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Abstract

Obesity is a highly prevalent disease worldwide, associated with substantial
economic and social costs. Besides the traditional treatment approach with
low-calorie diet and regular physical exercise, some adjunct therapies have
been investigated to assist body fat loss in obese patients. Carboxytherapy is
an invasive intervention already studied for a range of conditions, from wound
healing to the treatment of abdominal adiposity, due to its oxidative effect on
adipocytes, in addition to contributing to improved skin elasticity. Thus, this
study aimed to investigate the efficacy and safety of carboxytherapy in reduc-
ing abdominal circumference in patients hospitalized for obesity treatment.
Fifty-eight adult inpatients with obesity underwent an individualized treat-
ment (low-calorie diet and daily physical exercise for 40 - 90 days) associated
with a mean of 11 sessions of carboxytherapy in the abdominal region and
were assessed for body mass index (BMI), abdominal circumference (AC),
waist to hip ratio (WHR) and percent body fat (%BF). After the intervention,
significant reductions were observed in all studied variables (p < 0.001). The
adherence rate was 53.67%, and absences were mainly related to the discom-
fort caused by the sessions. However, no important side effects were regis-
tered. Carboxytherapy was a safe intervention for obese patients, and when
employed in combination with an inpatient program involving a low-calorie
diet and regular exercise, contributed to the reduction of abdominal adiposity.
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1. Introduction

Abdominal obesity, or android obesity, is defined as an increase in adipose tissue
in the abdominal region, a risk factor for various chronic diseases and also an
individual risk when compared to other forms of body fat distribution [1].

Obesity is highly prevalent in both developed and developing countries. In Bra-
zil, large population-based studies confirm that the prevalence of obesity has been
increasing since 2013. The greatest increases occurred among middle aged men
and among women with low education level [2].

It is estimated that developing countries will continue to experience increases
in the prevalence of this disease in the current century. The implications of this
situation for public health are critical, as it is associated with substantial economic
and social costs [3].

Currently, adipose tissue is one of the primary focuses of obesity research, due
to a paradigm shift in understanding its biological function over the past decade.
It is now well-established that white adipose tissue secretes multiple bioactive pep-
tides, known as adipokines (proteins synthesized and secreted by the adipose tis-
sue) [4].

Excessive adipose tissue increases the production of numerous adipokines,
which significantly impact various bodily functions, such as food intake control,
energy balance, immune system function, insulin sensitivity, angiogenesis, blood
pressure, lipid metabolism, and body homeostasis—all of which are strongly as-
sociated with cardiovascular diseases [4].

Although computed tomography is considered the most accurate method for
assessing abdominal fat, only a few population-based studies have been conducted
with this type of assessment due to its high operational cost. Abdominal obesity
can also be assessed using anthropometric indicators such as waist circumference
(WC), waist-to-hip ratio (WHR) and the conicity index (C-index) [5].

Among the therapeutic resources currently used to assist in the treatment of
abdominal adiposity, the medicinal use of carbon dioxide (CO,) is not a novel
approach. It is based on the use of an equipment capable of controlling the in-
jected CO; flow, and its safety has been scientifically tested for esthetic uses [6],
besides being approved by agencies such as the Brazilian National Health Surveil-
lance Agency (ANVISA) and the Food and Drug Administration (FDA) of the
United States of America.

The benefits of this intervention include promoting local arteriovenous vasodi-
lation, increasing regional blood flow, enhancing blood and lymphatic drainage,
and stimulating lipolysis [7]. These actions result in greater oxygen availability for
the tissue, increased collagen turnover, and reduction in the amount of adipose
tissue. Another effect of CO; infiltration in the subcutaneous tissue is an increase
in local temperature, which induces a lipolytic effect not observed with other gas
mixtures. Clinical observations have also shown that CO, infiltration in subcutane-
ous tissue can reduce localized fat deposits [7].

Given these findings, carboxytherapy may be an adjunct therapeutic resource,
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a dermato-functional treatment to reduce adiposity in patients with abdominal
obesity. Thus, this study aimed to investigate the efficacy and safety of carboxy-
therapy in reducing abdominal circumference in patients hospitalized for obesity

treatment.

2. Method

Obese patients aged between 22 and 60 years old, of both sexes, hospitalized in a
reference hospital for obesity treatment in the state of Bahia (Brazil), participated
in this study. Patients with high or very high WHR [8] were included.

