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Flat Magnetic Stimulation as A New Frontier 
Technology for Stimulating Body Metabolism  

and Promoting A Healthy Lifestyle

Introduction

In humans, metabolism is the rate of energy expenditure. A 
consistent amount of this energy ranging 50-75%, is essential 
for the development and maintenance of basic organic functions 
while at rest. It is possible to evaluate energy expenditure in direct 
and indirect ways. These allow to obtain two important values 
called the Resting Metabolic Rate (RMR) [1-3], which indicates 
the amount of energy that the body needs to function while 
doing low-effort daily activities or resting (for example eating/
chewing, walking for few moments, using the bathroom, sweating 
or shivering, etc), and the Basal Metabolic Rate (BMR) which 
indicates the minimum amount of calories that the body needs 
to perform necessary functions (such as pumping blood through  

 
the body, food digestion, breathing, temperature regulation, 
growing hair and skin, etc) [2,4]. Usually, RMR is a better indicator 
of daily energy needs and it is always slightly higher than BMR 
[4]. There is still little comparative data on the influence of sex, 
age, and obesity status on BMR and RMR. But several studies 
in the literature have shown diversities in RMR between men 
and women, obese and non-obese adults, and possibly racial/
ethnic differences [5,6] and older adults (>70 yrs) compared to 
younger adults [7]. The estimation of body composition is often 
conducted with Indirect Calorimetry (IC), a non-invasive method 
determining the nutritional requirements and rate of oxidation of 
nutrients such as carbohydrates, fat, and protein. It analyzes the 
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Background: In humans, it is possible to evaluate energy expenditure in direct and indirect ways. These allow to obtain two important values 
called the Resting Metabolic Rate (RMR) and the Basal Metabolic Rate (BMR). The estimation of body composition is often conducted with 
Indirect Calorimetry (IC), and the Bioelectrical Impedance Analysis (BIA) or the Bioelectrical Impedance Vector Analysis (BIVA). In this study, we 
propose an innovative use of electromagnetic waves to stimulate metabolism and improve the patient’s general health condition.

Methods: 10 women between 32 and 56 years old and with a BMI ranging from 18.4 kg/m2 to 25.6 kg/m2 and a mean height (H) of 162.0 ± 4.8 
cm were enrolled. Patients were treated with electromagnetic wave fields for 4 weeks. Then, after 1 week of follow-up, functional measurements 
with BIA 101/BIVA Pro and Fitmate were observed.

Results: R/H decreases when T0 and T2 measurements are compared indicating better body hydration. On the contrary, Xc/H registered a slight 
increase and so a softer tissue. The PhA value raise was directly proportional to a positive trend change in the quality of the skeletal muscle mass 
as well as the intracellular/extracellular water ratio. RMR had also an improvement.

Conclusion: Study results showed that the innovative strategy we proposed led without discomfort or side effects to a significant improvement 
in RMR and bioelectrical parameters regardless of the patient’s BMI. Thus, the devices we used both for assessment and treatment represent 
valuable and effective supports that could be widely employed in the nutrition medicine field.
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lungs’ inhaled and exhaled air to evaluate oxygen consumption 
and carbon dioxide production [8].

Moreover, it is possible to evaluate raw bioelectrical parameters 
[9,10]. This evaluation can be performed through the Bioelectrical 
Impedance Analysis (BIA) or the Bioelectrical Impedance Vector 
Analysis (BIVA), in which the parameters are represented as a 
vector within a graph [11].BIA and BIVA are probably the most 
popular methods used to assess body composition, primarily 
because of the combination of cost-efficiency, user-friendliness, 
and portability [12] They employ bioimpedance-based predictive 
equations to estimate and monitor changes in body composition 
parameters such as fat mass, total body water, and muscle mass 
[13]. According to these methods, an electric alternating current 
(usually 50Hz) to assess the intra and extracellular water ratio 
and distribution is used. Specifically, the representative value 
in BIA/BIVA is the Impedance (Z) that measures the ease of 
an alternating current to flow in an electric circuit (the body). 
It is calculated as a relationship between two values. First, 
the Resistance (R or Rz), the force that a biological conductor 
opposes to an alternating current attributable to intracellular and 
extracellular fluids. Second, the Reactance (Xc), is produced by 
the additional opposition to the current from the capacitance or 
storage effects of cell membranes, tissue interfaces, and structural 
features [14,15]. The bioelectrical phase angle (PhA) is another 
relevant value that represents a qualitative approach to the body 
composition analysis assessed by BIA/BIVA and is calculated as 
the arctangent of Xc/R × 180°/π [16].

Graphically, it is represented as the angle between the vector 
and the x-axis [17] and it is considered a nutritional status 
index [18] because it is an indicator of cell membrane integrity 
and extracellular/intracellular water (ECW/ICW) ratio [19,20]. 
Recent studies on obese people have considered PhA and its 
relationship to altered health status conditions, suggesting it as 
a biomarker to quantify inflammation, and so high-risk patients 
[21,22]. In particular, it has been shown that obese women with 
a low PhA tend to have higher FM, higher levels of glucose, and 
higher cardiovascular risk factors [10]. The issue is relevant 
to public health institutions to develop specific preventive and 
supporting programs. Monitoring the body composition and 
appropriately assessing it, allows for an accurate evaluation of the 
population’s nutritional status [23] and targets the most fragile 
group of individuals, such as the elderly, pregnant women, obese 
people, etc. [24] Indeed, obesity in the abdominal area has been 
found to be a major independent risk factor in the development 
of a range of cardiometabolic conditions [25]. Consequently, 
waist circumference (WC) reduction of at least about 3% in the 
younger (<55 years) men and about 5 % in the older (≥55 years) 
non-diabetic Japanese men with abdominal obesity can reduce 
the chance of development of type 2 diabetes mellitus. These 
findings suggest that the extent of WC reduction necessary for the 

minimization of diabetes risk is different among the different age 
groups [26].

