet causes damaging effects on health and it is not
effective in the long term [18, 67].
Multicomponent approach structured in an intervention
model including simultaneously nutritional aspects, physical
activity, sedentary time reduction, and behavioral changes
can deliver better outcomes than isolated interventions [18,
39]. The inclusion of the family in children’s treatment
programs helps children and parents to overcome barriers of
lifestyle and behavioral changes [29] treatment is optimized
if family members are specifically targeted in treatment.
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PA attitudes are influenced by individual, social, environmental, and community aspects [68].
Family influences and friend support can act in improving physical activity habits [69–71]. Like reported by Salvy et
al. [72, 73] children and adolescents are more physically active
when in the presence of peers and it is likely that these positive
feelings increase the enjoyment and youth motivation to
engage in physical activity (PA) [74].
Efficacy expectations are related to different psychosocial
responses [75]. The literature showed that self-efficacy and
family support are associated with the pleasure in physical
activity; furthermore self-efficacy can act as both a determinant and a consequence of physical activity participation,
both in children and in adolescents [70]. Also goals and friend
support are important to favour the participation in PA in
youth groups [72, 73]. In our experience the peer support
during all the group activities proposed is one of the keys to
overcome children limits to move.
The present results confirm that this strategy is effective
in ameliorating, in the short term (3–6 months), the health
status, the nutrition habits, and the physical performance
of children and adolescents. In particular, the present data
demonstrate that after the intervention the participants
significantly reduced BMI, WC, WHTR, and fat mass and
improved fat-free mass, adherence to the Mediterranean diet,
and physical fitness. The positive results of the anthropometrics measurements in terms of a reduction of visceral fat,
supported by the concomitant reduction in waist circumference and body fat mass, suggest that the intervention can
reduce the cardiovascular risk factors already demonstrated
in children and adolescents [76, 77]. In more detail the
WHTR index is linked to cardiovascular risk also in children
and adolescents population [49, 50]. Santoro et al. (2013)
[78] reported that a WHTR higher than 0.60 is associated
with a statistically significant increased risk of metabolic
syndrome, prediabetes, hypertension, and dyslipidemia. In
our sample, despite a statistically significant variation of
values, the risk remains high. The improvement in body
composition obtained with the intervention is noteworthy
because in children after 6 months the fat mass was reduced
by about 6% and fat-free mass increased by about 3%, while
in adolescents after only 3 months the reduction in fat mass
was about 4% and the increase in fat-free mass was about 3%.
The measurement of these differences in body composition
is reliable and accurate because it was performed using
plethysmography with BOD POD, a gold standard method
to evaluate body composition in children [51]. This means
that during the growing age the body is particularly sensitive
to dietary and physical activity changes and that lifestyle
interventions in this period can give optimal results.
In order to evaluate the nutrition habits of the participants
we have chosen the KIDMED questionnaire that offers
a simple Mediterranean diet adherence score, particularly
appropriate in a Mediterranean country like Italy [53]. It is
well established that the Mediterranean diet has an important
role in prevention of cardiovascular diseases and diabetes
and has a beneficial effect in the treatment of the metabolic
syndrome and of obesity [79, 80]. In this intervention for
children, we combined the educational nutrition groups for
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the parents with three individual nutritional visits with both
the child and his/her parents to raise their awareness about
the importance of the Mediterranean diet and the consumption of healthy foods in the whole family. The familybased approach augments the possibilities of improving the
quality of the nutrition because the children, who are capable
of internalizing what they learn, become positive leaders
and an example in establishing a healthy lifestyle in the
whole family [81]. Through family meals, children can eat
more whole grains, fruits, and vegetables and consume less
unhealthy fats. Parents should involve kids in preparing food
to make a positive effect on their attitudes toward obesity
prevention. For the adolescents, four educational nutrition
groups were included and dedicated directly to them, using
a proper interaction and language. As for the children, four
specific education groups were delivered only to their parents.
The final result of the nutritional intervention is positive
for both groups and in particular in adolescents, where
the Mediterranean score increased by about 30%. It must
be stressed that in literature Mediterranean diet adherence
has been inversely associated with change in BMI among
adolescents [82–84]. Finally, it should be stressed that the
nutrition intervention improved both children’s and parents’
nutrition habits [85]. The study confirms the importance
of a family-based approach for childhood obesity, which is
superior to the conventional approaches or programs consisting only of food restriction [29, 81, 85]. Physical activity
and the avoidance of sedentary habits played an important
role through the improvement in body composition and
reduction in weight [86, 87]. In its recommendations WHO
indicates that children and young people aged 5–17 years
should accumulate at least 60 minutes of physical activity
every day [88]. At baseline, the participants in the study did
not follow this recommendation. The exercise intervention
aimed to improve general physical fitness and the pleasure
in physical activity, teaching the whole family the motor and
social skills needed to improve the physical activity levels of
the children and adolescents.
In regard to the type of movement, WHO recommends
that most of daily physical activity should be aerobic, including moderate to vigorous activity that strengthens muscle
and bone; to support the participation all activities can
be performed as part of playing motor games (running or
jumping is optimal like bone-loading). Katch [89] examined
the exercise-induced changes in muscular and cardiovascular
function during the pre- and the postpubertal age. He
underlined that during prepuberty it is possible to observe
small training-induced biological alterations because of the
lack of hormonal drive. For these reasons it is recommended
that workouts should aim toward skill acquisition rather than
physiological conditioning. In contrast, for the adolescents
exercise-induced conditioning changes are well documented
in literature [90]. According to Kramer et al., in our intervention children and adolescents were involved in non-highintensity efforts [91]. In particular for the activity group of
the adolescents, exercises with isotonic machines and low
free weights were chosen and these involved the bigger
muscular groups, thus catering for the abilities of everyone.
In this intervention, a circuit training program was proposed
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to obtain possible cardiorespiratory benefits and improve
on bone health and cardiovascular and metabolic health
biomarkers. However, in children, to encourage participation
and increase the fun, short bouts of high intensity activity
were introduced, alternated with low/moderate intensity
physical activity, and group activity [92].
As shown previously in Tables 3 and 4 improvements in
(1) dynamic strength; (2) cardiorespiratory efficiency; (3) the
speed of the children, and (4) flexibility were observed. In
addition, to train aerobic capacity and flexibility resistance
training was also included in the exercise intervention.
In adolescents cardiovascular activity was presented using
ergometers and with gradually increasing work intensity (5%
every two weeks) from 50% up to 70–80% of heart rate
reserve [44] combined with free loads and work at isotonic
machines with a gradual increase from 55% up to 70–80%
of 1 repetition maximum (RM), according to an adolescent’s
basal fitness level. After three months of exercise, data showed
that strength values increased, as expected, in response to
gradually augmented load used during exercise periods. In
particular, relevant changes in the dynamic strength of the
upper limbs and trunk and lower extremity strength were
observed, with a medium and large effect size.
In adolescents, we tested the effects of the intervention on
VO2 max and did not observe significant changes. It is likely
that the absence of improvement in aerobic power is related
to the fact that we used workloads at a lower intensity than
that required to obtain significant increases in adaptations in
cardiovascular fitness.
As regards flexibility, the existing studies confirm a
role for genetic influences on the individual differences but
estimates vary widely. 18–55% of the variation in flexibility
(as measured by the sit and reach test) in children and young
adults could be explained by genetic influences (Chatterjee
and Das 1995; Maes et al. 1996; Okuda et al. 2005) [93–95].
In addition, the study by Maes et al. 1996 detected significant
shared environmental influences on flexibility [94].
In the groups, we noticed few improvements in flexibility
values, estimated by the seated and standing sit and reach test.
Children increased their flexibility from a seated position,
while adolescents improved their flexibility from a vertical
standing position; in both evaluations we have a small effects
size [93–95].

5. Conclusions
This study reports the first results of an original multidisciplinary lifestyle intervention based on a family-based
approach, demonstrating that such kind of approach allows
obtaining positive results in lifestyle habits changing in not
only children but also adolescents groups with overweight
or obesity, after a short period (3 to 6 months). These first
results are promising in order to facilitate the initiation and
adherence on a physical activity program; the participants
improved health related outcomes. These first results confirm the statement of the American Dietetic Association
(ADA) that underlines the effectiveness of multicomponent programs including behavioral counselling, promotion of physical activity, parent training/modeling, dietary
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counselling, and nutrition education [96]. These first results
are encouraging regarding the effectiveness of these programs
in counteracting overweight/obesity and bad lifestyle habits
of children and adolescents to decrease cardiometabolic risk,
but they are not conclusive. It remains to demonstrate the
long term efficacy of the intervention and the methodological
limitation of the present study that lacks a control group
which was not included for ethical reasons must be stressed.
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High intensity (resistance exercise) training (HIT) defined as a “single set resistance exercise to muscular failure” is an efficient
exercise method that allows people with low time budgets to realize an adequate training stimulus. Although there is an ongoing
discussion, recent meta-analysis suggests the significant superiority of multiple set (MST) methods for body composition and
strength parameters. The aim of this study is to determine whether additional protein supplementation may increase the effect of a
HIT-protocol on body composition and strength to an equal MST-level. One hundred and twenty untrained males 30–50 years old
were randomly allocated to three groups: (a) HIT, (b) HIT and protein supplementation (HIT&P), and (c) waiting-control (CG) and
(after cross-over) high volume/high-intensity-training (HVHIT). HIT was defined as “single set to failure protocol” while HVHIT
consistently applied two equal sets. Protein supplementation provided an overall intake of 1.5–1.7 g/kg/d/body mass. Primary study
endpoint was lean body mass (LBM). LBM significantly improved in all exercise groups (𝑝 ≤ 0.043); however only HIT&P and
HVHIT differ significantly from control (𝑝 ≤ 0.002). HIT diverges significantly from HIT&P (𝑝 = 0.017) and nonsignificantly
from HVHIT (𝑝 = 0.059), while no differences were observed for HIT&P versus HVHIT (𝑝 = 0.691). In conclusion, moderate to
high protein supplementation significantly increases the effects of a HIT-protocol on LBM in middle-aged untrained males.

