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The effects of whole-body muscle stimulation on 
body composition and strength parameters
A PRISMA systematic review and meta-analysis
Luiz Rodrigues-Santana, MSca,*  , Louro Hugo, PhDb, Jorge Pérez-Gómez, PhDc, Miguel A. Hernández-Mocholí, PhDa,  
Jorge Carlos-Vivas, PhDd, Pilar Saldaña-Cortés, PhDe, Nicolás Contreras-Barraza, PhDf, José C. Adsuar, PhDg

Abstract 
Background: This systematic review and meta-analysis set out to determine the efficacy of whole-body muscle electrostimulation 
on body composition, strength, and muscle power in active and non-active adults (aged ≥18 years).

Method: This review was reported in accordance with the Protocol Statement of Preferred Reporting Element Guidelines for 
Systematic Reviews and Meta-Analysis included controlled trials; whole-body electromyostimulation trials with at least 1 exercise 
and control group; participants >18 years old. Outcome measures were defined as standardized mean differences for muscle 
mass, body fat mass, strength, and power. Studies were searched in the following electronic databases: PubMed, Web of 
Science, Scopus, SPORTDiscus, and EMBASE for all articles published up to July 30, 2021. The risk of bias was assessed by 
2 independent researchers using the Physiotherapy Evidence Database scale and Grading of Recommendations, Assessment, 
Development and Evaluations approach. Analyses were performed using the metafor package of the statistical software R (version 
4.0.3; R Core Team, 2020). Random effects models, forest, and funnel plots to quantify the asymmetry associated with publication 
bias were fitted using the metafor library in R. Statistical heterogeneity was assessed using I2 statistics. 

Results: In total, 26 studies representing 1183 participants were included (WB-electromyostimulation: n = 586 and control 
group: n = 597). The mean age of the participants ranged from a minimum of 20.4 to a maximum of 77.4 years old. Interventions 
lasted a minimum of 4 and a maximum of 54 weeks. Standardized mean difference was 0.36 (95% confidence interval [CI]: 
0.16–0.57) for muscle mass, −0.38 (95% CI: −0.62–0.15) for body fat, 0.54 (95% CI: 0.35–0.72) for strength, and 0.36 (95% CI: 
0.02–0.71) for power with significant differences between groups (all P < .04). I2 revealed low heterogeneity of muscle mass (15%) 
and power (0%) between trials and medium heterogeneity of body fat (45%) and strength (55%).

Conclusion: We concluded that WB-electromyostimulation has significant positive effects on muscle mass, body fat, strength, 
and power.

Abbreviations: EEG = electrostimulation exercise group, CG = control group, CI = confidence interval, SMD = standardized 
mean difference, WB-EMS = whole-body electromyostimulation.

Keywords: body composition, electromyostimulation, fat mass, lean body mass, strength, WB-EMS

1. Introduction
It is common knowledge that physical exercise is essential for a 
healthy lifestyle. The American College of Sports and Medicine 
recommends regular cardiovascular physical activity of 150 
minutes a week with 2 sessions of muscular resistance training 

of major muscle groups, for the improvement and maintenance 
of cardiorespiratory, musculoskeletal, and neuromotor fitness in 
apparently healthy individuals.[1,2]

