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� Deoxycholic acid is effective in submental fat reduction for both clinician and patient-related outcomes.
� Well-tolerated side-effects were observed in Deoxycholic acid groups.
� All eligible randomized trials showed a potential industry bias.
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A B S T R A C T

Lipolytic substance injections to reduce localized fat have been extensively used because it is a low-invasive
method. This review aimed to evaluate the efficacy and safety of deoxycholic acid in submental fat reduction com-
pared to a placebo and investigate the potential industry sponsorship bias in the results of randomized clinical tri-
als on this topic. Ten electronic databases were extensively searched for randomized clinical trials without
restriction on language and year of publication. Two reviewers extracted the data and assessed the individual risk
of bias in the studies with the RoB 2.0 tool. The industry sponsorship bias was evaluated according to citations in
the articles regarding industry funding/sponsorship throughout the texts. Fixed and random effects meta-analyses
were performed, and the results were reported in Risk Ratio (RR) at a 95% Confidence Interval (95% CI). The ini-
tial search provided 5756 results, of which only five were included. Only two studies had a low risk of bias. All
studies showed a potential industry bias. The meta-analysis showed that patients treated with deoxycholic acid
had significant positive results for all efficacy outcomes and a higher risk of fibrosis, pain, erythema, numbness,
swelling, edema, pruritus, nodules, headache, and paresthesia. The low to moderate certainty of evidence found
allows concluding that deoxycholic acid is effective in submental fat reduction, causing well-tolerated adverse
effects. However, all eligible studies showed a potential industry bias.
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Introduction

The loss of mandibular outline in the submental region is often
associated with aging, obesity,1 low self-esteem, and negative
esthetic self-perception,2 which cause social and professional
impacts.
The loss of the submental region outline occurs due to an accumula-
tion of fat in the superficial (preplatysmal) and deep (postplatysmal)
regions of the platysma muscle.3 Cryolipolysis,4 radiofrequency, and
ultrasound5 stand out among the nonsurgical methods to reduce sub-
mental fat. Besides these methods, lipolytic substance injections to
reduce localized fat have been extensively used6 because it is a low-
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invasive method.7 Deoxycholic acid is a lipolytic substance that ruptures
the cell membrane of fat cells (adipocytes) and causes irreversible dam-
age8 After cell death, inflammatory responses occur to remove cell
debris, release intracellular fat, and recruit fibroblasts for collagen for-
mation.9 However, the evidence on the effectiveness and safety of deox-
ycholic acid in submental fat reduction requires further explanation to
indicate such treatment.

The findings of clinical trials on medications are the foundations of
evidence-based practices and affect professional decision-making. How-
ever, clinical research on medical and dental procedures has been
increasingly sponsored by manufacturers of drugs and devices used in
the health field, either performing the studies directly or funding them
completely or partially.10,11 Therefore, it is important to obtain informa-
tion on study funding because it might be associated with biases12,13

that may compromise the reliability of the results.
In this context, the primary objective of the present systematic

review was to evaluate the efficacy and safety of deoxycholic acid in sub-
mental fat reduction compared to a placebo and investigate the potential
industry sponsorship bias in the results of randomized clinical trials.

Material and methods

Protocol and registration

The protocol of the present systematic review was created according to
the items of the PRISMA-P (Preferred Reporting Items for Systematic Review
andMeta-Analysis Protocols) report14 and registered in the International Pro-
spective Register of Systematic Reviews (PROSPERO) database (http://
www.crd.york.ac.uk/PROSPERO, Protocol: CRD42021234515). This system-
atic review was reported according to the PRISMA (Preferred Reporting
Items for Systematic Reviews andMeta-Analyses)15 and performed according
to the Joanna Briggs Institute (JBI) manual.16

Study design and eligibility criteria

The systematic review was based on the research question following
the PICO acronym (Population, Intervention, Comparator, and Out-
come), as follows: Is using deoxycholic acid (intervention) more effec-
tive and safer for submental fat reduction (outcome) in adult patients
(population) than placebo substances (comparator)?

The inclusion criteria were: 1) Only randomized clinical trials;
2) Patients older than 18 years; 3) Placebo substances as the control
group; 4) The use of deoxycholic acid in any concentration as long as
clearly described in the methodology; 5) Description of at least one of
the success or safety criteria: Clinician-Reported Submental Fat Rating
Scale (CR-SMFRS), Patient-Reported Submental Fat Rating Scale (PR-
SMFRS), Subject Self-Rating Scale (SSRS), submental fat thickness
reduction, and the prevalence of adverse events.

