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Background: Although resistance training (RT) is essential to preserve musculoskeletal fitness and maintain a healthy, independent life into old age, few women perform RT. We investigated whether resistance exercise snacking (RES) could be an efficient training approach for the workplace health promotion (WHP) to minimize barriers for participation and facilitate RT in women in order to improve musculoskeletal fitness.

Methods: This pilot-study followed a prospective, controlled intervention design. Female employees with sedentary occupations doing RT on less than 2 days/week before study participation were included. Participants self-selected for either intervention (IG) or control group (CG). While the IG [N = 15, mean age 42.1 (SD = 11.1) years] did 10 min of RES on working days for 12 weeks, the CG [N = 15, mean age 49.9 (SD = 9.7) years] was instructed to maintain their habitual physical activity. Primary endpoint was change in muscle mass. Secondary endpoint was change in maximum isometric strength. Balance, cardiovascular fitness, perceived health, and general life satisfaction was assessed for exploratory purpose. Measurements were taken before and after the intervention.

Results: 12 participants of IG and 14 of CG completed the study. Muscle mass improved significantly more in the IG [+0.42 (SD = 0.54) kg] compared to the CG [−0.16 (SD = 0.51) kg] (p = 0.01, ƞ2p = 0.24). Strength did not change significantly between groups. Nevertheless, there was a trend for greater improvements in the IG compared to the CG for trunk extension, trunk flexion, and upper body push but not upper body pull. Regarding exploratory endpoints, no significant between-group changes were found. Despite their poor fitness, both groups perceived their health as good and had high life satisfaction before and after the intervention.

Conclusion: RES could be an effective approach for the WHP to promote RT in inactive women with sedentary occupations and improve their muscle mass.
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1 Introduction

Aging is accompanied by a gradual decline in measures of musculoskeletal fitness (e.g., spinal motor neurons, bone density, strength, power, muscle fiber number, and muscle fiber size) (1, 2). Lexell et al. (3) have shown that age-associated loss of muscle mass could already begin at the age of 25 and accelerates thereafter resulting in a 10% loss of muscle area at the age of 50. According to Doherty, this is particularly relevant since age-related loss of muscle mass is the most contributing factor to the decline of muscular strength (4). This could impair the ability to be physically active and perform everyday tasks. In the long-term, a downward spiral of physical inactivity and progressive loss of functional capacity may emerge which could have detrimental effects on other physiologically important systems (e.g., cardiovascular system) and overall health status (5, 6). The most effective non-pharmacological method to increase muscle mass, strength, and power across the lifespan is resistance training (RT) (7). Accordingly, the World Health Organization (WHO) and the American College of Sports Medicine (ACSM) recommend to perform RT including all major muscle groups at least twice a week (8, 9). This recommendation is followed by only 10–30% of adults, with women engaging in even less RT than men (10–12). However, RT could be especially beneficial for women as they have less skeletal muscle mass, experience an earlier strength loss, and a greater decline in muscle quality compared to men (4, 13). Common barriers for RT participation include lack of time, limited access to equipment and facilities as well as low competence or skill (7, 14, 15).

A novel approach that may limit these barriers and facilitate RT participation in women are “resistance exercise snacks” (RES). RES are brief e.g.,( ≤ 15 min) RT bouts executed frequently throughout the week or day (e.g., 5–7 RES per week) at low intensities (e.g., bodyweight) with minimal to no equipment (e.g., resistance bands or portable weights) (7). In this regard, RES could provide a convenient, health-promoting strategy especially for women with low physical fitness that do not perform any other form of training. RES could help these women to integrate RT into everyday life in order to fulfill physical activity recommendations, for example in between periods of prolonged sitting. This notion was supported by previous studies in individuals with type 2 diabetes. These studies indicated that RES could be an effective method to decrease resting blood pressure, plasma noradrenaline, acute postprandial glucose, insulin, C-peptide, and triglyceride responses when performed to interrupt prolonged sitting (16, 17). This is of particular interest in the area of workplace health promotion (WHP), considering the high prevalence of predominantly sedentary occupations among women in modern societies (18). Consequently, incorporating RES into the WHP could simultaneously reduce the detrimental health effects of prolonged sitting during working hours and increase RT participation while leveraging the efficient structures to reach large groups and social network of the workplace (19–21).

However, research examining explicitly the efficacy of RES to improve muscle mass, strength, power, or functional capacity is still sparse and partly contradictory. In a pilot study, Perkin et al. investigated whether a 4-week RES intervention improves measures of muscle function in healthy older adults (N = 20). The intervention group (IG) executed 5 min of RES twice per day, whereas participants of the control group (CG) had to maintain their habitual physical activity. Although the IG showed greater improvements than the CG in leg pressing muscle force (IG: +5%, CG: − 2%) and power (IG: + 6%, CG: −2%), there was no significant difference in change between groups. Additionally, a positive change was observed for lean leg mass (+1%) and thigh muscle cross-sectional area (+2%) in the IG, with no significant changes between groups neither. Significant changes between groups occurred only in a 60-s sit-to-stand test in favor of the IG (22). Contrarily, Fyfe et al. compared different RES protocols [4 weeks intervention; groups: once (N = 9), twice (N = 10), and thrice (N = 9) RES per day, and habitual-activity control (N = 10)] in older adults but found no significant difference in change between groups in a 30-s sit-to-stand test. Nevertheless, participants rated the RES intervention as enjoyable (75% reported a score ≥ 4 on a five-point Likert scale) and 82% responded that they would continue a similar training regimen after study completion (23). However, as the aforementioned studies were conducted in older adults, the intervention periods were short, the sample sizes small, and the analyses did not differentiate between women and men, it remains difficult to determine the longer-term effectiveness of RES in women in a workplace setting (22–24). Furthermore, none of the studies was done in a workplace setting.

Therefore, the aim of the current study was to examine the effects of a 12-week workplace health RES intervention on muscle mass and muscular strength in women with a predominantly sedentary occupation that did insufficient RT (< 2 RT sessions per week) prior study participation. For exploratory purpose, balance, cardiovascular fitness, perceived health, and general life satisfaction was assessed.



