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Abstract 

Background: Regular physical activity is recommended for obesity management, but ad-

herence remains difficult for many patients. Neuromuscular electrical stimulation (EMS) 

has been proposed as an adjunctive intervention. Methods: In this prospective, single-

center, randomized controlled trial, adults with severe or morbid obesity (BMI ≥ 35 kg/m2) 

enrolled in a three-week inpatient rehabilitation program were randomized 1:1 to reha-

bilitation program alone (control group) or rehabilitation supplemented with EMS (5 ses-

sions/week, 20 min/session, 75 Hz). Outcomes assessed at admission and discharge in-

cluded body composition, lipid and glucose metabolism, continuous glucose monitoring, 

physical capacity, quality of life, adherence, and safety. Results: Both groups showed sig-

nificant improvements in BMI, waist circumference, body composition, lipid and carbo-

hydrate profiles, and physical performance assessed by the 6 min walk test, without sig-

nificant between-group differences. BMI decreased by −0.9 kg/m2 in controls and −1.2 

kg/m2 in the EMS group (both p < 0.001). Waist circumference also decreased significantly 

in both groups. EMS showed a potential effect on continuous glucose monitoring param-

eters, but this was no longer significant after adjustment for diabetes status. Conclusions: 

Adding EMS to inpatient rehabilitation did not provide additional benefits for weight loss 

or body composition.) 

Keywords: obesity; electrical muscle stimulation; body composition; blood glucose con-

trol; rehabilitation 

 

1. Introduction 

Overweight and obesity are defined as abnormal or excessive fat accumulation and 

are considered major risk factors for many non-communicable diseases such as type II 

diabetes, cardiovascular disease, joint problems and certain cancers [1–3]. Obesity also 

has a considerable impact on an individual’s psychological state and generates consider-

able medical and social costs [4,5]. Prescribing regular physical activity is one of the rec-

ommendations for treating obesity; however, implementing this recommendation is often 

challenging for affected individuals. Three factors contribute to this challenge. First, the 
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prescribed activities are often poorly matched to the individual’s preferences. Second, de-

spite their efforts, individuals do not see concrete results in terms of weight loss. Third, a 

lack of objective criteria to achieve limits self-management. These factors contribute to a 

sense of failure, which discourages continued engagement. In addition, people with obe-

sity may have concomitant orthopedic disorders and cardiovascular contraindications, 

and their excessive weight may push them into a sedentary lifestyle. Therefore, recom-

mendations on physical activity as part of the overall management of obesity are not al-

ways applicable. 

Neuromuscular electrical stimulation (EMS) involves inducing muscle contractions 

via electrodes placed on the skin and could be a valuable adjunctive tool in the manage-

ment of obesity. EMS is most commonly used for muscle strengthening in athletes, but it 

is also used clinically to treat muscle spasms, prevent or delay muscle atrophy, and pro-

vide localized pain relief [6,7]. The benefits of EMS for obesity have been little evaluated. 

One study evaluated the effect of EMS on waist circumference in adults with abdominal 

obesity. The 12-week program moderately reduced waist circumference with no side ef-

fects [8]. Another study suggested that EMS combined with physical activity could reduce 

body fat [9]. However, other studies found only small effects and that EMS alone does not 

improve body composition [10,11]. Despite this, some evidence suggests that EMS could 

improve glucose metabolism in individuals with obesity and type 2 diabetes, including 

postprandial and fasting blood glucose levels, HbA1c, and insulin secretion levels, indi-

cating reduced insulin resistance [12]. The aim of this study was to evaluate the effects of 

EMS as a supplement to a rehabilitation program on body composition, lipid and carbo-

hydrate profiles, physical ability and quality of life in adults with severe or morbid obesity 

during a 3-week inpatient physical rehabilitation and nutritional education program. 

2. Materials and Methods 

2.1. Design 

We conducted a prospective, randomized, controlled, single-center study. Partici-

pants were enrolled between May 2021 and June 2023 from the center of Perharidy, Fon-

dation Ildys, Roscoff, France. The study was approved by the French national ethics com-

mittee (No. 2020-A00484-35 CPP Sud Est). The study complied with the MR001 reference 

methodology of the French Data Protection Authority (CNIL). Informed consent was ob-

tained prior to any protocol procedure. The study was registered on ClinicalTrials.gov 

(NCT04643899) and is reported according to the CONSORT guidelines. 

