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Abstract

Background and Objective: Non-invasive body contouring devices have fewer side
effects and are the new techniques for the treatment of obesity. The present study
aimed to evaluate the effects of microwave technology on the abdominal obesity and
anthropometric indices of overweight adults.

Materials and Methods: This clinical trial was conducted on 53 overweight adults aged 18-
65 years who referred to Behbood Clinic in Tehran, Iran. The participants were exposed to
microwave technology (radiofrequency: 2.5 GHz) based on a standard treatment protocol
at three intervals (0, 20, and 40 days). Abdominal obesity, body mass index, waist-to-hip
ratio, body fat mass, and fat thickness were measured at the beginning and 20, 40, and
60 days after the study. In addition, three-day dietary records were collected at intervals.
Results: In total, 77.6% of the subjects were female and 22.4% were male. The mean
calorie intake of the participants was 2245.14 + 1981.16 kcal/day. Microwave shock
significantly reduced fat thickness in four abdominal areas (p < 0.001). Moreover,
waist circumference (p < 0.001) and total fat thickness of the abdomen decreased
(p = 0.003 and p = 0.002, respectively).

Conclusion: According to the results, microwave technology and radiofrequency
could effectively reduce anthropometric indices. In general, the reduction of these

indicators and weight may be more significant in men compared to women.
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1 | INTRODUCTION

Obesity and overweight are often caused by high-calorie intake (partic-
ularly through fatty and sugary foods) and are defined as the excessive
and abnormal accumulation of fat in the body, which is associated with
severe health risks. Overweight and obesity are also confirmed with
the body mass index (BMI) of more than 25 and 30 kg/mz, respec-
tively.! Obesity is currently a major global health concern and is con-
sidered to be a chronic disease with a growing prevalence.l'2 Astudy in
this regard indicated that the prevalence of obesity among adults in the
United States was 39% in 2016.° Although obesity used to be a health
concern only in Western countries, lifestyle changes and diet modi-
fications have increased its prevalence in other regions of the world,
including Asia.? In the Iranian population, the prevalence of overweight
and obesity was, respectively, 39.6% and 24%, and the obesity rate has
been reported to be higher in women compared to men.*

Untreated obesity may lead to severe and potentially life-
threatening disorders, such as coronary artery disease, stroke, and
type Il diabetes mellitus.>® To date, several methods have been
used for the prevention and treatment of obesity, such as increasing
physical activity, dietary modification, behavioral therapy, pharma-
cotherapy (BMI of 227 kg/m? with comorbidities, BMI of >30 kg/
m?), and bariatric surgery (BMI of 35 kg/m? with comorbidities, BMI
of >40 kg/m?).”10 Increased localized fat in the abdomen and flanks
is a form of obesity, which is caused by excessive calorie intake and a
sedentary lifestyle and requires topical methods of obesity control.**

Today, the adoption of non-invasive methods with fewer side
effects for obesity treatment and control has resulted in a new gen-
eration of non-invasive technologies to eliminate or decrease the
accumulation of fat in the abdomen, thighs, and flanks.*?>'® Non-
invasive body contouring devices are a popular area of cosmetic
medicine and play a key role in the removal of the localized fat that
cannot be eliminated by exercise and diet.!

Radiofrequency (RF) refers to the electromagnetic waves within the
range of 3 kHz-10 GHz, which cause thermal energy and increase the
cell temperature in the adipose tissue, thereby stimulating the process
of apoptosis in the adipocytes. According to the literature, the increased
temperature of the adipose cells to 50 degrees in vitro leads to the loss of
80% of the fat cells. A new RF technology used for lipolysis involves the
use of microwave electromagnetic waves (2.5 GHz) as this wavelength is
highly absorbable in the adipocytes owing to its dielectric properties.*>1¢

To the best of our knowledge, this study is the first research
aimed at evaluating the effects of microwave technology on the ab-

dominal obesity and anthropometric indices of overweight adults.

