
Academic Editors: Marios

Hadjicharalambous and

Nikolaos Zaras

Received: 26 October 2025

Revised: 5 January 2026

Accepted: 8 January 2026

Published: 11 January 2026

Copyright: © 2026 by the authors.

Licensee MDPI, Basel, Switzerland.

This article is an open access article

distributed under the terms and

conditions of the Creative Commons

Attribution (CC BY) license.

Article

Is There a Protective Effect of Exercise and Nutrition on Muscle
Mass Reduction During Diet-Induced Weight Loss in
Overweight and Obese Women? A Randomized Controlled
12-Week Trial
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Abstract

The study evaluates the effects of different types of popular exercises on muscle mass re-
duction during diet-induced body mass loss in overweight and obese women. Participants
were randomly allocated to three exercises (Whole-Body Electromyostimulation (WB-EMS),
Pilates, Yoga) combined with nutritional guidance and one nutritional guidance-only group
(control). All exercise protocols specified a 2 × 50 min (Pilates, Yoga) or 2 × 20 min (WB-
EMS) training, respectively. Weekly applied nutritional guidance focused on −500 kcal/d
of energy restriction but increased protein intake. A total 221 overweight/obese women
19–65 years old and largely compliant with the exercise and nutritional guidance protocol
were included. We observed significant decreases in body mass in all groups (−3.9 to 6.0 kg,
all p < 0.001), with the most pronounced reduction in the nutritional guidance-only group.
Apart from WB-EMS (−166 ± 799 g, p = 0.14), all the other groups significantly lost muscle
mass (Pilates −343 ± 774 g, p = 0.003; Yoga: −507 ± 801 g, p < 0.001), however, compared
to control (−1113 ± 881 g, p < 0.001), all the groups showed significantly more favorable
results. WB-EMS, Pilates, and Yoga were associated with a reduced loss of muscle mass
during diet-induced weight loss, indicating their potential role as adjunctive interventions
in overweight and obese individuals.

Keywords: muscle mass loss; diet-induced weight loss; whole-body electromyostimulation;
Pilates; yoga

1. Introduction
Sedentary life is gradually increasing due to technological developments and longer

working hours. This tendency is reflected in the high prevalence of overweight and obesity
worldwide [1]. Overweight and obesity are commonly defined according to body mass
index (BMI), with values ≥ 25 kg/m2 indicating overweight and ≥30 kg/m2 indicating
obesity [2]. Healthy nutrition and physical exercise play a key role in weight management
and improvement of body composition [3]. Diet-induced weight loss typically refers to a
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negative energy balance achieved through caloric restriction, which leads to a reduction in
body mass but may also result in an undesired loss of lean tissue [4]. However, very few
adults are regularly engaged in sports and physical exercise [5,6]. Modern-age, customized
types of exercises going beyond strenuous, tiring, and boring training routines, might
increase participation and sustainability of exercise habits.

Whole-body electromyostimulation (WB-EMS) is a novel training technology that
applies electrical impulses from an external device to elicit muscle contractions. WB-EMS
can stimulate all the main muscle groups simultaneously with dedicated stimulus intensity
per electrode; thus, WB-EMS can be considered a high caloric burning activity [5]. By
inducing involuntary muscle contractions, WB-EMS may provide a sufficient anabolic
stimulus to preserve skeletal muscle mass during periods of reduced energy intake [7].
Further, since adjuvant intense voluntary exercises are not necessary [8], WB-EMS can be
considered as time efficient and joint-friendly aspects that attract many people unable or
unmotivated to exercise conventionally. A large variety of WB-EMS studies addressed
outcomes related to body composition [9,10]. A recent meta-analysis on WB-EMS-induced
changes in lean body mass (LBM) and total body fat reported significant positive effects on
both outcomes [11]. In parallel, there is some evidence that WB-EMS, be it with or without
protein supplementation, reduces or even stops the reduction in LBM during hypocaloric
diet [7,12].