2 Materials and methods


2.1 Trial oversight

This pilot-study followed a prospective intervention design with control (CG) and intervention group (IG). Data were collected from March 2023 to August 2023. Participants self-selected for either IG or CG. The testing at baseline (t0) and after 12 weeks (t1) was done in the same manner for both groups. The CG was instructed to maintain their current activity level. The IG participated in a RES program for 10 min each working day. Integration of the study into the WHP of the University of the Bundeswehr Munich (UniBw M) enabled participants to take part during their working hours.

The Institutional Ethics Committee of the UniBw M approved the study protocol, ensuring that it conformed to the ethical guidelines of the 1975 Declaration of Helsinki. Informed consent was obtained from all subjects involved in the study (06/06/2023; EK UniBw M 23-43).



2.2 Participants

Female office workers of the central administration staff at the UniBw M (age = 18–65 years) participated in the study. Inclusion criteria were a mainly sitting or standing job and performing fewer than 2 RT per week. Women were excluded due to pregnancy or health issues that would preclude participation in regular exercise or the applied tests (e.g., severe injuries to the musculoskeletal system, osteoporosis, intervertebral disc damage, joint replacements, hypertension, and fresh scars). These criteria were checked via questionnaire at t0 and t1. Table 1 displays demographics and anthropometrics of initially assessed participants.



TABLE 1 Demographics and anthropometrics of initially assessed participants.
[image: Table1]

The study was enrolled with 30 participants (IG: N = 15; CG: N = 15). After 12 weeks, three participants of the IG (20%; Ndrop-out/Nbaseline) and one of the CG (7%) dropped out of the study. All of them mentioned intrinsic reasons. Data sets are partly incomplete. One participant of the CG suffered from a minor wrist injury preventing her from performing the strength tests with the BC at t0. Another participant of the CG mentioned pain during the UPull at t0. Again, in the CG, one participant was unable to execute the YBT and 6MWT due to hip pain. Two participants of the IG did not perform the 6MWT according to the prescribed testing protocol and were therefore excluded from the analysis. No adverse events occurred during the intervention. Although participants were instructed to train on 5 days per week, one participant reported that she did 6 additional RES during the 12-week trial and one participant trained every day. Over the course of 12 weeks, a mean training attendance of 49.8 (17.1) sessions was documented. All participants that finished the study intended to continue the RES after completion. The participant flow is displayed in Figure 1.

[image: Figure 1]

FIGURE 1
 Participant flow over the course of the study.




2.3 Training intervention

For 12 weeks, the IG performed a 10-min RES on 5 days per week. The RES were designed to be carried out in proximity to the office and required minimal space and equipment. Each session consisted of strength- and mobility-enhancing exercises that were done for 30–60 s consecutively (e.g., squats, push-ups, lunges, good mornings, wall sits, side bends, standing knee raises, calve raises, standing leg lifts, cossack squats, and reverse flys). Participants were instructed to complete as many repetitions with correct form as possible in the given time. There was no rest between exercises. Participants performed the RES routine for 2 weeks before the exercise selection was changed. The first 2 days after a new RES routine was introduced, the participants performed the RES in small groups under supervision of a coach. When participants were unable to attend the group sessions (e.g., due to home office or business travel), the training plan and instructions were provided remotely by the coach. All participants followed the same program, but the exercises were scaled by the trainer if the participants were unable to perform the prescribed technique.



2.4 Endpoints and protocol

Primary endpoint of this study was the change in muscle mass from t0 to t1. Secondary endpoints were the changes in strength (maximum isometric strength in kg; Dr. WOLFF BackCheck® 617) (25, 26). Balance (Y-Balance test), body fat percentage, cardiovascular fitness (6-min walking test), perceived health, and general life satisfaction was assessed for exploratory purpose (27, 28).

Testing personnel and participants were not blinded. In the 24 h before the test sessions, the participants had to avoid any intense physical activity. The test sessions were done during working hours. The participants were instructed to maintain the same fluid and food intake on the test days and to attend both test sessions at the same time of day. The test sessions started with a questionnaire to assess medical history, physical activity, perceived health, and general life satisfaction of the participants. Thereafter, body composition, strength, balance, and cardiovascular fitness were measured.


2.4.1 Height and body composition

Height and body composition were assessed in underwear. Height was measured with a SECA® 213 (seca GmbH & Co. KG, Hamburg, Germany) and body composition with a SECA® mBCA 515 scale (seca GmbH & Co. KG, Hamburg, Germany). Bosy-Westphal et al. validated the SECA® mBCA 515 against whole-body magnetic resonance imaging and found that the muscle mass determined by the SECA® mBCA was 97% (R2 = 0.97) consistent with that of the whole-body magnetic resonance imaging (29).



2.4.2 Strength

The Dr. WOLFF BackCheck® 617 (Dr. WOLFF® Sports & Prevention GmbH, Arnsberg, Germany) (BC) was used to assess maximum isometric strength in kilograms (kg) as it provides high enough test-/retest reliability and criteria validity to be used in scientific research (26). After participants were instructed, they attempted each movement three times. The best result was selected. Movements were executed in the following sequence: trunk extension (TE), trunk flexion (TF), upper body push (UPush), and upper body pull (UPull). All movements were performed with the participants standing upright in the BC. The participants were positioned in the BC using adjustable pads. The positions of the pads were noted in order to be set identically at t1.



2.4.3 Balance

Balance was assessed with the Y-Balance test (Functional Movement Systems Inc., Chatham, VA, United States) (YBT). The YBT kit consists of a y-shaped PVC-pipe structure, a fixed central footplate, and three movable reach indicators that are shoved upon the arms of the y-shaped PVC-pipes. Each arm represents one reach direction (anterior, posteromedial, and posterolateral). The test required the participants to stand on the central platform with his hands placed on their hips and push the reach indicator along the given reach direction as far as possible without stepping from the platforms. Before the test, participants did 6 familiarization attempts for every reach direction. Afterward, participants were given 3 attempts per leg and reach direction of which the farthest was selected. The distance is given in centimeters (m) (30). Additionally, the leg length of the participants was measured to calculate the composite score for the right and left leg (31). The equation for the composite scores reads:

[image: image]

Composite scores are given in percent. The YBT has excellent inter and intra-rater reliability when applied to healthy adults (28).