2 | MATERIALS AND METHODS

2.1 | Study design

This clinical trial has been registered in the Iranian Registry of
Clinical Trials (No: IRCT20181010041303N1) and approved by the
Ethics Committee. Written informed consent was obtained from the
participants before enrollment.

2.2 | Subjects
In total, 53 overweight adults were selected via convenience sam-
pling. The subjects were aged 18-65 years and referred to Behbood
Nutrition Clinic in Tehran, Iran, during October-December 2020.
The subjects were invited to the trial by a public ad and verbally
informed on the research procedures and objectives at the clinic.
The inclusion criteria of the study were as follows: (a) BMI of
<30 kg/m2; (b) intra-abdominal fat volume of <12 kg; (c) no active
cancers (chemotherapy/radiotherapy) within the past six months; (d)
no non-invasive lipolysis of the abdomen or other parts of the body
within the past three months; (e) no abdominal surgeries within the
past six months; and (f) no history of liver cirrhosis and acute heart

disease within the past six months.

2.3 | Measurements

Collected data included age, dietary intakes, anthropometric indi-
ces, medical history, education level, occupation status, and medi-
cation and supplement use. In addition, anthropometric data were
collected on weight, height, waist-to-hip ratio (WHR), BMI, waist cir-
cumference, fat thickness, and body fat mass (BFM) at the beginning
and 20, 40, and 60 days after the study.

Bodyweight was measured with no shoes and minimal clothing
to the nearest 500 grams, and height was measured using a non-
stretched tape measure without shoes. BMI was determined as
weight (kg) divided by height (meters squared), and BFM was mea-
sured using the BC-418 Segmental Body Composition Analyzer
(Tanita, Tokyo, Japan). In addition, the food frequency question-
naire (FFQ) was completed by the participants at baseline, the re-
liability and validity of which have been confirmed for the Iranian
population.17

During the intervention, the participants adhered to an isocaloric
diet based on their body weight. Subcutaneous abdominal fat was
measured by ultrasound using a probe (7 MHz) in four areas, includ-
ing the right upper quadrant (RUQ), right lower quadrant (RLQ), left
lower quadrant (LLQ), and left upper quadrant (LUQ). Fat thickness

was also measured in the abdominal area using the same device.

2.4 | Intervention

The participants received treatment based on a standard protocol
of microwave technology (RF: 2.5 GHz) using an Onda device (Onda,
DEKA Technology, Florence, Italy) in two sessions at 20-day inter-
vals, including the beginning of the study, and 20 and 40 days after
the study.

2.5 | Sample size

The sample size was determined based on the leptin level as pro-
posed in the study by Arabpour et al.'® In addition, we used the
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formula for estimating the mean quantitative trait in a population
considering the test power of 80% and type | error of 5% (« = 0.05).

The final sample size was calculated to be 45 subjects.

2.6 | Statistical analysis

Data analysis was performed in SPSS version 21 (SPSS, Inc.) using
the Kolmogorov-Smirnov test to assess the normal distribution of
the variables. To describe the participants, mean and standard de-
viation (SD) were applied for the continuous variables, while number
and percentage were used for the qualitative variables. In addition,
repeated measures analysis of variance (ANOVA) was employed to
determine the effects of the intervention at different intervals on

the participants with and without adjusted covariates.

3 | RESULTS

In total, 74 subjects were screened in the present study, and 53 sub-
jects were selected based on the inclusion and exclusion criteria.
At baseline, four subjects were excluded due to non-referral, and
49 subjects completed the trial. The mean age of the participants
was 39.92 + 7.06 years. Table 1 shows the demographic and baseline
data of the subjects, including age, gender, education level, occu-
pation status, calorie intake (2245.14 + 1981.16 kcal/day), carbo-
hydrate intake (262.55 + 140.37 g/day), fat intake (99.21 + 59.97 g/
day), and protein intake (77.82 + 51.65).