1. Introduction
Since most sedentary people give time constraints as the main
hindrance to frequently exercise [1], time-effective exercise
protocols may increase people’s willingness to complete
exercise doses necessary to affect health and fitness related
outcomes [2]. Low volume, high intensity endurance, and
resistance exercise protocols may be time-efficient methods
to realize this aim [3–5]. Indeed, with respect to resistance
exercise, most authors reported moderate positive effects

on muscle mass [6] and strength [7, 8] after single set
training protocols. Although there is an ongoing discussion
[8–10] with respect to the relative effectiveness of single set
protocols, based on recent meta-analysis [6–8, 11], the more
time consuming multiple set protocols (MST) were reported
to generate (significantly) higher exercise effects on body
composition and strength development compared with single
set protocol [6–8, 11]. This can be specifically applied when
protocols only differ for a number of sets [12], a condition
that ensures a proper comparison of both methods.
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Protein supplements generally augment the adaptive
response of muscle mass and strength to resistance-type
exercise [13–16]. Consequently, additional protein supply
should augment the effect of single set, or single set based
HIT, resistance exercise on muscle mass and strength to a
higher (potentially multiple set) level. Based on the evidencebased expectation [6–8, 11] of the general superiority of
MST versus single set protocols even when both approaches
were applied to muscular failure, the aim of the study was
to determine whether additional protein supplementation
increases the effect of HIT on muscle mass, strength, and
body fat to an equal MST-level.
Hence, our primary hypothesis was that protein supplementation significantly increases the effect of HIT on muscle
mass to an MST-level. The secondary hypothesis was that
protein supplementation significantly increases the effect of
HIT on muscle strength to an MST-level. An experimental
hypothesis was that protein supplementation did not significantly affect body fat changes between the exercise groups.

2. Methods
2.1. Trial Design. The Physical adaptions in Untrained on
Strength and Heart (PUSH) study was a 22-week randomized
controlled exercise trial with a 2 × 2 parallel group design
using an incomplete cross-over approach. PUSH focused
on the effect of high intensity, single set resistance exercise
protocols (HIT) with and without protein supplementation
versus high intensity, multiple set resistance exercise protocols (HVHIT) versus sedentary control on muscle and
strength parameters in untrained males 30–50 years old.
The Institute of Medical Physics (IMP), Friedrich-Alexander
University Erlangen-Nürnberg (FAU), Germany, initiated the
study that was conducted from April 2012 to July 2013. The
study was approved by the ethics committee of the FAU
(Ethikantrag number 53_12 B) and the Federal Bureau of
Radiation Protection (Z5-22462/2-2012-060). PUSH complied with the Declaration of Helsinki “Ethical Principles for
Medical Research Involving Human Subjects.” After detailed
information, all participants gave written informed consent.
The study was registered under https://www.clinicaltrials.gov
(NCT01766791).
2.2. Outcomes
2.2.1. Primary Study Outcome
(i) Bone-free lean body mass (LBM) changes as
determined by Dual Energy X-Ray Absorptiometry
(DEXA) from baseline to the end of the intervention
after 22 weeks of exercise.
2.2.2. Secondary Study Outcome
(i) Appendicular muscle mass (ASMM) changes as
determined by DEXA from baseline to the end of the
intervention after 22 weeks of exercise.
(ii) Dynamic leg and hip extensor strength changes as
determined by an isokinetic leg press from baseline to
the end of the intervention after 22 weeks of exercise.

2.2.3. Experimental Study Outcome
(i) Total body fat (%) changes as determined by DEXA
from baseline to the end of the intervention after 22
weeks of exercise.
2.3. Changes of Trial Outcomes after Trial Commencement.
Originally, the primary study endpoint was “fat- and bonefree, cross-sectional area of the mid thigh.” However, due
to problems with the segmentation software and due to the
amount of time passed since the study end we consider
“bone-free lean body mass” (LBM) as an alternative primary
study endpoint of this contribution.
2.4. Participants. Participant flow of the study is given in
Figure 1. Two-thousand randomly selected men between 30
and 50 years living in the area of Erlangen, Germany, were
contacted using the citizen’s register of the municipality.
In personalized letters, we gave detailed study information
including the most relevant eligibility criteria (e.g., training
status, Body Mass Index (BMI), and absence during the
interventional period of the study). From the 138 men who
responded and were further assessed by the principle investigators for eligibility, 15 subjects had to be excluded. Reasons
for exclusion were (a) “trained status” (i.e., >1 resistance
exercise session/week; ≥2 total exercise sessions/week during
the last 2 years; 𝑛 = 3), (b) pathological changes of the heart
and acute inflammatory diseases (𝑛 = 2), (c) diseases or
medication affecting muscle metabolism (e.g., acute glucocorticoid therapy; 𝑛 = 5), (d) severe obesity (BMI-cut point
> 35 kg/m2 ; 𝑛 = 1), (e) more than 2 weeks of absence during
the interventional phase (𝑛 = 3), and (f) contraindication
for Magnetic Resonance Imaging (MRI) assessment (𝑛 = 1).
However, of the 123 men remaining, 3 were unwilling to be
randomly allocated to a group and quit the study. Thus, 120
men were randomly allocated (see Figure 1) to the three study
groups.
2.5. Sample Size. As given, the sample size calculation of the
PUSH study was originally based on another primary study
endpoint. With respect to the present study endpoint “bonefree lean body mass” the sample size of 40 participants per
group enables us to detect a difference of (ES) 0.11±0.15 with
90% power (𝛼 = .05) (𝑡-test based sample size calculation).
This difference was adapted from Krieger [6] for single set
versus 2-3 set approaches using the highest variance (SD)
reported in his analysis.
2.6. Randomization Procedures. Stratified for age (4 stratas
of 5 years), 120 participants were randomly assigned to three
study arms (a) high intensity, low volume (resistance exercise)
training (HIT) group; (b) HIT and protein supplementation;
and (c) waiting-control-group/high intensity/high volume
(resistance exercise) training (HVHIT) (Figures 1 and 2;
Table 2) by a uniform allocation rate (1 : 1 : 1) (Figure 1).
For the allocation, lots were drawn by the participants
themselves. Each of the 120 lots was put in opaque plastic
shells (“kinder egg,” Ferrero, Italy) and drawn from a bowl.
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138 men responded to our personized letters and were assessed for eligibility
15 men were excluded due to the following:
(1) Muscle relevant disease or medication: n = 5
(2) Pathologic changes of the heart: n = 1
(3) Chronic inflammable diseases: n = 1
(4) >2 weeks of absence during the intervention: n = 3
(5) (Resistance) ＮＬ；ＣＨＣＨＡ > 1 sessions/week: n = 3
(6) Severe obesity (body math index > 35 kg/Ｇ2 ): n = 1
(7) Contraindication for MRI assessment: n = 1
3 men refused to participate due to the random allocation
120 men agreed to participate and were randomly allocated to

HIT-group: 40 men

Control/HVHIT-group: 40 men

(All) 40 participants received

(All) 40 men received allocated

allocated intervention

intervention

2 men were “lost to follow-up”
(i) Removed: n = 1
(ii) Lost interest: n = 1

No one was “lost to follow-up”
8 men were unable/unwilling to
join the subsequent HVHIT-period

HVHIT-group: 32 men

HIT & protein-group: 40 men

(All) 32 men received allocated

(All) 40 men received allocated

intervention

intervention

3 men “lost to follow-up”
(i) Time constraints: n = 2
(ii) Lost interest: n = 1

2 men “lost to follow-up”
(i) Lost interest: n = 2

Assessed at FU, full data sets
HIT-group: n = 38

HVHIT-group: n = 29

HIT-group: n = 40

HVHIT-group: n = 40

Control-group: n = 40

HIT&P-group: n = 38

ITT-analysis (imputation)
Control-group: n = 40

HIT&P-group: n = 40

Figure 1: Flow-chart of the PUSH study.

Neither participants nor researchers knew the allocation
beforehand. Finally, group status of the participants was listed
and participants were assigned to the different study arms by
the principle investigators.
2.7. Blinding. Outcome assessors and research assistants were
blinded, that is, not informed with respect to the group status
of the participant, and were not allowed to ask.
2.8. Intervention. The study design is presented in Figure 2.
The first study section focused on the comparison of HIT with
the control-group (CG) which was requested to maintain
their lifestyle, physical activity, and exercise habits during

this phase. After 22 weeks of intervention, a short testing
period, and a break of 1 week, the former CG crossed over and
performed the high volume/high intensity resistance exercise
training (HIHVHIT), while the former HIT-group was not
further monitored. Additionally, a HIT and protein (HIT&P)
group was set up and exercised in parallel to the HVHITgroup for a total of 22 weeks (Figure 2). Of importance, the
22-week control assessment of the CG was also the baseline
test for the HIT&P-group.
As intended, HIT and HVHIT varied solely in the
number of sets (HIT: 1 set versus HVHIT: 2 sets). Thus,
the resistance exercise strategy of the present study will be
described en bloc below.
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Run-in-phase I

16 w

2w

6w

HIT

Test I

16 w

2w

HIT & protein
Test II

Run-in-phase II

Inactive control-group (CG)

Test III
HVHIT (formerly CG)

Figure 2: Study design of the PUSH study.