Pilates has become one of the most popular organized physical activities, with many
women participating in it to improve their physical, psychological, and social state [13].
Pilates offers a “core” musculature and stability workout in which fitness components, such
as muscular strength and endurance, flexibility, balance, and cardiorespiratory endurance,
are trained with the aim of connecting and conditioning body and mind [14]. Through
repeated low- to moderate-intensity muscle activation, Pilates may contribute to the main-
tenance of muscle mass during weight loss interventions [15]. Pilates includes different
modalities, with or without devices. “Reformer Pilates”, for example, involves the use of a
machine (the reformer) to perform the exercises with a safe and effective technique [13].
Pilates has been linked to many positive effects on health-related outcomes, such as en-
hanced psychological well-being [16], improved spinal posture [16], augmented trunk
stability, flexibility, dynamic balance [16], as well as favorable effects on body composition
parameters [17,18].

Yoga is a holistic, mind–body exercise that improves physical, mental, emotional,
and spiritual functions. Lifestyle-based exercises for health and wellness include physical
postures (asana), breath work (pranayama), meditation (dhyana), stretching, mind–body
awareness, and concentration of attention [19]. Depending on the style and postures
applied, it can be considered both an aerobic- and strength-type exercise with a medium
caloric burning character [5]. Sustained isometric contractions and weight-bearing postures
in Yoga may help attenuate muscle mass loss during caloric restriction [20]. Yoga is
recommended for people with chronic pain, stress, and anxiety, particularly those affected
by musculoskeletal and mental health problems [21,22], i.e., cohorts with limited access to
conventional fitness or exercise training programs. Despite its commonly assumed “soft”
character, there is some evidence that Yoga favorably affects body composition in obese
people [20,23,24].

In summary, there is evidence that WB-EMS, Pilates, and Yoga exert positive effects
on body composition in overweight or obese individuals. However, their effects on body
composition during energy restriction-induced weight loss remain unclear. This particularly
refers to the reduction in skeletal muscle mass and fat-free or lean body mass occurring
during weight loss interventions [25]. Therefore, the present study aimed to evaluate the
effects of 12 weeks of WB-EMS, Pilates, and Yoga combined with nutritional guidance,
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compared with nutritional guidance alone (control group), on body composition during
weight loss. We hypothesized that body mass loss would be similar between the exercise
groups and the non-exercising control group (secondary hypothesis), whereas muscle mass
loss would be attenuated in the exercise groups compared with the non-exercising control
group (primary hypothesis).

2. Materials and Methods
2.1. Study Design

The objective of the present sub-analysis of a large 12-week randomized controlled
trial (RCT) was to investigate the impact of three different exercise regimens (WB-EMS,
Pilates, Yoga) combined with weekly nutritional guidance versus nutritional guidance
alone on diet-induced loss of muscle mass in adult women. Of importance, only females
18–65 years old largely compliant with the exercise and nutritional protocol listed below
were included in the present per protocol analysis. The study was planned, initiated, and
conducted by the Institute of Sport Science, Karabuk University, Turkey. The University
Ethics Committee approved the trial (Nr. 2021/664) that fully complies with the Helsinki
Declaration “Ethical Principles for Medical Research Involving Human Subjects” [26]. The
study was fully registered under ClinicalTrials.gov (NCT06584578). All participants were
fully informed about the risks and benefits of the study and gave written informed consent.
Figure 1 shows the design and procedures of the present study.

Figure 1. Study Design of the present project.

2.2. Participants

All study participants were clients of the “Diyetterapi” Private Health Center (Karabuk,
Turkey), closely affiliated with Karabuk University. Participants were recruited between
May and June 2024 by personal contact and information and were assessed for eligibility
applying the following criteria: (1) women and men, 18 years and older, (2) overweight
(BMI: ≥25 kg/m2) or obese (BMI: ≥30 kg/m2), (3) no chronic diseases, (4) no contraindi-
cations for WB-EMS [27], (5) non-smokers and non-alcohol consumers, (6) occupations
that require little physical activity, and (7) no or low exercise participation (<2 days/week)
in slow paced sports (e.g., walking). In cases of doubt, the study physician decided on
inclusion after personal interview. In summary, 400 women and men were included and
enrolled in the trial (June 2024) and were randomly assigned to the four groups (i.e., Pilates,
WB-EMS, Yoga, Control). However due to gender differences in baseline body composition
and potentially varying exercise-induced changes in body mass, muscle mass and total
body fat rate, the present sub-analysis focuses on (1) non-pregnant women, (2) 18 to a
maximum of 65 years old, (3) with a BMI below 40.0 kg/m2, who were (4) largely compliant
with the exercise (i.e., at least 22 of 24 exercise sessions) and nutritional guidance protocols
(according to the assessment of the dietitian). In summary, 221 women (WB-EMS: n = 62,
Pilates: n = 58, Yoga: n = 62, CG: n = 39) were eligible and included in the per-protocol
analysis (PPA).
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2.3. Randomization and Blinding