2.2. Sample 

2.2.1. Recruitment 

Potentially eligible individuals were identified from pre-admission records for inpa-

tient physical and nutritional rehabilitation. In the month prior to their admission, and no 

less than 10 days before, they received an information letter followed by a telephone call 

from a clinical research nurse at the investigation center who presented the study to them 

verbally and answered their questions, without any request for consent. During the med-

ical consultation conducted at admission to the rehabilitation program, the investigating 

physician presented the study and answered any questions. 

2.2.2. Inclusion Criteria 

Participants had to be aged between 18 and 70 years on the date of signing the con-

sent form, with morbid or severe obesity (BMI > 35) and admitted for a 3-week physical 

rehabilitation and nutritional education program. We excluded individuals with epilepsy, 

peripheral arterial disease, abdominal or inguinal hernia, cardiac arrhythmia, skin lesions 
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or infections at the EMS electrode placement sites, implanted electronic devices (pace-

maker or defibrillator) or those who were pregnant. 

2.3. Intervention 

After signing informed consent, participants were randomly assigned by an elec-

tronic system in a 1:1 ratio to either the control or intervention group and stratified ac-

cording to diabetes status. The control group underwent usual care, which included 5 

sessions/week of hydrotherapy, 5 to 10 sessions/week of adapted physical activities (the 

number and type depended on the capabilities and preferences of each participant), 5 ses-

sions/week of Nordic walking and tailored nutrition counseling. The EMS group also un-

derwent the usual care program and, in addition, had 5 20 min sessions/week (total 14 

sessions) of EMS. The EMS sessions consisted of 2 min of warm-up, 15 min of work at 75 

Hz, followed by 3 min of recovery. The Compex Pro Rehab® device, (Enovis Corporation, 

France) was used with 4 large Dura-Stick Plus® electrodes (5 × 10 cm) (Enovis Corporation, 

France) applied to the thighs. The participant could increase the intensity of the stimula-

tion to the highest tolerable level, with the aim of inducing muscle contraction; the inten-

sity levels were recorded by the physiotherapist during the sessions. The intensity varied 

between participants and also across sessions for a given participant. 

2.4. Variables Evaluated 

The number and type of adverse effects were collected throughout the stay. In the 

EMS group, tolerance to stimulation was evaluated by rating pain on a visual analog scale 

from 0 to 10, as well as the maximum muscle stimulation intensity during each session. 

Adherence to the standard physical rehabilitation program was evaluated in both 

groups by comparing the number of sessions completed to the number initially planned. 

Body composition (fat mass, lean mass and basal metabolic rate) was measured at 

the beginning and end of the study using bioelectrical impedance analysis (Bodystat 

Quadscan 4000©, France). Additional assessments included body weight and BMI, biceps 

and triceps skinfold thickness (JIMCO, Skinfold Caliper©, GIMA S.p.A, Italy), and waist 

and cervical circumferences. 

Biochemical analyses were performed at the start and end of the program, including 

the lipid profile (total cholesterol, HDL, LDL and triglycerides), glycemic profile (HbA1c 

and fasting blood glucose), and levels of creatine phosphokinase (CPK) and lactate. 

The 6 min walk test (6MWT) was administered at the beginning and end of the pro-

gram, following the guidelines of the American Thoracic Society and the European Res-

piratory Society [13]. 

Quadriceps strength and the endurance time of a submaximal contraction [14] were 

measured using a MICROFET 2 TM© dynamometer (Hoggan Scientific, USA). 

The Quality of Life Obesity and Dietetic (QOLOD) self-report questionnaire [15] was 

administered at the beginning and end of the program to evaluate quality of life. 

Participants underwent continuous glucose monitoring using a FreeStyle® device 

(Abbott France, Rungis, France) during the 3-week rehabilitation program. We assessed 

the percentage of time spent within the target range, the percentage of time spent above 

and below the target range, the mean blood glucose level, and the number of hypoglycae-

mic episodes. Target values were defined according to frailty status based on the French 

Health Authority guidelines: 3.9–9.9 mmol/L for robust individuals (without frailty crite-

ria) and 4.4–11 mmol/L for those with one or more frailty criteria [16] 
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2.5. Sample Size 

This study was a pilot, “proof-of-concept” study. Insufficient data were available in 

the literature to estimate the effect of the experimental intervention (muscle electrostimu-

lation) in the target population (adults with obesity). Given the number of potentially eli-

gible individuals, we set the sample size at 30 participants per group. 

2.6. Statistical Analysis 

We conducted a descriptive analysis of the data, presenting means and standard de-

viations for quantitative data with a normal distribution, medians and interquartile ranges 

for quantitative data without a normal distribution, and counts and frequencies for qual-

itative variables. 