The exclusion criteria were: 1) Studies that did not consider submen-
tal fat treatments or other esthetic treatments before the procedure;
2) Studies that did not consider the body mass index of patients; 3) Stud-
ies with sample overlap (primary studies were used). Review studies, let-
ters to the editor/editorials, personal opinions, books/book chapters,
textbooks, reports, conference abstracts, and patents were also
excluded.

Sources of information, search, and selection of studies

The electronic search was performed in July 2020 and updated in
January 2022 in the MedLine (via PubMed), Scopus, Cochrane Library,
LILACS, SciELO, Embase, and Web of Science databases, as well as the
partial search for the gray literature (OpenGrey, OpenThesis, and
OATD). Additionally, a manual search in the references of the poten-
tially eligible studies was performed to locate studies unidentified in the
primary searches. Eligible studies from other systematic reviews
2

published previously were also searched. All these steps were performed
to minimize the selection bias.

Initially, the MeSH (Medical Subject Headings) terms and their syno-
nyms were combined using the Boolean operators OR/AND to build the
MedLine search strategy. Next, this strategy was adapted to the other
databases, respecting their respective syntax rules (Supplementary Table
1) and using the DeCS (Health Sciences Descriptors) and Emtree
(Embase Subject Headings) resources to select the search descriptors.

The studies were selected in three phases. In the first phase, the stud-
ies were identified after a bibliographical search in the databases. The
results obtained were exported to the EndNote Web™ software (Thom-
son Reuters, Toronto, Canada), and duplicates were removed. The gray
literature was exported to Microsoft Word™ 2019 (Microsoft™, Ltd,
Washington, USA) to manually remove the duplicates.

Before the second phase, there was a calibration exercise in which
the reviewers discussed the eligibility criteria (kappa = 0.81). In the
second phase, the results were exported to the Rayyan QCRI software
(Qatar Computing Research Institute, Doha, Qatar),17 in which titles
and abstracts were analyzed according to the eligibility criteria afore-
mentioned. Subsequently, the full texts of the preliminary eligible stud-
ies were obtained and evaluated. Two eligibility reviewers (GSGI and
DMS) performed this entire process independently. Divergences were
solved after consulting with a third reviewer (MDMAC), an expert in the
subject.

Data extraction

Before data extraction, to ensure consistency between the reviewers,
a training exercise was performed between them (examiners GSGI and
DMS), in which the data were extracted jointly from an eligible study.
Any disagreement between the examiners was solved with discussions,
and a third reviewer (MDMAC) was consulted to make a final decision.

Subsequently, the following data were extracted from the eligible
studies: (a) Study identification (author, year, location, and type of
study); (b) Sample characteristics (the number of patients, distribution
by sex, average age, Body Mass Index (BMI), level of submental fat (low,
moderate, or severe), and the number and interval of sessions);
(c) Characteristics of the substances applied: ATX-101 and placebo sub-
stances (administration route, dose, and ATX and placebo volumes);
(d) Main findings: clinical perception of submental fat before, during,
and after the clinical sessions and the self-perception of submental fat
before, during, and after the clinical sessions; (e) Results and conclusions
(cut-off points, type of statistical analysis, and correlation index);
(f) Safety outcomes: reports of % adverse events, % fibrosis, % pain, %
hematoma, % swelling, % edema, % pruritus, % erythema, % numbness,
% nodules, % headache, % paresthesia, and % nasopharyngitis;
(g) Efficacy outcomes: Clinician-Reported Submental Fat Rating Scale
(CR-SMFRS ≥1-point improvement), (CR-SMFRS ≥ 2-point improve-
ment), Patient-Reported Submental Fat Rating Scale (PR-SMFRS ≥ 1-
point improvement), (PR-SMFRS ≥2-point improvement), Subject Self-
Rating Scale (SSRS), Patient-Reported Submental Fat Impact Scale (PR-
SMFIS), Submental Skin Laxity Rating Scale (SLRS), and submental vol-
ume reduction ≥10%.

