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Abstract
Background  Muscle-strengthening activities (MSAs) like resistance training are a cornerstone of physical activity guidelines.
Aim  To extend previous research on MSAs practices (beyond MSAs frequency) and barriers to MSAs.
Methods  A convenience sample completed a cross-sectional online survey. The survey included a questionnaire that assessed 
whether participants engaged in MSAs, which type(s) of resistance they used (e.g., free weights, bodyweight), and whether 
they performed them according to the World Health Organization (WHO) guideline on ≥ 2 days/week, at moderate or greater 
intensity, and involving all major muscle groups. Participants who did not engage in MSAs were asked about barriers.
Results  Valid data were available for 351 adults (mean age = 31.8 ± 14.9 years; 51.9% females), of which 242 (68.9%) 
reported engaging in MSAs, and 80 (22.8%) met the WHO guideline on MSAs. Bodyweight was the most-utilized type of 
resistance (77.7%), followed by free weights (62.4%), machines (61.6%), and resistance bands (19.4%). A lack of time and 
having no specific reason were the most-reported barriers (33.0% each), followed by a lack of enjoyment (26.6%). Sociode-
mographic factors associated with practices of and barriers to MSAs were identified.
Conclusions  Fewer than one in four persons from a physically active sample met the WHO guideline on MSAs. Promoting 
resistance bands as an underutilized type of resistance might prove useful for increasing engagement in MSAs. Informing 
individuals about the health benefits of MSAs and providing time-efficient and enjoyable MSAs protocols appears important 
to address the most common barriers.

Keywords  Physical activity · Muscle-strengthening activities · Resistance training · Guideline · Questionnaire · Survey

Abbreviations
BMI	� Body mass index
MSAs	� Muscle-strengthening activities
WHO	� World Health Organization

Introduction

National and international public health authorities around 
the globe recommend performing muscle-strengthening 
activities (MSAs) [1–5]. The 2020 World Health Organi-
zation (WHO) guidelines recommend performing MSAs 
involving all major muscle groups on at least two days 
per week and at at least moderate intensity [1]. MSAs like 
resistance training provide a broad range of health benefits, 
including improvements in cardiometabolic health and a 
reduced risk of all-cause mortality [6–15].

Despite the important health benefits of MSAs, a recent 
meta-analysis reported that only around 23% of adults per-
formed MSAs on at least two days/two times per week, 
as commonly recommended [16]. Importantly, even this 
relatively low number likely overestimates true adherence 
to the 2020 WHO MSAs guideline [1], since only MSAs 
frequency was considered – without accounting for the 
required intensity and specific muscle groups involved. 
Recent work indicated that not involving all major 
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muscle groups in particular might be a relevant, but often-
neglected obstacle to meeting the WHO MSAs guideline 
[17]. Taken together, promoting MSAs remains an impor-
tant public health task, with great untapped potential for 
disease prevention and health promotion.

Yet, relatively little is known about the barriers that 
keep individuals from performing MSAs. Importantly, 
there might be barriers specific to MSAs beyond those 
commonly reported for general physical activity (e.g., a 
lack of time) [18, 19]. For instance, a 2017 review found 
that the perceived risk of certain health hazards (e.g., hav-
ing a heart attack) and a fear of looking too muscular were 
barriers specific to performing resistance training among 
older adults [20]. Similarly, two other studies in women 
enrolled in college examined barriers to resistance training 
[21, 22]. Among other factors, both studies suggested that 
women-specific resistance training classes or areas may 
help overcome barriers in this population [21, 22]. Con-
versely, Shakespear-Druery et al. [23] found that believing 
one has sufficient skill and technique to safely perform 
MSAs was associated with higher odds of engaging in 
them at least twice a week, for example. These results 
suggest a complex interplay of factors influencing engage-
ment in MSAs.

Building on these findings, another fundamental, yet 
largely unanswered question emerges: Which type(s) of 
equipment or resistance are regularly used by individuals 
participating in MSAs in everyday life (i.e., not in con-
trolled intervention studies)? When considering resistance 
training as the primary form of MSAs, four main types of 
resistance are available: free weights (e.g., dumbbells, bar-
bells), machines (e.g., leg press, lat pulldown), resistance/
elastic bands, and one’s bodyweight [e.g., pull-ups, push-
ups] [11]. Insights into the extent to which these differ-
ent types of resistance are employed could help to inform 
MSAs promotion interventions, for example, by choosing 
more popular equipment types or emphasizing that settings 
outside the gym can be used (e.g., when using bodyweight 
exercises or resistance bands).

Collectively, there are various open questions surround-
ing the MSAs practices of persons from diverse demo-
graphic backgrounds (e.g., regarding age, gender), as well 
as barriers to performing MSAs in the first place. Thus, 
the present study aimed to answer the following research 
questions:

1)	 Among persons who regularly perform MSAs, how can 
their MSAs practices be characterized in terms of fre-
quency, intensity, involved muscle groups, and utilized 
type(s) of resistance?

2)	 Among persons who do not regularly engage in MSAs, 
what are the reasons for doing so (i.e., barriers to 
MSAs)?

Methods

We used the Checklist for Reporting of Survey Studies 
(CROSS) [24] to guide the reporting in the present article.

Study description

The present investigation was part of a cross-sectional, web-
based survey. In the following, we only report methods and 
results that are relevant to the present investigation.

Recruitment of a convenience sample was spearheaded 
by members of a German University of Applied Sciences, 
whereby online (e.g., on social media) and offline (e.g., in 
fitness centers) advertisements were used. This recruitment 
strategy was not aimed at generating a representative sample 
allowing for generalizable conclusions. However, focusing 
primarily on contexts with greater proportions of already-
active individuals enabled us to study any residual barriers 
to engaging in MSAs in these individuals and those who 
are regularly immersed in exercise-promoting environments. 
Participants had to be at least 18 years old. Ethical and legal 
considerations were addressed through self-assessment 
using the standardized process of the Joint Ethics Commit-
tee of the Bavarian Universities (GEHBa), which determined 
that full ethics approval was not required as the study did not 
involve patient data or related sensitive personal informa-
tion. The study complied with the Declaration of Helsinki. 
All participants provided electronic informed consent at the 
beginning of the survey.

