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Abstract

Background: Diabetes prevention programs focus on people with prediabetes because they have a greater risk of developing
type 2 diabetes mellitus (T2DM) than people with normal blood glucose levels. Weight management can reduce this risk.
However, in our largely sedentary society, thereis less enthusiasm for regular exercise. Whole-body electromyostimulation (WB-
EMS) is atraining technology that provides exercise-like effects by inducing muscle contractions using electrical currents. There
is evidence that local EMS can improve glucose metabolism. However, to the best of our knowledge, there is no randomized
controlled trial examining the efficacy of WB-EM S on hemoglobin Alc (HbA1c) levelsin individuals with prediabetes.

Objective: The objective of this randomized controlled trial isto pilot procedures for a randomized controlled tria testing WB-
EMS training on glycemic changes in sedentary adults with prediabetes.

Methods: Sixty community-dwelling sedentary adults aged 40-65 years with prediabetes will be randomized to one of three
arms. WB-EMS + an activity tracker and alifestyle education program (LEP) focusing on diabetes prevention, an activity tracker
and LEP, or LEP only, with 20 subjects in each arm. The WB-EMS training will consist of 1.5%x20 min per week. The
intervention will last 16 weeks. As a pilot study, our main outcomes concern the number of participants who will be recruited,
comply with intervention, and follow up. The primary efficacy outcome of interest includes HbAlc. The intention-to-treat
analysis will be conducted with the objective of providing confidence interval estimation of treatment effects.

Results: The recruitment of study participants started in February 2024. At the time of submission of this protocol for
publication, the recruitment was still ongoing. So far, 42 participants were allocated to the study groups. The anticipated date of
recruitment completion is April 2025

Conclusions: The results of thistrial will provide valuable evidence for future investigations comparing the efficacy of the WB-
EMS intervention with traditional exercise training to improve glycemic control in this population. Clinical Trial:
Clinicaltrials.gov ID NCT0618848L1, registered December 7, 2023, https://clinicaltrials.gov/study/NCT06188481
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Abstract
Background: Diabetes prevention programs focus on people with prediabetes because they
have a greater risk of developing type 2 diabetes mellitus (T2DM) than people with normal
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blood glucose levels. Weight management can reduce this risk. However, in our largely
sedentary society, there is less enthusiasm for regular exercise. Whole-body
electromyostimulation (WB-EMS) is a training technology that provides exercise-like effects by
inducing muscle contractions using electrical currents. There is evidence that local EMS can
improve glucose metabolism. However, to the best of our knowledge, there is no randomized
controlled trial examining the efficacy of WB-EMS on hemoglobin Alc (HbAlc) levels in
individuals with prediabetes.

Objectives: The objective of this randomized controlled trial is to pilot procedures for a
randomized controlled trial testing WB-EMS training on glycemic changes in sedentary adults
with prediabetes.

Methods: Sixty community-dwelling sedentary adults aged 40-65 years with prediabetes will
be randomized to one of three arms: WB-EMS + an activity tracker and a lifestyle education
program (LEP) focusing on diabetes prevention, an activity tracker and LEP, or LEP only, with
20 subjects in each arm. The WB-EMS training will consist of 1.5x20 min per week. The
intervention will last 16 weeks. As a pilot study, our main outcomes concern the

number of participants who will be recruited, comply with intervention, and follow up. The
primary efficacy outcome of interest includes HbAlc. The intention-to-treat analysis will be
conducted with the objective of providing confidence interval estimation of treatment effects.
Results: The recruitment of study participants started in February 2024. At the time of
submission of this protocol for publication, the recruitment was still ongoing. So far, 42
participants were allocated to the study groups. The anticipated date of recruitment
completion is April 2025.

Conclusion: The results of this trial will provide valuable evidence for future investigations
comparing the efficacy of the WB-EMS intervention with traditional exercise training to
improve glycemic control in this population.