In this study, we propose an innovative use of electromagnetic 
waves to stimulate metabolism and improve the patient’s general 
health condition. Indeed, correcting and implementing nutrition 
strategies need to be integrated with physical activity and muscle 
toning. For this reason, we decided to treat a group of patients 
using Flat Magnetic Stimulation (FMS) technology to evaluate its 
effect on their metabolism and body parameters. We compared 
and combined the post-treatment measurements with the indirect 
calorimetry and BIA/BIVA to have an exhaustive evaluation of 
the specific characteristics of every subject. The reliability and 
quality of these kinds of devices have been investigated in many 
studies [27-29] and used in research to determine energy intake 
for various populations [30,31]. They are portable and functional 
solutions in clinical and non-clinical environments. These 
strategies are crucial if we consider the new millennium health 
problems and epidemics related to non-transmissible diseases 
(i.e., growing diabetes and prediabetes conditions epidemic) [32]. 
We think that using FMS technology could be a valuable strategy 
for weight control and maintenance, especially in patients that are 
not able to move properly (elderly), or as an integration for people 
who have high BMI and need to lose a lot of weight, or support 
for people who need to maintain a strict body condition such as 
athletes.

Materials and Methods

Throughout the study duration, the side effects check and 
evaluation was performed to assess the protocol’s feasibility. 

Study population

For this study, 10 women were enrolled. We decided to have 
a uniform population as much as possible and considered just 
women with a BMI assessed in the normal-weight range (or just 
slightly out of it). Indeed, they were between 32 and 56 years old 
and with a BMI ranging from 18.4 kg/m2 to 25.6 kg/m2 and a mean 
height (H) of 162.0 ± 4.8 cm. The patients did not change their 
lifestyle or diet during the study.

Study Design

Eight sessions with Schwarzy, two per week, were carried out 
for every patient for a total of 4 weeks of treatment (see Figure 1 
for the study timeline). Then, at the same timepoint, functional 
measurements were taken with BIA 101/BIVA Pro (Akern Srl, 
Florence, Italy) for the whole population and with Fitmate 
(Cosmed, Rome, Italy) for 50% of the subjects. The first device 
uses electrodes on the body surface while the second employs face 
masks and antibacterial filters to obtain specific measurements.

Assessment methods
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Figure 1: Study timeline. Patients were treated with electromagnetic wave fields for 4 weeks (2 treatments/week, from Time 0 to Time 1). 
Then, after 1 week of follow-up (Time 2-5 weeks from the study beginning), functional measurements with BIA 101/BIVA Pro and Fitmate 
were observed.

BIA 101/BIVA Pro (Akern Srl, Florence, Italy)

The direct segmental technology (total body) impedance 
measurements were performed with a bioimpedance analyser 
(BIA 101 Anniversary, Akern, Florence, Italy) at a frequency of 
50kHz. The accuracy of the BIA instrument was validated before 
each test session following the manufacturer’s instructions. 
The participants were assessed in the supine position with legs 
(45° compared to the median line of the body) and arms (30° 
from the trunk) abducted. After cleansing the skin with alcohol, 
two electrodes were placed on the right hand and two on the 
right foot. In detail, disposable pads consisting of a sheet of 
conductive material (metal sheet) covered with a layer of gel of 
a fixed and defined thickness were used. Bioelectrical impedance 
vector analysis was carried out using the classic BIVA methods 
[11,33] Bioelectrical variables were analyzed in relation to the 
distribution of the reference population (through tolerance 
ellipses). Moreover, additional measurements were taken such as 
the Fat Mass (FM) and the Fat-Free Mass (FMM).

Fitmate (Cosmed, Rome, Italy) 

RMR was determined by using the Fitmate (Cosmed, Rome, 
Italy) instrument. It is a portable indirect calorimetry (IC) 
metabolic analyzer designed to measure oxygen consumption 
and resting metabolic rate (RMR). This instrument uses a turbine 
flow meter that is located at the end of a disposable face mask 
for measuring the respiratory minute volume. In this study, 
participants underwent an evaluation in the morning, not having 
eaten large meals the day before or strenuous exercised for 24h 
or drunk caffeinated beverages and medications before the RMR 

measurement [34-36]. Otherwise, the RMR values will likely 
be higher than the subject’s actual RMR and the test should be 
repeated at a later time. Subjects sat quietly for 20 minutes prior 
to testing, then they were asked to put the Fitmate mask on their 
nose and mouth and sit in a supine position in a quiet room 
for 15 minutes. Calibration was done automatically for every 
measurement [36].