We used the online survey system LimeSurvey (www.​
limes​urvey.​org) to program and deliver the survey. The 
online survey was publicly accessible to all interested indi-
viduals between 18.06.2025 and 28.06.2025. Unique partici-
pant codes were derived for each participant, which enabled 
us to exclude participants in case of multiple participation. 
Data were stored in a GDPR-compliant manner on a server 
located in Germany.

Completing the survey took approximately 18 min. Ques-
tionnaires inquired about sociodemographic and anthropo-
metric variables. In addition, participants were asked to 
complete questionnaires on their physical activity, exercise, 
and sports practices. The use of branching ensured the effi-
cient delivery of the survey. A self-devised MSAs question-
naire was the core of the present investigation.

Muscle‑strengthening activities questionnaire

The original version of the MSAs questionnaire used in 
the present study has been described in detail elsewhere 
[17]. In brief, the MSAs questionnaire combines questions 
from validated physical activity questionnaires into a short, 
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pragmatic, preliminary tool for assessing adherence to the 
2020 WHO guideline on MSAs [1]. The MSAs question-
naire starts with a filter question on MSAs engagement. Only 
if participants indicate that they routinely engage in MSAs, 
questions on the frequency (days/week), intensity (light, 
moderate, or vigorous intensity), and the involved muscle 
groups (legs, back, abs, chest, shoulders, arms) follow.

For the present investigation, the original MSAs ques-
tionnaire was slightly adapted (see the Appendix and [25] 
for more details). This also included the addition of two 
questions, which were presented depending on whether per-
sons reported engaging in MSAs or not. Those who reported 
engaging in MSAs were further asked what type(s) of resist-
ance they use to perform the MSAs: free weights, machines, 
resistance bands, and/or their bodyweight [11]. In contrast, 
those who reported not engaging in MSAs were asked if 
there were one or more specific reason(s) for not doing so. 
Informed by previous studies [18–23], we provided a selec-
tion of potential barriers to MSAs (e.g., a lack of time, fear 
of looking too muscular), but participants could also give 
free-text responses.

Figure 1 shows the flow of the MSAs questionnaire used 
in our study.

Statistical analysis

Descriptive statistics and proportions

Descriptive statistics were used to describe the character-
istics of the sample and their MSAs practices (e.g., days/
week of engaging in MSAs). When participants indicated 
engaging in MSAs less than once a week, this was counted 
as 0.5 days/week in our quantitative analyses of MSAs fre-
quency. Additionally, we calculated proportions for the fol-
lowing events among the included participants: engaging in 
MSAs; MSAs on ≥ 2 days/week, as per the WHO guideline 

[1]; MSAs at moderate or greater intensity, as per the WHO 
guideline [1]; MSAs involving all major muscle groups, as 
per the WHO guideline [1]; meeting the complete WHO 
guideline on MSAs, i.e., frequency, intensity, involved 
muscle groups [1]; type(s) of resistance used (free weights, 
machines, resistance bands, bodyweight, and combinations 
thereof); reason(s) for not engaging in MSAs (health not 
good enough; fear of looking too muscular; lack of time; 
lack of knowledge; lack of equipment; lack of enjoyment; 
advised not to do MSAs; health concerns; no specific reason; 
prefer not to answer; other [= free-text response; free-text 
responses were classified as one of the other reasons, where 
possible]).

Associated factors

Using multivariate logistic regression, we explored dif-
ferences in MSAs guideline adherence across age, gender 
(male, female), highest educational attainment (low [no 
school degree, lowest school degree], medium [intermediate 
secondary school degree,], or high [[subject-specific] higher 
education entrance qualification, university degree, doctor-
ate]), and body mass index (BMI).

Multivariate logistic regression models using age, gen-
der, highest educational attainment, and BMI as independent 
variables were further applied to examine the factors asso-
ciated with the types of resistance used and the most com-
mon barriers to MSAs. We excluded one participant with a 
diverse gender and one participant without a valid response 
to the question on gender in the regression analyses to avoid 
having two additional small (n = 1 for each) gender groups.

We report odds ratios (ORs) and the corresponding 95% 
confidence intervals (CIs). Where indicated, the 95% CIs 
were used to evaluate statistical significance. We further 
report McFadden’s pseudo R2 for assessing model fit.

Fig. 1   Flow of the MSAs ques-
tionnaire Note. MSAs = mus-
cle-strengthening activities; 
WHO = World Health Organiza-
tion. See Brummer et al. [17], 
Brummer and Köllner [25], and 
the Appendix for further details 
on the MSAs questionnaire

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



	 Sport Sciences for Health           (2026) 22:74    74   Page 4 of 10

Software

The statistical analyses were conducted in SPSS (version 
30.0.0.0, IBM) and R [26], version 4.4.1, using RStudio 
(version 2024.04.2, Posit Software, PBC). Perplexity AI 
and ChatGPT were used to generate and double-check parts 
of the R code.

Results

The survey was started 530 times, of which 381 (71.9%) 
were complete runs. Of those, we excluded 23 test runs con-
ducted prior to officially launching the survey, two runs with 
duplicate participant codes, and five underage participants. 
Thus, complete data from 351 participants were included in 
our analyses. Table 1 provides an overview of the character-
istics of the included participants.

Guideline adherence

A total of 242 (68.9%) participants reported engaging in 
MSAs. Among these participants, MSAs frequency, inten-
sity, and the number of involved muscle groups varied 
greatly, as summarized in Fig. 2. On average, participants 
who reported engaging in MSAs performed them on 2.4 
(SD = 1.3) days per week, and 186 participants (53.0%) 
reported performing MSAs on ≥ 2 days/week, as per the 
WHO guideline.

Furthermore, 236 participants (67.2%) reported perform-
ing MSAs at moderate or greater intensity, as per the WHO 
guideline.

Moreover, participants who reported engaging in MSAs 
involved an average 4.5 (SD = 1.7) muscle groups, whereby 
97 participants (27.6%) reported involving all major muscle 
groups in their MSAs, as per the WHO guideline.

Ultimately, a total of 80 participants (22.8%) met the 
complete WHO guideline on MSAs.