2.4.4 Cardiovascular fitness

The 6-min walking test (6MWT) is a method to monitor the cardiovascular and pulmonary performance below the anaerobic threshold. For this test, participants were instructed to walk a maximal distance within 6 min according to the standardized protocol (32, 33). Measuring the total distance covered by the participants is an efficient and inexpensive procedure to assess physical function and capacity to perform everyday activities (34). The distance is given in meters (m).



2.4.5 Perceived health

The perceived health is an indicator for the objective health status and used in national as well as international health surveys (35). In the current study, we included a question of the minimum European health module, which is also recommended by the WHO (35, 36). Participants answered the German version of the question “How is your health in general?” and were given the response options “very good, good, fair, bad, and very bad.”



2.4.6 General life satisfaction

The German version of the general life satisfaction short scale (L-1) is a validated, reliable measurement for general life satisfaction (37). Participants were asked to answer the question “The next question is about your general satisfaction with life. All things considered, how satisfied are you with your life these days?” on an 11-point scale ranging from “not at all satisfied” (0) to “completely satisfied” (10).




2.5 Statistical approach

For this study, exclusively women that did less than 2 RT sessions per week before study participation were included. Therefore, low baseline muscle mass and strength values, but high potential for improvements in these measures were expected (1). Due to the short intervention period and minimal dose of RT a medium effect for the primary endpoint was expected. Therefore, 12 participants per group were determined to achieve a power of at least 95% on a two-sided, 5% significance level. Based on previous research with similar designs, a dropout of 20% (Ndropout/Nbaseline) was determined (22, 38). The effectiveness of the intervention regarding primary and secondary endpoints was determined by the difference in change between groups and analyzed via a mixed model ANOVA approach. Normal distribution was examined with Q-Q-plots and Kolmogorov–Smirnov test. Statistical significance was set at p ≤ 0.05. The same statistical approach was conducted for exploratory endpoints with interval scaled data. For ordinal scaled data (perceived health and general life satisfaction), the Wilcoxon test was performed to analyze the difference in change within groups.

Values for t0 and t1 as well as changes from t0 to t1 within groups are expressed as mean [standard deviation (SD)] in case of interval scaled data. Differences in change between groups are presented as mean (SD). Values for ordinal scaled data are expressed as median [inter quartile range (IQR)]. Effect sizes of primary, secondary, and exploratory endpoints with interval scaled data are given in partial ƞ2. For exploratory endpoints with ordinal scaled data Pearson’s r was calculated to give an estimate of the effect sizes. Data analysis was done with SPSS 29® (IBM SPSS, Armonk, NY, United States).




3 Results


3.1 Primary endpoint

Mean muscle mass did not differ significantly between CG [22.2 (3.9) kg] and IG [20.6 (3.6) kg] at t0 (p = 0.31). Mean change in muscle mass from t0 to t1 was −0.16 (0.51) kg for CG and 0.42 (0.54) kg for IG. The difference in change between groups was significant 0.57 [0.15 - 1] kg, p = 0.01) at an effect size of ƞ2p = 0.24. The change in muscle mass from t0 to t1 is displayed in Figure 2.
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FIGURE 2
 Muscle mass of intervention and control group before (t0) and after (t1) the intervention.




3.2 Secondary endpoints

The CG had significantly higher maximum isometric strength values than the IG in the TE (p = 0.046) at t0. No significant differences were found for TF (p = 0.06), UPush (p = 0.71), and UPull (p = 0.28) at baseline. After 12 weeks, there was no significant difference in change between the IG and CG for TE, TF, UPush, and UPull. However, both groups showed higher strength values after 12 weeks for TE [IG: +10.9 (9.6) kg, CG: +5.1 (9.6) kg], TF [IG: +4.7 (8.8) kg, CG: +1.6 (6.3) kg], and UPush [IG: +10.2 (12.6) kg, CG: +6.6 (12.6) kg]. In the UPull, the CG reached higher strength values after the intervention period while the IG decreased [IG: −0.6 (12.1) kg, CG: +6.3 (8.7) kg]. The greatest change in the IG occurred in the TE (+33%) followed by UPush (+18%), TF (+16%), and UPull (−1%). Contrary, the CG improved most in the UPull (+14%) followed by UPush (+12%), TE (+11%), and TF (+4%).



3.3 Exploratory endpoints

At baseline, mean YBT scores of the IG were significantly higher for YBTl but not YBTr when compared to the CG (YBTr: p = 0.06, YBTl: p = 0.047). After 12 weeks, the IG showed greater improvements than the CG for YBTr [IG: 4.1 (4.3) %, CG: 3.4 (6.6) %] and YBTl [IG: 3.5 (9.3) %, CG: 3.4 (6.2) %] scores. Between-group changes in YBTr (ƞ2p = 0.002, p = 0.84) and YBTl scores (ƞ2p = 0, p = 0.99) were not significantly different.

Before the intervention, body fat percentage differed significantly between IG [35.3 (6.6) %] and CG [40.6 (5.9) %]. After 12 weeks, body fat percentage increased by 0.3 (1.1) % in the IG and 0.26 (1.1) % in the CG which resulted in a non-significant between-group difference (ƞ2p = 0.0, p = 0.94). IG and CG did not differ significantly in their 6MWT performance at baseline (p = 0.29). After 12 weeks, both groups improved their covered distance [IG: 23.8 (42.1) m, CG: 17.2 (30.6) m] leading to a non-significant difference in change between groups (ƞ2p = 0.01, p = 0.67). Median perceived health scores of IG [3.5 (1)] and CG [4 (1)] were in the upper end of the scale at baseline and did not differ significantly. Neither IG (r = 0.31, p = 0.28) nor CG (r = 0.15, p = 0.56) showed significant changes in their perceived health at t1. Similarly, no significant difference for general life satisfaction scores between IG [8 (1)] and CG [7.5 (2)] was found at t0. Changes within IG (r = 14, p = 0.62) and CG (r = 0.35, p = 0.19) from t0 to t1 were not significant. Table 2 displays data of both groups at t0 and t1 as well as changes within and between groups.