Study device and protocol

SCHWARZY (Deka M.E.L.A., Florence, Italy)

The device system is widely used in the medical routine for 
body fat reduction, remodelling [37] and muscle-toning [38,39]. 
The patients were treated with the device using the Flat Magnetic 
Stimulation (FMS) technology, which made the muscles move 
without brain involvement thanks to up to two paddle handpieces 
applied on a specific body area (in this study the abdomen was 
treated with the elliptical handpiece called “Ellipse” and buttocks 
were treated with two round pads called “Flat” at the level of 
trochanters). The patients were treated for 8 sessions (4 weeks, 
1 week of follow-up) for 30 minutes on average per session and 
adopting different protocols in sequence. The technology provides 
for three types of different protocols: aerobic, muscle shaping, and 
muscular strengthening and it is customizable based on muscle 
condition, adapting to the needs of each type of patient. Moreover, 
every protocol is characterized by low-frequency steps at the 
beginning of the treatment as a warming-up and at the end for 
cooling down and preventing lactic acid formation. For example, 
the “aerobic” is designed for untrained and sedentary people 
whereas, in “Muscle shaping” the muscles work to recover muscle 
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thophism and tone. Indeed, it is recommended for subjects who do 
not perform regular physical activity (moderately active people). 
Eventually, “Muscle strengthening” is dedicated to trained subjects 
willing to increase muscle strength and build muscle mass.

Results

No temporary muscular fatigue, muscle spasm, joint or tendon 
pain, local erythema or skin redness were reported. Means for the 
whole study population R, Xc, and PhA values were calculated at 
two time points (T0 and T2) with BIA 101/BIVA Pro while the RMR 
was calculated with Fitmate. R and Xc were normalised on the 
patients’ height. Table 1 shows that R/H decreases when T0 and 
T2 measurements are compared indicating better body hydration. 

On the contrary, Xc/H registered a slight increase and so a softer 
tissue. Moreover, the PhA value raise was directly proportional to 
a positive trend change in the quality of the skeletal muscle mass 
as well as the intracellular/extracellular water ratio. RMR had also 
an improvement. Figure 2 shows the graphical representation of 
the BIVA evaluation. In addition, the IC was used on 5 randomly 
selected patients (5/10, 50%) in the study population for deeper 
metabolic evaluations. They were considered to prove that the 
estimated BMR values with BIA 101/BIVA Pro and Fitmate data 
were superimposable. This way, it was possible to further assess 
a considerable improvement in the metabolism with the RMR 
(see Figure 3) going from a mean value of 1300 (±221,2) to 1358 
(±98,6) as shown in Table 1. 

Figure 2: Vectorial representation of BIVA analysis for the study population. The R-Xc graph and vector displacements from before (T0) 
(red star, #1) to after (T2) (black dot, #2) the intervention period using the mean R/H and the mean Xc/H plotted on the reference population 
tolerance ellipses are shown. 

Table 1: The means with standard deviation of the study population’s body electrical values measured with BIA 101/BIVA Pro and the RMR mea-
sured with Fitmate are shown. The Resistance (R) and the Reactance (Xc) obtained with BIA 101/BIVA Pro were normalized using the patient 
height (H). Every parameter was evaluated at T0 (start of the experiment) and T2 (5 weeks from the experiment beginning). The standard deviation 
is reported for every value.

 BIA 101/BIVA Pro Fitmate (50% population)

 
R/H 
(Ω/m)

T0

R/H
(Ω/m)

T2

Xc/H
(Ω/m)

T0

Xc/H
(Ω/m)

T2

PhA 
(°)
T0 

PhA 
(°)
T2

RMR (kcal/die)
T0

RMR
(kcal/die) T2

MEAN 360,3±23,5 353,6±22,6 39,1±5,4 41,9±5,7 6,23±0,92 6,78±0,89 1300,0±221,2 1358,2±98,6

Some relevant exemplifying case studies are shown below and 
in detail in Table 2:

a. A 32-year-old woman, slightly underweight (BMI 18.4 
kg/m2), 165 cm high, sedentary. Measurements with IC showed a 
significant increase of 252 kcal/die in the RMR even if the subject 
was minute and no relevant change was expected. Moreover, the 
PhA increased after treatment and so did the quality of the muscle. 

b. A 46-year-old woman, normal-weight (BMI 23.3 kg/m2), 
153 high, sedentary. Measurements revealed a reduction in FM 
but a considerable increase of 122 kcal/die in RMR.

c. In general, R (/H), Xc (/H), and FM decreased for all the 
double-tested patients. On the contrary, PhA and FFM increased 
as well as the RMR.
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Figure 3: Graph of RMR value quartiles (kcal/die) of a representative group of population (4 patients) before and after the treatment. A 
general improvement in metabolism is visible after the treatment with a sensible reduction in the range of values when compared to the 
median.