Table 1   Characteristics of and 
MSAs guideline adherence 
among included participants

The Table shows the characteristics of the included participants, including their adherence to the WHO 
guideline on MSAs, i.e., performing MSAs on ≥ 2  days/week, at at least moderate intensity, and involv-
ing all major muscle groups [1]. Classification of highest educational attainments is based on the German 
system: No school degree = Kein Schulabschluss, Lowest school degree = Qualifizierender Hauptschu-
labschluss, Intermediate secondary school degree = Mittlere Reife, (Subject-specific) Higher education 
entrance qualification = (Fach-)Hochschulreife, University degree = Hochschulabschluss, Doctorate = Pro-
motion. BMI cut-offs used: Underweight: BMI < 18.5, Normalweight: BMI ≥ 18.5 and < 25.0, Overweight: 
BMI ≥ 25.0 and < 30, Obese: BMI ≥ 30.0
Abbreviations: BMI =  Body mass index; MSAs = Muscle-strengthening activities. NA = Not applicable
a When age was treated as a continuous variable: M = 31.8; SD = 14.9; Min = 18; Max = 81; Md = 24
b When BMI was treated as a continuous variable: M = 24.1; SD = 4.2; Min = 16.2; Max = 40.4; Md = 23.3

n (%) nadherent %adherent

Total 351 (100) 80 22.8
Gender Male 167 (47.6) 45 26.9

Female 182 (51.9) 35 19.2
Diverse 1 (0.3) 0 0.0
No valid response 1 (0.3) 0 0.0

Age (years)a 18–29 years 228 (65.0) 61 26.8
30–44 years 41 (11.7) 10 24.4
45–64 years 74 (21.1) 9 12.2
 ≥ 65 years 8 (2.3) 0 0.0

Highest educational 
attainment

No school degree 0 (0.0) 0 NA
Lowest school degree 23 (6.6) 1 4.3
Intermediate secondary school degree 82 (23.4) 15 18.3
(Subject-specific) Higher education 

entrance qualification
146 (41.6) 34 23.3

University degree 93 (26.5) 29 31.2
Doctorate 7 (2.0) 1 14.3

BMI categoryb Underweight 9 (2.6) 2 22.2
Normalweight 219 (62.4) 60 27.4
Overweight 90 (25.6) 18 20.0
Obese 33 (9.4) 0 0.0
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Types of resistance

Among those who performed MSAs, bodyweight was the 
most-utilized type of resistance (77.7%), followed by free 
weights (62.4%), machines (61.6%), and resistance bands 
(19.4%).

The most common combinations (> 5%) of types of 
resistance used were: free weights and machines and body-
weight (26.4%); only bodyweight (16.1%); only machines 
(10.7%); free weights and bodyweight (10.7%); all four types 
(9.9%); free weights and machines (7.0%); and machines and 
bodyweight (6.6%).

Barriers

Among participants who reported not engaging in MSAs, 
the most common reasons were a lack of time and having no 
specific reason (33.0% each), followed by a lack of enjoy-
ment (26.6%). Considerably fewer participants indicated the 
following barriers: a lack of equipment (11.0%), a lack of 
knowledge (9.2%), health not good enough (9.2%), fear of 
looking too muscular (4.6%), and health concerns (1.8%). 
No participant indicated that they had been advised not to 
do MSAs. Four participants (3.7%) preferred not to answer. 
Based on the remaining free-text responses, we created an 
additional category, which pertained to personal factors, 
such as a lack of motivation or discipline (4.6%). One par-
ticipant (0.9%) provided a unique free-text response, in that 
their sport already trains their skeletal muscles.

Associated factors

The multivariate logistic regression models used to evaluate 
the factors associated with MSAs guideline adherence, the 

types of resistance used, and the barriers to MSAs yielded 
only few statistically significant results, as summarized in 
Table 2. While gender was associated with MSAs guideline 
adherence (higher odds among males than females), higher 
age was significantly associated with lower odds of utilizing 
free weights or machines. Lastly, we found higher odds of 
reporting a lack of time as a barrier to MSAs in individuals 
with medium education status as compared to individuals 
with high education status.

Discussion

The present research found that around two-thirds of the 351 
predominantly young and middle-aged, well-educated, and 
generally physically active adults from our sample engaged 
in MSAs. However, fewer than one in four persons met the 
WHO guideline on MSAs. Using one’s own bodyweight 
was the most-utilized type of resistance. The most common 
barriers to engaging in MSAs included having no specific 
reason for doing so, a lack of time, and a lack of enjoyment. 
Demographic factors associated with practices of and bar-
riers to MSAs were identified, including a gender difference 
in the adherence to the MSAs guideline, with males being 
more likely to meet the guideline than females.

Discussion of the findings

Our result regarding relatively low MSAs guideline adher-
ence is in line with other studies on the topic [9, 16, 17, 
27]. Of note, these findings also echo a previous result of 
not involving all major muscle groups as a major obstacle 
to MSAs guideline adherence [17], therefore underscoring 
the importance of not only assessing MSAs frequency for 
inferring MSAs guideline adherence. Our finding of greater 
MSAs guideline adherence among males than females is also 
in line with previous studies [16, 27], although we did not 
find robust evidence of other demographic or health-related 
factors being associated with MSAs guideline adherence. 
Collectively, our findings emphasize the need for promoting 
MSAs on a large scale in order to increase MSAs uptake 
– about one third in the generally physically active sample 
in our study did not engage in MSAs at all – and MSAs 
guideline adherence. Encouraging participation in MSAs is 
of great importance as at least some of the health benefits of 
MSAs are incremental to the benefits aerobic activities like 
running or cycling confer [7, 9, 28].

Our findings regarding the utilization of the differ-
ent types of resistance that may be used for performing 
resistance training (i.e., the primary form of MSAs) fur-
ther provide interesting insights here: Bodyweight was the 
most-utilized type of resistance, followed by free weights 
and machines. In contrast, far fewer participants reported 

Fig. 2   Participants’ MSAs frequency, intensity, and involved mus-
cle groups practices Note. The frequency (days/week), intensity, and 
number of muscle groups involved in MSAs performed by partici-
pants engaging in MSAs (n = 242)
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using resistance bands. This suggests that resistance bands 
in particular may be an underutilized type of equipment for 
performing MSAs. Indeed, resistance bands can be a viable 
option for performing effective resistance training [29–32], 
further underscoring the potential of this cheap, versatile, 
portable, and easy-to-use type of equipment for undertak-
ing MSAs. Resistance bands may thus complement the use 
of one’s bodyweight to establish effective gym-independent 
MSAs protocols – for example, for individuals to whom the 
gym setting is a barrier or those who cannot afford a gym 
membership. Interestingly, the use of the different types of 
resistance also varied by age, to some extent. This suggests 
that individual preferences, which may be associated with 
demographic factors, should be considered when counselling 
individuals on MSAs.