Trial registration: Clinicaltrials.gov ID NCT06188481, registered December 7, 2023,
https://clinicaltrials.gov/study/NCT06188481

Key words
Prediabetes, Whole-body electromyostimulation, Type 2 diabetes mellitus, Prevention

Introduction

Type 2 diabetes mellitus (T2DM) is a serious and widespread disease, and is recognized as a
major public health challenge worldwide. According to the International Diabetes Federation
(IDF), the current estimate of adults aged 20-79 years living with diabetes equals 9.3 % (463
million), and is projected to increase to 10.9% (700 million) by 2045 (1). As the prevalence of
T2DM increases, effective prevention measures are increasingly important. Focusing on those
who are at high risk of developing T2DM is a pivotal starting point.

A state of glucose metabolism is called prediabetes when diabetes mellitus is not yet present
but elevated fasting plasma glucose levels or impaired glucose tolerance are known (2). HbAlc
levels between 5.7% and 6.4% are indicative of prediabetes. The prevalence of prediabetes in
Germany is estimated to be 26% in people aged 45 to 64 years and 31% in people aged 65 to
69 years (3). Similarly, in the US, 21.7 % of people have prediabetes according to the HbAlc
diagnostic criteria (4). The clinical relevance of prediabetes is that there is a significantly
increased risk of developing T2DM compared to the normoglycemic population, which in turn
is associated with an increased risk of developing cardiovascular disease, kidney disease,
cancer, depression and dementia (2). The results from the population-based Rotterdam Study
suggest that up to 74% of 45-year-olds with prediabetes will develop T2DM during their
lifetime (5).

https://preprints.jmir.org/preprint/68761 [unpublished, non-peer-reviewed preprint]
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The results from the KORA-F4 study (Cooperative Health Research in the Region of Augsburg)
and the SHIP-TREND study (Study of Health in Pomerania) suggest that up to one third of
people with prediabetes can be classified as physically inactive (6). Lifestyle changes, such as
physical activity and weight management, are of critical importance in preventing the
development and progression of T2DM (2,7).
Although, physical activity (PA) interventions have shown beneficial effects on oral glucose
tolerance, fasting glucose and HbA1lc levels in people with prediabetes (8), insufficient PA in
people with T2DM and prediabetes remains an issue in these populations (9). There are several
barriers associated with participation and long-term adherence to exercise programs among
physically inactive people with diabetes, including lack of time, lack of motivation, poorer (self-
rated) health, risk of injury, and social and environmental barriers (10). Therefore, PA
programs with an attractive profile are needed to reduce sedentary behavior and increase
adherence to physical activity. A potential approach to achieve this goal is a new training
technology called whole-body electromyostimulation (WB-EMS). WB-EMS provides exercise-
like effects by inducing muscle contractions using electrical currents from an external source.
WB-EMS simultaneously stimulates up to 8-12 major muscle groups with up to 2,800 cm2 of
electrode area. Electrodes are placed on the gluteus muscle, thighs, lower back, upper back,
latissimus dorsi, abdomen, chest and upper arms, and each region is stimulated with an
individualized pulse intensity while individuals perform low-intensity functional exercises in a
standing position (11).
In recent years, WB-EMS has found its way not only into therapeutic training, but also into
rapid and widespread distribution, particularly in Europe, with more than 2,000 commercial
WB-EMS providers serving approximately 250,000 clients in Germany alone (12). Due to its
increasing popularity, time efficiency, ease of implementation, joint-friendliness and
personalized application, WB-EMS is increasingly the subject of scientific research. In fact,
several studies have demonstrated positive effects of WB-EMS on muscle hypertrophy and
body composition (13,14). Additionally, high adherence to the intervention and low dropout
rates were reported previously (15). Therefore, this training technology can be considered a
promising approach when aiming to increase PA in a population of sedentary adults.
A non-randomized study of WB-EMS showed benefits to HbA1lc levels and fasting glucose in
middle-aged and older men with T2DM (16). In addition, several small studies have shown that
local EMS has beneficial effects on glycemic control (17). In contrast, a recent randomized
crossover study by Holzer et al. found no significant short-term difference in the acute
postprandial glucose response between exercise with and without WB-EMS. However, due to
the small sample size (6 T2DM patients) and short intervention duration (three 20-minute
sessions), the results of this study cannot be generalized (18).
Our intention is to use WB-EMS focusing on HbAlc in people with prediabetes and then
examine its efficacy. Therefore, an appropriate design is needed to compare the HbA1c of the
intervention group with that of the comparison groups.
Study objectives
As a pilot study, our main outcomes concern the number of participants who will be recruited,
comply with treatment, and follow up.
The primary outcome hypothesis is that WB-EMS training would improve glycemic control in a
sedentary group of adults with prediabetes compared with control groups.
The secondary hypotheses are that