Body composition is one of the main indicators of physical 
health and well-being. In fact, changes in body composition 
throughout life are related to mortality risk.[3] According to 
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the American Council on Exercise,[4] the healthy fat percent-
age for adults is up to 24% for men and 31% for women, 
with higher values considered as excess body fat, which is the 
main cause of obesity and other metabolic and cardiovascular 
diseases. In addition, the amount of muscle mass and strength 
play an important role, since as we age, muscle mass tends 
to decrease and its loss is directly related to a decrease in 
functional capacity, poorer quality of life, and dependence in 
older people.[5] In recent years, new approaches have emerged 
with the premise of shorter and more efficient workouts. One 
example is high-intensity interval training programs, which 
have a positive impact on fat loss and muscle mass gain,[6] 
and is nowadays one of the most widely used strategies to 
improve body composition, as this training method has shown 
similar results to those obtained after applying a traditional 
continuous training program of moderate intensity, with 40% 
less duration.[7] Another recent approach using technology is 
whole-body electrostimulation, a time-saving training method 
used worldwide. Its use has increased in recent years among 
the population seeking faster results in less time.[8] The train-
ing programs are variable according to the objectives and 
characteristics of its practitioners, increasing their physical 
condition and improving body composition with the most 
outstanding benefits, according to experts and manufactur-
ers.[9–11] Previous studies[12–15] have proven the effectiveness of 
whole-body electromyostimulation (WB-EMS) and its use as 
an alternative sporting activity, both for those fleeing from 
conventional methodologies and for athletes who wish to 
improve their sporting performance through WB-EMS ses-
sions. This training method has also demonstrated improve-
ments in body composition and strength in older people[16–20] 
and in active and healthy populations.[21,22] The main users 
of this methodology are middle-aged women, who perform 2 
workouts a week in order to lose weight, improve health, and 
gain muscle mass.[23]

Although there is the possibility of using very diverse proto-
cols, in the current literature the most common is the application 
of bipolar stimuli as more usual, with a period of stimulation 
and another of pause (intermittent) with a frequency of 50 to 80 
Hz and depth of 300/400 µs. The average duration of this type 
of training is 20 minutes.[24]

Given the number of randomized controlled trials in differ-
ent types of populations seeking to determine the effectiveness 
of WB-EMS on body composition and strength parameters, in 
order to improve our knowledge of the use of WB-EMS and 
its effects we conducted a systematic review and meta-analysis 
of published studies associating these 2 variables. The primary 
objective of this study is to determine the efficacy of WB-EMS 
for composition improvement and secondly to evaluate the 
effects of this training on some strength parameters. Thus, 
our primary hypothesis was that WB-EMS enhances the posi-
tive effects on lean body mass and fat mass loss. Furthermore, 
our secondary hypothesis was that WB-EMS generates positive 
effects on strength and muscle power.

2. Materials and methods

2.1. Literature search and study selection

Studies were searched in the following electronic data-
bases: PubMed, Web of Science, Scopus, SPORTDiscus, and 
EMBASE for all articles published until July 30, 2021, in the 
English language only, with no publication status limitations. 
All randomized clinical trials will be considered. Details of the 
Cochrane Library are presented in Table 1. It was registered in 
advance in INPLASY (INPLASY202120050). This review was 
reported in accordance with the Protocol Statement of Preferred 
Reporting Element Guidelines for Systematic Reviews and 
Meta-Analysis.[25]

2.2. Eligibility criteria

2.2.1. Study types.  This study included randomized clinical 
trials investigating the effects of whole-body electrostimulation 
training on body composition and strength indicators.

2.2.2. Intervention types.  In the intervention group, all 
subjects must have performed the same exercise protocol with 
the full-body electrostimulation suit. In the control group (CG), 
participants must not have performed any training program.

2.2.3. Participant types.  All studies involving trained or 
untrained participants >18 years of age, with no previous 
experience with WB-EMS, will be considered.

2.2.4. Outcome measurements.  The primary outcomes of 
the study are fat-free mass or muscle mass and percentage fat 
mass or amount of fat measured by electrical bioimpedance, 
dual-energy X-ray absorptiometry, skinfolds, or anthropometric 
measurements. Secondary outcomes shall be the maximum 
strength and muscle power measured in different tests.

2.3. Study selection

Two authors independently screened study titles/abstracts and 
excluded unrelated studies. They then read the full articles of 
the remaining studies according to the eligibility criteria. The 
study selection process is shown in a flowchart according to the 
PRISMA guidelines (Fig. 1).

2.4. Data collection and management

Two authors independently collected data from all studies 
based on the data extraction form. This consisted of collect-
ing the following information: title, authors, study design, 
participant characteristics, type of treatments and controls, 
outcomes, and other essential data elements. Any discrep-
ancies were discussed with an experienced third author by 
discussion.

Table 1

Search terms used in literature search.