Participants allocated themselves to the study groups by drawing lots. Of note, the
lots were prepared by a researcher not involved in the trial. Thus, neither participants
nor researcher knew the allocation beforehand (“allocation concealment”). We applied a
non-balanced allocation with higher sample sizes in the exercise groups (Figure 1). After
the randomization procedure, the principal investigator (HDG) registered participants and
instructed them in detail about the study specifications. The blinding strategy focused on
the dietitian and research/test assistants who were not aware of the group status of the
participants and were not allowed to ask.

2.4. Study Procedures
2.4.1. Study Outcomes

Primary study outcome

• changes in skeletal muscle mass (SMM) from baseline to the 12-week follow-up were
assessed using bioelectrical impedance analysis (BIA).

Secondary study outcome

• changes in body mass (“body weight”) from baseline to 12-week FU as determined by
BIA.

Explanatory outcome

• changes in body fat rate from baseline to 12-week FU as determined by BIA

2.4.2. Assessments

High emphasis was placed on the standardization of the tests. All the participants were
requested to refrain from intense physical activity and exercise 48 h before the assessments.
Baseline and FU assessments were consistently performed by the same research assistant
using the identically calibrated devices, in exactly the same setting and at about the same
time of the day (±90 min).

Anthropometric Measurements

Body height was determined by a calibrated stadiometer, body mass and body com-
positions were measured using direct segmental multifrequency bioimpedance analysis
(DSM-BIA, InBody120, Seoul, Republic of Korea). This device measures impedance of the
trunk, arms, and legs separately using a tetrapolar eight-point tactile electrode system
that applies two frequencies (20 and 100 kHz). Briefly, BIA is a non-invasive technique
that estimates body composition based on tissue resistance to a low-level electrical cur-
rent. Under standardized conditions (e.g., a fasted state) with healthy men and women,
multifrequency BIA systems has high methodological reliability and demonstrates stable
day-to-day measurements of major body composition components [28].

Waist circumference was determined as the minimum circumference between the
distal end of the rib cage and the top of the iliac crest along the midaxillary line.

Questionnaires

Detailed questionnaires asked for demographic parameters, lifestyle including physi-
cal activity, exercise, medication, diseases, and other health-related conditions. Follow-up
questionnaires focused on changes in parameters with impact on body composition (i.e.,
new diseases/conditions, relevant changes in medications).
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2.4.3. Changes in Trial Outcomes After Trial Commencement

No changes in trial outcomes were made after trial commencement.

2.4.4. Study Interventions

The study interventions were conducted over a period of 12 weeks (Figure 1) start-
ing in June 2024. The training sessions for the Pilates and Yoga groups were set for two
non-consecutive days per week, with each session lasting 50 min. Similarly, the training for
the WB-EMS group took place two days per week on non-consecutive days, albeit with a
duration of only 20 min/session [27]. The exercise sessions for the WB-EMS and Pilates
groups were consistently guided and supervised by experienced and certified instruc-
tors, while Yoga exercises were conducted once a week in a joint, supervised setting and
once a week at home. Participants were instructed to maintain their usual sleep patterns
and abstain from changing physical activity and diet outside the study protocol. Partici-
pants were also advised to refrain from engaging in intense physical activity prior to the
exercise sessions.

Whole-Body Electromyostimulation (WB-EMS) Program: Participants underwent
continuously guided WB-EMS (miha bodytec®, Gersthofen, Germany) for 20 min twice a
week (Table 1). The application of bipolar current at 85 Hz, 350 µs impulse width, and direct
impulse increment was conducted with 10 electrode areas that stimulated both thighs and
upper arms, gluteal, abdomen, chest, lower back, the latissimus dorsi region, and the upper
back. Impulse phases of 30 s of EMS stimulation were interspersed by 10 s impulse breaks.
Stimulus intensity was specified as rate of perceived exertion (RPE) “16”–“17” (“hard+”
to “very hard”) on the Borg scale. This stimulus intensity was realized and maintained
during the session in close cooperation between trainer and trainee. The participants were
instructed to perform a series of fundamental physical exercises, including the plank, squat,
lunge, crunch, push-up, high knee, and jumping jack, during the impulse phase. This
approach is fully compliant with the updated international guidelines for the safe and
effective use of WB-EMS [29].