1) WB-EMS training will improve an individual’s biomarkers (e.g. triglycerides, high-density

lipoprotein (HDL), low-density lipoprotein (LDL)),
2) WB-EMS training will improve body composition, blood pressure, and heart rate.
3) WB-EMS will lead to improvement in other outcomes, such as quality of life and stress

https://preprints.jmir.org/preprint/68761 [unpublished, non-peer-reviewed preprint]
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Methods
Study design and setting
The trial is designed as a randomized controlled pilot trial in a parallel design with three arms.
This trial protocol version 1 from August 2023 was approved by the local Ethics Committee at
the Medical Faculty of the Eberhard Karls University and at the University Hospital of Tiibingen
(reference: 525/2023B02) and registered on the Clinicaltrials.gov with the ID NCT06188481.
The trial will be conducted at the Department of Population-Based Medicine at the University
Hospital of Tiibingen, Germany.
Study population
The study population will be selected on the basis of the following inclusion and exclusion
criteria.
Inclusion criteria:

(1) community-dwelling sedentary men and women aged 40-65 years without T2DM,

(2) elevated HbA1lc levels (5.7%-6.4%),

(3) not functionally impaired (Short Physical Performance Battery (SPPB) >10),

(4) signed informed consent,

(5) consent to use the WB-EMS and activity tracker.
Exclusion criteria:

(1) high-grade arrhythmia, cardiac pacemaker carriers, heart failure, nephropathy,

(2) cognitive impairment,

(3) T2DM.
Study procedure
Figure 1 illustrates the study procedure. Screening of participants will take place in two stages
(telephone pre-screening, on-site screening). During the telephone pre-screening, the study
staff will check key study eligibility criteria and inform participants about the study activities. If
they are interested, they will be invited to the on-site screening. All participants will receive a
written information letter and informed consent form for participation. All participants will be
informed of the voluntary nature of the trial and that they may withdraw from the trial at any
time without giving a reason. Only those who confirm their willingness to participate in the
trial by signing the informed consent form will be enrolled. The final determination of
eligibility to participate in the trial will take place after the screening. The participants will be
randomized to one intervention group (IG) and two control groups (CGs). The duration of the
intervention will be 16 weeks. At the end of the intervention period, subjects will return to the
study site for a follow-up assessment. The participants of the IG will have a second follow-up
assessment after 32 weeks.
Sample size
As this is a pilot study, power analysis and sample size calculations were not performed. The
study population will consist of 60 individuals with 20 subjects in each study group.
Recruitment
Participants will be recruited through newspaper and social media advertisements. Flyers and
posters will also be distributed to local doctors' offices, pharmacies, hospitals, community
centers and self-help groups.
Randomization, blinding, and concealment of allocation
Eligible participants will be allocated to the study groups by computerized block
randomization. This will be performed by an independent trial statistician. Neither the
participants nor the researchers will know their allocation in advance. The participants will be
strictly separated after randomization.
The blinding strategy focuses on study assistants and outcome assessors who will be blinded to
the participants' group status. All data analysts will also be blinded to group allocation.

https://preprints.jmir.org/preprint/68761 [unpublished, non-peer-reviewed preprint]
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Intervention