Our results regarding the reasons for not engaging in 
MSAs provide additional insights for promoting MSAs. 
The top answers given by participants in our study were 
that there was no specific reason for not engaging in MSAs, 
and a lack of time. Regarding the former, in the absence 
of clear reasons against engaging in MSAs, persons might 
simply have to be provided with clear reasons for performing 
MSAs. Given the historical dominance of aerobic activities 
in physical activity recommendations [33], it is perceivable 
that many people are still not aware of the manifold ben-
efits MSAs provide for health and well-being, often only 
associating MSAs with athletes like bodybuilders. These 

misconceptions might be corrected through systematic 
information and promotion campaigns. However, alterna-
tive explanations for the popularity of this response cannot 
be ruled out entirely and may include a lack of awareness 
or difficulties in articulating barriers to engaging in MSAs. 
It is also possible that our questionnaire was unable to cap-
ture more nuanced motivational or contextual factors at this 
point; qualitative interviews may prove useful to capture 
such nuanced accounts.

A lack of time was the second, most common reason for 
not engaging in MSAs. A lack of time is a classic barrier 
to engaging in physical activity and exercise [18, 19, 23]. 
Importantly, though, there are various options for designing 
highly time-efficient MSAs programs [ref. 32 for a review 
on resistance training specifically], with which the MSAs 
guideline could be met without a large time investment (e.g., 
using time-saving strategies like supersets). Correcting the 
misbelief that engaging in MSAs necessitates a large time 
commitment and providing individuals with actionable, 
time-saving MSAs protocols might prove useful for increas-
ing MSAs uptake.

The third-most common reason for not performing MSAs 
was a lack of enjoyment. The last years have seen a spark 
in approaches within exercise psychology that focus on the 
affective responses to exercise [34], i.e., the feelings accom-
panying exercise. Various factors, including the physical or 
social environment or the somatosensory effects of exercise, 

Table 2   Results of the logistic regression models on the factors associated with MSAs guideline adherence, utilized types of resistance, and bar-
riers to MSAs

Reported are ORs and the corresponding 95% CIs. Bold values signify statistical significance as assessed via the 95% CI. Gender, age, educa-
tional level, and BMI served as independent variables in all regression models. Only the top three barriers to MSAs were investigated in regres-
sion analyses. Note that n = 2 participants were excluded from all regression analyses due to their gender responses. Abbreviation: MSAs = mus-
cle-strengthening activities

Types of resistance Barriers

Variable Category 
(where 
applicable)

MSAs 
guideline 
adherence

Free weights Machines Resistance 
bands

Bodyweight Lack of time No specific 
reason

Lack of 
enjoyment

N 349 241 241 241 241 108 108 108
McFadden’s 

pseudo R2
0.055 0.109 0.037 0.018 0.044 0.051 0.051 0.029

Gender Female Ref Ref Ref Ref Ref Ref Ref Ref
Male 1.79 (1.06–

3.07)
1.53 (0.86–

2.78)
0.85 (0.49–

1.48)
0.75 (0.38–

1.47)
1.18 (0.62–

2.22)
1.05 (0.43–

2.50)
0.44 (0.18–

1.05)
1.12 (0.45–

2.77)
Age 0.98 (0.96–

1.01)
0.95 (0.93–

0.98)
0.97 (0.94–

0.99)
1.00 (0.97–

1.03)
0.99 (0.96–

1.01)
1.00 (0.97–

1.03)
1.02 (0.99–

1.05)
1.00 (0.97–

1.03)
Educational 

level
High Ref Ref Ref Ref Ref Ref Ref Ref
Medium 0.70 (0.36–

1.32)
0.64 (0.32–

1.31)
0.82 (0.42–

1.60)
1.00 (0.42–

2.23)
0.76 (0.36–

1.66)
3.18 (1.24–

8.36)
0.47 (0.16–

1.26)
0.42 (0.12–

1.22)
Low 0.21 (0.01–

1.10)
0.71 (0.15–

3.19)
1.40 (0.35–

6.43)
0.56 (0.03–

3.33)
0.61 (0.15–

2.70)
2.68 (0.62–

11.44)
0.66 (0.14–

2.74)
0.43 (0.06–

2.12)
Body Mass 

Index
0.93 (0.86–

1.00)
0.94 (0.86–

1.02)
1.04 (0.96–

1.14)
0.93 (0.83–

1.03)
0.92 (0.84–

1.00)
1.00 (0.91–

1.11)
0.97 (0.87–

1.07)
0.99 (0.89–

1.10)
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can be modified to make exercise more enjoyable [34]. A 
recent exemplary study found that self-selecting the weights 
in resistance training led to more positive affect as compared 
to imposed weights, while inducing similar physiological 
adaptations [35]. Approaches like these should be explored 
further. Similarly, personalizing interventions aimed at pro-
moting MSAs through improving the affective responses 
could leverage currently underutilized intervention targets 
such as implicit motives (i.e., non-conscious, affect-based 
motivational dispositions) [36; 37]. Other approaches con-
sidering motivational factors may include initial assessment 
of an individual’s motivational dispositions, which can later 
be used in personalized strategies for goal setting or crea-
tion of positive visions [38]. All of these approaches may 
prove useful for making MSAs more enjoyable, thereby 
increasing their uptake and maintenance. In this context, 
activities other than resistance training – which may still 
be classified as MSAs and perceived as more enjoyable by 
some – should also be promoted. These include, but are not 
limited to, yoga, pilates, tai-chi [39], martial arts, and alpine 
skiing [40].

As with the types of resistance used, there was also some 
evidence suggesting that sociodemographic variables might 
be associated with barriers to MSAs. This further under-
scores the need for (semi-)individualized approaches to 
MSAs promotion.