TABLE 2 Primary, secondary, and exploratory endpoints of both groups before and after the intervention period.
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4 Discussion

The results of the present 12-week pilot study suggest that RES could be an effective training concept for the WHP to improve muscle mass in women with sedentary occupations. Changes in muscle mass were remarkable, considering that women lose about 1.1 kg of muscle mass per decade, with the decline accelerating after age 45 (13). In the intervention group (IG: Nt0 = 15, Nt1 = 12), muscle mass improved by 0.42 (0.54) kg (+2%) whereas the control group (CG: Nt0 = 15, Nt1 = 14) lost 0.16 (0.51) kg (-0.7%), which resulted in a large significant between-group change (p = 0.01, ƞ2p = 0.24). Considering exclusively the muscle gain per intervention time, these results are not uncommon. In a systematic review, Hagstrom et al. estimated muscle mass gains of 1.45 kg (+3.3%) in healthy women after approximately 15 weeks of RT. However, none of the included studies followed an approach comparable to RES, but rather a more time-consuming conventional strength training routine with mean loads of 70% of the one-repetition maximum (1 RM) (8, 39). Nevertheless, moderate improvements in muscle mass can also be achieved with lower loads (≤ 60% of 1 RM) (40). The current study supports this notion and is in line with results of a RES intervention conducted by Perkin et al. (22). They investigated the effectiveness of a 28-day RES intervention (10 min of lower body bodyweight exercises every day) in older adults (65–80 years) and found improvements in leg lean mass (+1%) and thigh muscle cross-sectional area (+2%). Similar to the recent study, Perkin et al. (22) instructed participants to perform as many repetitions as possible (AMRAP) for each resistance exercise. This training approach allowed to accumulate a high weekly volume even though the volume per training session remained low. Furthermore, it is to assume that muscle protein synthesis was sufficiently increased due to the high intensity of effort elicited by the AMRAP modality. According to Burd et al. (41), even training with very light loads (30% of 1 RM) can stimulate muscle protein synthesis to a comparable extent as training with 90% of 1 RM, as long as the intensity of the effort is high. With the RES routine, participants could have benefited from the muscle protein synthesis response frequently throughout the intervention (42, 43). All in all, this could have partially compensated for the disadvantages of the lower training loads.

With regard to strength, even higher loads (> 80–85% of 1 RM) are recommended to maximally recruit muscle fibers and induce optimal strength gains (44). In the current study, no significant between-group changes were found although the IG showed greater changes in strength than the CG for TE [IG: +10.9 (9.6) kg vs. CG: + 5.1 (9.6) kg], TF [IG: + 4.7 (8.8) kg vs. CG: + 1.6 (6.3) kg], and UPush [IG: + 10.2 (12.6) kg vs. CG: + 6.6 (12.6) kg]. A contrasting development occurred in the upper body pull [IG: −0.6 (12.1) kg vs. CG: + 6.3 (8.7) kg]. The contradictory development of upper body pulling strength could be explained by the exercise selection and loading in the present study. Most resistance exercises targeted the leg (e.g., squats), trunk (e.g., good mornings), and upper body pushing (e.g., push-ups) musculature whereas upper body pulling (e.g., reverse flys) was rarely done. Due to the low strength level combined with an elevated BMI (26.5 kg/m2) in the IG, bodyweight exercises seemed to provide sufficient stimuli to increase strength in the TE, TF, and UPush movements. On the other hand, with minimal to no equipment (e.g., resistance bands, pull-up bars, and gymnastics rings) opportunities to generate sufficient resistance in pulling movements were limited in the workplace setting. Nonetheless, changes in strength in the current study were comparable to those other studies reported in women after 15 weeks of RT (39). However, given the development of strength in the CG, it must be assumed that positive changes in strength within both groups could be partly attributed to motor learning effects in the BC. Results from Dalichau et al. confirm this assumption. In their study, they observed strength improvements of 2.2–11.4% in a CG that did not receive any intervention between pre- and posttests (45).

Regarding exploratory endpoints, no significant between-group changes were found. Nevertheless, the YBT data provides valuable information for future investigations and practical application of RES. A previous study in middle-aged and older women recommended to consider the YBT as an assessment tool when developing rehabilitation and exercise programs. However, the authors did not provide YBT performance thresholds (e.g., composite score) that could indicate an increased risk of injury during exercise and concluded that further research is needed to determine the clinical utility of this test (46). Regarding other forms of physical activity, there is already evidence of a relationship between YBT performance and the risk of injury. Plisky et al. found that a composite score of <94% is associated with 6.5 times higher injury rates in female basketball players (47). Indeed, this relationship is not directly transferable to sedentary women performing RES but supports the assumption that YBT performance may be an indicator of increased injury risk. In the present study, both groups were below this threshold before the intervention. During the RES, no adverse events occurred indicating that the demands of the training program were appropriate for the participants’ balance. After the intervention period, both groups improved their YBT scores, with the IG ranging above the threshold of 94% for the left and right side that was reported by Plisky et al. (47). Although both groups were provided six practice trials for each movement direction, learning effects might have still occurred and partly explain increased scores in both groups (47). However, albeit the RES did not target improvements in balance, a trend toward greater increases in the IG compared to the CG was noted. As previous studies reported positive correlations between muscular strength and YBT scores, increased strength in trunk, hip, and leg musculature could have contributed the YBT score of the IG (46, 48). Nevertheless, it is to hypothesize that the training stimulus was not adequate to induce significant improvements in balance control after this short-term RES intervention. The same hypothesis possibly applies to the 6MWT since cardiovascular stress was not a desired stimulus of the present training program. Furthermore, while the 6MWT is a valid tool to evaluate the progression in patients with chronic diseases it appeared to be too insensitive to detect improvements after RES in the included participants. Previous research estimated an average learning effect of 27 m between pre- and posttest which likely superimposed any training effects in the present study given the short intervention time and small sample size (49, 50).

There is a relationship between physical health, life satisfaction, and participation in everyday activities (51). In the present study, both groups reported high median general life satisfaction and perceived their health as good. However, insufficient RT could lead to a progressive decline in functional capacity as the participant’s age. This in turn, could impair their ability to perform everyday activities in the long-term and affect their health status (1, 5, 6). Although the WHP does not deal with people in old age but with people of working age, it could still be deduced that the WHP should therefore emphasize the need for RT to maintain functional capacity.