The main intervention will be WB-EMS using equipment that has EU medical device approval
(miha bodytec®, Typell, Gersthofen, Germany). This equipment allows the simultaneous
stimulation of up to 12 muscle groups (e.g. thigh and upper arm, gluteal region, abdomen,
chest, lower back, upper back) with a total stimulation area of approximately 2800 cm2. The
participants will receive the functional training underwear recommended by the manufacturer
(water-absorbent cotton/elastane mix), over which a vest (upper body) and belts (upper arms,
thigh and gluteus muscle) are individually adjusted before each session. The system allows the
intensity to be adjusted for each region (see Figure 2). We will use an impulse protocol and
exercise setting that has been evaluated in recent studies focusing on total and regional muscle
mass (13), body fat (19) and physical function (13) in older cohorts.

A bipolar electric current with a frequency of 85 Hz and an impulse width of 350 ps is used in
an interval approach with 6 s of EMS stimulation with a direct impulse boost and 4 s of rest.
During the 6-s stimulation period, low-effort movements are performed in a standing position.
The intensity of the EMS will be regulated on the basis of the individual’s reported Rating of
Perceived Exertion (RPE) and the Borg Category Ratio Scale (Borg-CR10) (15). We will use RPE
to generate and maintain a sufficient but tolerable intensity of EMS application. After 4 weeks
of conditioning at a lower pulse intensity, participants will be encouraged to increase the
intensity. The impulse intensity will be adjusted individually for each body region in close
interaction with the participant. During the session, the instructors will increase the intensity
slightly every 3 minutes in close cooperation with the participants in order to maintain the
target RPE (6-7) during the session. We will use a personal training setting with one certified
and experienced instructor responsible for a maximum of two participants. The training will
adhere to the requirements of the international EMS guidelines (20).

Study groups

Intervention group

The participants in the IG will train following a supervised and guided WB-EMS program 1.5
times per week (e.g., every Monday or Tuesday and every other Thursday or Friday) for 16
weeks. The duration of each training session will be 20 minutes. Each session will include a 3-
minute warm-up, a 15-minute main workout, and a 2-minute cool-down. Additionally,
participants will be asked to wear an activity tracker on their wrist for the entire 16-week
study period and to participate in the lifestyle education program.

Control groups

Two CGs are planned for the study. One CG will receive both the activity tracker to measure
daily steps and the evidence-based lifestyle education program. The other CG will receive the
lifestyle education program only.

Activity tracker

The activity tracker (vivosmart 5, Garmin) will be used for self-monitoring of daily steps.
Activity trackers may improve physical activity independent of the intervention (e.g., people
can monitor their daily steps). (21). Therefore, it is important to include two control groups:
one with the activity tracker to isolate the net effect of the WB-EMS intervention and one
without the activity tracker.

Lifestyle education program

The evidence-based lifestyle education program consists of six 20-minute sessions that focus
on lifestyle factors and diabetes prevention. The aim of the program is to provide education,
information and advice to prevent disease progression and improve quality of life and mobility.

https://preprints.jmir.org/preprint/68761 [unpublished, non-peer-reviewed preprint]
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The assessments described below will be performed at baseline (day 1) and after the 16-week
intervention period. IG participants will also be assessed at 32 weeks. The timetable of the
assessments is presented in Table 1. All measurements will be performed by the same research
assistant, using identically calibrated equipment, in the exact same environment and at
approximately the same time of day (+90 minutes).