Table 2: Summary of two case studies considered as an example. General characteristics and detailed measurements are shown. The Resistance 
(R) and the Reactance (Xc) obtained with BIA 101/BIVA Pro were normalized using the patient height (H). Also, the PhA, FFM, and FM are report-
ed. RMR was estimated with the Fitmate (just for 50% of the population study). *LF=lifestyle (S=Sedentary).
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1 32 F 18.4 S 355,6 340,7 40,0 39,7 6,4 6,6 86,4 87,6 13,6 12,4 1174 1426

2 46 F 23.3 S 348,0 347,8 40,1 41,3 6,6 6,8 77,3 78,2 22,7 21,8 1098 1220

Discussion

In our study, BIVA and indirect calorimetry techniques were 
confirmed to be valuable tools for assessing patients’ body 
measurements and characteristics. Nevertheless, in the scientific 
community, some concerns are recently raised about using BIA/
BIVA. First, many devices with different technologies are currently 
used and a comparison between devices cannot always be made. 
Indeed, each device with its own technology outputs a range of 
values, depending on the sampling frequency and the device’s 
reliability [13,40-42]. Second, the procedures are not standardized, 
and the different electrode placement, body position, calibration, 
nutritional status, skin preparation, circadian rhythm, and acute 
training status could be factors affecting the results. Lastly, some 
devices provide raw data to be inserted into regression equations, 
while others output the body composition parameters, limiting 
the possibility of a further qualitative analysis [13,40-42].

At the same time, it is important to emphasize that BIA/BIVA 
is easier to use than IC. This is why in this experiment, a double-

deepened measurement with both techniques was carried out 
on half of the population as a further confirmation. Furthermore, 
IC usually requires a 12 to 24 hours fasting/light meals protocol 
and a period of at least 15 min in resting conditions for the 
functional measurements [36]. Meanwhile, in BIA/BIVA, the 
recommendation for the test is 2 hours of fasting without drinking 
water, and the test takes approximately 2 min. So, it is intuitive how 
IC has more unpredictable variables along the process. Indeed, the 
results largely rely on the patient’s understanding and compliance 
with the exam and device functioning. Nevertheless, our results 
showed a full agreement between the data of BIA 101/BIVA Pro 
and Fitmate. When the study device is considered, there is not 
much data in the literature in support of the use of electromagnetic 
fields to stimulate body metabolism. At the moment, the TOP 
FMS technology is routinely used for other purposes such as in 
aesthetic medicine for muscle toning and fat reduction [43-45] 
and in urology and gynaecology for the treatment of urinary 
incontinence, persistent vulvar pain and vulvodynia, and other 
disorders and dysfunctions with remarkable results [46,47]. 
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The strategy we proposed, for example, may be useful as an 
improved measure of obesity-related risk in clinical and field 
settings to monitor and reduce BMI and WC in obese subjects 
[48]. Indeed, the measurement of the abdominal circumference 
and its reduction/increase is an important predictive factor 
regardless of the BMI value which can be obesity, overweight 
or normal [49]. With these bases, we broaden the application 
spectrum of the overmentioned technology and demonstrated 
that significant results were visible from the first treatment for 
the total population at the end of the experiment. Moreover, when 
the patients showed improvement in nutritional parameters and 
so in muscle tone and the aesthetic aspect, even compliance with 
the treatment was higher. This research lays the groundwork for 
further investigations and a better understanding of the possible 
applications of electromagnetic fields in nutrition medicine.

Limitations

It would be crucial to include a standardised and qualitative 
patient evaluation of satisfaction and comfort perception in future 
studies.

Conclusion

Study results showed that our innovative strategy led without 
discomfort or side effects to a significant improvement in RMR and 
bioelectrical parameters regardless of the patient’s BMI. Thus, the 
devices we used for assessment and treatment represent valuable 
and effective supports that could be widely employed in nutrition 
medicine.

References
1. Astrup A, Gøtzsche PC, Van De Werken K, et al. (1999) Meta-analysis of 

resting metabolic rate in formerly obese subjects. Am J Clin Nutr 69(6): 
1117-1122.

2. Lowe NM (2007) Introduction to Human Nutrition. Matern Child Nutr 
3(1): 69.

3. Ainsworth BE, Haskell WL, Whitt MC, Irwin ML, Swartz AM, et al. 
(2000) Compendium of physical activities: an update of activity codes 
and MET intensities. Med Sci Sports Exerc 32(9 Suppl): 498-504.

4. Compher C, Frankenfield D, Keim N, Roth YL (2006) Best practice 
methods to apply to measurement of resting metabolic rate in adults: a 
systematic review. J Am Diet Assoc 106(6): 881-903.

5. Wang X, You T, Lenchik L, Nicklas BJ (2010) Resting energy expenditure 
changes with weight loss: racial differences. Obesity (Silver Spring) 
18(1): 86-91.

6. Lee A, Cardel M, Donahoo WT (2019) Social and Environmental Factors 
Influencing Obesity. Endotext.

7. Reidlinger DP, Willis JM, Whelan K (2015) Resting metabolic rate 
and anthropometry in older people: a comparison of measured and 
calculated values. J Hum Nutr Diet 28(1): 72-84.

8. Melibeu BC, Luiz Bezerra da SA, Di Masi F, Resende M, Netto C, et al. 
(2021) Reliability of bioimpedance and indirect calorimetry to evaluate 
resting metabolic rate in Brazilian women with metabolic syndrome. 
Diabetes & Metabolic Syndrome: Clinical Research & Reviews 15(2): 
493-497.

9. Campa F, Schoenfeld BJ, Marini E, Stagi S, Mauro M, et al. (2021) Effects 
of a 12-week suspension versus traditional resistance training program 
on body composition, bioimpedance vector patterns, and handgrip 
strength in older men: A randomized controlled trial. Nutrients 13(7): 
2267.