Category 1 Category 2 Category 3 

Whole Body Electro muscle stimulation
WB-EMS
Whole-body-electro-myo-stimulation
Whole-body Electromyostimulation
Whole-Body Electromyostimulation training
Neuromuscular Electrical Stimulation
NMES

Body Composition
Fat Mass OR/AND Muscle Mass
Strength OR/AND Power

Randomized controlled trial
Controlled trial
Clinical trial

WB-EMS = whole-body electromyostimulation.
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2.5. Missing data dealing with

Once we identified missing or unclear data, we contacted the 
original authors of the trial to request it. One author responded 
to our queries.[26]

2.6. Risk of bias assessment

The risk of bias was assessed by 2 independent researchers 
using the Physiotherapy Evidence Database (PEDro) scale.[27] 
The PEDro scale consists of 11 items, of which only 10 (0/1) 
are scored. The PEDro scale refers to randomization, allocation 
concealment, similarity at baseline, blinding of participants, 
staff and assessors, incomplete outcome data, intention-to-treat 
analysis, between-group comparison, and measure of variabil-
ity. In addition, the Grading of Recommendations, Assessment, 
Development and Evaluations (GRADE) system[28] will be used 
to rank the quality of evidence and the strength of the recom-
mendation. The GRADE approach to assessing the quality of 

evidence involves a 4-point scale including “high,” “moderate,” 
“low,” and “very low.” It started at the high level and was down-
graded to lower levels of evidence when there was a risk of bias, 
inconsistency, indirectness, imprecision, or publication bias. In 
addition, the GRADE system[28] will be used to rank the quality 
of evidence and strength of recommendation.

2.7. Data synthesis

Results from different studies have been organized in the same 
way, as effect sizes and corresponding standard errors. The 
changes in means and standard deviations, as well as sample 
size, for each group of different studies, have been used to cal-
culate effect sizes as Hodges g using the library esc in the R 
statistical software (version 4.0.3; R Core Team, 2020; https://
cran.r-project.org/web/packages/metafor/index.html).[29] These 
effect sizes represent the changes between study groups over the 
intervention time.

Figure 1.  Flow diagram of search process.
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For studies that reported their results as means and standard 
deviations in pre-post format, changes for both were computed 
using the following formula as suggested by Higgins (2011)[30]:

Meandiff = Meanpost −Meanpre

SDdiff =
»
SD2

pre + SD2
post − (2∗0, 5∗SDpre∗SDpost

Some studies reported its results as means and interval confi-
dence of changes. For that scenario, using the same reference as 
previously, standard deviations changes were calculated as

SDdiff =

√
N∗SDdifUL − SDdifLL

3, 92

2.8. Statistical analysis

The analyses were conducted using the metafor package of 
the statistical software R (version 4.0.3; R Core Team, 2020). 
Random effects models, forest, and funnel plots[31] for quanti-
fying asymmetry associated with publication bias were adjusted 
by means of metafor library in R.[32] Statistical heterogeneity was 
assessed using I2 statistics (low: 0–39%, moderate: 40–59%, 
substantial: >60%.[33]

2.9. Ethics and dissemination

Ethical approval is not required as individual patient data will 
not be collected in this study. We will publish this study in a 
peer-reviewed journal.

3. Results
Full descriptive details of the included studies are shown in 
Table  2. Twenty-six studies were included in this systematic 
review and meta-analysis, with a total of 1183 subjects (ran-
domized control trial: n = 586, CG: n = 597). The range of par-
ticipants in each group varied from n = 8[15] to n = 55[34] in the 
WB-EMS group and in the CG. The mean age of the participants 
ranged from a minimum of 20.4 (electrostimulation exercise 
group [EEG] group) and 20.5 (CG)[35] to 77.3 (EEG group) and 
77.4 (CG).[36] Interventions lasted a minimum of 4 weeks[35] and 
a maximum of 54 weeks.[37]

3.1. Characteristics of the studies and participants

In relation to the training volume of the intervention groups, 
there was a variation of 1 training per week and a maximum of 
3[38–42] with a duration between 8[13] and 40 minutes.[39] Among 
the 26 studies included, 11 have been conducted with women 
only[16,20,35–39,42–45] and 7 were only with men.[13,26,41,46–50] Two 
interventions have been performed in patients with chronic low 
back pain,[34,51] 4 in people with sarcopenia and obese,[20,39,46,52] 
4 in pre- and post-menopausal women[43–45,53] and 1 in older 
people with osteoarthritis.[38] Two studies have worked with 
athletes.[13,15] All other studies have been conducted in healthy, 
untrained, or inactive people.