Baseline comparability of the two groups was assessed using Student's t-test for nor-

mally distributed quantitative data or the Mann–Whitney–Wilcoxon test otherwise; for 

qualitative data, the Chi-squared test or Fisher’s exact test was used according to 

Cochran’s rule. 

Change from program start to end was calculated for each group and compared be-

tween groups using bivariate analysis: Student’s t-test for normally distributed quantita-

tive data or the Mann–Whitney-Wilcoxon test otherwise; and the Chi-squared test or 

Fisher’s exact test for qualitative data, according to Cochran’s rule. 

A sensitivity analysis adjusting for baseline values and accounting for group alloca-

tion and stratification (diabetes) was performed using multiple regression models. 

The percentage of time outwith the glycemic target range was analyzed using a mixed 

linear model (β-regression), with fixed effects for group (intervention) and diabetes stratum, 

and a random effect for the participant. p-values were estimated using permutation tests due 

to violations of normality and homoscedasticity assumptions in the model residuals. 

A significance threshold of 5% was applied to all analyses. Statistical analyses were 

performed using R software (version 4.0.5). The statistical analysis was conducted by the 

Biostatistics Unit of the Clinical Research and Innovation Delegation at GHICL. 

3. Results 

3.1. Sample 

The CONSORT participant flow diagram is shown in Figure 1. Of 181 potentially eligi-

ble individuals, 60 fulfilled the inclusion criteria and were randomized and considered in 

the intention-to-treat population: 30 in the control and 30 in the interventional group. One 

participant in the intervention group was withdrawn from the study by the investigator’s 

decision prior to its completion and therefore did not attend all scheduled visits. 

The control and intervention groups did not differ in terms of sex ratio, age or base-

line comorbidities (Table 1). 

Table 1. Sample characteristics at inclusion (n = 60). 

 Control Group (n = 30) EMS Group (n = 30) p-Value 

Sex 
Female 15 (50%) 19 (63.3%) 

0.43 
Male 15 (50%) 11 (36.7%) 

Age (years), mean ± SD 48.3 ± 15.2 46.1 ± 15.2 0.59 

Sleep apnoea 13 (43.3%) 17 (56.7%) 0.44 

Arthropathy 3 (10%) 3 (10%) 1 

Asthma 4 (13.3%) 2 (6.7%) 0.67 

Gallstones 3 (10%) 2 (6.7%) 1 

Cancer 0 (0%) 2 (6.7%) 0.49 

Bariatric surgery 3 (10%) 2 (6.7%) 1 
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NASH-related cirrhosis 2 (6.7%) 2 (6.7%) 1 

Depression 11 (36.7%) 12 (40%) 1 

Diabetes 12 (40%) 13 (43.3%) 1 

Dyslipidaemia  13 (43.3%) 11 (36.7%) 0.79 

Cardio-vascular event 5 (16.7%) 5 (16.7%) 1 

Hypertension  14 (46.7%) 13 (43.3%) 1 

Urinary incontinence  2 (6.7%) 1 (3.3%) 1 

Gastro-oesophageal reflux 7 (23.3%) 9 (30%) 0.77 

 

Figure 1. CONSORT participant flow diagram. 

3.2. Tolerance and Adherence to the Program 

Nine AEs occurred in nine distinct patients, with no significant difference in fre-

quency between the groups (Table 2). Only one adverse event, ‘digestive discomfort dur-

ing the EMS session’, was considered as severe in the EMS group. No AE was considered 

to be related to the intervention according to the investigators. 

Table 2. Description of adverse events during the study. 

  Control Group (n = 30) EMS Group (n = 29) p-Value 

Number of participants with at least 1 ad-

verse event 
 3 (10%) 6 (20%) 0.47 

Number of adverse events  3 6  

Severity of adverse events 

Mild  0 (0%) 1 (16.7%) 

1 Moderate  3 (100%) 4 (66.7%) 

Severe  0 (0%) 1 (16.7%) 

Adherence to the physical activity program was excellent (95 à 100%) in both groups, 

with no between-group difference in the ratio of completed/planned sessions (Table 3). 

EMS sessions were generally well tolerated with low pain ratings (median VAS 0.3 [0; 
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2.23]) for median intensities of 66.9 mA [40.6; 82.6] (Table 4). Only three participants failed 

to achieve muscle contraction during one session each. An increase in creatine phospho-

kinase (CPK) and lactate could indicate muscle damage; however, no increase was ob-

served from admission to discharge. 