The exercise training was carried out in two wellequipped commercial gyms with identical resistance exercise devices. We offered mandatory core hours (7:00–9:00;
12:00–14:00; 17:00–21:00) of exercise training 7 days a week
during which participants had to exercise. Certified instructors and/or research assistants, all of them carefully briefed
by the principal investigators, consistently supervised all the
sessions and checked the proper application of the exercise
protocol including the aspect of “work to failure.” We aimed
to realize an instructor to participant ratio of 1 : 5; however
due to unexpected variations this ratio varied between 1 : 1
and 1 : 8. Table 1 gives an overview of the resistance exercise
protocol applied in this project.
2.8.1. Resistance Exercise Protocol. During the initial phase,
all the resistance protocols started with two weeks of familiarization and briefing and a further four weeks of conditioning.
During the first two sessions of the familiarization period,
we carefully explained and trained the proper execution of
the exercises, applying an instructor: participant ratio of
1 : 2. After this 2 × 90 min introduction, we focused on the
participant’s ability to choose an “adequate load” for the
prescribed range of repetitions (Table 1).
During the conditioning phase we applied consistently
two sessions/week, with 10 varying exercises, 1-2 sets of 10–15
repetitions (reps), a time under tension of 2 s concentric, 1 s
isometric and 2 s eccentric (2 s-1 s-2 s), and an incomplete
work to failure (maximum effort minus 2-3 reps; recently
defined as non-Repetition Maximum (nRM) [17]). Certified
instructors consistently supervised all sessions and checked
the proper application of the exercise protocol including the
aspect of “work to failure” (Table 1).
After the conditioning phase, we applied a linearly
periodized 16-week resistance exercise program with four
4-week phases with each 4th week as a recovery week.
The exercise programs generally consisted of two to (rarely)
three consistently supervised sessions/week. Thus, the average training frequency for the intervention period was 2.14
sessions/week. All the main muscle groups were addressed
by 10–13 exercises/session taken from a pool of 17 exercises (latissimus back and front pulleys, front chin ups,
seated rowing, back extension, inverse fly, hyperextension,
sitting bench press, shoulder-press, military press, butterfly
with extended arms, crunches, leg press, leg extension, leg
curls, leg adduction, and abduction) conducted over the full
range of motion on resistance devices (MedX, Ocala, FL,
USA). The number of repetitions varied between 3 and 12

reps. Intensity of the exercise was prescribed as a range
of repetitions (e.g., 6–8 reps) that had to be accomplished
under the premise of work to momentary muscular failure
(MMF; [17]); this was however progressively intensified by
the advanced techniques (MMF+) listed below. Time under
tension was similarly manipulated in all exercise groups
within a range between explosive concentric movements,
1 s isometric and 3 sec eccentric and 4 s-1 s-4 s. Time under
tension was negatively correlated with number of reps;
that is, 3-4 reps were conducted with very slow movement
velocity (4 s-1 s-4 s). We conducted a standardized warmup that focused on the muscle group that was subsequently
addressed. Thus, a warm-up set on a chest press constituted
warming up for pectorals, triceps, and deltoids. Six to eight
repetitions with ≈50% 1RM using a 3-1-3 time under tension
(TUT) were performed only once per muscle group (not per
exercise); thus, also only one warm-up set was performed per
synergistic block (Table 1).
Applying the above described protocol, phase 2 (weeks
7–10) focused on work to momentary muscular failure (MMF
[17]) with rest periods of 2-3 min between exercises/sets.
However, after week 8 we reduced the rest periods to 1 min
between exercises, in order to further increase the general
intensity of the protocol.
During phase 3 (weeks 11–14) we added a superset strategy
with one session/week prescribing a synergistic approach (4
blocks of 2–4 exercises for the same muscle group performed
consecutively) while the second (or third) sessions/week
focused on an antagonistic approach (5 blocks of one exercise
each for agonist and antagonist performed consecutively).
Rest periods between the synergistic and antagonistic exercises were ≤1 min while rest periods between the blocks were
2 min (Table 1).
During phase 4 (weeks 15–18) we also enhanced the
set-end point and muscular effort by prescribing further
(forced) reps with reduced weight (−10–15%) immediately
(<20 s) after the initial set to MMF (“drop sets”). Rest periods
between all exercises either within or between the blocks were
2 min. Finally, during phase 5 (weeks 19–22), each second
session, the load was reduced twice (e.g., −10% work to MMF
and again −10% work to MMF). Rest periods were ≤1 min
within the synergistic/antagonistic blocks and 90 s- 2 min
between the blocks. Movement velocity during phases 4 and
5 was consistently prescribed at (TUT) 3 s-1 s-3 s (Table 1).
2.8.2. HIT versus HVHIT Resistance Protocol. As mentioned
above, we prescribed HIT as a “single set to failure protocol
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Table 1: Exercise protocol. TUT: time under tension; exs: exercises; reps: repetitions; RegW: regeneration week; SuS: superset; expl: explosive
(very fast) movement velocity.
Time

Number of reps (break)

Work to failure strategy

TUT (s)

Familiarization phase
Conditioning phase:
10 exs 1-2 sets 10–15 reps (90 s)

Incomplete work to failure

2-1-2

Incomplete work to failure

2-1-2

8–10 reps (break 2-3 min)
5–7 reps (break 2 min)
3–5 reps (break 60 s)
RegW: 10–12 reps (break 2 min)

MMF
MMF
MMF
MMF -3 reps

expl-1-2
2-1-2
4-1-2
2-1-2

See phase 2, however, break
between SuS-exercises: 60 s; between SuS
“blocks” 2 min
Week 4: RegW (see phase 2)

See phase 2 + supersets
(1) Session/week agonists SuS1
(2) Session/w. antagonists SuS2
2–4 exercises per SuS “block”

expl-1-2
to
4-1-4
2-1-2

See phase 3
2 min breaks
Week 4: RegW

See phase 3 and drop-set with a single load
reduction of −10–15% for each exercise
immediately after work to MMF

3-1-3

See
phase 3
Week 4: RegW

See phase 3 and drop-sets with a twofold
reduction of −10 and −10% for each exercise
immediately after work to MMF and MMF+

3-1-3

Phase 1
Weeks 1-2
Weeks 3–6
Phase 2
Weeks 7–10
Phase 3
Weeks 11–14
Phase 4
Weeks 13–18
Phase 5
Weeks 19–22

Table 2: Baseline characteristics of the PUSH study groups.
Variables
Age [y]
Body Mass Index
Total body fat mass [kg]
Physical activity [index]1
Exercise volume [min/week]
Working time [h/week]
Upper/middle/lower class [%]
University studies [%]
Smokers [𝑛]
Diseases (ICD-10) [%]
Chronic medication [%]
Energy intake [kcal/day]3
Protein intake [g/kg/d]3
Fat/CHO/alcohol [g/d]3

HIT
(𝑛 = 40)

HIT&P
(𝑛 = 40)

HVHIT
(𝑛 = 40)

Control
(𝑛 = 40)

𝑝/𝐹 value

42.9 ± 5.4
27.5 ± 4.0
25.6 ± 5.1
2.9 ± 1.4
28.4 ± 35.9
43.4 ± 3.2
20/68/12
70
1
20
10
2658 ± 723
1.13 ± 0.29
99/305/12

43.7 ± 5.9
27.3 ± 4.1
25.0 ± 4.8
2.8 ± 1.3
40.1 ± 41.8
44.5 ± 2.9
25/63/12
78
1
25
13
2703 ± 662
1.21 ± 0.39
106/314/12

42.9 ± 5.6
26.9 ± 4.2
24.9 ± 6.1
2.7 ± 1.2
35.0 ± 37.9
43.5 ± 3.1
18/73/9
75
2
22
13
2559 ± 592
1.17 ± 0.40
100/286/14

42.5 ± 5.6
26.8 ± 4.3
24.9 ± 6.0
2.7 ± 1.1
35.0 ± 38.2
44.1 ± 3.5
18/73/9
75
2
21
13
2516 ± 758
1.12 ± 0.34
94/298/14

0.717/.451
0.376/.770
0.904/.172
0.818/.311
0.640/.564
0.322/1.17
≥0.816/.942
0.785/1.072
0.733/3.592
0.963/.292
0.981/.182
0.671/.518
0.294/1.25
≥0.20/.199

1

Based on a scale from 1 (very low) to 7 (very high) according to a subjective assessment of professional, household, and recreational activities. 2 Chi square
test value; 3 based on a 4-day dietary intake protocol. CHO: carbohydrates.

with advanced techniques.” By definition, “single set” refers
to the exercise not to the muscle groups; thus the same muscle
group may be addressed by several exercises each performed
once. In the HVHIT-group we applied the identical exercise
protocol, however consistently with two sets per exercise; thus
the volume of the HVHIT was exactly twice as high compared
with the HIT-protocol. Of importance, we organized HVHIT
as a circuit, that is, the second set/exercise was not conducted
immediately after the first set but after the first bout of all the
exercises.

Thus, in summary the number of sets (HIT: 1 set/exercise
versus HVHIT: 2 sets/exercise) was the only difference
between the two resistance exercise protocols.
We provided training logs for all the training phases
that prescribed the training session in detail. Besides proper
completion of the logs, for example, with respect to number
of reps and corresponding load achieved, participants were
asked to list the net exercise time and to list their rate of perceived exertion (Borg CR 10 Scale) [18] for the corresponding
session. In order to properly determine training attendance,
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we used chip cards that gave subjects entrance and exit to the
gym and thus monitored their gross stay.
2.9. Protein Supplementation. We aimed to realize a protein
supply of 1.5–1.7 g/kg body weight per day in the HIT&Pgroup. Based on the 4-day dietary protocol described below,
participants with a protein intake <1.5 g/kg/d (𝑛 = 32) were
provided with protein supplements (43 ± 19 g/d). The protein
powder used in this study (protein4you, Saarlouis, Germany)
consisted of multicomponent protein (whey, casein, egg, and
soya) with a chemical score of 156. One hundred (100) g
contained 76.5 g of protein, 3.9 g of carbohydrates, and 3.2 g
of fat resulting in a calorific value of 363 kcal/100 g protein
powder. One portion of 30 g was enriched with 500 mg Lcarnitine and 3 g of L-leucine. Participants of the HIT&Pgroup were requested to ingest the prescribed dose accurately
on a daily base and to split doses higher than 30 g/d. Compliance with prescribed protein powder intake was regularly
queried during the exercise sessions.
2.10. Testing. We conducted all tests in a blinded fashion.
Baseline and follow-up assessment of the participant were
conducted at the same time of the day (±1 h).
Height (Holtain, Crymych Dyfed., Great Britain) and
body weight were measured using calibrated devices (InBody
230, Seoul, Korea). Body composition was assessed by
Dual Energy X-Ray Absorptiometry (DEXA, QDR 4500a,
Discovery-upgrade; Hologic Inc., Bedford, USA) using standard protocols [19]. Appendicular skeletal muscle mass
(ASMM) was calculated using the bone-free lean mass of
the upper and lower limbs as segmented by the standard
segmentation protocol of the manufacturer. Based on the
daily “phantom” assessments and automatically calculated by
the software, long-term reliability of our DEXA device was
0.77% for the intervention period.
Maximum isokinetic strength of the leg and hip extensors
was tested using a ConTrex isokinetic leg press (Physiomed,
Laipersdorf, Germany). Bilateral leg and hip extension was
performed in a sitting, slightly supine position (15∘ ), supported by hip and chest straps. Range of motion was selected
between 30∘ and 90∘ of the knee angle, with the ankle flexed
90∘ and positioned on a flexible sliding footplate. The standard default setting of 0.5 m/s was used. After familiarization
with the movement pattern and standardized warm-up (10
reps with ≈50% 1RM with a 2 min break after the warmup) participants were asked to conduct five repetitions with
maximum voluntary effort. Participants conducted two trials
intermitted by two minutes of rest. We consistently included
the higher value of both trials in the data analysis. Applying
this approach, reliability for the maximum leg press test (testretest-reliability; intraclass correlation) in this cohort was
0.88 (95%-CI: 0.82–0.93).
Briefly, one repetition maximum (1RM) was calculated
using a repetition to fatigue (RTF) predicting equation specifically designed for this cohort. During the second week of the
conditioning period, four pairs of 1RMs and corresponding
RTFs were performed for leg press, bench press, rowing, and
latissimus pulleys. 1RM-tests were conducted according to
the test protocol applied by Kraemer et al. [20]. To determine
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RTFs at different intensities, participants were asked to select
loads that permitted repetitions in the range of 2–4, 5–7,
and 8–11 using a 2-1-2 s TUT. For the prediction of the 1RM,
a cubic regression polynomial was computed, taking into
account all test values. For a more detailed description of our
proceeding the reader is referred to another recent article,
albeit covering a different cohort [21].
Demographic parameters, health risk factors, and physical activity were sampled by validated baseline questionnaires
[22, 23]. In order to determine changes of medication,
diseases, lifestyle habits, physical activity, exercise, dietary
pattern, and nutritional supplementation, (i.e., parameters
that may affect the study endpoints), the same questionnaires
were used at follow-up.
The participants’ dietary intake was assessed immediately before and after the trial by 4-day dietary protocols
conducted by all participants. The consumed food was analyzed using the Freiburger Ernährungs-Protokoll [Freiburger
Nutrition Protocol] (nutri-science, Hausach, Germany). In
case of dubious results (i.e., energy consumption <1000
or >3500 kcal; 𝑛 = 6) participants were correspondingly
interviewed, briefed again, and asked to properly complete
another dietary protocol based on more representative days.
2.11. Statistical Analysis. An intention to treat (ITT) analysis
included all the participants who were randomly assigned
independently of compliance or lost to follow-up. R statistics software [24] was used in combination with multiple
imputation by Amelia II [25]. The full data set was used
for multiple imputation, with imputation being repeated 100
times. Overimputation diagnostic plots provided by Amelia
II confirmed that the multiple imputation worked well in all
cases. Based on a statistically and graphically checked normal
distribution of the primary and secondary outcomes presented here, dependent 𝑡-tests were used to analyze withingroup changes. One-way ANOVA was applied to determine
differences between the groups, where we used the approach
of Alison [26] to combine the results of the imputed data sets.
In case of relevant differences, pairwise 𝑡-test comparisons
with pooled standard deviation were conducted [27]. The 𝑝
values obtained in the pairwise comparisons were adjusted
for multiple testing by the method of Holm [28], hence
keeping the family-wise error rate under control. All tests
were 2-tailed; significance was accepted at 𝑝 < 0.05 or
adjusted 𝑝 < 0.05, respectively. Effect sizes were calculated
using Cohen’s 𝑑.