Table 1: Timetable of study

y procedure and assessments

STUDY PERIOD

Enrollmen
t

Allocation

Intervention

Follow-ups

Timepoint

Day O

Week 1to 16

Week 16

Week 32

Eligibility screening

Informed consent

Review inclusion and
exclusion criteria

Allocation

X

Assessments

HbAlc assessment

Lipid and cholesterol
profile

Blood pressure

Hand grip strength

Body composition

Waist circumference

o o T B I B B

o o T I B B B B I

o I T I B B B B B

Questionnaires
(WHOQOL-BREF, SFI,
PSS-10, PHQ-9)

X

4

>

Intervent

ions

WB-EMS,
tracker
evidence-based
lifestyle  education
program

activity
and

WB-EMS 1.5/week

activity tracker

6 x 20 min

Activity tracker and
evidence-based
lifestyle  education
program

6 x 20 min

activity tracker
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Evidence-based
lifestyle  education 6 x 20 min
program
Abbreviations: WB-EMS: whole-body electromyostimulation, IG: intervention group, PSS:
Perceived Stress Scale, WHOQOL-BREF: WHO Health-Related Quality of Life, SFI: Secure
Flourish Index, PHQ: Patient Health Questionnaire

Primary outcome

As a pilot study, our main outcomes are the number of participants who will be recruited,
comply with the intervention, and complete the follow-up assessments. The prespecified
primary outcome measure will be HbAlc levels. A blood sample (capillary blood) will be
collected via the finger stick technique. The sample will be analyzed according to the
manufacturer’s instructions using cobas b 101 system 2.0 (Roche Diagnostics, Mannheim,
Germany).

Secondary outcomes

Cardiometabolic parameters: Changes from baseline in the levels of triglycerides, total
cholesterol as well as HDL and LDL cholesterol will be assessed in capillary blood. A blood
sample will be collected with finger stick technique. The sample will be analyzed according to
manufacturer’s instructions using cobas b 101 system 2.0 (Roche Diagnostics, Mannheim,
Germany).

Waist circumference will be measured with a standard tape measure around the abdomen
between the distal end of the rib cage and the top of the iliac crest along the horizontal plane
(WHO guidelines).

Additionally, changes in systolic and diastolic blood pressure as well as in heart rate will be
investigated (boso medicux X, BOSCH + SOHN, Jungingen, Germany). The measurements will be
performed in the sitting position after a short resting period of at least 5 minutes.

Body composition: Body mass and composition will be measured by direct segmental, multi-
frequency bio-impedance technique (InBody 770, Seoul, South Korea). This device measures
impedance of the trunk, arms and legs separately using a tetrapolar eight-point tactile
electrode system that applies six frequencies (1, 5, 50, 250, 500 and 1000 kHz).

Muscle strength: Hand grip strength will be measured using a hydraulic hand dynamometer
SAEHAN SH5001 (SAEHAN Corporation, Tisselt, Belgium). The dynamometer grip width will be
adjusted individually to the participant’s hand size. Tests will be performed in an upright
standing position, arms down by the side. The standardized instruction to the participants will
be consistently “squeeze as strongly as possible”. Three tests intermitted by 20 s of rest will be
performed for the dominant hand, the average value will be used for the evaluation.

Stress: A self-reported questionnaire Perceived Stress Scale consisting of 10 questions about
stress (PSS-10) will be used (22). In each question, subjects are asked how often they feel a
certain way on a 5-point scale from 1 for ‘never’ to 5 for ‘very often’ The PSS score indicates
levels of perceived stress, whereby higher scores indicate higher stress levels.

Depressive symptoms: The Patient Health Questionnaire which consists of 9 questions on
depressive symptoms (PHQ-9) is a standardized and validated self-reported questionnaire. It
will be used to assess for changes from baseline regarding the presence and severity of such
symptoms. Possible score ranges from O (no depression) to 27 (severe depression) (23).
Health-related quality of life: The standardized and validated questionnaire WHO Health-
Related Quality of Life (WHOQOL-BREF) consisting of 26 questions on general quality of life
will be used (24). This self-reported tool includes four domains: physical health, psychological

https://preprints.jmir.org/preprint/68761 [unpublished, non-peer-reviewed preprint]
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health, social relationships, and environmental health. It also contains items about quality of
life and general health. Each item of the WHOQOL-BREF is scored from 1 to 5 on a 5-point
Likert scale. The scores are then transformed linearly to a O - 100 scale. A higher score
indicates a higher quality of life.