Table 1. Design of the Whole-Body Electromyostimulation program.

FITT * Principle ITEMS EXERCISE DETAILS

F 2 times/week/12 weeks
85 Hz, 350 µs

plank, squat, lunge, crunch,
push-up, high knee,

jumping jack

intermitted: WB-EMS: 30 s
impulse–10 s impulse rest

I RPE (Borg Scale)
16~17 level

T 20 min

T WB-EMS

* F: Frequency, I: Intensity, T: Time (duration), T: Type (of exercise), min: minutes, µs: microseconds.

Reformer Pilates Exercise Program: The Reformer Exercise Program was conducted
by a certified reformer trainer on two occasions per week for a period of 12 weeks. The
program was based on a slightly modified version of a previously published protocol [30].
Exercises were preceded by Pilates exercises using a Reformer machine (Pen Pilates, Istan-
bul, Turkey). The participants were provided with comprehensive information regarding
the reformer machine and the exercise program by the trainer. Reformer Pilates exer-
cises were performed as general muscle strengthening and flexibility exercises under
the supervision of the trainer. The reformer program is outlined in Table 2. Over the
course of the 12-week intervention period, all the participants engaged in a supervised
training program on a biweekly basis, under the guidance of a Pilates specialist. Each
session lasted 50 min, comprising a 10-min warm-up, 30 min of reformer exercises and a
10-min cool-down on the mat. Exercise progression was achieved through the alteration
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of spring resistance and the introduction of new positions, tailored to the specific exercise.
Each exercise was performed at an intensity corresponding to 50–60% of the estimated
maximum heart rate (HRmax), with heart rate continuously monitored using a Polar H10
chest strap (Polar Electro Oy, Finland), and a rate of perceived exertion (RPE) of 13–14 was
stipulated (Table 2).

Table 2. Design of the Reformer Pilates program.

FITT * Principle ITEMS EXERCISE DETAILS

F 2 times/week/12 weeks Some of the exercises were: hundred; side over;
twist; shoulder bridge prep; long stretch; bottom lift

with extensions; elephant; stork; roll-up; teaser;
scissors; climb-a-tree; swan; frog; short spine; side
split; hamstring stretch kneeling lunge; hamstring

stretch full lunge; supine triceps; seated biceps;
hundred prep; supine arm circles; rowing.

Warm-up 10 min,
Reformer 30 min,

Cool-down 10 min
I

RPE (Borg Scale)
13~14 level

%50–60 HRmax

T 50 min

T Reformer Pilates

* F: Frequency, I: Intensity, T: Time (duration), T: Type (of exercise), min: minutes.

Yoga Exercise Program: Yoga exercise was conducted by a certified Yoga instructor
twice per week for 12 weeks using a slightly modified previously published protocol [30].
Each exercise session consisted of three phases for a total of 50 min: 10 min of warming
up/stretching in standing poses and a sitting pose, 30 min of Yoga involving poses that
were performed continuously with no rest or break, and 10 min of relaxation (cool-down) in
sitting poses and a corpse pose (Table 2). The sequence of Yoga exercises included isometric
contraction (Shivasana), standing at ease (Tadasana) and balancing the weight on both feet
(Centering), transitioning from the standing position (Tadasana), bending to the right and
left (Ardhakati Cakrasana), and finally, forward bending (Padahastasana). It also involved
forward bending (pada Hastasana), backward bending (ardha chakrasana), and supine
posture for rest (shavasana). Although the participants sometimes practiced breathing
exercises (Bhramari Pranayama) or meditation (Om meditation), they mainly practiced
cyclic meditation Yoga. Each exercise was performed at an intensity corresponding to
50–60% of the estimated maximum heart rate (HRmax), with heart rate continuously
monitored using a Polar H10 chest strap (Polar Electro Oy, Kempele, Finland), and a rate of
perceived exertion (RPE) of 13–14 was stipulated (Table 3)

Table 3. Design of the Yoga program.