3. Results
Table 2 gives the baseline characteristics of the participants.
Of importance, in line with this ITT-approach that included
all participants in the analysis, the CG-group follow-up data
were taken as the HVHIT-group baseline data (Figures 1 and
2), which explains the differences in baseline characteristics
between these groups.
No significant differences (𝑝 > 0.30) were determined
between the groups.
Of importance, eight participants of the CG were either
unable (𝑛 = 2) or unwilling (𝑛 = 6) to cross-over to the
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Table 3: Baseline values and changes of LBM in the study groups. ∗ 𝑝 < 0.05; ∗∗∗ 𝑝 < 0.001; n.s.: nonsignificant.
LBM [kg]

HIT
MV (95%-CI)

HIT&P
MV (95% CI)

HVHIT
MV (95% CI)

CG
MV (95% CI)

𝑝

Baseline
Difference

67.2 (64.8–69.6)
0.45 (.15–.85)∗

67.8 (65.1–70.4)
1.38 (.95–1.81)∗∗∗

65.7 (63.2–68.2)
1.24 (.76–1.73)∗∗∗

65.6 (64.1–68.1)
0.04 (−.38–.45)n.s.

0.53
0.001

Table 4: Baseline values and changes of ASMM, isokinetic leg and hip extensor strength, and total body fat-rate in the study groups.∗ 𝑝 < 0.05;
∗∗ 𝑝
< 0.01; ∗∗∗ 𝑝 < 0.001; n.s.: nonsignificant.
HIT
MV (95%-CI)
Baseline
Difference

31.24 (30.0–32.4)
200 (−29–429)n.s.

Baseline
Difference

3239 (3027–3481)
446 (253–637)∗∗∗

Baseline
Difference

25.61 (24.0–27.3)
−1.20 (−.75–1.67)∗∗∗

HIT&P
HVHIT
MV (95% CI)
MV (95% CI)
Appendicular skeletal muscle mass (ASMM) [kg/g]
31.22 (29.9–32.6)
30.19 (28.9–31.5)
797 (557–1037)∗∗∗
581 (299–862)∗∗∗
Isokinetic leg and hip extensor strength [N]

CG
MV (95% CI)

𝑝

30.17 (29.0–31.4)
15 (−219–249)n.s.

0.44
0.001

3323 (3145–3501)
418 (279–555)∗∗∗
Total body fat [%]

3315 (3153–3519)
334 (239–429)∗∗∗

3288 (3101–3475)
27 (−56–111)n.s.

0.61
0.001

25.00 (23.5–26.6)
−.44 (.05–.90)n.s.

24.97 (22.7–26.9)
−.86 (−.31–1.40)∗∗

24.9 (23.1–27.1)
0.06 (.50–.39)n.s.

0.51
0.001

HVHIT-group (Figure 2); thus 32 men started exercising
in the HVHIT. A further two participants of the HIT and
HIT&P each and three participants of the HVHIT were lost
to follow-up while all of the CG-group participated in the FU
assessment (Figure 1). The reasons for withdrawal were (a)
relocation (𝑛 = 2), (b) time constraints due to paternity or
occupational changes (𝑛 = 3), and (c) loss of interest (𝑛 = 2).
Attendance rates among the exercise groups were relatively
high and averaged around 95 ± 5%. Average rate of perceived
exertion (RPE) for the sessions (phases 2–5) was comparable
between the groups (6.8 ± 1.0, Borg CR 10; 7 = very hard).
In detail, RPE increased significantly (𝑝 = 0.004) from 6.3 ±
0.7–6.5 ± 0.6 in phase 2 to 7.0 ± 0.6–7.2 ± 0.6 in phase 5 with
no group differences for any phase. Average net duration of
the exercise training (phases 2–5) differed significantly (𝑝 =
0.001) between HIT/HIT&P (36.6 ± 2.4 min) versus HVHIT
(74.7 ± 3.1 min). No injuries occurred during the exercise
sessions.
Thirty-five (92%) participants of the HIT&P-group said
they had taken the protein supplements exactly according to our prescription and two participants slightly more
(≈10–20%) and one participant slightly less (≈ −20%) protein
than specified. Thus, based on the protein supply and the
dietary protocol, total protein intake of the HIT&P-group
averaged 1.64 ± 0.10 g/kg/d at study start and 1.61 ± 0.12 at
study end. Only one participant did not reach the specified
protein intake of at least 1.5 g/kg/d (1.44 g/kg/d). Apart from
regular muscle soreness, no negative side effects of resistance
exercise and/or protein supplementation were reported.
At baseline, no significant differences were determined
for the primary and secondary study endpoints. Bone-free
lean mass (LBM, Table 3) increased significantly in all exercise groups (𝑝 ≤ 0.043); however only HIT&P and HVHIT
differ significantly from control (𝑝 ≤ 0.002; 𝑑 = 0.98–1.02).

Further, HIT diverges significantly from HIT&P (𝑝 = 0.017;
𝑑 = 0.67) and varied nonsignificantly from HVHIT (𝑝 =
0.059; 𝑑 = 0.60), while no differences were observed for
HIT&P versus HVHIT (𝑝 = 0.69; 𝑑 = 0.10). Comparable
results were determined for ASMM (Table 3), a region of
interest where changes of bone-free-LBM can be completely
related to changes of muscle mass. Thus, although we determined only a nonsignificant difference (see above) between
HIT and HVHIT, we confirmed our primary hypothesis that
protein supplementation significantly increases the effect of
HIT on muscle mass.
Table 4 gives the results for the secondary and experimental study endpoint. Dynamic knee extensor strength significantly (𝑝 < 0.001; 𝑑 = 0.84–1.02) increased in all exercise
groups and was maintained in the CG. Further, all exercise
groups significantly differ from control (𝑝 ≤ 0.01), while
no significant differences for leg and hip extensor strength
changes were observed between the exercise groups. Thus, we
have to reject our hypothesis that protein supplementation
significantly increases the effect of HIT on muscle strength
(to an MST-level).
Total body fat decreased (HIT, HVHIT: 𝑝 ≤ 0.002
and HIT&P: 𝑝 = 0.058) in the exercise groups and was
maintained in the CG. However, only the HIT-group differed
significantly from control (𝑝 = 0.002; 𝑑 = 0.85), while no
significant differences with respect to changes of body fat
rate were observed between the exercise groups. Thus, we
confirmed our secondary hypothesis (a) that body fat rate was
similarly reduced in all exercise groups compared with the
nontraining control-group.
No changes of diseases, medication, or general physical
activity were reported during the intervention period. Contrary to the commitment given, two subjects of the CG as well
as two of the HIT-group and one participant of the HVHIT
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engaged in endurance exercise programs (30–90 min/week).
Also against the protocol, three subjects of the HIT and one
subject each of the HVHIT-group and HIT&P reduced their
energy intake by 10–20%. In summary, energy consumption
of the HIT-group decreased significantly (𝑝 = 0.001) by
66 ± 120 kcal/d (−2.5 ± 4.1%), while energy intake remained
stable in the HVHIT (0.2 ± 6.1%), HIT&P (0.9 ± 4.4%), and
CG (1.7 ± 5.5%). In parallel, dietary protein consumption
decreased slightly in the HIT (−2.2 ± 11.4%, 𝑝 = 0.192)
and increased in the HIT&P (1.9 ± 13.3%; 𝑝 = 0.574),
HVHIT (1.6 ± 13.7%; 𝑝 = 0.925), and CG (3.7 ± 8.8%. 𝑝 =
0.016). Between-group differences were observed for energy
intake (HIT versus CG; 𝑝 = 0.027). Using a per protocol
analysis and excluding the participants who infringed the
study protocol with respect to lowering energy intake (HIT:
𝑛 = 5, HIT&P: 𝑛 = 1, HVHIT: 𝑛 = 2, and CG: 𝑛 = 2) did not
affect the results on primary or secondary endpoints. Even
after excluding all the HIT-participants with an energy intake
reduction of >105 kcal/d (which is the upper limit of the 95%
CI of the energy intake change of the HIT-group), there were
no differences in our results. A more individualized analysis
also demonstrated that all the subjects who reduced energy
intake by more than 5% consistently ranged in the upper third
of baseline energy intake (i.e., >34.0 kcal/kg bodyweight/d).