In interpreting our findings, it is also important to keep 
in mind the rather selective sample in our study: Due to our 
recruitment strategy, the sample mainly consisted of young 
and middle-aged, well-educated, and generally physically 
active individuals; generalization to the general population is 
therefore not possible. However, our results provide impor-
tant insights into the barriers that even such persons experi-
ence, despite their already physically active lifestyles and/
or contact with exercise-promoting environments. Hence, 
our results may inform interventions targeted at these indi-
viduals. For example, this may include sharing information 
materials on the health benefits of MSAs in universities or 
offering enjoyable and time-efficient MSAs programs in fit-
ness centers.

Limitations and directions for future research

Our study has various limitations. First, as we recruited 
a convenience sample, our findings are not generalizable. 
In particular, a strikingly high proportion of participants 
reported engaging in MSAs, which is likely related to our 
recruitment strategy (e.g., recruiting in fitness centers). 
Nevertheless, our sample still showed heterogeneity in 
terms of sociodemographic and physical activity-related 
characteristics. Additionally, our rather specific sample 
allowed us to examine the residual barriers to MSAs in 
those who are already physically active and/or immersed in 

exercise-promoting environments, as described above. Sec-
ond, we focused on resistance training as the central form 
of MSAs. While this allowed us to study resistance training 
in greater detail (e.g., the types of resistance used), it may 
be worthwhile to extend the scope of MSAs to also include 
activities other than resistance training, including those men-
tioned above. Third, due to relatively low participant num-
bers in some of the subgroups, we had suboptimal statistical 
precision, as evidenced by broad 95% CIs in the regression 
models; future investigations with more participants are war-
ranted to improve statistical precision.

Conclusion

Fewer than one in four participants met the WHO guideline 
on MSAs in our study. Bodyweight was the most-utilized 
type of resistance for performing MSAs. Promoting resist-
ance bands as an underutilized type of resistance might 
prove useful for increasing engagement in MSAs. Major 
barriers to engaging in MSAs included a lack of time and 
enjoyment, but also having no specific reason for doing so. 
These insights may provide starting points for promoting 
MSAs, including informing individuals about the health 
benefits of MSAs and providing time-efficient and enjoy-
able MSAs protocols.

Appendix

Adaptation of the MSAs questionnaire

The original MSAs questionnaire described in detail in ref. 
[17] was slightly adapted for use in the current study. Spe-
cifically, the following changes were made:

•	 The wording was further improved at various instances.
•	 In line with the WHO guidelines [2], we summarized 

the muscle groups “front of the thigh” and “back of the 
thigh/buttocks” into only one muscle group “legs”. This 
reduced the total number of major muscle groups from 
seven to six.

•	 Additional questions on utilized type(s) of resistance and 
barriers to MSAs.

The German version of the questionnaire as it was used 
in the present study and an English translation can be found 
on the Open Science Framework [25].

Acknowledgements  We acknowledge the support of the students 
enrolled in M.G.K.’s empirical research seminar at SRH University of 
Applied Sciences Heidelberg (Campus Fürth, Germany) in 2025 who 
recruited participants for this study.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



	 Sport Sciences for Health           (2026) 22:74    74   Page 8 of 10

Authors’ contributions  JB: Conceptualization, Formal analysis, Meth-
odology, Visualization, Writing – original draft, Writing – review & 
editing  FH: Visualization, Writing – review & editing  MGK: Con-
ceptualization, Data curation, Investigation, Methodology, Project 
administration, Software, Supervision, Validation, Writing – review 
& editing.

Funding  Open Access funding enabled and organized by Projekt 
DEAL. This research did not receive any specific grant from funding 
agencies in the public, commercial, or not-for-profit sectors.

Data Availability  The datasets generated and/or analyzed and the R 
code used during the current study are available from the correspond-
ing author upon reasonable request.

Data and Code Availability  The datasets generated and/or analyzed and 
the R code used during the current study are available from the cor-
responding author upon reasonable request.

Declarations 

Competing interests  The authors declare no competing interests.

Ethics approval  The study does not contain patient data. It complied 
with the Declaration of Helsinki. In addition, the clarification of poten-
tial legal and ethical objections by the self-assessment of the Joint 
Ethics Committee of the Bavarian Universities (GEHBa) took place.

Infomed Consent  All participants provided informed consent at the 
beginning of the survey.

Declaration of generative AI and AI‑assisted technologies in the writing 
process  During the preparation of this work JB used Perplexity AI and 
ChatGPT in order to generate and double-check parts of the R code. 
After using Perplexity AI and ChatGPT, JB reviewed and edited the 
content as needed and takes full responsibility for the content of the 
published article.

Open Access  This article is licensed under a Creative Commons Attri-
bution 4.0 International License, which permits use, sharing, adapta-
tion, distribution and reproduction in any medium or format, as long 
as you give appropriate credit to the original author(s) and the source, 
provide a link to the Creative Commons licence, and indicate if changes 
were made. The images or other third party material in this article are 
included in the article’s Creative Commons licence, unless indicated 
otherwise in a credit line to the material. If material is not included in 
the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will 
need to obtain permission directly from the copyright holder. To view a 
copy of this licence, visit http://creativecommons.org/licenses/by/4.0/.

References

	 1.	 Bull FC, Al-Ansari SS, Biddle S, Borodulin K, Buman MP, Car-
don G, Carty C, Chaput JP, Chastin S, Chou R, Dempsey PC, 
DiPietro L, Ekelund U, Firth J, Friedenreich CM, Garcia L, Gichu 
M, Jago R, Katzmarzyk PT, Lambert E, Leitzmann M, Milton K, 
Ortega FB, Ranasinghe C, Stamatakis E, Tiedemann A, Troiano 
RP, van der Ploeg HP, Wari V, Willumsen JF (2020) World Health 
Organization 2020 guidelines on physical activity and sedentary 
behaviour. Br J Sports Med 54(24):1451–1462. https://​doi.​org/​10.​
1136/​bjspo​rts-​2020-​102955

	 2.	 World Health Organization. (2020) WHO guidelines on physical 
activity and sedentary behaviour. https://​www.​who.​int/​publi​catio​
ns/i/​item/​97892​40015​128

	 3.	 Piercy KL, Troiano RP, Ballard RM, Carlson SA, Fulton JE, 
Galuska DA, George SM, Olson RD (2018) The physical activity 
guidelines for Americans. JAMA 320(19):2020–2028. https://​doi.​
org/​10.​1001/​jama.​2018.​14854