Patients with contraindications to CO, therapy were excluded from this
study: history of acute myocardial infarction, unstable angina, heart failure,
systemic arterial hypertension, acute thrombophlebitis, gangrene, localized in-
fections, epilepsy, respiratory failure, asthma, chronic obstructive pulmonary
disease, renal insufficiency, pregnant women, and patients with psychiatric dis-
orders.

In the first stage of the research, patients underwent screening, including an-
amnesis and functional evaluation, conducted by a single evaluator. After an av-
erage of 11 carboxytherapy sessions (+£6.502), patients were re-evaluated by the
same professional.

Anthropometric data were evaluated by perimeter measurements, abdominal
circumference in specific, pre-marked areas using a measuring tape, graduated in
millimeters. Two sites were measured: waist (2 cm below the last rib); and hip (at
the greater trochanter). The patient was positioned at rest, standing with feet nat-
urally spaced at hip width.

Bioimpedance analysis was conducted during the hospital nutritionist’s monthly
consultation, before the first session of therapy and after the last prescribed ses-
sion, using a tetrapolar device with 8 tactile electrodes (InBody 570, Seoul, Korea).

After the anamnesis, initial assessment, and physical examination, all study par-
ticipants were thoroughly informed about the technique and were prescribed to
undergo carboxytherapy twice a week, with a 48-hour interval between sessions,
each lasting 30 minutes, on the abdominal region, with gas flow rate of 150 ml/min.
The Carbtek Advanced® device was used, with medicinal carbon dioxide gas from
the Oximed® distributor, with single-use disposable extenders and 30 x 0.13 mm
needles.

All inpatients in this study received the same standard treatment, including a
low-calorie diet and daily physical exercises. The carboxytherapy protocol was es-
tablished by the hospital attending team, as shown in Image 1. The total gas infu-
sion averaged 3000 ml, distributed across 6 sites, with a total of 500 ml infused in
each region (A, B, C, D, E, and F—Figure 1).

Data were analyzed using descriptive statistics, and paired Student’s T test in
SPSS v.24 for Windows. This study was approved by the research ethics commit-
tee, protocol number 5.960.977, and all patients signed a written informed consent

form before participation.
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Figure 1. Illustration of the anatomic regions of the
administration of carboxytherapy in obese patients.

3. Results

A total of 58 individuals participated in this study (40 women and 18 men),

with mean age of 39.7 years (£10.34) and an initial BMI ranging from grade 3

obesity (62.1%) to grade 2 obesity (36.2%). The number of therapy sessions pre-

scribed varied within the sample due to each patient’s total hospitalization time

(between 40 and 90 days), but the minimum number of sessions initially pre-

scribed was 8 for all study participants, twice a week with (Table 1).

Table 1. Baseline data.

Mean Standard deviation
Age 39.71 10.34
BMI 42.81 5.72
Waist circumference 118.4 15.12
Hip circumference 125.16 12.23
WHR 0.94 0.09
% body fat (pre) 48.25 6.16
Sessions per patient 11.22 6.50
% adherence 53.67 21.76

BMI: body mass index; WHR: waist to hip ratio.

The total number of sessions varied by up to 34, accommodating individual

demands and the specific needs of each patient, according to total hospitalization

time and analysis of BMI, WHR, and abdominal fat percentage via bioimpedance.
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Adherence rate was 53.67% of the sessions initially prescribed.

All analyzed parameters presented reduction after the treatment with carboxy-
therapy, as shown in Table 2. Abdominal circumference was the main target of
the intervention with medicinal carbon dioxide therapy, and this variable pre-

sented a significant reduction of 9cm on average (p < 0.001) in the obese patients.

Table 2. Comparison of variables before and after the intervention.

Before After P
Waist circumference 118.4 + 14.6 109.4 +13.1 <0.001
Hip circumference 1254 +12.4 117.2 +10.8 <0.001
WHR 0.94+0.9 092+0.9 <0.001
BMI 42.8+5.7 351+44 <0.001
% body fat 48.2 £ 6.16 42.7+7.9 <0.001

WHR: waist-to-hip ratio, BMI: body mass index. Data are expressed as means + standard-
deviations.

It is noteworthy that all hospitalized patients also followed a low-calorie diet,
individually prescribed by a nutritionist, adjusted weekly based on clinical analysis
by this professional. In this study, the average caloric intake was 834.48 kcal/day.
Participants of this research also performed daily exercises, individually pre-
scribed by a physical educator, after each carboxytherapy session. Exercise ses-
sions had a moderate-intensity and long-duration, under professional supervision

and support.