Table 3. Adherence to the program. 

 Control Group (n = 30) EMS Group (n = 29) p-Value 

Adapted physical  

activity 

Ratio sessions  

competed/planned (%) 
95.4 [82.6; 100] 94.8 [82; 99.1] 0.88 

Balnéotherapy  

activity 

Ratio sessions  

competed/planned (%) 
100 [83.3; 100] 100 [87.7; 100] 0.86 

Nordic walking 
Ratio sessions  

competed/planned (%) 
100 [100; 100] 100 [100; 100] 1 

Table 4. EMS tolerance variables and creatine phosphokinase and lactate levels at the start (V1) and 

end (V2) of the rehabilitation program. 

 Number of Participants Median [Q1, Q3] min max 

Pain (visual analog scale) 29 0.3 [0; 2.23] 0 7 

Maximum stimulation intensity (mA) 29 66.9 [40.6; 82.6] 11.5 180.36 

 V1 V2 p-value 

Creatine phosphokinase (UI/L) 112 [65; 186] 108 [64.2; 199.2] 0.072 

Lactates (mmol/L) 1.1 [0.8; 1.7] 1.3 [0.9; 1.6] 0.871 

3.3. Body Composition and Anthropometric Variables 

The BMI decreased by −0.9 kg/m2 [−1.4; −0.7] in the control group and by −1.2 kg/m2 

[−1.8; −0.5] in the EMS group. The waist circumference decreased by −3.1 ± 4.4 cm in the 

control group and −3.2 ± 5.5 cm in the EMS group. The fat mass decreased by −2.4 kg [−4.3; 

−1.3] in the control group and −2.5 kg [−5.1; −1] in the EMS group. The basal metabolism also 

decreased. No between-group differences were found for any variable (Tables 5 and 6). 

3.4. Lipid Profile and Glucose Metabolism 

At the end of the program, significant improvements were found in the lipid profile 

(reduction in triglycerides, total cholesterol, and LDL cholesterol) and glucose metabolism 

markers (significant decrease in HbA1c and fasting blood glucose) in both groups, with 

no between-group differences (Table 7). 

Subgroup analysis of the participants with diabetes found a decrease in Hb1ac in 

both groups between admission and discharge (control group −0.3% [−0.6; −0.2], p = 0.004; 

EMS group −0.5% [−0.6; −0.2], p = 0.002), with no between-group difference. Fasting glu-

cose levels decreased significantly only in the EMS group (EMS group −0.9 mmol/L [−1.4; 

−0.3], p = 0.033) but not in the control group −1 [−2.1; −0.1] p = 0.109) (Table 7); however, 

the between-group comparison remained non-significant (p = 0.37). 

When analyzing the time spent within the target range and continuous glucose levels 

using the Freestyle® continuous monitoring system, bivariate analysis revealed a signifi-

cant association between the intervention variable and mean blood glucose (p = 0.005, Wil-

coxon signed-rank test) in the overall sample. The mean ± SD glucose level decreased by 

0.44 ± 0.22 mmol/L more in the EMS than the control group; however, a higher number of 

hypoglycaemic episodes occurred in the EMS group (Table 8). However, after adjustment 

for the diabetes stratum using an interaction-based ANOVA model, the effect of the EMS 

on mean glucose levels was no longer statistically significant (p = 0.08). In the diabetes 
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subgroup, the time spent in the target range and the mean glucose did not differ between 

the groups (Table 8). 

3.5. Physical Ability 

Distance walked on the 6MWT increased from the start to the end of the program in 

both groups: +55 m [20; 87] in the control group (p < 0.001) and +35 m [22.8; 60] in the EMS 

group (p < 0.001), with no between-group difference in change (p = 0.16). No desaturation 

or change in heart rate occurred. 

Right and left quadriceps strength increased only in the EMS group at the end of the 

program; however, the difference was only significant for the left limb (left +6.6 Nm [−5.8; 

42.5] (p = 0.049) (right +8 Nm [−18.5; 30.5] p = 0.34). The endurance of the submaximal 

contraction only improved in the control group (+8 s on the right and the left, but it was 

only significant on the left). No between-group differences were found (Table 9). 

3.6. Quality of Life 

None of the sub-dimensions of the QOLOD (physical, psychosocial, sex life or com-

fort with food and diet experience) improved in either group from the start to the end of 

the program (Table 10). 
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Table 5. Anthropometric evaluation between admission (V1) and discharge (V2). 