	 4.	 Ross R, Chaput JP, Giangregorio LM, Janssen I, Saunders TJ, 
Kho ME, Poitras VJ, Tomasone JR, El-Kotob R, McLaugh-
lin EC, Duggan M, Carrier J, Carson V, Chastin SF, Latimer-
Cheung AE, Chulak-Bozzer T, Faulkner G, Flood SM, Gazen-
dam MK, Healy GN, Katzmarzyk PT, Kennedy W, Lane KN, 
Lorbergs A, Maclaren K, Marr S, Powell KE, Rhodes RE, Ross-
White A, Welsh F, Willumsen J, Tremblay MS (2020) Canadian 
24-hour movement guidelines for adults aged 18-64 years and 
adults aged 65 years or older: an integration of physical activity, 
sedentary behaviour, and sleep. Appl Physiol Nutr Metab 45(10 
(Suppl. 2)):S57–S102. https://​doi.​org/​10.​1139/​apnm-​2020-​0467

	 5.	 Gelius P, Tcymbal A, Abu-Omar K, Mendes R, Tribuzi Morais 
S, Whiting S, Breda J (2020) Status and contents of physi-
cal activity recommendations in European Union countries: a 
systematic comparative analysis. BMJ Open 10(2):e034045. 
https://​doi.​org/​10.​1136/​bmjop​en-​2019-​034045

	 6.	 Shailendra P, Baldock KL, Li LSK, Bennie JA, Boyle T (2022) 
Resistance training and mortality risk: a systematic review and 
meta-analysis. Am J Prev Med 63(2):277–285. https://​doi.​org/​
10.​1016/j.​amepre.​2022.​03.​020

	 7.	 Momma H, Kawakami R, Honda T, Sawada SS (2022) Mus-
cle-strengthening activities are associated with lower risk and 
mortality in major non-communicable diseases: a systematic 
review and meta-analysis of cohort studies. Br J Sports Med 
56(13):755–763. https://​doi.​org/​10.​1136/​bjspo​rts-​2021-​105061

	 8.	 Saeidifard F, Medina-Inojosa JR, West CP, Olson TP, Som-
ers VK, Bonikowske AR, Prokop LJ, Vinciguerra M, Lopez-
Jimenez F (2019) The association of resistance training with 
mortality: a systematic review and meta-analysis. Eur J Prev 
Cardiol 26(15):1647–1665. https://​doi.​org/​10.​1177/​20474​87319​
850718

	 9.	 Bennie JA, Shakespear-Druery J, De Cocker K (2020) Muscle-
strengthening exercise epidemiology: a new frontier in chronic 
disease prevention. Sports Med Open 6(1):40. https://​doi.​org/​10.​
1186/​s40798-​020-​00271-w

	10.	 Nascimento W, Ferrari G, Martins CB, Rey-Lopez JP, Izquierdo 
M, Lee DH, Giovannucci EL, Rezende LFM (2021) Muscle-
strengthening activities and cancer incidence and mortality: a 
systematic review and meta-analysis of observational studies. 
Int J Behav Nutr Phys Act 18(1):69. https://​doi.​org/​10.​1186/​
s12966-​021-​01142-7

	11.	 Paluch AE, Boyer WR, Franklin BA, Laddu D, Lobelo F, Lee DC, 
McDermott MM, Swift DL, Webel AR, Lane A (2023) Resistance 
exercise training in individuals with and without cardiovascular 
disease: 2023 update: a scientific statement from the American 
Heart Association. Circulation. https://​doi.​org/​10.​1161/​CIR.​
00000​00000​001189

	12.	 Ashton RE, Tew GA, Aning JJ, Gilbert SE, Lewis L, Saxton JM 
(2020) Effects of short-term, medium-term and long-term resist-
ance exercise training on cardiometabolic health outcomes in 
adults: systematic review with meta-analysis. Br J Sports Med 
54(6):341–348. https://​doi.​org/​10.​1136/​bjspo​rts-​2017-​098970

	13.	 Phillips SM, Ma JK, Rawson ES (2023) The coming of age of 
resistance exercise as a primary form of exercise for health. Acsm 
Health Fit J 27(6):19–25. https://​doi.​org/​10.​1249/​Fit.​00000​00000​
000916

	14.	 Giovannucci EL, Rezende LFM, Lee DH (2021) Muscle-strength-
ening activities and risk of cardiovascular disease, type 2 diabetes, 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



Sport Sciences for Health           (2026) 22:74 	 Page 9 of 10     74 

cancer and mortality: a review of prospective cohort studies. J 
Intern Med 290(4):789–805. https://​doi.​org/​10.​1111/​joim.​13344

	15.	 El-Kotob R, Ponzano M, Chaput JP, Janssen I, Kho ME, Poitras 
VJ, Ross R, Ross-White A, Saunders TJ, Giangregorio LM (2020) 
Resistance training and health in adults: an overview of systematic 
reviews. Appl Physiol Nutr Metab 45(10 (Suppl. 2)):S165–S179. 
https://​doi.​org/​10.​1139/​apnm-​2020-​0245

	16.	 Ren ZB, Zhang YJ, Drenowatz C, Eather N, Hong JT, Wang L, 
Yan J, Chen ST (2024) How many adults have sufficient mus-
cle-strengthening exercise and the associated factors: a system-
atic review consisting of 2,629,508 participants. J Exerc Sci Fit 
22(4):359–368. https://​doi.​org/​10.​1016/j.​jesf.​2024.​06.​002

	17.	 Brummer J, Herbolsheimer F, Hoffmann E, Stang P, Steindorf 
K, Köllner MG (2025) Measuring up: Is frequency enough for 
assessing adherence to muscle-strengthening guidelines? J Public 
Health (Berl). https://​doi.​org/​10.​1007/​s10389-​025-​02596-w

	18.	 Pedersen MRL, Hansen AF, Elmose-Osterlund K (2021) Motives 
and barriers related to physical activity and sport across social back-
grounds: implications for health promotion. Int J Environ Res Public 
Health. https://​doi.​org/​10.​3390/​ijerp​h1811​5810