4. Discussion
The primary study aim of this contribution was very pragmatic: will additional protein supplements enhance the effect
of HIT to the level equal to the more time consuming, but
also more effective, multiple set resistance exercise protocols?
Addressing the scientific basis for our approach that multiple
set protocols were more favorable to increase muscle mass,
we marginally failed to determine significant differences of
HIT versus HVHIT for hypertrophy parameters (i.e., LBM:
𝑝 = 0.059), at least in the main analysis. This result
can largely be attributed to the adjustment for multiple
testing; a direct comparison of both groups determined a
significant superiority of HVHIT (𝑝 = 0.018). However, it
was not our goal to compare identical single and multiple
set resistance protocols prescribed to MMF+ [17], but to
enhance the results of the time-efficient HIT by a lowthreshold dietary intervention. The primary finding of this
study that additional protein supplementation significantly
augments the hypertrophic response of a HIT resistance exercise protocol generally confirmed our hypothesis, although
some limitations, discussed below, may decrease the value
of this observation. Reviewing the literature, two recent
meta-analyses [13, 14] focus on the issue whether additional
protein supplementation increases muscle mass parameters
more than exercise alone. Cermak et al. [13] determined a
mean difference of 0.75 kg LBM in 6–24 weeks (95% CI:
.42–1.10 kg) for combined protein supplements and young
untrained subjects. Naclerio et al. [14] who focus on whey
protein reported an overall increase around 1.3 kg in 6–12
weeks (95% CI: −0.6–3.3 kg). Of importance, none of the
groups included in the meta-analysis consumed less than
≈1.2 g/kg bodyweight at baseline [29]. The most prominent
difference between resistance exercise protocols with and
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without protein supplementation in untrained males (19 ± 2
years) was reported by Willoughby et al. [30]. The authors
determined a 2.8 kg difference after a multiple set, high
intensity (3 sets 6–8 reps at ≥85% 1RM) resistance protocol
applied 4 times/week (splitting protocol) for 10 weeks with
(40 g/d) or without (40 g/d dextrose) supplementation with
whey protein. For resistance-trained younger subjects (24 ±
7 years) Burke et al. [31] and Cribb et al. [32] reported
significant effects of whey protein (≈100–110 g/d) and exercise
versus exercise alone (1.4 kg and 1.6 kg after 6 or 11 weeks,
resp.); however, the effect was much more pronounced when
creatine monohydrate was also added (3.1 kg, 𝑝 < 0.05 [31],
and 2.6 kg [32]). Coming closest to our protocol, however,
Mielke et al. [33] compared the effects of a single set plus
protein (26.2 g whey protein including 6.2 g leucine) versus
a 2-set protocol (6–8 reps with 80% 1RM) without protein for
8 weeks in untrained young males 19–28 years and did not
observe significant differences between the training groups.
However, due to the low sample size, the lack of an isolated
HIT-group, a suboptimum body composition assessment, a
short study duration, and an unintended reduction in energy
(120–550 kcal/d) and dietary protein (10–23 g/d or 10–22%)
this study is hard to interpret.
In contrast to our results (Table 4), increases of 1RM for
leg press given by the meta-analysis of Cermak et al. [13]
cited above differed on average by ≈13.5 kg or 33% (95%
CI: 6–21 kg; 6–24 weeks) and were up to 2 times higher
[30] with versus without additional protein supplementation.
Further, most studies reported higher strength gains after
multiple sets versus single set protocols [7], at least when
comparing otherwise identical exercise protocols. However,
the corresponding effect seemed to be more pronounced in
athletes and after long-term training periods [8].
Independently of protein supplementation and exercise volume, all the exercise groups lost body fat (𝑝 =
0.058–0.001). Albeit not significantly different between the
exercise groups, the effect was most prominent in the HITgroup (−1.2 kg). Initially, we attributed this result to the
significant reduction in energy intake (−2.5 ± 4.1%) in
this group; however, several subanalyses that excluded and
compared subjects who increased their energy expenditure
and/or decreased energy intake during the intervention did
not result in a relevantly different data constellation for body
fat changes or other endpoints. Thus, although it would seem
obvious that the significant changes of energy intake of the
HIT-group would explain their prominent body fat reductions, statistical evidence rejected this simple association.
Reviewing the relevance of protein supplement in this
context, although not consistent across the present studies,
slightly more prominent fat reduction was reported by protein supplements added to resistance exercise [13].
In order to allow the scientific community to estimate
the relevance, evidence, and generalizability of our results,
some particular features and limitations of the study will be
addressed.
(1) With respect to the study design, a consequent parallel
group design would have been the most appropriate choice
for addressing our research issue. However, due to limited
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resources and the high sample size required (𝑛 = 40) we
decided to divide the study into two study periods. In the
first study period, we focused on the general effectiveness of
a HIT-protocol, while in the second we focused on the main
topic of the project, the comparison of the HIT&P versus the
HVHIT-group. Although from a biometrical point of view
this procedure is a viable one, caution is warranted during a
comprehensive comparison of all groups.
(2) Unlike most studies which supplied carbohydrates
(CHO) as a placebo, we did not apply this approach for
ensuring “isocaloric conditions.” While protein and amino
acids are essential for anabolic processes, unlike CHO,
their significance for energy metabolism during energy
balance in healthy adults is minor [34]. Further, considering protein-induced thermogenesis, satiety, and decreased
energy-efficiency [35], supplying the same dose of protein
versus CHO as applied by most studies (i.e., [30–33, 36]) may
generate a significant bias.
(3) The overall protein intake of ≈1.6 ± 0.1 g/kg (HIT&P)
was in the upper range of recent recommendations for
athletes [37] and exceeded the dietary intake of the other
study groups (HIT, HVHIT) by 30–40%.
(4) Drawing lots may be considered to be not the most
sophisticated randomization strategy. However, our recent
studies determined that drawing lots and thus randomizing
“oneself ” boosted acceptance of a nonfavored study group, a
very important aspect in nonblindable intervention studies
[38, 39].
(5) The slight but significant reduction in caloric intake
of the HIT-group can be considered as the main limitation
of this study. Although several statistical approaches did not
indicate that this caloric reduction was a relevant confounder
of the primary and secondary outcome, an uncertainty
remained as to whether the results of the HIT and corresponding group differences can be fully explained by the
exercise intervention.
(6) Further, the high number of CG participants (20%)
who were either unable or unwilling to cross-over to the subsequent HVHIT-protocol (Figure 2) may have confounded
our results. However, since we did not communicate the
subsequent resistance protocol to the CG until the end of
study phase 1, the unwillingness to cross-over (𝑛 = 6) can
be considered as an indication of the aversion to conduct the
time consuming HVHIT-protocol.
(7) With respect to generalizability, we took a homogeneous cohort of untrained middle-aged males for whom
the relevance of time-efficient exercise protocols may be
of particular interest. With respect to other, less motivated
and able-bodied cohorts, the exhaustive MMF(+) approach
might aggravate the application of HIT, even though similar
protocols have been successfully applied in older people.

5. Conclusion
Due to the complexity of the study project and limited space,
we were unable to discuss all the important aspects of the
project in adequate depth here. However, the central aim of
this study was an advanced “proof of concept,” without the
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intention of addressing potentially underlying physiologic
mechanisms in depth. In summary, time-efficient HIT resistance exercise protocols combined with moderately dosed
protein supplementation may be a good choice for motivated
people with low time budgets who want to improve their body
composition, strength, and cardiometabolic health [40].
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Objective. The aim of this study is to examine the relationship between different types of daily life physical activity (PA) and physical
fitness (PF) and health throughout adulthood. Methods. A total of 723 men and women, aged 28–76 years, participated 1681 times
during four measurement points from 1992 to 2010 in this study. We assessed self-reported PA, anthropometrics, physical health
status (HS), and PF in each study year. Hierarchical linear modeling (HLM) was used to analyze the measures. Results. PF and
HS worsened with increasing age while sports activity (SA) declined. The modeling showed that sex, age, and SES play important
roles concerning PA, PF, and HS. Athletes show higher HS and HF than nonathletes. Habitual activity (HA) also showed a positive
relationship with PF and HS, but effects were lower than for SA. Work related activity (WRA) showed no meaningful relationship
with PF or HS. Conclusions. Comparable amounts of PA can lead to different effects on PF or HS. Our findings underline the
importance of contexts, content, and purposes of PA when health or fitness benefits are addressed. Simply moving your body is not
enough.

1. Introduction
There is consensus that regular physical activity (PA) can
improve physical fitness (PF) and health and assist in the
prevention of disease [1, 2]. Several studies have shown that
physically active adults are healthier and have a higher PF
than inactive adults throughout different nations and populations groups [3, 4]. Physical activity is therefore promoted
as part of a healthy lifestyle [5]. The current understanding of
the relationship between PA, PF, and health can be visualized
using the model from Bouchard et al. [6] (Figure 1). The
model illustrates that PA can influence fitness and health and
that the relationships are also reciprocal. Additionally, other
factors such as personal and social attributes age, sex, and
socioeconomic status (SES) are known to influence PF, HS,
PA, and their relationships.
Besides commonly known positive effects of PA, it is also
known that the relationship between PA and PF and health
varies between different amounts, intensities, and contexts of
physical activity and a clear dose-response principle between

amount, intensity, and effect is yet not known [7, 8]. For
example, recent studies that assess work related activity fail
in finding a positive influence on body composition and
health factors [9, 10] and especially in the elderly, injuries
and physical wear and tear caused by PA are not uncommon
[11]. Nevertheless, from randomized controlled studies we
know that applied “high quality” PA that is planed PA in
controlled circumstances can improve fitness and health
in every stage of life [12]. However, the state of research
concerning longitudinal effects of nonapplied, long-term,
daily life PA such as habitual activity for transportation, long
time sports club activity, or work related activity is lacking.
A meta-analysis by Dionne et al. [4] described six studies
with high methodological quality about the relationship
between daily life PA and cardiovascular fitness and the
reported correlations ranged from 𝑟 = .25 to 𝑟 = .76. Other
authors suggest that the relationship between PA and health
and PF measures strongly depends on sociodemographic
characteristics (e.g., age, sex, and SES), settings (e.g., leisure
time PA, commuting, and sports), extent of physical activity
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Figure 1: Relationship between PA, fitness, and health [6].