10. Toselli S, Badicu G, Bragonzoni L, Spiga F, Mazzuca P, et al. (2020) 
Comparison of the Effect of Different Resistance Training Frequencies 
on Phase Angle and Handgrip Strength in Obese Women: a Randomized 
Controlled Trial. Int J Environ Res Public Health 17(4): 1163.

11. Buffa R, Saragat B, Cabras S, Rinaldi AC, Marini E (2013) Accuracy of 
specific BIVA for the assessment of body composition in the United 
States population. PLoS One 8(3): e58533.

12. dos Santos L, Ribeiro AS, Gobbo LA, Nunes JP, Cunha PM, et al. (2020) 
Effects of Resistance Training with Different Pyramid Systems on 
Bioimpedance Vector Patterns, Body Composition, and Cellular Health 
in Older Women: A Randomized Controlled Trial. Sustainability 
12(16): 6658.

13. Campa F, Toselli S, Mazzilli M, Gobbo LA, Coratella G (2021) Assessment 
of Body Composition in Athletes: A Narrative Review of Available 
Methods with Special Reference to Quantitative and Qualitative 
Bioimpedance Analysis. Nutrients 13(5): 1620.

14. Lukaski HC, Piccoli A (2012) Bioelectrical impedance vector analysis 
for assessment of hydration in physiological states and clinical 
conditions. Handbook of Anthropometry, pp. 287-305.

15. Stahn A, Terblanche E, Gunga HC (2012) Use of Bioelectrical Impedance: 
General Principles and Overview. Handbook of Anthropometry, pp. 49-
90.

16. Lukaski HC, Piccoli A (2012) Bioelectrical impedance vector analysis 
for assessment of hydration in physiological states and clinical 
conditions. Handbook of Anthropometry, pp. 287-305.

17. Stahn A, Terblanche E, Gunga HC (2012) Use of Bioelectrical 
Impedance: General Principles and Overview. In: Preedy V (ed.), 
Handbook of Anthropometry: Physical Measures of Human Form in 
Health and Disease. Springer, pp. 44-90.

18. Galanti G, Stefani L, Scacciati I, Mascherini G, Buti G, et al. (2022) Eating 
and Nutrition Habits in Young Competitive Athletes: A Comparison 
Between Soccer Players and Cyclists. Transl Med UniSa 11: 44-47.

19. Campa F, Matias CN, Marini E, Heymsfield BS, Toselli S, et al. (2019) 
Identifying Athlete Body Fluid Changes During a Competitive Season 
With Bioelectrical Impedance Vector Analysis. Int J Sports Physiol 
Perform 15(3): 361-367.

20. Marini E, Campa F, Buffa R, Stagi S, Matias CN, et al. (2020) Phase angle 
and bioelectrical impedance vector analysis in the evaluation of body 
composition in athletes. Clinical Nutrition 39(2): 447-454.

21. Barrea L, Muscogiuri G, Laudisio D, Somma CD, Ciro S, et al. (2019) 
Phase Angle: A Possible Biomarker to Quantify Inflammation in 
Subjects with Obesity and 25(OH)D Deficiency. Nutrients 11(8): 1747.

22. Tomeleri CM, Cavaglieri CR, de Souza MF, Cavalcante EF, Antunes M, 
et al. (2018) Phase angle is related with inflammatory and oxidative 
stress biomarkers in older women. Exp Gerontol 102: 12-18.

23. Hills AP (2022) Imagine a healthy lifestyle for all: Early years nutrition 
and physical activity to prevent obesity. Eur J Clin Nutr.

24. Franklin BA, Eijsvogels TMH, Pandey A, Quindry J, Toth PP (2022) 
Physical activity, cardiorespiratory fitness, and cardiovascular health: 
A clinical practice statement of the American Society for Preventive 
Cardiology Part II: Physical activity, cardiorespiratory fitness, minimum 
and goal intensities for exercise training, prescriptive methods, and 
special patient populations. Am J Prev Cardiol 12: 100425.