	19.	 Garcia L, Mendonca G, Benedetti TRB, Borges LJ, Streit IA, Chris-
tofoletti M, Silva-Junior FLE, Papini CB, Binotto MA (2022) Barri-
ers and facilitators of domain-specific physical activity: a systematic 
review of reviews. BMC Public Health 22(1):1964. https://​doi.​org/​
10.​1186/​s12889-​022-​14385-1

	20.	 Burton E, Farrier K, Lewin G, Pettigrew S, Hill AM, Airey P, Bain-
bridge L, Hill KD (2017) Motivators and barriers for older people 
participating in resistance training: a systematic review. J Aging 
Phys Act 25(2):311–324. https://​doi.​org/​10.​1123/​japa.​2015-​0289

	21.	 Hurley KS, Flippin KJ, Blom LC, Bolin JE, Hoover DL, Judge LW 
(2018) Practices, perceived benefits, and barriers to resistance train-
ing among women enrolled in college. Int J Exerc Sci 11(5):226–
238. https://​doi.​org/​10.​70252/​ZRMT3​507

	22.	 Peters NA, Schlaff RA, Knous JL, Baruth M (2019) Barriers to 
resistance training among college-aged women. J Am Coll Health 
67(1):4–9. https://​doi.​org/​10.​1080/​07448​481.​2018.​14628​15

	23.	 Shakespear-Druery J, De Cocker K, Biddle SJH, Bennie JA (2024) 
Associations between behavioural correlates of muscle-strengthen-
ing exercise guideline adherence in adults: a cross-sectional study. 
Int J Sport Exerc Psychol 22(4):978–994. https://​doi.​org/​10.​1080/​
16121​97X.​2022.​21611​08

	24.	 Sharma A, Minh Duc NT, Luu Lam Thang T, Nam NH, Ng SJ, 
Abbas KS, Huy NT, Marusic A, Paul CL, Kwok J, Karbwang J, 
de Waure C, Drummond FJ, Kizawa Y, Taal E, Vermeulen J, Lee 
GHM, Gyedu A, To KG, Karamouzian M (2021) A consensus-based 
checklist for reporting of survey studies (CROSS). J Gen Intern Med 
36(10):3179–3187. https://​doi.​org/​10.​1007/​s11606-​021-​06737-1

	25.	 Brummer J, Köllner MG (2025) Questionnaire on muscle-strength-
ening activities practices and barriers [Material]. Open Science 
Framework. https://​osf.​io/​ca5k8/

	26.	 R Core Team (2022) R: A language and environment for statisti-
cal computing. In R Foundation for Statistical Computing. https://​
www.R-​proje​ct.​org/

	27.	 Robert Koch-Institute (2023) Gesundheit in Deutschland aktuell - 
GEDA 2019/2020-EHIS. https://​doi.​org/​10.​5281/​zenodo.​72144​73

	28.	 Brellenthin AG, Bennie JA, Lee DC (2022) Aerobic or muscle-
strengthening physical activity: which is better for health? Curr 
Sports Med Rep 21(8):272–279. https://​doi.​org/​10.​1249/​JSR.​00000​
00000​000981

	29.	 Li A, Sun Y, Li M, Wang D, Ma X (2024) Effects of elastic band 
resistance training on the physical and mental health of elderly 
individuals: a mixed methods systematic review. PLoS ONE 
19(5):e0303372. https://​doi.​org/​10.​1371/​journ​al.​pone.​03033​72

	30.	 Liu X, Gao Y, Lu J, Ma Q, Shi Y, Liu J, Xin S, Su H (2021) Effects 
of different resistance exercise forms on body composition and mus-
cle strength in overweight and/or obese individuals: a systematic 

review and meta-analysis. Front Physiol 12:791999. https://​doi.​org/​
10.​3389/​fphys.​2021.​791999

	31.	 Lopes JSS, Machado AF, Micheletti JK, de Almeida AC, Cavina AP, 
Pastre CM (2019) Effects of training with elastic resistance versus 
conventional resistance on muscular strength: a systematic review 
and meta-analysis. SAGE Open Med 7:2050312119831116. https://​
doi.​org/​10.​1177/​20503​12119​831116

	32.	 Iversen VM, Norum M, Schoenfeld BJ, Fimland MS (2021) No 
time to lift? Designing time-efficient training programs for strength 
and hypertrophy: a narrative review. Sports Med 51(10):2079–2095. 
https://​doi.​org/​10.​1007/​s40279-​021-​01490-1

	33.	 Ding D, Mutrie N, Bauman A, Pratt M, Hallal PRC, Powell KE 
(2020) Physical activity guidelines 2020: comprehensive and 
inclusive recommendations to activate populations. Lancet 
396(10265):1780–1782. https://​doi.​org/​10.​1016/​S0140-​6736(20)​
32229-7

	34.	 Teixeira DS, Bastos V, Andrade AJ, Palmeira AL, Ekkekakis P 
(2024) Individualized pleasure-oriented exercise sessions, exercise 
frequency, and affective outcomes: a pragmatic randomized con-
trolled trial. Int J Behav Nutr Phys Act 21(1):85. https://​doi.​org/​10.​
1186/​s12966-​024-​01636-0

	35.	 Garcia E, Ferreira SS, Lazzarotto R, Silva J, Bento PCB (2024) 
Effects of imposed and self-selected exercise on perceptual and 
affective responses, muscle function, quality, and functionality of 
strength training in older women and men: a randomized trial. Braz J 
Med Biol Res 57:e13968. https://​doi.​org/​10.​1590/​1414-​431X2​024e1​
3968

	36.	 Brummer J, Köllner MG (2025) Personalizing physical activity 
promotion interventions based on implicit motives. In Stang P, 
Weiss M, Köllner MG (Eds.), Health Psychology: Applications in 
Clinical and Sports Contexts (pp. 103-114). Nomos. https://doi.
org/10.5771/9783748954804-103

	37.	 Brummer J, Sudharsanan N, Köllner MG (2024) The relationship 
between implicit motives and physical activity: a scoping review. 
Syst Rev 13(1):264. https://​doi.​org/​10.​1186/​s13643-​024-​02678-y

	38.	 Köllner MG, Janson KT, Jahnel J (2025) Using motivational psy-
chology to promote physical activity: a three-stage approach. In 
Stang P, Weiss M, Köllner MG (Eds.), Health Psychology: Appli-
cations in Clinical and Sports Contexts (pp. 91-102). Nomos. https://
doi.org/10.5771/9783748954804-91