In terms of motivation, Fyfe et al. who conducted an RES intervention in older adults (age = 69.8 ± 3.8 years, 63% women) reported that participants found RES to be an enjoyable and easy to perform training approach that they were likely to continue after the intervention (23). This is consistent with the present observations. After study completion, all participants intended to continue the program, so that RES was permanently integrated in the WHP of the university. These observations are highly relevant with regard to low participation rates among women in RT as they indicate the presence of behavioral maintenance motives (52). Due to the program structure of RES it could be assumed that time efficiency, low difficulty, and direct implementation of RES at the workplace minimized common barriers to exercise participation (7, 14, 15). As our findings remain exploratory, we recommend that future research considers analyzing the potential of RES in terms of behavioral change and maintenance.

Since this study was a pilot-study, some limitations must be considered when interpreting the results. Firstly, study participants were free to choose between IG and CG leading to significant differences in several measured variables at baseline. Furthermore, based on the between-group changes, a greater sample size would be required to reach statistical significance in most endpoints. In terms of body composition, it must be noted that besides an increase in muscle mass, both groups also showed a non-significant increase in body fat percentage. In this regard, it needs to be considered that body composition was assessed via bioelectrical impedance analysis and results should therefore be taken with caution (53, 54). However, physical activity was only assessed in terms of RT participation and nutritional status was not evaluated at all. Therefore, it cannot be ruled out that participants changed their physical activity and eating behaviors throughout the study which in turn could have affected body mass and composition. We therefore recommend that future studies apply a randomized controlled intervention design with a greater sample size and control especially for variables that could affect body composition and performance. Moreover, future studies should include more homogeneous samples in terms of age in order to assess the effectiveness of RES for specific age groups. Lastly, it remains important to determine whether RES are effective and motivating in the long term.

To summarize, although further research is required to confirm the findings of this pilot study, RES could prove to be an effective alternative to conventional RT. According to our observations, RES might be particularly beneficial to improve muscle mass and strength in women who would otherwise be difficult to motivate for RT. As RES require minimal-to-no equipment, are of low difficulty, and require only a few minutes per day, they could be a cost- and time efficient strategy for the WHP.



Data availability statement

The raw data supporting the conclusions of this article will be made available by the authors, without undue reservation.



Ethics statement

The studies involving humans were approved by the Institutional Ethics Committee of the University of the Bundeswehr Munich. The studies were conducted in accordance with the local legislation and institutional requirements. The participants provided their written informed consent to participate in this study.



Author contributions

TB: Conceptualization, Data curation, Formal analysis, Methodology, Visualization, Writing – original draft. CS: Investigation, Writing – review & editing. AS: Conceptualization, Methodology, Writing – review & editing.



Funding

The author(s) declare financial support was received for the research, authorship, and/or publication of this article. We acknowledge financial support by the University of the Bundeswehr Munich.



Acknowledgments

The authors would like to thank the study participants for volunteering.



Conflict of interest

The authors declare that the research was conducted in the absence of any commercial or financial relationships that could be construed as a potential conflict of interest.



Publisher’s note

All claims expressed in this article are solely those of the authors and do not necessarily represent those of their affiliated organizations, or those of the publisher, the editors and the reviewers. Any product that may be evaluated in this article, or claim that may be made by its manufacturer, is not guaranteed or endorsed by the publisher.



References

 1. Aagaard, P, Suetta, C, Caserotti, P, Magnusson, SP, and Kjær, M. Role of the nervous system in sarcopenia and muscle atrophy with aging: strength training as a countermeasure. Scand J Med Sci Sports. (2010) 20:49–64. doi: 10.1111/j.1600-0838.2009.01084.x

 2. Parfitt, AM. A structural approach to renal bone disease. J Bone Miner Res. (1998) 13:1213–20. doi: 10.1359/jbmr.1998.13.8.1213

 3. Lexell, J, Taylor, CC, and Sjöström, M. What is the cause of the ageing atrophy? J Neurol Sci. (1988) 84:275–94. doi: 10.1016/0022-510X(88)90132-3

 4. Doherty, TJ. The influence of aging and sex on skeletal muscle mass and strength. Curr Opinion Clin Nutr Metab Care. (2001) 4:503–8. doi: 10.1097/00075197-200111000-00007

 5. Katzmarzyk, PT, and Craig, CL. Musculoskeletal fitness and risk of mortality. Med Sci Sports Exerc. (2002) 34:740–4. doi: 10.1097/00005768-200205000-00002

 6. Kell, RT, Bell, G, and Quinney, A. Musculoskeletal fitness, health outcomes and quality of life. Sports Med. (2001) 31:863–73. doi: 10.2165/00007256-200131120-00003

 7. Fyfe, JJ, Hamilton, DL, and Daly, RM. Minimal-dose resistance training for improving muscle mass, strength, and function: a narrative review of current evidence and practical considerations. Sports Med. (2022) 52:463–79. doi: 10.1007/s40279-021-01605-8 

 8. Garber, CE, Blissmer, B, Deschenes, MR, Franklin, BA, Lamonte, MJ, Lee, I-M , et al. Quantity and quality of exercise for developing and maintaining cardiorespiratory, musculoskeletal, and neuromotor fitness in apparently healthy adults. Med Sci Sports Exerc. (2011) 43:1334–59. doi: 10.1249/MSS.0b013e318213fefb 

 9. Bull, FC, Al-Ansari, SS, Biddle, S, Borodulin, K, Buman, MP, Cardon, G , et al. World Health Organization 2020 guidelines on physical activity and sedentary behaviour. Br J Sports Med. (2020) 54:1451–62. doi: 10.1136/bjsports-2020-102955 

 10. Bennie, JA, Pedisic, Z, van Uffelen, JGZ, Charity, MJ, Harvey, JT, Banting, LK , et al. Pumping Iron in Australia: prevalence, trends and sociodemographic correlates of muscle strengthening activity participation from a National Sample of 195,926 adults. PLoS One. (2016) 11:e0153225. doi: 10.1371/journal.pone.0153225 

 11. Finger, JD, Mensink, GB, Lange, C, and Manz, K. Gesundheitsfördernde körperliche Aktivität in der Freizeit bei Erwachsenen in Deutschland. J Health Monitor. (2017) 2:37–44. doi: 10.17886/RKI-GBE-2017-027

 12. Bennie, JA, Lee, D-C, Khan, A, Wiesner, GH, Bauman, AE, Stamatakis, E , et al. Muscle-strengthening exercise among 397,423 U.S. adults: prevalence, correlates, and associations with health conditions. Am J Prev Med. (2018) 55:864–74. doi: 10.1016/j.amepre.2018.07.022 

 13. Janssen, I, Heymsfield, SB, Wang, Z, and Ross, R. Skeletal muscle mass and distribution in 468 men and women aged 18–88 yr. J Appl Physiol. (2000) 89:81–8. doi: 10.1152/jappl.2000.89.1.81 

 14. Hurley, KS, Flippin, KJ, Blom, LC, Bolin, JE, Hoover, DL, and Judge, LW. Practices, perceived benefits, and barriers to resistance training among women enrolled in college. Int J Exerc Sci. (2018) 11:226–38.