FITT * Principle ITEMS EXERCISE DETAILS

F 2 times/week/12 weeks İsometric contraction (Shivasana), standing at ease
(Tadasana) and balancing the weight on both feet

(Centering), transitioning from the standing position
(Tadasana), bending to the right and left (Ardhakati

Cakrasana), forward bending (Padahastasana), forward
bending (Pada Hastasana), backward bending (Ardha

Chakrasana), supine posture (Shavasana)

Warm-up 10 min,
Yoga 30 min,

Cool-down 10 min
I

RPE (Borg Scale)
11~12 level

%50–65 Hrmax

T 50 min

T Yoga

* F: Frequency, I: Intensity, T: Time (duration), T: Type (of exercise), min: minutes.

Nutritional Protocol: Participants received nutritional advice from a registered di-
etitian on a weekly basis throughout the program. High-protein (at least 1.2 g/kg/day)
nutritional guidance was given face-to-face at each meeting to also promote weight loss in
those who practiced sport. Participants’ diets were planned as recommended in national
and international guidelines for the prevention and treatment of obesity [31,32]. Dietary
recommendations are based on exchange lists that encourage a reduction of 0.5 kg per
week (2 kg per month) by reducing 500 kilocalories (kcal) from total dietary calories [33].
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Personalized dietary advice was given based on participants’ current eating habits rather
than traditional “one size fits all” dietary guidance.

2.5. Sample Size Calculation

The sample size analysis of the project focused on a specific research issue (differences
between the exercise groups) not addressed in the present article. However, an ANOVA
based on a priori analysis indicated that in order to determine differences in expected
muscle mass changes of −0.25 ± 1.0 kg (WB-EMS), −0.5 ± 1.0 kg (Pilates), −0.75 ± 1.0
(Yoga), and 1.0 ± 1.0 kg (CG) with α = 0.005 and β − 1 = 0.80 at least 36 participants/group
were required.

2.6. Statistical Analysis

All the participants completed all baseline and 12-week follow-up tests; thus, we ap-
plied a per protocol analysis with the full data set. Based on a statistically (Shapiro–Wilkes
Test) and graphically (QQ and box plots) checked normal distribution of the primary and
secondary outcome presented here, dependent (“paired”) t-tests were applied to analyze
within-group changes between baseline and post-intervention (12 weeks) assessments. AN-
COVA adjusted for baseline differences was applied to determine longitudinal differences
between the groups. In case of relevant (ANCOVA) differences (p < 0.10), t-test based (post
hoc) comparisons of two groups were conducted using emmeans Version 2.0.1. based on
the approach of Searle et al. [34]. The Holm–Bonferroni method [35] was used to adjust for
multiple testing. All tests were two-tailed; significance was accepted at p < 0.05.

3. Results
All the participants finished the 12 weeks of intervention and received the treatment

or control condition as allocated. Due to the retrospective inclusion of only largely com-
pliant overweight and obese female participants 19–65 years in the present analysis, we
are unable to report parameters related to adherence, compliance, loss to follow-up, or
withdrawal for this cohort. In parallel, relevant adverse effects with impact on withdrawal
or reduced compliance cannot be recorded by our study design. Nevertheless, participants
included in the present analysis did not report relevant adverse effects except occasional
muscular soreness.

3.1. Baseline Group Differences

Table 4 shows the baseline characteristics of the study groups. In summary, we
observed significant differences for body height with the lowest height in the CG (p < 0.001
versus WB-EMS and Yoga). In parallel, considerable group differences were determined
for BMI, body fat rate, lean body mass, and particular muscle mass with the least favorable
results among the CG (Table 4). While a detailed pairwise analysis revealed no significant
differences among the exercise groups, we observed a significant difference between the
Yoga and the control group (p = 0.046). In summary, these findings confirmed the validity
of our approach to adjusting for baseline group differences within the ANCOVA.

https://doi.org/10.3390/app16020742

https://doi.org/10.3390/app16020742


Appl. Sci. 2026, 16, 742 8 of 14

Table 4. Baseline characteristics of the four study groups. p-values refer to differences between the
study groups.