Individual risk of bias

Two reviewers (WAV and GSGI) independently assessed the individ-
ual risk of bias in the eligible studies with the Risk of Bias Tool of the
Cochrane Collaboration (version 2.0) (RoB2) for randomized clinical tri-
als.18 This tool consists of five domains: bias from the randomization
process, bias from deviations of the intended interventions, bias from
missing outcome data, bias from result measurement, and bias from the
selection of the reported result.

Each domain was assessed according to the algorithms proposed in
the RoB2 manual. Each domain includes signaling questions that can be
answered as “yes”, “probably yes”, “probably not”, “no”, or “no
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information”. The answers to the signaling questions show the occur-
rence and provide the base to judge the risk of bias at the domain level,
which can be classified as follows: “high risk”, “some concerns”, or “low
risk”. At the study level, the article was classified as a low risk of bias if
all domains were considered “low risk”, “some concerns” if at least one
domain showed some concerns, and a high risk of bias if at least one
domain was considered “high risk” or several domains showed some
concerns. Any disagreement between the reviewers was solved with a
discussion and by consulting with a third reviewer (LRP).
Individual risk of industry sponsorship bias

The industry bias was evaluated according to citations in the articles
regarding industry funding/sponsorship throughout the texts, whether
conflicts of interest or acknowledgments were stated, and whether the
authors were associated with the product manufacturer. Moreover, the
connections of coordinators/advisers/responsible persons for the eligi-
ble studies were evaluated, adapted from a previous study,19 as follows:
(U) Unclear: when the authors did not report whether the manufacturer
funded or sponsored the study; (√) Sponsored: when the authors
reported whether there was funding or sponsorship from the manufac-
turer in either the conflicts of interest or acknowledgments sections of
the study; (x) Not sponsored: when the authors clarified that the manu-
facturer did not fund or sponsor the study.
Synthesis of results and meta-analysis

The data were summarized with the R software for Windows, ver-
sion 4.1.0 (R Foundation for Statistical Computing, Vienna, Austria),
aided by the meta and meta for packages. Regarding the dichotomous
variables, Risk Ratio (RR) was used as the estimated effect at a
95% Confidence Interval (95% CI). Heterogeneity was determined with
I2 statistics and classified as low (I² < 50%), moderate (I² = 50%‒75%),
or high (I² > 75%). The Mantel-Haenszel fixed effect model was used
when I² was ≤ 50% and the random effect model when I² > 50%.
Fig. 1. Flowchart of literature search and selection

3

Assessment of the certainty of the evidence

The certainty of the evidence was assessed with the Grading of Rec-
ommendations, Assessment, Development, and Evaluation (GRADE)
approach. The GRADEpro GDT software (http://gdt.guidelinedevelop
ment.org) summarized the results. The assessment was based on study
design, risk of bias, inconsistency, indirect evidence, imprecision, and
publication bias. The certainty of evidence can be classified as high,
moderate, low, or very low.20

Results

Study selection

An initial search in the scientific literature database
provided 5756 results, from which 3174 duplicates were removed. The
reading of titles and abstracts resulted in 2550 exclusions. After reading
the full texts, 27 articles were excluded (Supplementary Table 2). Lastly,
the references of the eligible studies were assessed, but no article was
added. At the end of the selection, five studies21−25 were included in the
qualitative and quantitative syntheses. Fig. 1 shows details of the study
selection process.

Characteristics of the eligible studies

The studies were performed between 2014 and 2019. Two studies
were performed in Germany21,22 and three in the United States.23−25 A
total of 1837 patients between 18 and 65 years old were assessed, of
which 1744 presented levels 2 or 3 in the Clinician-Reported Submental
Fat Rating Scale (CR-SMFRS), and most patients were women
(n = 1403 ‒ 80.45%). All studies used the ATX-101 substance
(KYBELLA™ in the United States and BELKYRA™ in Canada (Kythera
Biopharmaceuticals Inc., Westlake Village, CA, USA, an affiliate of Aller-
gan plc, Dublin, Ireland)). Two studies26,27 analyzed the efficacy of the
substance and safety of doses of 1 mg/cm2 and 2 mg/cm2, and three
studies23−25 only analyzed 2 mg/cm2. All studies21−25 injected a maxi-
mum volume of 10 mL per session. Two studies21,22 had a screening
period that could include up to two visits, followed by up to four
process according to the PRISMA statement.
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treatment sessions, and finally by two other follow-up sessions. The
other three studies23−25 had up to six treatment sessions (Supplementary
Table 3).