http://dx.doi.org/10.19080/GJARM.2023.07.555711
https://pubmed.ncbi.nlm.nih.gov/10357728/
https://pubmed.ncbi.nlm.nih.gov/10357728/
https://pubmed.ncbi.nlm.nih.gov/10357728/
https://pubmed.ncbi.nlm.nih.gov/10993420/
https://pubmed.ncbi.nlm.nih.gov/10993420/
https://pubmed.ncbi.nlm.nih.gov/10993420/
https://pubmed.ncbi.nlm.nih.gov/16720129/
https://pubmed.ncbi.nlm.nih.gov/16720129/
https://pubmed.ncbi.nlm.nih.gov/16720129/
https://pubmed.ncbi.nlm.nih.gov/19478786/
https://pubmed.ncbi.nlm.nih.gov/19478786/
https://pubmed.ncbi.nlm.nih.gov/19478786/
https://pubmed.ncbi.nlm.nih.gov/24527991/
https://pubmed.ncbi.nlm.nih.gov/24527991/
https://pubmed.ncbi.nlm.nih.gov/24527991/
https://pubmed.ncbi.nlm.nih.gov/33662835/
https://pubmed.ncbi.nlm.nih.gov/33662835/
https://pubmed.ncbi.nlm.nih.gov/33662835/
https://pubmed.ncbi.nlm.nih.gov/33662835/
https://pubmed.ncbi.nlm.nih.gov/33662835/
https://pubmed.ncbi.nlm.nih.gov/34209004/
https://pubmed.ncbi.nlm.nih.gov/34209004/
https://pubmed.ncbi.nlm.nih.gov/34209004/
https://pubmed.ncbi.nlm.nih.gov/34209004/
https://pubmed.ncbi.nlm.nih.gov/34209004/
https://pubmed.ncbi.nlm.nih.gov/32059579/
https://pubmed.ncbi.nlm.nih.gov/32059579/
https://pubmed.ncbi.nlm.nih.gov/32059579/
https://pubmed.ncbi.nlm.nih.gov/32059579/
https://pubmed.ncbi.nlm.nih.gov/23484033/
https://pubmed.ncbi.nlm.nih.gov/23484033/
https://pubmed.ncbi.nlm.nih.gov/23484033/
https://pubmed.ncbi.nlm.nih.gov/34065984/
https://pubmed.ncbi.nlm.nih.gov/34065984/
https://pubmed.ncbi.nlm.nih.gov/34065984/
https://pubmed.ncbi.nlm.nih.gov/34065984/
https://pubmed.ncbi.nlm.nih.gov/25674549/
https://pubmed.ncbi.nlm.nih.gov/25674549/
https://pubmed.ncbi.nlm.nih.gov/25674549/
https://pubmed.ncbi.nlm.nih.gov/31188697/
https://pubmed.ncbi.nlm.nih.gov/31188697/
https://pubmed.ncbi.nlm.nih.gov/31188697/
https://pubmed.ncbi.nlm.nih.gov/31188697/
https://pubmed.ncbi.nlm.nih.gov/30850270/
https://pubmed.ncbi.nlm.nih.gov/30850270/
https://pubmed.ncbi.nlm.nih.gov/30850270/
https://pubmed.ncbi.nlm.nih.gov/31362440/
https://pubmed.ncbi.nlm.nih.gov/31362440/
https://pubmed.ncbi.nlm.nih.gov/31362440/
https://pubmed.ncbi.nlm.nih.gov/29197561/
https://pubmed.ncbi.nlm.nih.gov/29197561/
https://pubmed.ncbi.nlm.nih.gov/29197561/
https://pubmed.ncbi.nlm.nih.gov/36333540/
https://pubmed.ncbi.nlm.nih.gov/36333540/
https://pubmed.ncbi.nlm.nih.gov/36281325/
https://pubmed.ncbi.nlm.nih.gov/36281325/
https://pubmed.ncbi.nlm.nih.gov/36281325/
https://pubmed.ncbi.nlm.nih.gov/36281325/
https://pubmed.ncbi.nlm.nih.gov/36281325/
https://pubmed.ncbi.nlm.nih.gov/36281325/


Global Journal of Addiction & Rehabilitation Medicine 

How to cite this article: Fragassi M, Comito A, Fusco I, Pieri L, Pennati Beatrice M, et al. Flat Magnetic Stimulation as A New Frontier Technology for 
Stimulating Body Metabolism and Promoting A Healthy Lifestyle. Glob J Addict Rehabil Med. 2023; 7(3): 555711. DOI: 10.19080/GJARM.2023.07.555711007

25. Rahmani J, Kord VH, Kontogiannis V, Ryan PM, Hiba B, et al. (2020) 
Waist Circumference and Risk of Liver Cancer: A Systematic Review 
and Meta-Analysis of over 2 Million Cohort Study Participants. Liver 
Cancer 9(1): 6-14.

26. Kashiwagi R, Iwahashi H, Yamada Y, Sakaue T, Okita T, et al. (2017) 
Effective waist circumference reduction rate necessary to avoid the 
development of type 2 diabetes in Japanese men with abdominal 
obesity. Endocr J 64(9): 881-894.

27. Lupinsky L, Singer P, Theilla M, Grinev M, Hirsh R, et al. (2015) 
Comparison between two metabolic monitors in the measurement of 
resting energy expenditure and oxygen consumption in diabetic and 
non-diabetic ambulatory and hospitalized patients. Nutrition 31(1): 
176-179.

28. Vandarakis D, Salacinski AJ, Broeder CE (2013) A comparison of 
COSMED metabolic systems for the determination of resting metabolic 
rate. Res Sports Med 21(2): 187-194.

29. Lee JM, Bassett DR, Thompson DL, Fitzugh EC (2011) Validation of 
the Cosmed Fitmate for prediction of maximal oxygen consumption. J 
Strength Cond Res 25(9): 2573-2579.

30. Shaneshin M, Jessri M, Rashidkhani B (2022) Validity of Energy Intake 
Reports in Relation to Dietary Patterns. J Health Popul Nutr 32(1): 36-
45. 

31. El Ghoch M, Alberti M, Capelli C, Calugi S, Dalle GR (2012) Resting 
Energy Expenditure in Anorexia Nervosa: Measured versus Estimated. 
J Nutr Metab 2012: 652932.

32. (2022) Centres for Disease Control and Prevention (CDC). National 
Diabetes Prevention Program | Diabetes | CDC. 

33. Buffa R, Mereu E, Comandini O, Ibanez ME, Marini E (2014) 
Bioelectrical impedance vector analysis (BIVA) for the assessment of 
two-compartment body composition. Eur J Clin Nutr 68(11): 1234-
1240.