(intensity, frequency, and duration), and fitness level as well
as on the health and fitness measures [13].
In order to analyze the relationship between different
types of long-term PA, PF, and health throughout the lifespan,
laborious longitudinal studies are needed. However, most of
the conducted longitudinal studies refer to effects of physical
activity on very specific health diseases, such as type 2
diabetes mellitus [14], depression [15], osteoporosis [16], or
chronic pulmonary disease [17] or focus only on trends of PA
[18] fitness and health [19]. In addition few have considered
the dependency on demographic factors (e.g., age, sex, and
socioeconomic status).
Therefore the aim of this study is to examine the longitudinal relationship between different types of nonapplied,
daily life PA and PF and HS in adults and to assess the
influence of sociodemographic determinants age, sex, and
SES.

2. Research Methods
2.1. Study Sample and Design. The data was drawn during a
community-based, longitudinal study in Germany [20] with
four measurements in 1992, 1997, 2002, and 2010. Participants
were randomly selected from the local residents’ registration
offices. Participation was voluntary. Subjects provided their
written consent to participate in the study. The applied
protocols were approved by a scientific advisory council, the
Schettler Clinic, Bad Schönborn, Germany, as well as the
ethic committee of the Karlsruhe Institute of Technology
(KIT).
A total of 723 different subjects (366 f and 357 m) aged
28–76 participated 1681 times over the course of the study.
The response rate of the initial sample in 1992 was 56%.
For the initial sample, five groups of 35, 40, 45, 50, and
55 ± 2 years old were invited. In each subsequent wave,

new participants from 28 to 38 were recruited to compensate
for drop outs. The total number of participants for each
of the four measurement points was 1992: 480, 1997: 456,
2002: 429, and 2010: 310. A nonresponder telephone interview
showed no significant differences in selected parameters (e.g.,
SES, physical health status, and physical activity) between
participants and invited nonparticipants except migration
background [21]. Descriptive statistics of the sample are
shown in Table 1.
The sample shows representative characteristics regarding BMI and SES for a rural community in Germany. PA
however tends to be slightly over average for Germany [22].
2.2. Measures
2.2.1. Physical Activity. Weekly sports activity, habitual activity, and work related activity were assessed via questionnaire.
An estimation of the weekly energy expenditure in METhours per week for SA, HA, and WRA was calculated
according to Ainsworth et al. [23] as a product of weekly
frequency, duration, and intensity of the type of activity.
Sports activity (SA) was calculated from questions about
frequency (number of weekly exercise units), duration (minutes per unit), intensity (not very intense, moderate intense
with some sweating, and highly intense with much sweating),
and type of weekly sports activity [24]. For each of the three
intensities, every type of sport was assigned a specific MET
value [23] and by multiplication with the spent time, SA
in MET-hours per week was calculated. Habitual activity
(HA) was derived from daily times of walking and biking
for transportation as well as working in the household and
gardening. Again, each type of HA was allocated a specific
MET value according to Ainsworth et al. [23] and METhours per week were calculated. Work related activity (WRA)
was derived from time spend at work, a question about type
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Table 1: Descriptive statistics of adult participants of the longitudinal study in Germany.
Variable
N
Number of observations
Initial age (years)
Average age (years)
Average BMI (kg/m2 )
Athletes
SES
Low
Low/mid
Mid/high
High

All participants
723
1681
44.73 ± 7.52
48.67 ± 10.36
26.11 ± 4.02
62.3%

Females
366
828
44.65 ± 7.51
48.31 ± 10.28
25.30 ± 4.28
59.2%

Males
357
853
44.81 ± 7.47
49.02 ± 10.44
26.91 ± 3.58
65.4%

6.9%
25.7%
37.1%
30.3%

9.7%
24.4%
44.3%
21.5%

4.0%
26.9%
30.0%
39.1%

of activity at work (mainly sitting, mainly standing, mainly
walking, and/or being in movement), and a question about
intensity of activity at work (not very intense, moderate
intense, and high intense). MET-hours per week for WRA
were then calculated using the respective METs for work
place activity [23].
A priori analyses showed that, in addition to the amount
of physical activity, a dichotomous variable made of the
question “Do you exercise? Yes/no” significantly improved
the model fits. In addition to the amount of SA, a variable
“athlete” was included in the models that separates between
participants that exercise and participants who completely
call themselves unsporting. It stands for effects of an active
lifestyle which are not dependent on the amount of exercise.
In addition, the following stratification was used in the
figures: “no sport”: participant who continuously reported no
SA; “sport quitters”: participants who reported SA at their
first but not on their last examination; “sport beginners”:
participants who reported no SA at their first but on their
last examination; “continuous athletes”: participants who
reported SA on each examination. The questionnaire was
proofed for reliability (test-retest after two weeks: 𝑟 > .90 and
Cronbach’s alpha = .94), factorial validity, and measurement
invariance [25].

the test items in coordination, flexibility, strength, or the 2 km
walk-test were missing, no fitness index was calculated. This
does not include logical zeroes as for example, during the situp test.

2.2.2. Physical Fitness (PF). In total 13 motor performance
tests were used to assess physical fitness [26]. Cardiorespiratory fitness was measured by a 2 km walk-test, strength by
number of push-ups in 40 seconds, sit-ups in 40 seconds,
handgrip strength left and right, and a jump-and-reach test.
Best performance out of two trials was recorded. Coordination was measured by a test battery including standing on one
leg with closed eyes, standing on one leg while moving the
second leg in circles, and three test items with balls. For each
test, a trained member of the staff judged the performance as
well done, done, or failed. Flexibility was measured by a sitand-reach test, trunk side bending, shoulder neck mobility,
and hamstring and rectus femoris muscle extensibility. All
test items were Z-transformed using the initial sample of 35year-old men in 1992 as reference and their arithmetic mean
built up a fitness index (𝛼 = .85). When more than 50% of

2.3. Statistical Analysis. Statistical analysis was performed
using SPSS Statistics 22.0. The function MIXED ML was used
to conduct hierarchical linear models of PF and HS. All but
the physical activity predictors and age were grand mean centered (GMC). Physical activity variables were untransformed
with 0 meaning no physical activity and age was zeroed at its
lowest value 28. This results in the constant term reflecting
an average inactive person aged 28. Parameters in the models
are age (zeroed at 28), age2 (zeroed at 28), sex (GMC), social
status (GMC), athlete (no = 0; yes = 1), BMI (GMC), SA, HA,
WRA, and every possible first-order interaction. A stepwise
backwards technique was used including all parameters and
interactions in an initial model. In each following step, the
predictor or interaction term with the highest 𝑝 value was
eliminated followed by a rerun of the model. The final level
of significance was set to 𝑝 < .10 to compensate for the

2.2.3. Physical Health Status (HS). Physical health status was
assessed during a laborious health examination conducted by
a practicing physician. After a detailed anamnesis the doctor
made a diagnosis concerning orthopaedics, neurology, and
cardiovascular system with the following results: 0 = “no limitations,” 1 = “minor limitations, not impacting daily life,” 2 =
“limitations impacting daily life,” and 3 = “major limitations
heavily impacting daily life.” A physical health status scale
(0–9) was derived from the sum of the three limitation scales
in orthopaedics, neurology, and the cardiovascular system.
2.2.4. Socioeconomic Status (SES). Based on methods for
social structure analyses [27], the subjects were classified
into four socioeconomic status categories using information
about formal education and professional status. If participants were not working, the professional status of the life
partner was used. Four categories were formed: low, mid/low,
mid/high, and high SES.
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Table 2: Mean (SD) values for physical activity, PF and HS of participants of the longitudinal study.

Age

sex

SA
[MET-hours per week]

HA
[MET-hours per week]

WRA
[MET-hours per week]

PF
[𝑍-score]

HS
[scale units]

28–40
𝑁 = 460

m
f
∑

11.69 ± 14.44
8.66 ± 11.32
10.15 ± 13.03

10.49 ± 14.19
9.32 ± 19.96
9.89 ± 17.41

47.21 ± 32.72
30.59 ± 30.81
38.58 ± 32.78

98.97 ± 3.95
91.82 ± 3.60
95.40 ± 5.21

1.02 ± 0.46
0.84 ± 0.46
0.93 ± 0.47

41–50
𝑁 = 508

m
f
∑

11.95 ± 13.72
10.94 ± 12.99
11.47 ± 13.37

12.26 ± 17.20
11.11 ± 17.60
11.70 ± 17.39

47.72 ± 32.11
38.75 ± 32.24
43.41 ± 32.45

95.15 ± 4.77
89.30 ± 4.10
92.34 ± 5.29

1.53 ± 0.63
1.37 ± 0.59
1.45 ± 0.62

51–60
𝑁 = 468

m
f
∑

9.18 ± 14.01
8.12 ± 11.60
8.65 ± 12.87

18.28 ± 24.25
15.10 ± 21.59
16.69 ± 22.99

43.62 ± 37.88
33.16 ± 33.47
38.43 ± 36.10

88.85 ± 5.59
84.05 ± 4.63
86.49 ± 5.67

2.15 ± 0.90
2.08 ± 0.85
2.12 ± 0.87

61–70
𝑁 = 172

m
f
∑

8.90 ± 11.60
8.45 ± 11.37
8.69 ± 11.46

31.39 ± 38.30
20.88 ± 24.95
26.25 ± 32.81

12.78 ± 26.29
19.96 ± 35.83
16.22 ± 31.35

83.21 ± 5.53
79.08 ± 5.06
81.41 ± 5.69

2.69 ± 1.18
2.60 ± 1.02
2.65 ± 1.11

71–80
𝑁 = 48

m
f
∑

10.48 ± 11.95
5.51 ± 8.79
8.57 ± 11.01

28.65 ± 25.92
29.64 ± 23.24
29.02 ± 24.70

4.21 ± 16.06
9.67 ± 24.28
6.32 ± 19.56

77.11 ± 5.58
76.07 ± 3.89
76.74 ± 5.01

3.41 ± 1.16
2.96 ± 1.18
3.25 ± 1.17

complexity of the models and because models with 𝑝 < .05
showed a significant worse fit. The final model was reached
when no parameter or interaction term showed a 𝑝 value
higher than .10.