3.2. Type of interventions and groups

Most studies have isolated the application of WB-EMS in the 
intervention group, while 2 studies added protein supplementa-
tion[26,36] and another study restricted energy intake.[45] In addi-
tion, in 2 other interventions, the authors included groups with 
different stimulus frequencies (Hz).[54,55] A single article worked 
with groups with different stimulus intensities.[41]

The training comparison groups were performed with the 
same exercise program as the WB-EMS group, with the excep-
tion of 1 study where the WB-EMS was compared with a CG 
without any exercise program [51] and 4 other articles in which 
the comparison group performed other training programs par-
allel to the WB-EMS group.[21,37,45,56]

3.3. WB-EMS protocol used

The WB-EMS protocols (i.e., the pulse parameters) were fairly 
homogeneous across the studies. All studies applied low-fre-
quency bipolar protocols of 80 to 85 Hz with a rectangular 
pulse waveform, with the exception of 4 studies that applied 20 
Hz, 55 Hz, and 50 Hz.[43,44,54,55] The pulse was specified between 
200 and 400 ms. All studies combined WB-EMS with dynamic 
voluntary movements, with the exception of 3 studies that 
applied isometric exercises.[38,41,54]

The intensity of the application pulse has been predomi-
nantly prescribed according to Borg rating of perceived exer-
tion,[57] ranging from consistently strong[5] to very strong[7] on 
the 10-point scale and 15 to 19 on the 20-point scale. However, 
5 working groups used a maximum impulse tolerance appro
ach.[35,38,39,48] and a single article worked the stimulus intensity 
between 80 and 100 mA.[21] It remains important to note that 
none of the studies reported negative side effects of WB-EMS 
applications Table 3. Study and intervention characteristics of 
the included articles (n = 26).

3.4. Risk of bias assessment

Table 2 shows the risk of bias for included studies according 
to the PEDro scale. According to the PEDro scale, most of the 
studies have a high methodological quality (22 of 26 included 
articles). Four studies were rated as studies of moderate meth-
odological quality.[15,16,41,58]

The quality of evidence according to the GRADE approach 
was “low,” meaning that “Further research is very likely to have 
a major impact on our confidence in the estimate of effect and is 
likely to change the estimate” or “Our confidence in the estimate 
effect is limited: The true effect may be substantially different 
from the estimate of the effect.”[59,60]

3.5. Effects of WB-EMS on muscle mass

Fourteen studies with the same number of WB-EMS groups 
evaluated the effect of WB-EMS on muscle mass (Fig. 2). In 
summary, the WB-EMS intervention produced significant 
effects (P = .002). The standardized mean difference (SMD) 
between all groups was = 0.36; 95% confidence interval (CI): 
0.16–0.57 with a low level of heterogeneity between trials (I2 
= 15%).

In summary, the Funnel plot (Fig.  3) provided evidence of 
small study bias.[61] Egger regression test[31] for funnel plot asym-
metry did not indicate significant asymmetry (P = .7).

3.6. Effects of WB-EMS on body fat

Seventeen studies with the same study groups determined the 
effect of EEG on total body fat mass (Fig. 4). In summary, 
EEG significantly (P = .003) affected total body fat mass. 
The SMD was −0.38 95% CI: −0.62–0.15. A moderate level 
of heterogeneity was observed between trials (I2 = 45%, P 
= .02).