	39.	 Shakespear-Druery J, De Cocker K, Biddle SJH, Bennie J (2022) 
Muscle-Strengthening exercise questionnaire (MSEQ): an assess-
ment of concurrent validity and test-retest reliability. BMJ 
Open Sport Exerc Med 8(1):e001225. https://​doi.​org/​10.​1136/​
bmjsem-​2021-​001225

	40.	 Pelliccia A, Sharma S, Gati S, Back M, Borjesson M, Caselli S, 
Collet JP, Corrado D, Drezner JA, Halle M, Hansen D, Heidbuchel 
H, Myers J, Niebauer J, Papadakis M, Piepoli MF, Prescott E, Roos-
Hesselink JW, Graham Stuart A, Taylor RS, Thompson PD, Tiberi 
M, Vanhees L, Wilhelm M, Guazzi M, La Gerche A, Aboyans V, 
Adami PE, Backs J, Baggish A, Basso C, Biffi A, Bucciarelli-Ducci 
C, Camm AJ, Claessen G, Delgado V, Elliott PM, Galderisi M, Gale 
CP, Gray B, Haugaa KH, Iung B, Katus HA, Keren A, Leclercq 
C, Lewis BS, Mont L, Mueller C, Petersen SE, Petronio AS, Roffi 
M, Savonen K, Serratosa L, Shlyakhto E, Simpson IA, Sitges M, 
Solberg EE, Sousa-Uva M, Van Craenenbroeck E, Van De Heyning 
C, Wijns W, Stuart AG, Tahmi M, Zelveian PH, Berger T, Gabu-
lova R, Sudzhaeva S, Lancellotti P, Sokolović Š, Gruev I, Velagic 
V, Nicolaides E, Tuka V, Rasmusen H, Khamis H, Viigimaa M, 
Laukkanen JA, Bosser G, Hambrecht R, Kasiakogias A, Merkely B, 
Gunnarsson GT, McAdam B, Perrone-Filardi P, Bajraktari G, Mir-
rakhimov E, Rozenštoka S, Marinskis G, Banu C, Abela M, Vata-
man E, Belada N, Belghiti H, Jorstad HT, Srbinovska-Kostovska E, 
Haugaa K, Główczyńska R, Dores H, Mitu F, Smolensky A, Foscoli 
M, Nedeljkovic I, Farsky S, Fras Z, Boraita A, Sörenssen P, Schmied 
C, Bsata W, Zakhama L, Uzun M, Nesukay E, Rakhit D, E. S. C. 

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



	 Sport Sciences for Health           (2026) 22:74    74   Page 10 of 10

Scientific Document Group (2021) 2020 ESC guidelines on sports 
cardiology and exercise in patients with cardiovascular disease. Eur 
Heart J 42(1):17–96. https://​doi.​org/​10.​1093/​eurhe​artj/​ehaa6​05

Publisher's Note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Content courtesy of Springer Nature, terms of use apply. Rights reserved.



1.

2.

3.

4.

5.

6.

Terms and Conditions
 
Springer Nature journal content, brought to you courtesy of Springer Nature Customer Service Center GmbH (“Springer Nature”). 
Springer Nature supports a reasonable amount of sharing of  research papers by authors, subscribers and authorised users (“Users”), for small-
scale personal, non-commercial use provided that all copyright, trade and service marks and other proprietary notices are maintained. By
accessing, sharing, receiving or otherwise using the Springer Nature journal content you agree to these terms of use (“Terms”). For these
purposes, Springer Nature considers academic use (by researchers and students) to be non-commercial. 
These Terms are supplementary and will apply in addition to any applicable website terms and conditions, a relevant site licence or a personal
subscription. These Terms will prevail over any conflict or ambiguity with regards to the relevant terms, a site licence or a personal subscription
(to the extent of the conflict or ambiguity only). For Creative Commons-licensed articles, the terms of the Creative Commons license used will
apply. 
We collect and use personal data to provide access to the Springer Nature journal content. We may also use these personal data internally within
ResearchGate and Springer Nature and as agreed share it, in an anonymised way, for purposes of tracking, analysis and reporting. We will not
otherwise disclose your personal data outside the ResearchGate or the Springer Nature group of companies unless we have your permission as
detailed in the Privacy Policy. 
While Users may use the Springer Nature journal content for small scale, personal non-commercial use, it is important to note that Users may
not: 
 

use such content for the purpose of providing other users with access on a regular or large scale basis or as a means to circumvent access

control;

use such content where to do so would be considered a criminal or statutory offence in any jurisdiction, or gives rise to civil liability, or is

otherwise unlawful;

falsely or misleadingly imply or suggest endorsement, approval , sponsorship, or association unless explicitly agreed to by Springer Nature in

writing;

use bots or other automated methods to access the content or redirect messages

override any security feature or exclusionary protocol; or

share the content in order to create substitute for Springer Nature products or services or a systematic database of Springer Nature journal

content.
 
In line with the restriction against commercial use, Springer Nature does not permit the creation of a product or service that creates revenue,
royalties, rent or income from our content or its inclusion as part of a paid for service or for other commercial gain. Springer Nature journal
content cannot be used for inter-library loans and librarians may not upload Springer Nature journal content on a large scale into their, or any
other, institutional repository. 
These terms of use are reviewed regularly and may be amended at any time. Springer Nature is not obligated to publish any information or
content on this website and may remove it or features or functionality at our sole discretion, at any time with or without notice. Springer Nature
may revoke this licence to you at any time and remove access to any copies of the Springer Nature journal content which have been saved. 
To the fullest extent permitted by law, Springer Nature makes no warranties, representations or guarantees to Users, either express or implied
with respect to the Springer nature journal content and all parties disclaim and waive any implied warranties or warranties imposed by law,
including merchantability or fitness for any particular purpose. 
Please note that these rights do not automatically extend to content, data or other material published by Springer Nature that may be licensed
from third parties. 
If you would like to use or distribute our Springer Nature journal content to a wider audience or on a regular basis or in any other manner not
expressly permitted by these Terms, please contact Springer Nature at 
 

onlineservice@springernature.com
 

mailto:onlineservice@springernature.com