Table 2 shows the crude (unadjusted) and adjusted mean differ-
ence in the abdominal fat quadrants on days zero, 20, 40, and 60 of
the study. Accordingly, the mean fat thickness in the four abdom-
inal areas decreased during the four follow-up periods, which was
considered significant in all the abdominal quadrants without and
with adjustment (adjusted for age, gender, and calorie, carbohydrate,
fat, and protein intake variables), confirming the effectiveness of the
intervention.

The RUQ was significant before adjusting age (p > 0.001). Also
after adjustment, it remains significant (p = 0.02). Decreasing in fat
thickness during the study varied with the mean age of the subjects,
while the reduced mean LUQ was not affected by other variables in
this regard. Therefore, it could be inferred that the intervention and
other variables had no significant effects on these data. After the
adjustment of the variables for the RLQ, protein intake (p = 0.04) was
considered significant as protein intake affected the fat thickness re-
duction in this area. After adjusting the differences in the LLQ area,
the variables of age (p = 0.02) and protein intake (p = 0.03) remained
significant (Table 2).

In the present study, the effects of microwave technology/RF
were assessed on the anthropometric indices of the subjects, includ-
ing fat thickness, weight, BFM, BMI, WHR, and waist circumference.
According to the findings, RF significantly reduced the crude values
of the anthropometric indices, while after adjustment for the effects
of the confounding variables (age, gender, and calorie, carbohydrate,
fat, and protein intake), the effects on weight, BFM, WHR, and BMI

Journal of
Cosmetic Dermatology

TABLE 1 Demographic and baseline data of participants

Variable Mean £ SD/N (%)

35.92+7.06
2245.14 £ 1981.16
262.55 £ 140.37

Age (year)
Calorie Intake (kcal/day)
Carbohydrate Intake (g/day)

Fat Intake (g/day) 99.21 + 59.97
Protein Intake (g/day) 77.82 + 51.65
Gender
Female 38 (77.6)
Male 11 (22.4)
Education Level (%)
High School 14 (28.6)
Bachelor's Degree 23 (46.9)
Master's Degree (or higher) 12 (24.5)
Occupation Status (%)
Unemployed 3(6.1)
Employed 21 (42.9)
Self-employed 12 (24.5)
Housewife 13 (26.5)

were not considered significant. Therefore, it was concluded that
the significant changes in the crude values were affected by the
changes in the other variables, while with the adjusted effects of the
covariates, the reduced values of fat thickness and waist circumfer-
ence remained significant (Table 3).

According to our findings, gender had significant effects on the
BFM, BMI, and WHR after adjustment. Table 4 shows the differ-
ences in the BFM, BMI, and WHR during the study based on the
gender variables. As can be seen, the mean reduction in these vari-
ables in the male subjects was more significant compared to the
women, so that the BFM in men was 24.95 at baseline and 21.32
at the end of the study, while it was estimated at 29.12 and 28.31,
respectively, in women, indicating the more significant difference in
the male subjects (3.63) compared to the females (0.81). In addition,
BMI and WHR decreased in men more significantly than in women.
At baseline and at the end of the follow-up, the differences in the
BMI of men were determined to be 29.08 versus 27.01 and 0.96 ver-
sus 0.92 for the WHR. In women, the values were calculated to be
27.89 versus 27.47 for the BMI and 0.93 versus 0.91 for the WHR
(Table 4). Therefore, it could be concluded that the reductive effects

of RF were more significant in men compared to women.

4 | DISCUSSION

Microwave technology and RF are reliable and safe treatment ap-
proaches for fat removal. Non-invasive body contouring procedures
have also attracted attention in this regard.’’?! With an upward
trend, non-invasive body contouring methods (especially among
women) are frequently performed to enhance the physical shape
and decrease local fat tissues.?? These methods are based on vari-

ous procedures, such as liposuction, RF waves, ultrasound wave
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TABLE 2 Microwave technology/