 

Control Group (n = 30) EMS Group (n = 29)  

V1 V2 V2-V1 

Within-

Group 

Difference 

(p-Value) 

V1 V2 V2-V1 

Within-

Group 

Difference 

(p-Value) 

Between Group 

Difference  

(p-Value) 

BMI 43 [38.2; 45.2] 42.2 [37.5; 44.1] −0.9 [−1.4; −0.7] < 0.001 42.2 [39; 45.7] 41.6 [37.5; 45.2] −1.2 [−1.8; −0.5] <0.001 0.87 

Bicipial skinfold (mm) 28 [25; 35] 33 [25.2; 35] 5 [−1.7; 10] 0.065 30 [25; 37] 30 [25; 32.5] 0 [−5.7; 6.5] 1 0.38 

Tricipial skinfold (mm) 35 [30; 45] 35 [32.7; 40] −2 [−5; 15] 0.552 35 [30; 50] 35 [25; 45.2] 0 [−6.5; 10] 0.346 0.18 

Waist circumference (cm) 132.7 ± 14.1 129.9 ± 14.2 −3.1 ± 4.4 0.002 131.6 ± 13.7 128.1 ± 11.6 −3.2 ± 5.5 0.012 0.95 

Neck circumference (cm) 44 [41; 48] 44.2 [39.8; 47.1] 1 [−0.6; 2] 0.157 43.5 [41; 46] 43.5 [40; 46] −1 [−0.4; 1.4] 0.061 0.81 

Table 6. Body composition evolution between admission (V1) and discharge (V2). 

 

Control Group (n = 30) EMS Group (n = 29)  

V1 V2 V2-V1 

Intra 

Group 

Difference 

V1 V2 V2-V1 

Intra 

Group 

Difference 

Between 

Group  

Difference 

Body fat (%) 45.3 [39; 49.7] 44.4 [37.2; 48.4] −1.1 [−2; −0.3] 0.017 46.4 [43; 52.4] 46.5 [40.4; 51.1] −0.9 [−2; 0.1] 0.019 0.79 

Body fat (Kg) 54.7 [43.9; 64] 51.5 [39.8; 61.5] −2.4 [−4.3; −1.3] <0.001 52.4 [47.6; 63.9] 53.3 [46.5; 61.6] −2.5 [−5.1; −1] <0.001 0.99 

Lean mass (%) 54.6 [50.3; 60.9] 55.6 [51.5; 62.8] 1.1 [0.3; 2] 0.007 53.5 [47.6; 56.9] 53.5 [48.9; 59.6] 0.9 [−0.1; 2] 0.019 0.74 

Lean mass (Kg) 65.7 [55.9; 76.8] 63.9 [55.7; 76.8] −0.4 [−1.4; 1] 0.501 62.8 [55.3; 76.1] 65.5 [53; 76.1] −0.8 [−1.7; 0.2] 0.020 0.31 

Total body water (%) 40.9 [36.8; 45.6] 41.9 [37.4; 46.7] 0.8 [−0.1; 1.6] 0.091 39.9 [36.2; 44.4] 40.5 [37; 45.1] 0.7 [−0.5; 1.4] 0.111 0.72 

Total body water (Kg) 48.8 [41.9; 58.2] 48.7 [40.6; 57.9] −0.2 [−1.5; 1.8] 0.819 46.6 [40.8; 55.2] 46.4 [40.5; 55.1] −0.9 [−1.6; 0.1] 0.044 0.32 

Dry lean mass (Kg) 16.2 [14.1; 18.7] 16.3 [14.2; 18.7] 0.1 [−0.1; 0.3] 0.235 16.3 [11.8; 19.1] 16.6 [12.1; 19.2] 0.1 [−0.1; 0.2] 0.587 0.68 

Basal metabolic rate 

(kcal/day) 
2009 [1798; 2316] 1978 [1777; 2242] −28.5 [−51.8; −18.8] <0.001 1924 [1732; 2318] 1906 [1715; 2277] −29 [−58; −18] <0.001 0.85 
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Table 7. Lipid and glycemic profiles: Admission (V1) vs. Discharge (V2). 