 15. Salvatore, J, and Marecek, J. Gender in the gym: evaluation concerns as barriers to Women’s weight lifting. Sex Roles. (2010) 63:556–67. doi: 10.1007/s11199-010-9800-8

 16. Dempsey, PC, Sacre, JW, Larsen, RN, Straznicky, NE, Sethi, P, Cohen, ND , et al. Interrupting prolonged sitting with brief bouts of light walking or simple resistance activities reduces resting blood pressure and plasma noradrenaline in type 2 diabetes. J Hypertens. (2016) 34:2376–82. doi: 10.1097/HJH.0000000000001101 

 17. Dempsey, PC, Larsen, RN, Sethi, P, Sacre, JW, Straznicky, NE, Cohen, ND , et al. Benefits for type 2 diabetes of interrupting prolonged sitting with brief bouts of light walking or simple resistance activities. Diabetes Care. (2016) 39:964–72. doi: 10.2337/dc15-2336

 18. Finger, JD, Mensink, G, Lange, C, and Manz, K. Arbeitsbezogene körperliche Aktivität bei Erwachsenen in Deutschland. J Health Monitor. (2017) 2:29–36. doi: 10.17886/RKI-GBE-2017-026

 19. Dishman, RK, Oldenburg, B, O’Neal, H, and Shephard, RJ. Worksite physical activity interventions. Am J Prev Med. (1998) 15:344–61. doi: 10.1016/S0749-3797(98)00077-4

 20. Hunt, MK, Stoddard, AM, Barbeau, E, Goldman, R, Wallace, L, Gutheil, C , et al. Cancer prevention for working class, multiethnic populations through small businesses: the healthy directions study. Cancer Causes Control. (2003) 14:749–60. doi: 10.1023/A:1026327525701

 21. Robroek, SJ, van Lenthe, FJ, van Empelen, P, and Burdorf, A. Determinants of participation in worksite health promotion programmes: a systematic review. Int J Behav Nutr Phys Act. (2009) 6:26. doi: 10.1186/1479-5868-6-26 

 22. Perkin, OJ, McGuigan, PM, and Stokes, KA. Exercise snacking to improve muscle function in healthy older adults: a pilot study. J Aging Res. (2019) 2019:1–9. doi: 10.1155/2019/7516939 

 23. Fyfe, JJ, Dalla Via, J, Jansons, P, Scott, D, and Daly, RM. Feasibility and acceptability of a remotely delivered, home-based, pragmatic resistance ‘exercise snacking’ intervention in community-dwelling older adults: a pilot randomised controlled trial. BMC Geriatr. (2022) 22:521. doi: 10.1186/s12877-022-03207-z 

 24. Nuzzo, JL. Narrative review of sex differences in muscle strength, endurance, activation, size, Fiber type, and strength training participation rates, preferences, motivations, injuries, and neuromuscular adaptations. J Strength Cond Res. (2023) 37:494–536. doi: 10.1519/JSC.0000000000004329 

 25. Ochs, S, Froböse, I, Trunz, E, Lagerstrom, D, and Wicharz, J. Einsatzmöglichkeiten und Perspektiven eines neuen Screeningsystems zur Objektivierung des Funktionszustandes der Rumpfmuskulatur (IPN-Back Check). Gesundheitssport Spottherap. (1998) 14:114–50.

 26. Schlächter, K. Überprüfung der Reliabilität und Validität des isometrischen Testgerätes Back Check (by Dr. Wolff) an 20-30jährigen Probanden. Cologne: Deutsche Sporthochschule (2001).

 27. Neves, LF, Souza, COD, and Stoffel, M. The Y balance test–how and why to do it?. Int Phys Med Rehab J. (2017) 2:99–100. doi: 10.15406/ipmrj.2017.02.00058

 28. Powden, CJ, Dodds, TK, and Gabriel, EH. The reliability of the star excursion balance test and lower quarter y-balance test in healthy adults: a systematic review. Int J Sports Phys Ther. (2019) 14:683–94. doi: 10.26603/ijspt20190683 

 29. Bosy-Westphal, A, Jensen, B, Braun, W, Pourhassan, M, Gallagher, D, and Müller, MJ. Quantification of whole-body and segmental skeletal muscle mass using phase-sensitive 8-electrode medical bioelectrical impedance devices. Eur J Clin Nutr. (2017) 71:1061–7. doi: 10.1038/ejcn.2017.27 

 30. Coughlan, GF, Fullam, K, Delahunt, E, Gissane, C, and Caulfield, BM. A comparison between performance on selected directions of the star excursion balance test and the Y balance test. J Athl Train. (2012) 47:366–71. doi: 10.4085/1062-6050-47.4.03 

 31. Gonell, AC, Romero, JAP, and Soler, LM. Relationship between the y balance test scores and soft tissue injury incidence in a soccer team. Int J Sports Phys Ther. (2015) 10:955–66.

 32. Bösch, D, and Criée, C-P In: D Bösch Dmed and C-P Criée, editors. 6-Minuten-Gehtest BT—Lungenfunktionsprüfung: Durchführung—Interpretation—Befundung. Berlin, Heidelberg: Springer Berlin Heidelberg (2020). 199–204.