Figure 5 shows the Funnel plot of the WB-EMS on the effects 
of total body fat that provided no evidence of significant bias.[61] 
Egger regression test[31] for funnel plot asymmetry did not indi-
cate significant asymmetry (P = .7).
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3.7. WB-EMS effects on maximal strength

Twenty-eight maximal strength variables (knee extension, hand-
grip, trunk flexion, and extension strength) from 19 studies 
determined the effect of whole body electromyostimulation on 
maximal strength (Fig. 6). In summary, WB-EMS very signifi-
cantly (P < .0001) affected strength. The pooled estimate from 
random effects analysis was SMD 0.54 95% CI: 0.35–0.72. A 
moderate level of heterogeneity was observed between trials (I2 
= 55%, P = .02).

Figure 7 shows the Funnel plot of the WB-EMS on the effects 
of total body fat that provided no evidence of significant bias.[61] 
Egger regression test[31] for funnel plot asymmetry did not indi-
cate significant asymmetry (P = .3).

3.8. Effects of EEG on muscle power

For muscular power, a total of 7 works determined the effect 
of the WB-EMS (Fig.  8). Whole body electromyostimulation 
affected muscle power significantly (P = .04). The standard 
mean difference was SMD 0.36 95% CI: 0.02–0.71. A very low 

level of heterogeneity was observed between trials (I2 = 0%, P 
= .52).

Figure 9 shows the Funnel plot of the WB-EMS on the effects 
of total body fat that provided no evidence of significant bias.[61] 
Egger regression test[31] for funnel plot asymmetry did not indi-
cate significant asymmetry (P = .4).

4. Discussion
The existing literature is not unanimous on the effects of 
WB-EMS training on body composition. Mainly on body fat 
reduction, there are studies reporting significant differences for 
the WB-EMS group[16,52,56] and others in which its effects were 
not significant.[42,62]

This heterogeneity, to a large extent, can be explained by 4 
main factors: application of different types of intensity (from 
low to high intensity); different training volumes (from 20 to 90 
minutes per week, from 6 weeks to 12 months of intervention); 
little or no control over participants’ caloric intake in most stud-
ies; and different population types (WB-EMS, trained partici-
pants, healthy, obese, cancer patients, and others).

This heterogeneity in the literature is again evidenced by our 
review work with meta-analysis, where our findings indicated 
that WB-EMS significantly affected participants’ decrease in 
body fat, which differs from that reported in another review 
conducted in 2021 on the effects of WB-EMS on body compo-
sition and strength in untrained.[24] In this case, this difference 
can possibly be explained by the fact our study included a larger 
number of studies because it is more current. Nor have we dif-
ferentiated between trained and untrained populations.

On the other hand, there is more consensus in the literature 
regarding alterations in muscle mass. Several studies report a 
positive effect with significant differences for the increase in 
muscle mass for the WB-EMS training group.[26,37,39,46] In our 
review, in which we have included 14 articles, the WB-EMS 
had significant effects (P = 000.2) with the SMD (0.36; 95% 
CI: 0.16–0.57). In the 2021 revision by Wolfgang Kemmler,[24] 
the results are even more significant (1.23; 95% CI: 0.71–1.76) 
for the intervention group in a total of 13 groups analyzed. In 
addition, WB-EMS appears to be very effective in maintaining 
muscle mass in the process of weight loss (calorie restriction), as 
demonstrated by these 2 studies.[45,63]

There is some evidence of a dose/response effect of pulse 
intensity that affects body fat more than muscle mass.[41] 
Few studies[45,62] have taken into account different energy 
intakes (restriction from 250 to 500 kcal), while others have 

Figure 2.  Forest plot of the results of the meta-analysis on muscle mass. Data are shown as pooled standardized mean differences (SMD) with 95% CI for 
changes in the WB-EMS and non-EMS training groups. CI = confidence interval, WB-EMS = whole-body electromyostimulation.

Figure 3.  Funnel plot of WB-EMS studies addressing muscle mass. WB-EMS 
= whole-body electromyostimulation.