34. Henry C (2005) Basal metabolic rate studies in humans: measurement 
and development of new equations. Public Health Nutr 8(7A): 1133-
1152.

35. McMurray RG, Soares J, Caspersen CJ, McCurdy T (2014) Examining 
Variations of Resting Metabolic Rate of Adults: A Public Health 
Perspective. Med Sci Sports Exerc 46(7): 1352.

36. (2022) Fitmate User manual, IX Edition 04/2009 COSMED Srl - Italy 
Part N. C.

37. Nisticò SP, Bonan P, Coli F, Alice V, Fusco I, et al. (2022) A New Protocol 
to Treat Abdominal Subcutaneous Fat Combining Microwaves and Flat 
magnetic stimulation 9(5): 182.

38. Leone A, Piccolo D, Conforti C, Pieri L, Fusco I (2021) Evaluation of 
safety and efficacy of a new device for muscle toning and body shaping. 
J Cosmet Dermatol 20(12): 3863-3870.

39. Negosanti F, Cannarozzo G, Zingoni T, Leone A, Fusco I (2022) Is It 
Possible to Reshape the Body and Tone It at the Same Time? Schwarzy: 
The New Technology for Body Sculpting. Bioengineering (Basel) 9(7): 
284.

40. Moon JR (2013) Body composition in athletes and sports nutrition: an 
examination of the bioimpedance analysis technique. Eur J Clin Nutr 
67 Suppl 1: S54-S59.

41. Castizo OJ, Irurtia A, Jemni M, Carrasco MM, Fernández GR, et al. 
(2018) Bioelectrical impedance vector analysis (BIVA) in sport and 
exercise: Systematic review and future perspectives. PLoS One 13(6): 
e0197957.

42. Ward LC (2019) Bioelectrical impedance analysis for body 
composition assessment: reflections on accuracy, clinical utility, and 
standardisation. Eur J Clin Nutr 73(2): 194-199.

43. Negosanti F, Cannarozzo G, Zingoni T, Leone A, Fusco I (2022) Is It 
Possible to Reshape the Body and Tone It at the Same Time? Schwarzy: 
The New Technology for Body Sculpting. Bioengineering (Basel) 9(7): 
284.

44. Leone A, Piccolo D, Conforti C, Pieri L, Fusco I (2021) Evaluation of 
safety and efficacy of a new device for muscle toning and body shaping. 
J Cosmet Dermatol 20(12): 3863-3870.

45. Nisticò SP, Bonan P, Coli F, Verdelli A, Fusco I, et al. (2022) A New 
Protocol to Treat Abdominal Subcutaneous Fat Combining Microwaves 
and Flat magnetic stimulation. Bioengineering (Basel) 9(5): 182.

46. Lopopolo G, Salsi B, Banfi A, Isaza PG, Fusco I (2022) Is It Possible to 
Improve Urinary Incontinence and Quality of Life in Female Patients? 
A Clinical Evaluation of the Efficacy of Top Flat Magnetic Stimulation 
Technology. Bioengineering (Basel) 9(4): 140.

47. Biondo A, Gonzalez IP, Fusco I (2022) Efficacy of Top Flat Magnetic 
Stimulation Technology for Female Stress and Urge Urinary 
Incontinence: A Clinical Evaluation. . World Journal of Nephrology and 
Urology 11(1): 18-23.

48. Zhu S, Heshka S, Wang ZM, Shen W, Allison DB, et al. (2004) Combination 
of BMI and Waist Circumference for Identifying Cardiovascular Risk 
Factors in Whites. Obes Res 12(4): 633-645.

49. The Practical Guide Identification, Evaluation, and Treatment of 
Overweight and Obesity in Adults NHLBI Obesity Education Initiative.