4. Discussion

The accumulation of adipose tissue in the abdominal region is primarily recog-
nized as a risk factor for cardiovascular diseases, diabetes, and metabolic syn-
drome [1]. The incidence of diabetes, atherosclerosis, and sudden cardiac death is
quite frequent among obese individuals; however, when obesity is concentrated
in the abdominal region, the negative repercussions—both metabolic and cardio-
vascular—are more significant [1].

The increased risk of mortality and morbidity associated with obesity has been
the focus of some studies, as it is characterized by several metabolic diseases, such
as insulin resistance, hypertension, and dyslipidemia [9].

Patients undergoing treatment for obesity in a hospital setting receive support
from a multidisciplinary team, including dermato-functional physiotherapy,
providing comprehensive and effective treatment. Weight loss through a combi-
nation of interventions, such as dietary behavior modification, physical exercise,
sleep regulation, and metabolic rate management, can promote well-being and
impact quality of life [10].

Carboxytherapy is a well-recognized treatment for improving conditions rang-
ing from wound healing to the treatment of abdominal adiposity, due to its oxi-

dative effect on adipocytes, in addition to contributing to improved skin elasticity.
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Some studies have indicated results showing an improvement in the partial pres-
sure of oxygen in the tissues and tissue perfusion in the area being treated [6] [7].

Maraee et al. [11] evaluated a group of adult men with abdominal fat deposits
treated with carboxytherapy. Photographic records were taken in addition to ul-
trasound measurement of the thickness of subcutaneous fat deposits and ab-
dominal circumference. Patients underwent 8 sessions of carboxytherapy (once a
week) and were infused with 300 - 600 ml of carbon dioxide (CO,) in the abdo-
men. The intervention was effective for reducing localized fat deposits, with min-
imal side effects (ecchymosis and mild to moderate pain).

Corroborating this data, in the present research, abdominal circumference was
the primary intervention target in medicinal CO, therapy, with a satisfactory im-
pact of the treatment observed on the abdominal perimeter of obese patients. Fur-
thermore, to the best of our knowledge, no data have yet been found in the litera-
ture establishing a protocol for carboxytherapy intervention in patients undergo-
ing a comprehensive obesity treatment, thus this research demonstrated the effi-
cacy and safety of carboxytherapy in these cases, as no important side effects were
registered.

The infusion of CO, into the adipose tissue of obese patients was well tolerated
by the majority of the research participants. Thus, the application of 3000 mL of
CO; in the abdominal region, divided into six anatomically designated areas (il-
lustrated in Figure 1), was satisfactorily effective due to the uniform distribution
of the gas, as well as safe for therapeutic purposes in areas with greater fat accu-
mulation. Cases of withdrawal from the intervention or absence from some pre-
scribed sessions revealed an adherence rate of 53.67%, and were related to dis-
comfort during sessions, as also mentioned by previous research [11].

In clinical practice, pain caused by carboxytherapy is considered the primary
limiting factor for its use [12], and regarding local complications, the literature
reports erythema, bruising, pain, and a sensation of crepitation following CO,
therapy. The risk of gas embolism with CO, injections has not been reported [13].

Some female patients reported discomfort during the application of the tech-
nique during the follicular phase of the menstrual cycle, resulting in longer inter-
vals between sessions than the initially proposed 48 hours, which allowed for im-
provement in pain symptoms. Others exhibited heightened anxiety regarding the
first treatment session, which normalized as treatment persisted and as support
from the psychology team was provided.

Costa et al. [14] demonstrated a significant reduction in the population of adi-
pocytes in the anterior abdominal wall, as well as in the area, diameter, perimeter,
length, and width of adipocytes, following the percutaneous infusion of CO,. In
the research conducted by Lee ef al [15], there was also a significant reduction in
abdominal perimeter measurements following carboxytherapy, and the procedure
was considered safe, locally effective, and tolerable regarding the sensations expe-
rienced during application.

Carboxytherapy was not associated with other invasive therapies in the present
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study. However, given that the patients were in a medium- to long-term hospital-
ization setting, other techniques could have been prescribed based on individual-
ized assessments, including thermotherapy, electrotherapy, or pressotherapy. An
important limitation of this study is the absence of a control group, but given the
scarcity of studies in this area, and the main goal of this research (to evaluate the
safety of the treatment), it is believed that results herein bring an important con-
tribution to this field of knowledge. Another limitation is related to the fact that
patients were submitted to a comprehensive intervention including a low-calorie
diet and daily physical exercise. Thus, it is impossible to predict which part of the
improvements were due to carboxytherapy itself. Other approaches, including
randomization of patients and groups undergoing carboxytherapy and no other

diet or exercise intervention are suggested for future studies.
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