Raaietedleie) e radiofrequency effects on abdominal
Variables Mean + SD p-value  Covariate p-value quadrants (RUQ, LUQ, RLQ, and LLQ)
during Study
RUQ (mm) Day O 30.51 +11.33 <0.001 Gender 0.38
Day 20 24.24 +8.78 Age 0.02
Day 40 20.54+8.1 Calorie Intake 0.13
Day 60 17.4 + 6.19 Carbohydrate Intake 0.58
Fat Intake 0.17
Protein Intake 0.12
RUQ <0.001
LUQ (mm) Day O 29.79 £ 11.95 <0.001 Gender 0.21
Day 20 24.22 +9.19 Age 0.19
Day 40 20.98 £ 8.52 Calorie Intake 0.17
Day 60 17.96 £+ 6.77 Carbohydrate Intake 0.41
Fat Intake 0.23
Protein Intake 0.12
LuQ 0.007
RLQ (mm) Day O 31.33+11.56 <0.001 Gender 0.07
Day 20 2493 +8.73 Age 0.37
Day 40 20.42 £ 6.95 Calorie Intake 0.26
Day 60 17.79 £ 6.35 Carbohydrate Intake 0.32
Fat Intake 0.18
Protein Intake 0.04
RLQ 0.003
LLQ (mm) Day O 32.09 + 13.05 <0.001 Gender 0.61
Day 20 24.84 +9.01 Age 0.02
Day 40 20.51 £ 6.64 Calorie Intake 0.2
Day 60 17.57 + 5.35 Carbohydrate Intake 0.41
Fat Intake 0.17
Protein Intake 0.03
LLQ <0.001

Abbreviations: LLQ, left lower quadrant; LUQ, left upper quadrant; RLQ, right lower quadrant;

RUQ, right upper quadrant.

cryogenic methods, and laser treatment.?>?* In the current research,
the microwave technology/RF had a significant reductive effect
on the crude values of the anthropometric indices (fat thickness,
weight, BFM, BMI, WHR, and waist circumference).

Several studies have shown the effects of RF on the reduction of
local fat deposits.?>2¢ Pumperla et al. investigated the effects of RF
treatment on metabolic parameters and anthropometric indices, re-
porting significant associations with the reduction of the abdominal
circumference after four sessions of RF treatment.?® Furthermore,
Mohammadzade et al. conducted a clinical trial to evaluate the com-
bined effects of RF and ultrasound technology along with a low-
calorie diet compared to a low-calorie diet alone on the measures of
adiposity. According to the results of the mentioned study, adiposity
decreased significantly in the women receiving a combination of the
low-calorie diet, RF, and ultrasound cavitation.?® In another study,
Winter performed a prospective self-controlled study and observed
areduction in circumference, and skin laxity improvement could also
be effectively achieved using a combination of RF, infrared, and me-
chanical manipulation.?” Our findings are consistent with the results
obtained by Qin et al., which indicated that non-invasive and con-
tactless selective RF methods were effective and safe in the reduc-
tion of fat, BMI, and abdominal circumference.?®

FajkoSova et al. reported that a selective RF system is a pain-
less, safe, and effective treatment for body contouring and cir-
cumferential fat.2’ Several other studies have also confirmed the
effectiveness of RF as a non-invasive technique in the reduction
of subcutaneous fat in the thighs and buttocks.*>?13%3! The pro-
posed mechanism for the therapeutic effects of RF involves an
increment in the local blood flow supply to the adipose tissue.%?
Moreover, it seems that elevated tissue temperature activates
the autonomic nervous system, thereby leading to the release of
catecholamines. These hormones trigger the activation of lipoly-
sis. Simultaneously, the heated adipose tissue directly causes the
vasodilatation phenomenon, which increases perfusion and tissue
oxygenation.®® With improved blood perfusion, the flow of cate-
cholamines affects lipolysis more significantly.Z“”34 Therefore, ox-
idation and lipid turnover improve, and the adipocyte cell volume
decreases.®

Clinical evidence attests to the significant increase of the apop-
totic index in the adipose tissue, which could be justified by the use
of non-invasive RF device treatments.>®%” Apoptosis is defined as pro-

grammed cell death,38

which leads to cell corruption and removal. RF
may decrease the adipocytes in number rather than size.®? Due to the

higher production of estrogen in women, it could also increase the
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TABLE 3 Microwave technology/radiofrequency effects on anthropometric indices during study

Waist Circumference (cm)

Fat Thickness (mm)

Weight (kg)

BFM (%)

BMI (kg/m?)