Variable WB-EMS (n = 62)
MV ± SD

Pilates
(n = 58)

MV ± SD

Yoga
(n = 62)

MV ± SD

CG
(n = 39)

MV ± SD
p-Value

All
(n = 221)

MV ± SD

Age [years] 37.1 ± 8.6 34.8 ± 9.8 37.1 ± 8.9 35.5 ± 9.7 0.434 36.2 ± 9.2

Body height [cm] 165.5 ± 7.9 161.7 ± 7.5 165.5 ± 7.7 161.0 ± 5.5 0.001 163.7 ± 7.6

Body mass [kg] 77.8 ± 9.5 74.9 ± 12.2 78.7 ± 10.8 77.7 ± 11.4 0.278 77.3 ± 11.0

BMI [kg/m2] 28.4 ± 2.5 28.6 ± 3.5 28.6 ± 2.7 29.9 ± 4.0 0.083 28.8 ± 3.2

Body fat rate [%] 27.8 ± 6.1 26.8 ± 7.7 28.5 ± 6.9 30.4 ± 7.5 0.092 28.2 ± 7.1

Lean Body Mass [kg] 55.9 ± 6.0 54.1 ± 5.3 55.8 ± 5.9 53.4 ± 5.7 0.073 55.0 ± 5.8.1

Muscle Mass [kg] 28.2 ± 5.4 26.5 ± 4.5 28.1 ± 5.0 26.0 ± 4.6 0.053 27.4 ± 5.0

Waist circumference
[cm] 92.0 ± 9.6 89.8 ± 9.9 92.4 ± 10.1 91.9 ± 8.4 0.471 91.2 ± 9.3

3.2. Weight Loss

Table 1 shows the baseline body mass data for the exercise and control groups. In
summary, all the groups significantly lost body mass (Figure 2). However, ANCOVA
(adjusted for baseline group differences) revealed significant differences (p ≤ 0.001) between
the groups (Figure 2). Post hoc tests indicated that body mass loss in the control group
(CG; −6.0 ± 2.9 kg) was significantly more pronounced (p = 0.003–0.004) compared with
the WB-EMS (−4.1 ± 2.7 kg), Pilates (−3.9 ± 2.8 kg), and Yoga (−4.1 ± 2.8 kg) exercise
groups, while no differences were observed between the exercise groups. Even after
adjustment for multiple testing (Holm–Bonferroni method), the significant differences
remained. Accordingly, the secondary hypothesis that body mass loss would be similar
across all groups was not supported.

Figure 2. Changes in body mass in the exercise and control group during the 12-week intervention
WB-EMS: n = 62, Pilates: n = 58, Yoga: n = 62, CG: n = 39. Asterisks under the standard deviations
indicate significant changes within the group. ANCOVA refer to group differences.

3.3. Muscle Mass Changes

Baseline values for muscle mass were listed in Table 1. Apart from the WB-EMS
group (p = 0.14), muscle mass decreased significantly in all the other groups (p ≤ 0.003,
Figure 3). ANCOVA revealed significant differences between the groups (Figure 3). Post
hoc testing indicates significant differences between WB-EMS (−166 ± 799 g, p < 0.001
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vs. CG), Pilates (−343 ± 874 g, p = 0.001 vs. CG), and Yoga (−507 ± 801 g, p = 0.002
vs. CG) compared with control (−1113 ± 881 g), however with no significant differences
(p ≥ 0.093) between the exercise groups (Figure 3). Muscle mass reduction was significantly
lower in all exercise groups compared with the non-exercising control group. In parallel
to body mass, this result remained even after adjusting for multiplicity, i.e., we confirmed
our primary hypothesis, that muscle mass was attenuated in the exercise groups compared
with the non-exercising control group.

Figure 3. Changes in muscle mass in the exercise and control group during the 12-week intervention.
WB-EMS: n = 62, Pilates: n = 58, Yoga: n = 62, CG: n = 39. Asterisks under the standard deviations
indicate significant changes within the group. ANCOVA refer to group differences.

3.4. Body Fat Rate

Baseline values for body fat rate (%) were listed in Table 1. Body fat rate (%) signifi-
cantly decreased in all groups (p < 0.001) without significant differences between WB-EMS,
Pilates, and Yoga as analyzed by ANCOVA (p = 0.447). In detail, the reduction in body
fat rate averaged 3.6 ± 2.7% in the WB-EMS (n = 62), 3.1 ± 2.6% in the Pilates (n = 58),
3.4 ± 2.7% in the Yoga (n = 62), and 4.4 ± 2.8% in the non-exercising CG (n = 39).