 

Control Group (n = 30) EMS Group (n = 29) p-Value 

V1 V2 V2-V1 

Intra 

Group 

Difference 

V1 V2 V2-V1 

Intra 

Group 

Difference 

Between 

Group  

Difference 

Triglycerides (mmol/L) 1.6 [1.1; 2] 1.3 [1.1; 1.7] −0.16 [−0.57; 0.06] 0.007 1.5 [1.4; 1.9] 1.3 [1.1; 1.8] −0.2 [−0.4; −0.03] 0.002 0.64 

Total cholesterol (mmol/L) 4.5 [4.2; 5.3] 3.9 [3.3; 4.3] −0.6 [−0.9; −0.3] <0.001 5.1 [4.1; 5.8] 4.1 [3.3; 4.8] −0.9 [−1.1; −0.5] <0.001 0.26 

HDL (mmol/L) 1.1 [1; 1.4] 1 [0.9; 1.2] −0.1 [−0.2; 0] <0.001 1.1 [1; 1.3] 1 [0.9; 1.2] −0.1 [−0.2; 0] 0.007 0.31 

LDL (mmol/L) 2.6 [2.2; 3.0] 2.1 [1.6; 2.7] −0.5 [−0.7; −0.04] <0.001 3.0 [2.4; 3.7] 2.5 [1.5; 2.9] −0.6 [−0.9; −0.3] <0.001 0.62 

HbA1C (%) 5.9 [5.5; 6.8] 5.7 [5.4; 6.5] −0.2 [−0.3; −0.1] <0.001 5.6 [5.1; 6.8] 5.6 [5.2; 6.6] −0.2 [−0.4; 0] 0.002 0.39 

Fasting blood glucose (mmol/L) 5.8 [5.1; 6.6] 5.1 [4.6; 5.8] −0.3 [−1; 0] 0.003 5.5 [4.7; 6.1] 4.8 [4.3; 5.3] −0.3 [−0.9; 0] 0.005 0.21 

 Subgroup with diabetes—control (n = 12) Subgroup with diabetes—EMS (n = 13) 

HbA1C (%) 6.8 [6.3; 7.6] 6.7 [6.1; 7.1] −0.3 [−0.6; −0.2] 0.004 7.5 [6.1; 8] 6.8 [6; 7.4] −0.5 [−0.6; −0.2] 0.002 0.47 

Fasting blood glucose (mmol/L) 7.1 [5.9; 7.8] 5.6 [5.3; 6.6] −1 [−2.1; −0.1] 0.109 6.2 [5.1; 7.7] 5 [4.7; 6.6] −0.9 [−1.4; −0.3] 0.033 0.37 

Table 8. Participants underwent continuous glucose monitoring using a FreeStyle® device during the 3-week rehabilitation program. The percentage of time spent 

within the target range, the percentage of time spent above and below the target range, blood glucose level (medians and interquartile ranges), and the number of 

hypoglycaemic episodes were recorded during the 3-week period. Target values were defined according to frailty status based on the French Health Authority 

guidelines: 3.9–9.9 mmol/L for robust individuals (without frailty criteria) and 4.4–11 mmol/L for those with one or more frailty criteria [15]. * Wilcoxon signed-

rank test. Top part:. Continuous Glucose Monitoring—Global population. Bottom part:. Continuous Glucose monitoring- Diabetic patients (n = 25). 

 Control Group (n = 30) EMS Group (n = 29) p-Value * 

Recordings above the target range (%) 4.5 [1.1; 7.9] 2 [0.3; 4.3] 0.11 

Recordings within the target range (%) 62.7 [44.3; 78.5] 60 [21; 69.7] 0.1 

Recordings below the target range (%) 32.3 [12.8; 51] 38.7 [19; 76] 0.07 

Mean glucose level (mmol/L) 5.39 [5.06; 5.94] 4.95 [4.84; 5.17]] 0.0055 * 

Number of hypoglycaemic episodes 4  12  0.039 * 
 Subgroup with diabetes-control (n = 12) Subgroup with diabetes-EMS (n = 13) p-Value * 

Recordings above the target range (%) 5.8 [2.8; 16] 4 [1.8; 21.9] 0.665 

Recordings within the target range (%) 62.7 [50.1; 71.9] 63.3 [55.1; 69.9] 0.91 

Recordings below the target range (%) 28.2 [8.4; 37.1]  27 [8.2; 41.4] 0.68 

Mean glucose level (mmol/L) 5.88 [5.44; 6.32] 4.95 [4.95; 6.6] 0.128 

Number of hypoglycaemic episodes 4  12  0.156 
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Table 9. Physical capacity outcome from admission (V1) to discharge (V2). 