3. Results
3.1. Descriptive Statistics. Descriptive statistics of SA, HA,
WRA, PF, and HS data by sex and age group are shown
in Table 2. 𝑁 refers to the total number of observations during the four measurement points among the 723
participants.
SA shows a small increase from age group 28–40 to
41–50 and then slowly decreases over the observed course
of lifespan. Contrary to SA, reported HA increases when the
sample gets older and represents a large part of the physical
activity in the elderly. The amount of WRA is relatively
constant during the age of 28–60 and then decreases as people
retire from work. Since most people at least spend 8 hours
a day at work, the absolute numbers of spent MET-yours
in WRA is larger than in SA or HA. Gender differences in
physical activity favor men in all three types of PA.
PF shows expected gender differences favoring men
and constantly declines with increasing age. However, as
PF declines, the differences between men and women get
smaller.
As PF decreases, the amount of detected health related
limitations in the physical examination increases. Starting
from only minor health related limitations in the age of
28–40, the health status of the sample declines over time
up to a value of 3.25 standing for minor limitations in
each, orthopaedics, neurology, and the cardiovascular system or major limitations in at least one of the considered
areas.

3.2. Physical Fitness. The parameter estimation of the HLM
modeling of PF is shown in Table 3. Numbers were rounded
to two relevant ciphers.
An average inactive participant shows a fitness score of
93.74 (Table 3: “constant term,” for description, see statistics
part). Sex is the strongest predictor of PF with men showing
7.00 𝑍-values higher PF than women. Squared age and
age form the second important predictors of PF. Negative
parameter estimates indicate an accelerating decline in PF
with increasing age.
Irrespective of the amount of activity, participants who
reported that they exercise show 1.50 𝑍-values higher PF
than unsporting others (Table 3: “athlete”). In addition, PF
increases about 0.052 𝑍-values per MET-h spent at SA. In
comparison, PF increases about 0.013 𝑍-values per MET-h
HA. WRA showed no significant influence on PF.
Figure 2 shows the development of PF over the course
of the observed lifespan for four different exercise groups.
Athletes show a higher PF than nonathletes in every age
group. People who start exercising increase their PF whereas
people who quit exercising lose PF. Interestingly, the initial
value of PF for later quitters is lower than for continuous
athletes.
Besides sex, age, and physical activity, SES and BMI are
significant predictors of PF. Every increase in SES of one
category shows an increase in PF by 0.91 𝑍-values. BMI is
negatively associated with PF. A decrease of 0.18 𝑍-values
in PF per BMI point was observed. Additionally, a positive
estimate of the interaction parameter between age and BMI
indicates an enhancing loss of PF per BMI with increasing
age. However, a positive estimate of the interaction parameter
between squared age and BMI shows that, in very high age
groups, this relationship is reversed. However, with 𝑝 = .08
and 𝑝 = .09, respectively, those interaction terms are on the
edge of the critical 𝑝 value.
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Table 3: THLM model for physical fitness of 723 participants in the Bad Schönborn study.
Fixed effects
(in order of influence according to 𝐹-value)
Parameter

Estimate

[95% CI]

SE

𝐹

𝑝

Constant term
Sex (if male)
Age2 (per year2 )
Age (per year)
Athlete (if yes)
SA (per MET-h)
SES (per enhancing social
stratum)
Age∗sex
BMI (per BMI point)
HA (per MET-h)
Age∗BMI
Age2 ∗BMI

93.74
7.00
−0.0072
−0.20
1.50
0.052

[92.96–94.52]
[5.86–8.14]
[−0.0095–−0.0049]
[−0.28–−0.12]
[0.83 to 2.17]
[0.029–0.076]

0.40
0.58
0.0012
0.041
0.34
0.052

55611.18
145.04
37.75
23.09
19.31
19.12

<.01
<.01
<.01
<.01
<.01
<.01

0.91

[0.47–1.35]

0.22

16.54

<.01

−0.083
−0.18
0.013
−0.018
0.00048

[−0.145–−0.020]
[−0.36–−0.01]
[−0.001–0.026]
[−0.362–0.009]
[−0.00008–0.00100]

0.032
0.094
0.067
0.010
0.00029

6.66
3.51
3.47
3.11
2.81

.01
.06
.06
.08
.09

Parameter

Estimate

[95% CI]

SE

Wald 𝑍

𝑝

14.23
0.12
0.0070

[11.23–18.03]
[0.04–0.35]
[0.0021–0.0223]

1.72
0.06
0.0041

8.27
1.81
1.69

<.01
.07
.09

Random effects
Constant term
BMI
Age

Model fit
Correlation between predicted and measured values: 𝑟 = .94
−2 Log-Likelihood: 8207.19

Physical fitness

Physical fitness index (Z-value)

100
95
90
85
80
75
70
28–40

41–50

No sport
Sport quitters

51–60
Age (years)

61–70

71–80

Sport beginners
Continuous athletes

Figure 2: PF by age and sport activity. “No sport”: participant
who continuously reported no SA; “sport quitters”: participants
who reported SA at their first but not on their last examination;
“sport beginners”: participants who reported no SA at their first but
on their last examination; “continuous athletes”: participants who
reported SA on each examination.

Finally, significant random effects of the constant term
and BMI and age signalize significant amounts of intrapersonal variance in these parameters, respectively, the initial
value of fitness performance.

3.3. Physical Health Status. The results of the HLM modeling
of HS are shown in Table 4.
An average inactive participant aged 28 shows a HS score
of 1.12 (constant term) indicating that the samples average
participant in early adulthood shows rarely any lifestyle
impacting health limitations. Age is the strongest predictor
of HS with an increase of 0.053 in the limitation-score each
year. Squared age was not a significant predictor indicating
a linear age-related increase of the HS score. BMI is also a
strong predictor of HS with an increase of 0.10 limitationscore-points per BMI point. Furthermore, SES is a significant
predictor of HS with higher SES standing for a better HS.
Exercising in general shows significant positive effects on
maintaining a good HS. The linear age-related loss in HS in
early and midadulthood is nullified in athletes (age∗athlete:
−0.068; age: +0.053). However, a significant, negative associated interaction term between squared age and athlete shows
that athletes also lose HS and even faster at high ages. Figure 3
shows the development of HS over the course of the observed
lifespan for four different exercise groups.
The amount of SA shows no positive relationship with
HS but is negatively associated when combined with high
BMI values (SA∗BMI). HA showed a positive influence
on HS, but only for males (sex∗HA). The relationship
between WRA and HS is moderated by age. Starting
from an increasing negative association between WRA and
HS (age∗WRA), the relationship between WRA and HS
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Table 4: HLM Model for the health status of 723 participants in the Bad Schönborn study.
Fixed effects

Parameter
Constant term
Age (per year)
BMI (per BMI point)
SES (per enhancing social
stratum)
SA∗BMI
Athlete∗BMI
Age∗athlete
Age2 ∗athlete
Age∗WRA
Age2 ∗WRA
Sex∗HA
Sex (if male)
WRA
SA
HA
Athlete

Estimate

[95% CI]

SE

𝐹

𝑝

1.12
0.053
0.10

0.87–1.51
0.039–0.067
0.08–0.13

0.11
0.007
0.014

69.69
53.26
53.17

<.01
<.01
<.01

−0.20

−0.29–−0.11

0.05

17.60

<.01

0.0040
−0.084
−0.068
0.0016
0.00077
−0.000025
−0.0077
0.18
−0.0036
0.0034
0.0012
−0.033

0.0019–0.0061
−0.131–−0.037
−0.104–−0.033
0.00060–0.00260
0.00017–0.00260
−0.000044–−0.000006
−0.015–−0.006
−0.01–0.37
−0.0082–0.0011
−0.0033–0.0102
−0.0024–0.0048
−0.35–0.29

0.0011
0.024
0.018
0.0005
0.00031
0.000010
0.0077
0.096
0.0024
0.0035
.0018
0.16

14.05
12.31
14.28
9.86
6.33
6.49
4.57
3.66
2.21
0.99
0.45
0.04

<.01
<.01
<.01
<.01
.01
.01
.03
.06
.14∗
.32∗
.50∗
.84∗

Estimate

[95% CI]

SE

Wald 𝑍

𝑝

0.0011

[0.0021–0.0223]

0.0002

5.51

<.01

Random effects
Parameter
Age

Model fit
Correlation between predicted and measured values: 𝑟 = .71
−2 Log-Likelihood: 4736.91
Basic terms of parameters have to be included when interactions with them are significant.

Physical health status (0–9 limitations)

∗

Physical health limitations

6
5
4
3
2
1
0
28–40

41–50

No sport
Sport quitters

51–60
Age (years)

61–70

71–80

Sport beginners
Continuous athletes

Figure 3: HS by age and sport activity. “No sport”: participant continuously reported no SA; “sport quitters”: participants who reported SA
at their first but not on their last examination; “sport beginners”: participants who reported no SA at their first but on their last examination;
“continuous athletes”: participants who reported SA on each examination.