Well-being: Changes from baseline in self-reported well-being will be evaluated with the
standardized and validated questionnaire Secure Flourish Index (SFI), which consists of 12
questions on general well-being. Each of the questions is assessed on a scale of 0 - 10. The SFI
score is obtained by summing the scores from the 12 questions and results in a score from 0 -
120 (25).

Baseline characteristics

Table 1 describes the type of data and variables that are collected at various stages of the
project. Furthermore, the following demographic and descriptive data are collected at the
baseline assessment: gender, age, height (cm), medical history (diseases, surgery, medicine
consumption), physical activity (type, frequency, duration), educational level and employment
status.

Trainers will monitor adverse events by asking participants if they have experienced any health
problems (e.g., physical injury, muscle soreness) since the last session. The research team will
monitor any adverse events that may occur during participation in this study:.

Data management and analysis

Data collection and storage

The personal data of the subjects will be treated confidentially and will only be accessible to
the persons directly involved in the study. For the scientific analysis, the data will be stored
electronically in a pseudonymized form by assigning a subject ID to each study participant,
which does not allow any conclusions to be drawn about the individual. The list of subject
codes and participants will be kept in a locked cabinet and will be accessible only to authorized
personnel. Further processing, analysis and publication of the data for scientific purposes will
be done anonymously, so that no conclusions can be drawn about individual study participants.
Activity tracker data

The tracker can be set to measure a customizable set of matrices, as needed for the project to
avoid unnecessary data collection. This pilot study will collect and process step counts. The
Fitrockr Health Data Research & Analytics Platform provides a platform for research and
clinical trials to collect and analyze data from wearable devices. Authorized members of the
research team will access the device data via Bluetooth or a USB cable using the Fitrockr Hub
App when the study participants are on-site. All data will be securely stored on a server in
Germany. The participants’ usernames will be generated according to the subject ID.
Statistical analysis

The data will be analyzed using the intention-to-treat (ITT) principle which includes all
randomized participants. Descriptive statistics, such as mean and standard deviation (SD) will
be performed for continuous variables, and frequencies and percentages will be used for
categorical variables. Diagnostic tests will be conducted for normality of residuals, linearity,
multicollinearity, functional relation, influence and/or outliers in the dataset. Assuming data
normality, two-way repeated measures ANOVA and 95% CI will be used to assess outcomes at
baseline and at 4-month follow-up. The analysis plan will not include reporting of p-values, in
accordance with the CONSORT 2010 statement: extension to randomized pilot and feasibility
trials that “any estimates of effect using participant outcomes as they are likely to be measured
in the future definitive RCT would be reported as estimates with 95% confidence intervals
without P values—because pilot trials are not powered for testing hypotheses about
effectiveness.”(26)

https://preprints.jmir.org/preprint/68761 [unpublished, non-peer-reviewed preprint]
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Analysis of covariance will be used to calculate the effect estimate (study outcomes) of the
intervention. Effect size calculation for between-group intervention effects and within-group
effects will also be performed. All statistical analyses will be performed using SPSS Statistics
(version 28, IBM).

Results

Following the approval of the ethics committee on November 6, 2023, preparations for the
advertisement and implementation of the project, including the registration of the clinical trial
on ClinicalTrials.gov (ID: NCT06188481), were conducted in early January 2024.

The recruitment of participants and on-site screening started at the beginning of February
2024. At the time of submission of this protocol for publication, the recruitment was still
ongoing. To date, 169 individuals have registered for the study. Of these, 76 individuals were
invited to attend the on-site screening and the rest was excluded during the telephone pre-
screening process. Finally, 47 participants were eligible, and 42 from those were randomized
and allocated to the study groups. The 16-week intervention phase starts in groups of at least
six participants (block randomization) in order to ensure randomized allocation to the three
study groups. The use of sealed opaque envelopes ensured that neither participants nor
researchers were aware of the allocation prior to the study (i.e., allocation concealment).