3.5. Confounding Factors

As stated, only participants who were largely compliant with the exercise and nu-
tritional guidance protocol were included in the study. Changes in physical activity and
exercise beside the study exercise program were not recorded. As already mentioned,
people with chronic diseases were not included. In addition, newly occurring medical
conditions or changes in medication were not reported or observed.

4. Discussion
The present study demonstrates that Yoga, Pilates, and particularly WB-EMS are asso-

ciated with a reduced loss of muscle mass during diet-induced weight loss in overweight
and obese women. In contrast, we do not observe enhanced effects of exercise added to
nutritional guidance versus diet alone on body mass or body fat rate. While the significantly
higher effect on body mass observed in the non-exercise group can be partially explained
by the significantly higher loss of muscle mass, the aspect that the loss of body fat is most
pronounced (however: ANCOVA: p = 0.447) in the nutritional guidance-only group is
surprising. Considering that the majority of studies provide evidence for favorable effects
of Pilates [17], Yoga [36], and particularly WB-EMS [11] on total body fat mass, one would
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expect higher effects in the exercise compared with the control group. However, reviewing
the literature, e.g., no WB-EMS trial that determined changes in body composition during
diet-induced energy restriction (≈500–600 kcal/d) in overweight and obese people [7,12,37],
reported significant positive effects of WB-EMS vs. control groups on body fat parameters.
Although a significant additive effect of exercise and diet on body fat reduction would be
welcome, we consider muscle mass prevention during energy-restrictive weight loss to be
the more important aspect in the interaction of exercise and nutritional interventions. The
rationale for this opinion is the change in resting energy expenditure (REE) after loss of lean
body mass that includes not only muscle mass but also other metabolically (very) active
organs like liver, heart, pancreas, and kidney [38]. Bosy-Westphal et al. [39] determined a
roughly comparable loss of body (10% vs. CG: 8%) and muscle mass (i.e., 923 g vs. CG:
1113 g) after 13 weeks of low-caloric diet in their 22–46 years old overweight and obese
female cohort and reported a significant decrease in REE of 7.7% (−0.57 MJ/d) as deter-
mined by indirect calorimetry. Of note, REE is by far the most important component of
total energy expenditure (TEE) in non-athletic cohorts, explaining up to 70% of TEE [40].
As a consequence, to reach a neutral energy balance, energy intake, energy expenditure or
both have to be adjusted to the new equilibrium to prevent a rapid post-diet weight regain
(“yoyo effect”) [41]. Another issue not discussed so far is the functional aspect of muscle
mass loss. One may argue that due to the more pronounced loss of body weight a decrease
in muscle mass would not impair mobility or physical function; however, this view does
not necessarily apply to older people at risk for sarcopenia or dynapenia [41].

It has been suggested that higher intakes of protein protect against loss of lean body-
/muscle mass, acting either separately or synergistically with exercise [41]. In the present
trial we focused on protein intake ≥ 1.2 g/kg body mass/d, i.e., an intake significantly
higher compared to most current guidelines of 0.8 g/kg/d (e.g., RDA, DACH) for the
healthy adult population. Although we are unable to decide whether the increased protein
intake prevents an even more pronounced loss of muscle mass, we conclude that the
strategy of increased protein (or ammino acids) alone will not adequately prevent negative
side effects of energy restriction on lean body and muscle mass at least in the present cohort.

In summary, the most effective type of exercise, WB-EMS (and dietary recommenda-
tion), featured a minor, non-significant loss of muscle mass that accounts for less than 5%
of the total weight change in this group. Two studies confirmed the favorable effect of
WB-EMS during energy-restrictive weight loss. After 26 weeks of energy-restrictive diet
(−600 kcal/d of TEE), Bellia et al. [12] reported comparable weight loss but significant
differences in fat-free mass in the diet and WB-EMS (1.1 ± 1.2 kg) vs. the diet only group
(−1.5 ± 0.7 kg) in predominately obese women. Willert et al. [7], who compared the effects
of 16 weeks of negative energy balance (−650 kcal) realized by either energy restriction and
increased activity or by energy restriction alone in overweight and obese premenopausal
women, determined more favorable changes in total body fat (−3.3 kg vs. −2.2 kg,
p = 0.131) and LBM (387 g vs. −113 g, p = 0.070) in the combined WB-EMS and pro-
tein (1.5 g/kg/d) group vs. the isolated protein intervention. The very low LBM loss in
the latter control group is, however, in contrast to our finding of high muscle mass loss
despite increased protein intake in a similar, (predominately premenopausal) female cohort
with comparable physical activity during the intervention and a roughly comparable WB-
EMS intervention.