http://dx.doi.org/10.19080/GJARM.2023.07.555711
https://pubmed.ncbi.nlm.nih.gov/32071905/
https://pubmed.ncbi.nlm.nih.gov/32071905/
https://pubmed.ncbi.nlm.nih.gov/32071905/
https://pubmed.ncbi.nlm.nih.gov/32071905/
https://pubmed.ncbi.nlm.nih.gov/28717063/
https://pubmed.ncbi.nlm.nih.gov/28717063/
https://pubmed.ncbi.nlm.nih.gov/28717063/
https://pubmed.ncbi.nlm.nih.gov/28717063/
https://pubmed.ncbi.nlm.nih.gov/25466663/
https://pubmed.ncbi.nlm.nih.gov/25466663/
https://pubmed.ncbi.nlm.nih.gov/25466663/
https://pubmed.ncbi.nlm.nih.gov/25466663/
https://pubmed.ncbi.nlm.nih.gov/25466663/
https://pubmed.ncbi.nlm.nih.gov/23541105/
https://pubmed.ncbi.nlm.nih.gov/23541105/
https://pubmed.ncbi.nlm.nih.gov/23541105/
https://pubmed.ncbi.nlm.nih.gov/21869633/
https://pubmed.ncbi.nlm.nih.gov/21869633/
https://pubmed.ncbi.nlm.nih.gov/21869633/
https://pubmed.ncbi.nlm.nih.gov/24847591/
https://pubmed.ncbi.nlm.nih.gov/24847591/
https://pubmed.ncbi.nlm.nih.gov/24847591/
https://pubmed.ncbi.nlm.nih.gov/21941638/
https://pubmed.ncbi.nlm.nih.gov/21941638/
https://pubmed.ncbi.nlm.nih.gov/21941638/
https://www.cdc.gov/diabetes/prevention/index.html
https://www.cdc.gov/diabetes/prevention/index.html
https://pubmed.ncbi.nlm.nih.gov/25139557/
https://pubmed.ncbi.nlm.nih.gov/25139557/
https://pubmed.ncbi.nlm.nih.gov/25139557/
https://pubmed.ncbi.nlm.nih.gov/25139557/
https://pubmed.ncbi.nlm.nih.gov/16277825/
https://pubmed.ncbi.nlm.nih.gov/16277825/
https://pubmed.ncbi.nlm.nih.gov/16277825/
https://pubmed.ncbi.nlm.nih.gov/24300125/
https://pubmed.ncbi.nlm.nih.gov/24300125/
https://pubmed.ncbi.nlm.nih.gov/24300125/
https://docplayer.net/16530258-Fitmate-user-manual-ix-edition-04-2009-cosmed-srl-italy-http-www-cosmed-it-http-www-fitmate-net-part-n-c02874-02-91.html
https://docplayer.net/16530258-Fitmate-user-manual-ix-edition-04-2009-cosmed-srl-italy-http-www-cosmed-it-http-www-fitmate-net-part-n-c02874-02-91.html
https://pubmed.ncbi.nlm.nih.gov/35621460/
https://pubmed.ncbi.nlm.nih.gov/35621460/
https://pubmed.ncbi.nlm.nih.gov/35621460/
https://pubmed.ncbi.nlm.nih.gov/35877335/
https://pubmed.ncbi.nlm.nih.gov/35877335/
https://pubmed.ncbi.nlm.nih.gov/35877335/
https://pubmed.ncbi.nlm.nih.gov/35877335/
https://pubmed.ncbi.nlm.nih.gov/23299872/
https://pubmed.ncbi.nlm.nih.gov/23299872/
https://pubmed.ncbi.nlm.nih.gov/23299872/
https://pubmed.ncbi.nlm.nih.gov/29879146/
https://pubmed.ncbi.nlm.nih.gov/29879146/
https://pubmed.ncbi.nlm.nih.gov/29879146/
https://pubmed.ncbi.nlm.nih.gov/29879146/
https://pubmed.ncbi.nlm.nih.gov/30297760/
https://pubmed.ncbi.nlm.nih.gov/30297760/
https://pubmed.ncbi.nlm.nih.gov/30297760/
https://pubmed.ncbi.nlm.nih.gov/35877335/
https://pubmed.ncbi.nlm.nih.gov/35877335/
https://pubmed.ncbi.nlm.nih.gov/35877335/
https://pubmed.ncbi.nlm.nih.gov/35877335/
https://pubmed.ncbi.nlm.nih.gov/34716647/
https://pubmed.ncbi.nlm.nih.gov/34716647/
https://pubmed.ncbi.nlm.nih.gov/34716647/
https://pubmed.ncbi.nlm.nih.gov/35621460/
https://pubmed.ncbi.nlm.nih.gov/35621460/
https://pubmed.ncbi.nlm.nih.gov/35621460/
https://pubmed.ncbi.nlm.nih.gov/35447699/
https://pubmed.ncbi.nlm.nih.gov/35447699/
https://pubmed.ncbi.nlm.nih.gov/35447699/
https://pubmed.ncbi.nlm.nih.gov/35447699/
https://www.wjnu.org/index.php/wjnu/article/view/432/377
https://www.wjnu.org/index.php/wjnu/article/view/432/377
https://www.wjnu.org/index.php/wjnu/article/view/432/377
https://www.wjnu.org/index.php/wjnu/article/view/432/377
https://pubmed.ncbi.nlm.nih.gov/15090631/
https://pubmed.ncbi.nlm.nih.gov/15090631/
https://pubmed.ncbi.nlm.nih.gov/15090631/


Global Journal of Addiction & Rehabilitation Medicine 

How to cite this article: Fragassi M, Comito A, Fusco I, Pieri L, Pennati Beatrice M, et al. Flat Magnetic Stimulation as A New Frontier Technology for 
Stimulating Body Metabolism and Promoting A Healthy Lifestyle. Glob J Addict Rehabil Med. 2023; 7(3): 555711. DOI: 10.19080/GJARM.2023.07.555711008

This work is licensed under Creative
Commons Attribution 4.0 License
DOI: 10.19080/GJARM.2023.07.555711

Your next submission with Juniper Publishers    
      will reach you the below assets

• Quality Editorial service
• Swift Peer Review
• Reprints availability
• E-prints Service
• Manuscript Podcast for convenient understanding
• Global attainment for your research
• Manuscript accessibility in different formats 

         ( Pdf, E-pub, Full Text, Audio) 
• Unceasing customer service

             Track the below URL for one-step submission 
        https://juniperpublishers.com/online-submission.php

http://dx.doi.org/10.19080/GJARM.2023.07.555711
http://dx.doi.org/10.19080/GJARM.2023.07.555711
https://juniperpublishers.com/online-submission.php