The study is still in progress, and thus far, no adverse events have been recorded. The
anticipated date of recruitment completion is April 2025.

Discussion

This randomized clinical trial is designed to evaluate the efficacy of 16 weeks of WB-EMS
training on changes in HbA1lc levels. Although various drugs and treatments are available to
treat T2DM, exercise is regarded as one of the key components in T2DM management and
prevention (27), and has been shown to be safe, effective, and well tolerated in the general
population (28). According to the American College of Sports Medicine, several studies have
demonstrated the effectiveness of traditional exercise training in improving HbA1c levels and
muscle strength in people with T2DM/prediabetes (27). However, in our largely sedentary
society, there is less enthusiasm for regular exercise as a preventative measure against future
disease and mortality. Unfortunately, people with T2DM and prediabetes are among the least
physically active (9).

Furthermore, the high dropout rate is one of the challenges of traditional exercise interventions
among people with T2DM/prediabetes, resulting in these individuals not fully benefiting from
the treatment effect (29). Barriers to exercise adherence include the lack of time, lack of
motivation/enthusiasm, physical discomfort, and social and environmental barriers (10).
Therefore, to increase adherence to exercise engagement and reduce sedentary behavior,
exercise training programs with attractive profiles and time-efficiency are needed. Due to the
ease of implementation, time efficiency and personalized application of WB-EMS, it is
increasingly the subject of scientific research.

A meta-analysis of 35 studies reported that local EMS intervention lowered fasting blood
glucose (FBS) (SMD: 0.48; 95% CI: 0.17 to 0.78; p=0.002; 1*=0%) (17). In a recent 16-week
non-RCT in the Netherlands, WB-EMS was used to reduce visceral fat in elderly patients with
non-insulin-dependent diabetes mellitus (NIDDM). The exercise program consisted of 20
minutes of WB-EMS twice a week, with HbAlc measured at baseline and at the end of the
intervention. However, the control group consisted of healthy participants without diabetes,
which led to a non-HbAlc comparison between groups. Only male patients showed a
significant change in HbAlc (55.7 £ 12.7 mmol/mol vs. 52.7 + 13.8 mmol/mol, p<0.05), while
female patients did not experience a significant change (30). To the best of our knowledge,
there is currently no other randomized controlled trial evaluating the effect of WB-EMS on
glycemic control in people with prediabetes.
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HbAlc is considered the gold standard for long-term blood glucose monitoring as it reflects
average levels over a period of 2-3 months. Studies have shown that exercise programs
typically take longer than 12 weeks to impact HbA1lc levels, which is similar to the lifespan of a
red blood cell. Most interventional exercise studies that demonstrate improved HbAlc levels
have a duration of approximately 13 weeks (31). Additionally, previous studies using WB-EMS
have shown significant improvement in muscle mass after a 16-week intervention with similar
training frequency and impulse protocol as those used in our study (13,19). Accordingly, the
WB-EMS intervention will be conducted over a period of 16-weeks in this study.

To monitor the level of PA, participants in the IG will be asked to wear an activity tracker during
the intervention. However, there is evidence of positive effect of activity trackers on PA
behavior through personalized feedback on daily steps (21). Therefore, some of the
participants will be randomized to an additional control group with an activity tracker in order
to isolate the net effect of the WB-EMS intervention.

The results of the current study may provide evidence of the efficacy of WB-EMS for a future
definitive RCT as an alternative adoptive exercise approach to motivate sedentary people with
prediabetes who are unable or choose not to follow a traditional exercise program. As this is
the first RCT with WB-EMS training to focus on individuals with prediabetes and to address
HbAlc as the primary outcome, the results of the trial will inform the sample size calculation
for a definitive trial. Moreover, we believe that this research study will provide additional
evidence for the health and performance aspects of the WB-EMS application.
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Flow chart of the study procedure. Abbreviations: WB-EMS: whole body electromyostimulation, T2DM: type2 diabetes.
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Whole-body electromyostimulation (WB-EMS).
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