reverses at higher ages and high amounts of WRA turn
out to be a predictor for a good HS in older participants
(age2 ∗WRA).
Besides moderating the effect of HA, the basic term of sex
shows a slightly higher limitation-score for men. Contrary

to PF, the constant term of the HS model has no significant
random effect, indicating a more or less identical initial
value between participants aged 28. However, a significant
random effect of age shows that the slope of HS differs within
participants.
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4. Discussion
4.1. Major Findings. With increasing age, PF is decreasing
and physical health limitations are increasing while SA is
decreasing. These findings are consistent with numerous
other studies [8, 28] and indicate that physical health parameters as well as SA decline with increasing age.
SA was positively associated with fitness and health with
the exception of high amounts of SA at high BMI levels. Comparable amounts of habitual activity showed significantly
smaller benefits and WRA showed no relationship to PF and
only a low, inconsistent association with HS.
4.2. Influence of Different Types of PA on PF. Besides sex and
age, SA turned out to be the most meaningful predictor for
PF. Athletes possess a better PF than nonathletes in every age
group and participants who started to exercise throughout
the study gained, whereas participants who quitted exercise
lost PF. This is in line with other studies about SA and PF
[24, 29]. The amount of reported SA also showed a positive
relationship to PF. The results confirm that, during every
stage of life, SA is essential for keeping sufficient motor skills
[30, 31].
The relationship between HA and PF differs from SA
and PF. Even though the amounts of HA and SA were
comparable in midadulthood and HA exceeded SA in the
elderly, the relationship between HA and PF turned out to be
considerable lower than between SA and PF. This may be due
to the unsystematic character of HA and to its lower overall
intensity. Few other studies did differentiate between HA and
SA but those who did showed similar results. A recent study
about aerobic fitness, exercise training, and HA showed that
while exercise training enhances aerobic fitness, HA shows no
meaningful relationship with fitness during youth [32].
The fact that WRA showed no positive effect on fitness
has also been shown in previous studies. Recent results
from a Canadian workplace management program with 4022
participants showed that the level of physical activity at work
is not related to cardiorespiratory fitness or anthropometrics
and cardiometabolic risk profile [33]. Other studies reported
even negative effects of WRA on health parameters. Data
from Gutiérrez-Fisac et al. [9] showed that high amounts of
WRA are numerically associated with adiposity parameters.
In this paper not presented analyses that differentiated fitness
between motor performance abilities showed that WRA is
negatively associated with flexibility, especially when people
get older.
4.3. Influence of Different Types of PA on HS. Participants who
reported to exercising showed a significant better HS than
inactive. However, compared to the findings for PF, exercising
showed less impact on HS. Even though many other studies
do not differentiate between SA and HA, there is consensus
about an overall positive relationship between leisure time
PA and health parameters [34]. Interestingly our data showed
that, starting from a higher level, the loss of HS in elderly
athletes was higher than in nonathletes. This indicates that
athletes cannot maintain their excellent HS for a lifetime
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and HS of athletes and nonathletes converges at higher ages.
Further studies with high aged participants that investigate
this finding are needed.
In addition to the positive relationship between exercising
in general and HS, no positive relationship between the
amount of SA and HS was observed. Contrariwise, high
amounts of SA showed a negative relation with HS when
combined with high values for BMI. This is in line with a
study from Dorn et al. [35]. The authors report a positive
relationship between PA and mortality risk but only for
nonobese men and women. We conclude that high amounts
and/or intensities of SA over a long period of time are
not boundless healthy when talking about health limitations
including orthopaedics and may even be noxious for people
with high BMI scores when being not well executed. This
thesis is supported by the data from Arem et al. [34] which
shows an U-shaped relationship between PA and health with
an increasing mortality risk at very high levels of PA. To
date, most general statements from reviews about PA and HS
suggest that PA is healthy at every BMI and in every stage of
life [1]. This may be true for applied, supervised exercising but
has to be reconsidered and further analyzed for daily life PA.
In our study, WRA was negatively associated with HS in
early and midadulthood but a significant positive associated
interaction between squared age and WRA indicates that, at
older ages, people who report high amounts of WRA show
a better HS. Whereas the negative association of WRA∗age
is in line with other studies that find no [10, 33] or a
negative association between WRA and HS [36, 37], the
positive association between WRA∗age2 and HS could be
due to the fact that, among older participants, only healthy
ones are able to execute high amounts of WRA. A recent
Scandinavian study showed that moderate and unfit people
with high occupational physical activity are at higher risk for
cardiovascular and all-cause mortality [38]. These findings
about WRA are contrary to the early findings of Morris in
his London Transport Workers Study [39]; however recent
studies focus on a broader range of work related activities and
also physical intense activities at work are included.
Many studies report that unsystematic PA like HA is not
sufficient to achieve health outcomes [32]. In our study a
significant interaction between HA and sex indicates that
especially men benefit from HA. This could be due to higher
intensities and higher amounts of HA among men which lead
to successfully reaching the threshold for significant health
effects in late adulthood.
4.4. Influence of Sociodemographic Variables and BMI. Men
showed higher levels of PF than women, but a significant
interaction term between sex and age showed that these
differences decline with increasing age. Men showed a slightly
worse HS compared to women. In addition, both SES and
BMI showed a significant impact on PF and HS. SES and
BMI turned out to be the most meaningful predictors of HS
besides age. The influence of SES on HS is in line with other
studies, showing a health benefit from higher SES [40, 41] but
there are also studies who lack finding a consistent pattern
of association between SES and health outcomes [42]. Lower
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values for PA and PF for residents with lower SES have been
reported in numerous studies with adults [40] as well as
adolescents [43, 44].
Interestingly, a pair of significant interactions between
age and BMI and squared age and BMI concerning PF
showed that the association between BMI and PF gets worse
with increasing age but then turns in the elderly. A positive
association between BMI∗age2 and PF indicates that, in late
stage of life, a high BMI is a predictor for a better PF.
The reason for this finding may lay in the phenomenon of
sarcopenia, a decline in muscle mass in the elderly, which is
indicated by a loss of BMI in late adulthood [45]. The fact
that BMI does not differentiate between muscle and fat mass
could be the reason for an observed, significant random effect
of BMI on PF. Whereas in some individuals an increasing
BMI due to an increase in muscle mass can go along with an
increase in PF, in others, an increase in BMI due to body fat
is negatively associated with PF.
4.5. Strength and Limitations of the Study. The main strengths
of this study are the longitudinal data over a course of 18 years
and the broadened view of PA, PF, and HS.
The average SA of about 10 MET-hours per week lies
in the range of a representative German study that reports
an average of 33.7% German residents with no SA, 40.9%
with up to 2 h of SA, and 25.4% with more than 2 h of SA
per week [22]. Though, the relatively high values for SA
and HA among participants who aged 61–80 indicate a bias
towards more active longitudinal participants. Nonresponder
analyses showed that the difference between responders and
nonresponders in HS, PF, and PA on their average last
examination is under ten percent. We assume that the reason
for a relatively low longitudinal bias is the distinct focus on
health during the examination. We experienced that many
unfit and relatively unhealthy participants remain in the
sample because they use the opportunity of a detailed health
check with an extensive talk to a practicing doctor.
In this study we draw conclusions about daily life PA
and fitness and health from an observational longitudinal
study because we believe that there is a lack of knowledge
about effects of daily life PA on fitness and health. However,
this design lacks a control group and a significant parameter
estimate of PA in the HLM models does not stand for a causal
effect from PA on HS or HF. From cross lagged panel designs
we know that the relationship between PA and health is
bidirectional [46] and in order to unravel clear dose-response
principles we need random controlled studies [24]. However
the aim of this study was to sensitize for the high impact of
the context and content of PA and therefore our target was
not to express causal effects in first line.
When methods of data collection are concerned the
detailed assessment of PF and HS is a mentionable strength
of this study. However, using a questionnaire to assess PA,
variables tend to have low validity and reliability [47]. The
used questionnaire showed a remarkable good reliability
(test-retest after two weeks: 𝑟 > .90 and Cronbach’s alpha
= .94) but little is known about criteria validity because
there are no true objective criteria for assessing daily life
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PA in different settings. In order to obtain comparable data
with accelerometers, participants would have to wear an
accelerometer over the course of a broad time span (e.g., a
year) and additionally keep a diary about the context of their
activity. Defining time frames of different types of PA with
the doubly labeled water method is even more striking and
not feasible. Nevertheless, overestimating and response bias
in PA could have influenced the reported levels of HA, SA,
and WRA.
4.6. Conclusion. This study shows that different types of daily
life physical activity differ in a meaningful way in their effects
on fitness and health when a large lapse of time is observed.
Whereas SA was positively associated with fitness and health
with the exception of high amounts of SA at high BMI levels,
comparable amounts of habitual activity showed only small
benefits and WRA showed no or inconsistent effects. These
findings show that the context and content, for example,
adequate intensity, frequency, and execution, of PA are very
important to utilize its benefits in daily life. The accelerated
decline of HS in athletes as well as the high average of health
limitations in sport quitters should be further examined.
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T. Lampert, “Physical activity—results from the study of adult
health in Germany (DEGS1),” Bundesgesundheitsblatt, vol. 56,
pp. 765–771, 2013.
B. E. Ainsworth, W. L. Haskell, S. D. Herrmann et al., “2011
compendium of physical activities: a second update of codes
and MET values,” Medicine and Science in Sports and Exercise,
vol. 43, no. 8, pp. 1575–1581, 2011.
P. Oja, S. Miilunpalo, I. Vuori, M. Pasanen, and H. Urponen,
“Trends of health-related physical activity in Finland: 10-year
follow-up of an adult cohort in eastern Finland,” Scandinavian
Journal of Medicine & Science in Sports, vol. 4, no. 1, pp. 75–81,
1994.
D. Jekauc, Development and Stability of Physical Activity in
Middle-Aged Adults—A Prospective Longitudinal Study, Logos,
Berlin, Germany, 2009.
J. H. Suni, P. Oja, R. T. Laukkanen et al., “Health-related fitness
test battery for adults: aspects of reliability,” Archives of Physical
Medicine and Rehabilitation, vol. 77, no. 4, pp. 399–405, 1996.
S. Hradil, Social Structure Analysis in an Advanced Society, VS
Verlag für Sozialwissenschaften, Wiesbaden, Germany, 1987.
R. K. Dishman, X. Sui, T. S. Church, C. E. Kline, S. D. Youngstedt, and S. N. Blair, “Decline in cardiorespiratory fitness and
odds of incident sleep complaints,” Medicine and Science in
Sports and Exercise, vol. 47, no. 5, pp. 960–966, 2015.
M. L. Ferreira, C. Sherrington, K. Smith et al., “Physical activity
improves strength, balance and endurance in adults aged 40–65
years: a systematic review,” Journal of Physiotherapy, vol. 58, no.
3, pp. 145–156, 2012.
T. Crocker, J. Young, A. Forster, L. Brown, S. Ozer, and D. C.
Greenwood, “The effect of physical rehabilitation on activities
of daily living in older residents of long-term care facilities:
systematic review with meta-analysis,” Age and Ageing, vol. 42,
no. 6, pp. 682–688, 2013.
C.-H. Chou, C.-L. Hwang, and Y.-T. Wu, “Effect of exercise on
physical function, daily living activities, and quality of life in the
frail older adults: a meta-analysis,” Archives of Physical Medicine
and Rehabilitation, vol. 93, no. 2, pp. 237–244, 2012.
N. Armstrong, G. R. Tomkinson, and U. Ekelund, “Aerobic
fitness and its relationship to sport, exercise training and
habitual physical activity during Youth,” British Journal of Sports
Medicine, vol. 45, no. 11, pp. 849–858, 2011.
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