WHR

Day BFM (%)
0 Male
Female
20 Male
Female
40 Male
Female
60 Male

JCD
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Unadjusted (Crude) Adjusted
Mean+SD p-value  Covariate p-value
Day O 98.55 + 8.54 <0.001 Gender 0.27
Day 20 95.46 +7.78 Age 0.38
Day 40 93.37 £ 7.65 Calorie Intake 0.75
Day 60 92.04 +7.59 Carbohydrate Intake 0.11
Fat Intake 0.85
Protein Intake 0.5
Waist Circumference 0.003
Day O 37.63 +9.35 <0.001 Gender 0.43
Day 20 31.99+77 Age 0.49
Day 40 28.49 +7.21 Calorie Intake 0.66
Day 606 25.54 +7.63 Carbohydrate Intake 0.86
Fat Intake 0.71
Protein Intake 0.66
Fat Thickness 0.002
Day O 78.13 +£11.37 0.001 Gender 0.13
Day 20 76.98 £ 10.7 Age 0.57
Day 40 76.33 £ 10.55 Calorie Intake 0.21
Day 60 75.68 + 10.07 Carbohydrate Intake 0.67
Fat Intake 0.21
Protein Intake 0.63
Weight 0.31
Day O 28.2 + 6.36 <0.001 Gender 0.009
Day 20 27.14 £ 6.23 Age 0.8
Day 40 26.63 +6.31 Calorie Intake 0.29
Day 60 26.78 £ 6.78 Carbohydrate Intake 0.34
Fat Intake 0.42
Protein Intake 0.65
BFM 0.65
Day O 28.07 £ 2.15 0.001 Gender 0.001
Day 20 27.67 £2.09 Age 0.56
Day 40 27.32+2.32 Calorie Intake 0.005
Day 60 27.28 +2.23 Carbohydrate Intake 0.09
Fat Intake 0.01
Protein Intake 0.59
BMI 0.24
Day O 0.95 +£0.06 <0.001 Gender 0.01
Day 20 0.93 +0.05 Age 0.6
Day 40 0.92 +0.05 Calorie Intake 0.37
Day 60 0.91 +0.05 Carbohydrate Intake 0.64
Fat Intake 0.6
Protein Intake 0.58
WHR 0.63
Abbreviations: BFM, body fat mass; BMI, body mass index; WHR, waist-to-hip ratio.
BMI (kg/m?) WHR TABLE 4 Differencesin BFM, BMI, and
£ WHR during Study Based on Gender
2495+ 6.73 Male 29.08 + 1.47 Male 0.96 +0.07
2912+ 596 Female 27.89 +2.20 Female 0.93+0.04
22.56 + 5.57 Male 28.29 +1.18 Male 0.94 +0.07
28.45+5.75 Female 27.59 £2.19 Female 0.93 £0.05
21.38+5.13 Male 2712 +2.36 Male 0.93+0.06
28.06 +5.82 Female 2746 +2.31 Female 0.92 +0.05
21.32+4.94 Male 27.01 £ 2.05 Male 0.92 +0.07
28.31 + 6.50 Female 27.47 £ 2.25 Female 0.91 +0.05

Female
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concentrations of alpha-2 adrenergic receptors, thereby complicating

the lipolytic process.*

4.1 | Limitations of the study
The limitations of our study were the small sample size, lack of ex-

tended follow-up evaluations, and lack of proper control groups.

5 | CONCLUSION

According to the results, microwave technology/RF had a signifi-
cant reductive effect on the crude values of the anthropometric
indices. Therefore, RF is considered a safe and effective procedure
for the improvement of skin appearance and reduction of subcuta-
neous fat.
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