 33. Butland, RJ, Pang, J, Gross, ER, Woodcock, AA, and Geddes, DM. Two-, six-, and 12-minute walking tests in respiratory disease. Br Med J (Clin Res Ed). (1982) 284:1607–8. doi: 10.1136/bmj.284.6329.1607 

 34. Enright, PL, and Sherrill, DL. Reference equations for the six-minute walk in healthy adults. Am J Respir Crit Care Med. (1998) 158:1384–7. doi: 10.1164/ajrccm.158.5.9710086

 35. De Bruin, A, Picavet, H, and Nossikoy, A. Health Interview Surveys: Towards International Harmonization of Methods and Instruments, vol. 58. Copenhagen: WHO Regional Publication, European series (1996).

 36. Robine, J-M, Jagger, C, Van, H, Doblhammer, G, Nusselder, WJ, Rychtarikova, J , et al. (2010). The minimum European health module. 29. Available at: http://www.eurohex.eu/pdf/Reports_2010/2010TR4.6_HealthModule.pdf

 37. Beierlein, C, Kovaleva, A, László, Z, Kemper, CJ, and Rammstedt, B. Eine Single-Item-Skala zur Erfassung der allgemeinen Lebenszufriedenheit: Die Kurzskala Lebenszufriedenheit-1 (L-1). GESIS Work Papers. (2014) 33:1–25.

 38. Souza, D, Barbalho, M, Vieira, CA, Martins, WR, Cadore, EL, and Gentil, P. Minimal dose resistance training with elastic tubes promotes functional and cardiovascular benefits to older women. Exp Gerontol. (2019) 115:132–8. doi: 10.1016/j.exger.2018.12.001 

 39. Hagstrom, AD, Marshall, PW, Halaki, M, and Hackett, DA. The effect of resistance training in women on dynamic strength and muscular hypertrophy: a systematic review with meta-analysis. Sports Med. (2020) 50:1075–93. doi: 10.1007/s40279-019-01247-x

 40. Schoenfeld, BJ, Wilson, JM, Lowery, RP, and Krieger, JW. Muscular adaptations in low- versus high-load resistance training: a meta-analysis. Eur J Sport Sci. (2016) 16:1–10. doi: 10.1080/17461391.2014.989922 

 41. Burd, NA, West, DWD, Staples, AW, Atherton, PJ, Baker, JM, Moore, DR , et al. Low-load high volume resistance exercise stimulates muscle protein synthesis more than high-load low volume resistance exercise in young men. PLoS One. (2010) 5:e12033. doi: 10.1371/journal.pone.0012033 

 42. Dankel, SJ, Mattocks, KT, Jessee, MB, Buckner, SL, Mouser, JG, Counts, BR , et al. Frequency: the overlooked resistance training variable for inducing muscle hypertrophy? Sports Med. (2017) 47:799–805. doi: 10.1007/s40279-016-0640-8 

 43. Burd, NA, West, DWD, Moore, DR, Atherton, PJ, Staples, AW, Prior, T , et al. Enhanced amino acid sensitivity of myofibrillar protein synthesis persists for up to 24 h after resistance exercise in young men. J Nutr. (2011) 141:568–73. doi: 10.3945/jn.110.135038 

 44. Kraemer, WJ, and Ratamess, NA. Fundamentals of resistance training: progression and exercise prescription. Med Sci Sports Exerc. (2004) 36:674–88. doi: 10.1249/01.MSS.0000121945.36635.61

 45. Dalichau, S, Stein, B, Schäfer, K, Buhlmann, J, and Menken, P. Effekte muskelkräftigender Maßnahmen zur Wirbelsäulenprotektion. B&G. (2005) 21:6–12. doi: 10.1055/s-2005-836295

 46. Lee, D-K, Kang, M-H, Lee, T-S, and Oh, J-S. Relationships among the Y balance test, berg balance scale, and lower limb strength in middle-aged and older females. Braz J Phys Therap. (2015) 19:227–34. doi: 10.1590/bjpt-rbf.2014.0096 

 47. Plisky, PJ, Rauh, MJ, Kaminski, TW, and Underwood, FB. Star excursion balance test as a predictor of lower extremity injury in high school basketball players. J Orthop Sports Phys Ther. (2006) 36:911–9. doi: 10.2519/jospt.2006.2244 

 48. Wilson, BR, Robertson, KE, Burnham, JM, Yonz, MC, Ireland, ML, and Noehren, B. The relationship between hip strength and the Y balance test. J Sport Rehabil. (2018) 27:445–50. doi: 10.1123/jsr.2016-0187 

 49. Hernandes, NA, Wouters, EFM, Meijer, K, Annegarn, J, Pitta, F, and Spruit, MA. Reproducibility of 6-minute walking test in patients with COPD. Eur Respir J. (2011) 38:261–7. doi: 10.1183/09031936.00142010

 50. Guyatt, GH, Sullivan, MJ, Thompson, PJ, Fallen, EL, Pugsley, SO, Taylor, DW , et al. The 6-minute walk: a new measure of exercise capacity in patients with chronic heart failure. Can Med Assoc J. (1985) 132:919–23.

 51. Paggi, ME, Jopp, D, and Hertzog, C. The importance of leisure activities in the relationship between physical health and well-being in a life span sample. Gerontology. (2016) 62:450–8. doi: 10.1159/000444415 

 52. Kwasnicka, D, Dombrowski, SU, White, M, and Sniehotta, F. Theoretical explanations for maintenance of behaviour change: a systematic review of behaviour theories. Health Psychol Rev. (2016) 10:277–96. doi: 10.1080/17437199.2016.1151372 

 53. Buckinx, F, Landi, F, Cesari, M, Fielding, RA, Visser, M, Engelke, K , et al. Pitfalls in the measurement of muscle mass: a need for a reference standard. J Cachexia Sarcopenia Muscle. (2018) 9:269–78. doi: 10.1002/jcsm.12268 

 54. Merrigan, J, Stute, N, Eckerle, J, Mackowski, N, Walters, J, O’Connor, M , et al. Reliability and Validity of Contemporary Bioelectrical Impedance Analysis Devices for Body Composition Assessment: Original Research. Journal of Exercise and Nutrition, (2022) 5. doi: 10.53520/jen2022.103133


Copyright
 © 2024 Brandt, Schwandner and Schmidt. This is an open-access article distributed under the terms of the Creative Commons Attribution License (CC BY). The use, distribution or reproduction in other forums is permitted, provided the original author(s) and the copyright owner(s) are credited and that the original publication in this journal is cited, in accordance with accepted academic practice. No use, distribution or reproduction is permitted which does not comply with these terms.