Apart from WB-EMS, both Pilates and Yoga exercise exhibit significantly lower muscle
mass loss compared to the control group. This finding indicates that even low intensity ex-
ercises (Yoga) performed with a feasible volume of 2 × 50 min/week, potentially practiced
at home might be sufficient to halve muscle mass loss during diet. Apart from exercise
volume, the narrative review of Rioux et al. [36] suggested (a) longer intervention duration,
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(b) a yogic dietary component, (c) a residential component, (d) comprehensive inclusion of
yogic components, and (e) a home-practice component for therapeutic Yoga programs to
be effective in promoting weight loss and/or improvements in body composition.

We would like to point out some specific features and limitations of the study that
might aggravate the reliable interpretation of our findings. (1) We focus on overweight to
obese women compliant with the exercise and nutritional guidance protocol. Nevertheless,
average age (36.2 ± 9.2 years) varied from 19 to 65 years, and BMI averaged between 25.1
and 38.5 kg/m2 in the cohort. We agree that the exclusion of postmenopausal women with
their altered energy expenditure and fat distribution pattern [42] might have strengthened
our findings. Unfortunately, a reliable analysis of differences in body mass, fat mass/rate,
and muscle mass in pre- vs. post-menopausal women failed due to the low proportion of
post-menopausal women in the cohort (i.e., n = 4–5 per group). (2) Further, we included
only women largely compliant with the nutritional recommendation of 500 kcal energy
deficit (to promote a reduction of 0.5 kg per week) and protein intake about 1.2 g/kg
body mass/d. Within the exercise protocol, we focus on attendance rates recorded by
the instructors and assume reliable reporting by the participants for the non-supervised
Yoga session at home. (3) Due to the retrospective analysis, we are unable to report data
on withdrawal, adherence and safety of the exercise, and nutritional guidance protocol.
However, apart from effectiveness, attractiveness and safety are key aspects of the suc-
cessful implementation of sustainable exercise protocols. (4) We did not apply standard
exercise protocols. This refers particularly to WB-EMS in which usually shorter impulse
and rest periods (i.e., 4–6 s impulse and 4 s impulse break [9,43]) with a lower duty cycle or
“time under impulse” were applied. (5) We did not use dual-energy X-ray absorptiometry
(DXA) as the reference method for muscle mass assessment [44], because our cohort mainly
includes premenopausal women of child-bearing age. (6) We focus on muscle mass as the
primary outcome. Lean Body Mass (LBM) or Soft Lean Mass is also output by the BIA
device; however, we think the focus on muscle mass facilitates the interpretation of the
results by the reader. Nevertheless, changes in organ mass, i.e., highly metabolically active
tissues, by magnetic resonance imaging, has allowed deeper insights into the protective ef-
fect of exercise during energy-restrictive diets. (7) Finally, we applied the Holm–Bonferroni
correction [35] to adjust for multiple testing (“multiplicity”), even though this does not
relevantly impact our core outcomes in the light of the high significance levels of our results.

5. Conclusions
In summary, whole-body electrical muscle stimulation (WB-EMS), Pilates, and Yoga

may be promising options for preventing or reducing muscle mass loss during energy-
restrictive diets. WB-EMS in particular can be considered as a time effective and joint-
friendly training technology able to prevent muscle mass loss during negative energy
balance. Our findings might be transferable to other issues of energy-restrictive weight
loss. Considering the application of Glucagon-Like Peptide 1 Receptor agonists (e.g.,
Semaglutide, Tirzepatid) in the therapy of overweight and obesity with their pronounced
weight loss-induced reduction in LBM [45,46] for example, WB-EMS might be a comfortable
option to maintain REE in order to prevent immediate weight regain after termination of
the pharmacologic therapy.
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