 

Control Group (n = 30) p-Value EMS Group (n = 29)  p-Value 

V1 V2 V2-V1 

Intra 

Group 

Difference 

V1 V2 V2-V1 

Intra 

Group 

Difference 

Between 

Group  

Difference 

Quadriceps Strength 

Endurance right (s) 
47.5  

[38.2; 70] 

52  

[49; 65] 

8 

[−9; 22] 
0.198 

48.9  

[39.2; 59] 

50  

[36.5; 73.5] 

−4.8  

[−21.5; 11.5] 
0.456 0.18 

Endurance left (s) 
51.5  

[35.2; 66] 

51  

[44.8; 71.5] 

8.2  

[11; 20.5] 
0.045 

43.5  

[38.2; 59] 

48.5  

[36.2; 61.5] 

−1.7  

[−23.2; 89 ] 
0.731 0.25 

Strength right (N/m) 
143.5  

[105.5; 166.5] 

147  

[122; 184] 

1  

[−15; 20] 
0.697 

132.5  

[104.5; 188.5] 

144.2  

[97; 214.5] 

8  

[−18.5; 30.5] 
0.340 0.58 

Strenght left (N/m) 
139.5  

[103.5; 180.5] 

145  

[110; 181] 

0 

[−20.8; 18] 
0.882 

126  

[81.5; 173.8] 

147 

[105.5; 212] 

6.6  

[−5.8; 42.5] 
0.049 0.069 

6 min walk test 

6 min walk distance (m) 
470 

[421.2; 528] 

514  

[468; 575] 

55 

[20; 87] 
< 0.001 

445.5 

[424.8; 544.2] 

525.5  

[441.5; 595.5] 

35 

[22.8; 60] 
<0.001 0.16 

Table 10. Change in quality of life from the start (V1) to the end of the program (V2)—intention-to-treat population (n = 60). 

 Control Group (n = 30)  EMS Group (n = 29)   

QOLOD Dimension V1 V2 V2-V1 

Intra 

Group 

Difference 

V1 V2 V2-V1 

Intra 

Group 

Difference 

Between  

Group  

Differ-

ence 

Physical impact 45.5 [27.3; 60.8] 47.7 [28.4; 70.4] 1.1 [−10.8; 25] 0.617 35.2 [25.6; 56.2] 45.5 [17; 71.6] −2.3 [−7.9; 13.6] 0.741 0.73 

Psychosocial impact 44.3 [31.8; 61.9] 48.9 [19.9; 85.2] 2.3 [−3.4; 20.4] 0.162 40.9 [25; 61.4] 52.3 [20.4; 81.8] −2.3 [−7.4; 14.2] 0.413 0.38 

Sexual life 68.8 [31.2; 75] 75 [21.9; 89.1] 6.2 [−6.2; 12.5] 0.357 28.1 [0; 82.8] 40.6 [0; 68.8] 0 [−4.7; 0] 0.887 0.33 

Food related well-being 40 [31.2; 50] 30 [22.5; 52.5] −5 [−16.2; 16.2] 0.523 42.5 [30; 55] 45 [12.5; 65] −5 [−10; 7.5] 0.419 0.91 

Diet experience 55 [20; 71.2] 60 [35; 80] 0 [−12.5; 25] 0.185 50 [28.7; 66.2] 60 [32.5; 77.5] 0 [−5; 8.8] 0.624 0.67 
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4. Discussion 

This study found no benefit of supplementing physical rehabilitation with EMS during 

a 3-week inpatient physical rehabilitation program for individuals with severe or morbid 

obesity, as measured by BMI, body composition, the lipid profile, or fasting blood glucose. 

However, the rehabilitation program itself, which included physical activity and nu-

trition education, had a major positive impact on all participants. Significant reductions 

were observed in BMI and waist circumference, along with an improved fat/lean mass 

distribution, lipid profile, and glycemic profile, and improved physical ability as meas-

ured by the 6MWT, which may have caused a ceiling effect. There may have been a limited 

scope for detecting additional benefits from EMS. In our population with severe to morbid 

obesity (median BMI 42.6 kg/m2 [38.2–45.7]), adding five 20 min EMS sessions per week 

did not confer further benefit over standard care. The only effect of the EMS was an im-

provement in the mean glucose measurement in the participants. However, this effect was 

no longer statistically significant after adjustment for diabetes status. 

Some evidence suggests that EMS could aid weight loss by creating a calorie deficit. 

A study of nine overweight individuals found that 60 min of EMS corresponded to a phys-

ical activity level of 4 ± 0.8 METS, resulting in an energy expenditure ranging from 200 à 

600 kcal/h [17]. This is comparable to the energy used during a 20 min walk at 5 km/h. 