OPS/images/fpubh-12-1347825-t002.jpg
t0 t1 (after 12 weeks) =~ Change within Difference of

(baseline) groups change between
groups

Primary endpoint

Muscle (kg)

CG (N=14) 222(39) 22(39) ~0.16 (0.51) 057 [0.15-1] 0.01 024
IG (N=12) 206 (3.6) 21(34) 042 (0.54)
Secondary endpoints

TE (kg)

G (N=13) 462 (19.1) 513(156) 51(96) 58(-2210137) 015 009
1G (N=12) 327(149) 43.6(15) 109 (9.6)

TF (kg)

CG (N=13) 41.5(16.6) 43.1(14.5) 16(6.3) 3.1[-321094] 032 0.04
GWN=12) 296(133) 343 (133) 47 (838)

UPush (kg)

CG (N=13) 549 (16.6) 61.4(16.2) 6.6 (126) 37 [-68t0 14.1] 0.48 0.02
IG(N=12) 57.9 (12.4) 68.1(26.9) 102 (12.6)

UPull (kg)

CG(N=12) 46.1 (12.6) 524(9.9) 63(8.7) 69[-21t015.8] 0.12 0.11
IG(N=12) 52.1(14.6) 51.5(16.8) =06 (12.1)
Exploratory endpoints

YBTI score <0.001
CG (N=13) 847 (6.1) 88.1(6.1) 34(62) 0.1[-6.4106.5] 099
16 (N=12) 939 (129) 97.4(8.7) 35(93)

YBTr score

0.002
CG (N=13) 84.9(7.9) 885 (54) 3.6(6.6) 05[-42t05.1] 0.84
1G (N=12) 92.8(9.9) 96.8(7.7) 4.1(43)

6 MWT (m) 0.01
CG (N=13) 619.9 (70.9) 637.1(59.7) 17.2 (30.6) 6.6(-2481038.1] 067 ;
1G (N=10) 586.6 (74.9) 610.4 (80.4) 23.8(42.1)

Body fat (%)

CG (N=14) 40.6 (5.9) 409 (6.1) 0.26 (1.07) 0.04 [-09t0 0.9] 094 <0.001
1G(N=12) 353(66) 356(63) 03(113)

Perceived health'

CG(N=14) 4 4(0.25) 0(0) 056 015
1G (N=12) 3501 4(1) 0(0) 0.28 031

General life satisfaction®
CG(N=14) 75(2) 8(1.25) o 019 035
1G (N=12) 8(1) 7(1) 0(1.75) 062 014

Muscle mass, strength, Y-Balance test scores, 6-min walking test, and body fat percentage values for 10, t1, and change within groups are expressed as mean (standard deviation). Differences in
change between groups are presented as mean [95% confidence interval]. ', is given for effect size. Perceived health score and general life satisfaction score values for t0, 1, and change within
groups are expressed as median (inter quartle range). Pearsonis rwas calculated for effct size.

CG, Control group; IG, Intervention group: kg, kilograms; m, meters; SD, Standard deviation; TE, Trunk extension; T, Trunk flexion; UPush, Upper body push; UPull, Upper body pull; YBTI,
Y-Balance test left side; YBTI, Y-Balance test right side; and 6MWT, 6-min walking test

‘A score from 1105 can be achieved.

“A score from 010 10 can be achieved.

The bold values indicate that the difference was statistically significant.





OPS/images/fpubh-12-1347825-g002.jpg
logram

8
g
@
2
3
=

30

24

21

Changes in muscle mass

@ Control group (N = 14)

Tntervention group (N = 12)





OPS/images/fpubh-12-1347825-t001.jpg
Variable Control group
N 15

Age (years) 199(9.7)
Body mass (kg) 819(14)
BMI (kg/m?) 289(38)
Body fat (%) 406 (5.7)
Muscle mass (kg) 2207

Age, body mass, BMI, body fat, and muscle mass of control and intervention group are given as mean (SD).
BMI, Body mass index; kg, kilograms; m, meters; and SD, Standard deviation.
The bold values indicate that the difference was statistically significant.

Intervention group
15
421(111)
724 (14)
269 (4.3)
354(7.0)

209(3.3)

0.05

0.08

0.04

035





OPS/xhtml/Nav.xhtml




Contents





		Cover



		Resistance exercise snacks improve muscle mass in female university employees: a prospective, controlled, intervention pilot-study



		1 Introduction



		2 Materials and methods



		2.1 Trial oversight



		2.2 Participants



		2.3 Training intervention



		2.4 Endpoints and protocol



		2.4.1 Height and body composition



		2.4.2 Strength



		2.4.3 Balance



		2.4.4 Cardiovascular fitness



		2.4.5 Perceived health



		2.4.6 General life satisfaction









		2.5 Statistical approach









		3 Results



		3.1 Primary endpoint



		3.2 Secondary endpoints



		3.3 Exploratory endpoints









		4 Discussion



		Data availability statement



		Ethics statement



		Author contributions



		Funding



		Acknowledgments



		Conflict of interest



		Publisher’s note



		References



















OPS/images/fpubh-12-1347825-e001.jpg
anterior (cm)+ posteromedial (cm)

+posterolateral (cm) +100

Composite score =
leg length (cm)*3





OPS/images/fpubh-12-1347825-g001.jpg
30 Initially assessed

/ \

15 Intervention group

Baseline (t0)

Baseline (0)
15 Control group

0 Excluded

15 Started intervention

3 Did not attend
0 Extrinsic reason
3 Intrinsic reason

follow-up

0 Excluded

1 Did not attend follow-up

12 Intervention group

12 weeks (t1)

12 weeks (t1)
14 Control group






OPS/images/cover.jpg
& frontiers | Frontiers in Public Health

Resistance exercise snacks
improve muscle mass in female
university employees: a
prospective, controlled,
intervention pilot-study












OPS/images/crossmark.jpg
©

2

i

|






OPS/images/logo.jpg
& frontiers Frontiers in Public Health