D
ow

nloaded from
 http://journals.lw

w
.com

/m
d-journal by B

hD
M

f5eP
H

K
av1zE

oum
1tQ

fN
4a+

kJLhE
Z

gbsIH
o4X

M
i0hC

y
w

C
X

1A
W

nY
Q

p/IlQ
rH

D
3i3D

0O
dR

yi7T
vS

F
l4C

f3V
C

1y0abggQ
Z

X
dtw

nfK
Z

B
Y

tw
s=

 on 04/19/2024



10

Rodrigues-Santana et al.  •  Medicine (2023) 102:8� Medicine

supplemented participants with different doses of whey pro-
tein,[26,46,64,65] nutritional conditions decisive for weight loss 
(negative energy balance) and for muscle mass gain, respectively 
(minimum adequate protein intake).[40,66] Regarding the type 
of sessions, most of the studies conducted and included in the 
reviews have used the same programs and types of exercises, 
being used for both objectives. In other words, there was no 
specific approach for each training objective. These factors may 
go some way to explain the less obvious effects on body fat 
loss, which contrasts with the greater evidence for effects on 
muscle mass. In summary, more studies of high methodological 
quality are still needed to determine the scientific evidence for 
the use of WB-EMS for body fat loss. Although the factors that 
determine strength production are several, we know that the 
amount of muscle mass (cross-sectional area) is one of the main 
ones.[67] Thus, the effectiveness of WB-EMS in increasing muscle 
mass also seems to be accompanied by an increase in maximal 

strength. In the review by Wolgang Kemmler (2021), significant 
effects on maximal extension and trunk extension strength were 
observed, with a total of 10 papers included in the meta-analy-
sis. This result is in agreement with our systematic review and 
meta-analysis, where we found statistically significant differ-
ences for the intervention group (P < .0001), with a SMD of 
0.54; 95% CI: 0.35–0.92, in a total of 19 included papers and 
28 analyzed groups with different muscle groups evaluated.

In contrast, we also analyzed muscle power, where we also 
found statistically significant differences in favor of the inter-
vention group in a total of 7 articles, although with a lower 
degree of significance (P = .036) and smaller effect (0.36; CI 
95%:0.01–0.70). These results are, in part, inconsistent with 
a mini-review conducted with 5 studies and 112 participants, 
where the authors found statistically significant differences for 
maximal strength, but not for power.[68] It should be noted that 
this mini-review was conducted with moderately trained young 
adults, unlike ours, where we included all types of populations.

4.1. Limitations

The findings of the study should be considered in the context of 
the following limitations:

	 •	 The criteria used to judge the level of evidence have 
not yet been standardized. Different authors of systematic 
reviews use different criteria, and the same author may use 
different criteria in different studies.[69]

	 •	 The use of different criteria is related to the decision to 
include only randomized clinical trials or to also consider 
studies of low methodological quality, where the measure-
ment scales may also vary.[70]

The best method for assessing the risk of bias has not been 
determined. The search strategy only looked for articles in 
English, which implied a risk of bias, as publishing significant 
results is easier than publishing non-significant results, and the 
latter is more likely to appear in national journals written in 
languages other than English.[71]

5. Conclusion
This systematic review and meta-analysis provided further evi-
dence of the positive effects of WB-EMS on body composition 

Figure 4.  Forest plot of the results of the meta-analysis on body fat. Data are shown as pooled standardized mean differences (SMD) with 95% CI for changes 
in the WB-EMS and non-EMS training groups. CI = confidence interval, WB-EMS = whole-body electromyostimulation.

Figure 5.  Funnel plot of WB-EMS studies addressing body fat. WB-EMS = 
whole-body electromyostimulation.
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and strength parameters. The hypotheses we defined for this 
work have been confirmed. WB-EMS showed a significant effect 
on muscle mass and on the reduction of body fat. The effects on 

the secondary hypotheses were also confirmed with a significant 
effect on maximal strength and muscular power.

Being a sample with these characteristics, extrapolation of the 
results should only be made to cohorts in terms of age (middle 
age or older) and level of physical activity (untrained or less 
trained). Furthermore, it should be considered that the present 
results can only be attributed to WB-EMS protocols that focus 
on moderate to high impulse intensity and low to moderate vol-
untary workload (functional bodyweight exercises).

Further systematic reviews and meta-analyses with more stud-
ies in young and healthy populations, will be necessary for further 
evidence and generalization of the results obtained with this work.
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