Several studies have previously evaluated body composition using dual-energy X-

ray absorptiometry (DEXA) or bioelectrical impedance analysis before and after EMS pro-

grams in individuals with overweight or obesity. Most reported no significant changes in 

BMI or body composition compared to control groups [8,10], individuals with diabetes 

[11,18] or healthy individuals [19]. Only 1 study found an improvement in body compo-

sition with a reduction in fat mass and an increase in lean mass in non-overweight indi-

viduals when EMS was combined with resistance exercise [9]. Other studies found slight 

reductions in fat mass percentage after 8 weeks (6 sessions per week) in men with diabetes 

[20,21] with or without a change in total weight. In the present study of individuals with 

obesity with or without diabetes, neither the decrease in BMI nor the change in body com-

position was affected by the additional EMS. 

It is well established that during physical exercise, muscle contraction through en-

durance and resistance efforts effectively improves insulin sensitivity [22]. In vitro studies 

in isolated rat muscles have shown that muscle contraction induced by electrical stimula-

tion increases glucose uptake [23]. It has been suggested that the increase in glucose up-

take during involuntary muscle contraction induced by electrical stimulation is partly at-

tributable to the preferential activation of type II glycolytic fibers, independent of insulin 

[24]. Therefore, as an alternative therapeutic approach, the potential of EMS to improve 

glycemic control through induced muscle contractions is particularly promising for indi-

viduals who are less likely or unable to engage in regular physical activity, or who are 

insulin resistant. A recent meta-analysis [12] clearly highlights the benefits of EMS in re-

ducing fasting blood glucose, improving insulin sensitivity [25] and improving glycemic 

control [26], especially in people with metabolic syndrome, type 2 diabetes, or obesity 

[19,20]. However, none of these studies included a control group that participated in a 

comprehensive care program with inpatient physical rehabilitation and nutritional edu-

cation. Our 3-week program improved fasting blood glucose and HbA1c levels, but these 

variables were not significantly enhanced by the addition of EMS. Nonetheless, a distinct 

effect of EMS was observed on average blood glucose levels, monitored continuously us-

ing the Freestyle® Holter device, in the overall sample (diabetic and non-diabetic), alt-

hough this improvement was not statistically significant within the diabetic subgroup 

The absence of a specific EMS effect in our study was not due to poor adherence or a 

lack of efficacy in inducing muscle contractions, as both parameters were closely moni-

tored. EMS sessions were well tolerated across all participants, with no adverse effects 
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imputable to EMS, reported regardless of sex—contrasting with Maffiuletti’s findings, 

which highlighted reduced tolerance to neuromuscular electrical stimulation in individu-

als with obesity, especially women [27]. 

We found no improvement in quality of life at the end of the program in either group 

in any of the domains evaluated (physical, psychosocial, sex life and comfort with food 

and diet experience) over the 3-week period, despite using the QOLOD questionnaire that 

is specific for people with obesity and overweight [15]. A recent meta-analysis examining 

the impact of physical exercise on quality of life and psychological outcomes found gen-

eral improvements in most physical components, vitality, and mental health [28]. How-

ever, aspects such as body image and life satisfaction were rarely assessed. Notably, most 

of the included studies used the SF-36 questionnaire and involved physical exercise inter-

ventions that were significantly longer than ours, ranging from 8 to76 weeks. Improve-

ment in quality of life, as measured by the QOLOD questionnaire, may be correlated with 

the stage of behavioral change [29]. A 3-week inpatient stay may not be sufficient to cap-

ture such changes. For instance, the item “impact on sexual life” cannot be meaningfully 

assessed in a hospital setting. It would have been more appropriate to evaluate quality of 

life after a follow-up period, as the true challenge lies in ensuring that individuals commit 

to an exercise program and adhere to long-term changes in dietary habits. 

Limitations 

Beyond the relatively small sample size, the main limitation of this study is the short 

follow-up period of only three weeks. Indeed, our comparison is essentially based on just 

15 sessions of EMS versus standard care. A longer outpatient study conducted in real-life 

conditions might better highlight more significant differences 

5. Conclusions 

In individuals with severe to morbid obesity, this study found that supplementing a 

3-week inpatient physical rehabilitation and nutritional education program with EMS ses-

sions did not enhance outcomes, aside from a modest improvement in glycemic control; 

however, the difference observed in the continuous glucose monitoring parameters was 

no longer statistically significant after adjustment for diabetes status. 
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