Among the outcomes assessed, all studies21−25 investigated Submen-
tal Fat (SMF) severity (submental convexity and amount of SMF) and
the satisfaction with appearance associated with the face and chin, using
the CR-SMFRS and SSRS, respectively (Table 2). Other efficacy assess-
ment methods were the reduction of self-perceived SMF severity (PR-
SMFRS) and the psychological impact of SMF (PR-SMFIS or modified
DAS 24). All studies assessed submental fat thickness and skin laxity.
Three studies assessed satisfaction with the treatment received.21,24,25

All studies21−25 took pictures and performed imaging assessments. As
for safety assessment, all studies21−25 investigated Treatment-Emergent
Adverse Events (TEAEs). Supplementary Tables 4 and 5 present the indi-
vidual results of the eligible studies regarding efficacy and safety out-
comes.
Risk of individual bias in the studies

Among the five studies, two21,22 were classified as a “low risk of
bias” and the other three23−25 as “some concerns”, for both efficacy and
safety outcomes. All studies presented a low risk of bias in the domains
of “Missing outcome data” and “Selection of the reported result”. Fig. 2
shows the individual assessment of each article included.
4

Risk of industry sponsorship bias

All studies reported having received company funding or sponsor-
ship: two studies21,22 by Bayer HealthCare AG and KYTHERA Biophar-
maceuticals Inc. and three studies23−25 by KYTHERA
Biopharmaceuticals Inc. Moreover, all studies clarified the type of spon-
sorship (fees, payments, or other compensation) and the employment
relationship of the authors with the companies. Regarding the last
authors of each study, two studies21,22 were advised by author B. Hav-
lickova and two other studies23,24 by author F. C. Beddingfield. The
study by Glogau et al.25 was not advised as the others, but it shares one
of the authors of the study by Jones et al.24 (Table 1).

Synthesis of results and meta-analysis

Efficacy outcomes
Patients treated with ATX-101 presented significant positive results

for all efficacy outcomes, such as CR-SMFRS ≥1-point improvement
(ATX 2 mg/cm2 vs. Placebo − RR = 2.28 [95% CI 2.04; 2.54];
ATX 1 mg/cm2 vs. Placebo − RR = 2.06 [95% CI 1.37; 3.11]), CR-
SMFRS ≥ 2-point improvement (ATX 2 mg/cm2 vs. Placebo −
RR = 5.30 [95% CI 3.85; 7.30]), PR-SMFRS ≥ 1-point improvement
(ATX 2 mg/cm2 vs. Placebo − RR = 2.02 [95% CI 1.83; 2.22];
ATX 1 mg/cm2 vs. Placebo − RR = 1.72 [95% CI 1.26; 2.35]), PR-
Fig. 2. Risk of bias assessment.



Table 1
Industry sponsorship risk of bias assessment.

Authors Sponsorship Industry Conflicts of interest Last author (adviser)

Ascher et al.21 √ Bayer HealthCare and KYTHERA
Biopharmaceuticals Inc.

Two authors are employees of Bayer HealthCare, and one author is a former
employee and current consultant of KYTHERA Biopharmaceuticals Inc.

B. Havlickova

Rzany et al.22 √ Bayer HealthCare AG and
KYTHERA Biopharmaceuticals
Inc.

The sponsors were responsible for the study design, coordination, and compi-
lation of the data provided by the researchers.

B. Havlickova

Humphrey et al.23 √ KYTHERA Biopharmaceuticals
Inc.

Two authors worked as researchers for Kythera Biopharmaceuticals Inc.;
three authors worked as speakers, consultants, and members of the advi-
sory board of Kythera Biopharmaceuticals Inc.; one author was a hired
employee of Kythera Biopharmaceuticals Inc. during this study; and one
author was a hired employee and shareholder of Kythera Biopharmaceuti-
cals Inc. during this trial. Also, one author was a Senior Medical Director;
one author was vice-president of clinical development, biostatistics, and
data management; and one author was a Medical Director of Kythera Bio-
pharmaceuticals Inc., where they hired employees, shareholders, and stock
option holders during this study. Two authors are current employees of
Sienna Biopharmaceuticals Inc., Westlake Village, California, USA.

F. C. Beddingfield

Jones et al.24 √ KYTHERA Biopharmaceuticals
Inc.

Four authors received fees, payments, or other compensation for working in
this study; one author bought shares after concluding the trial; six authors
were employees of Kythera Biopharmaceuticals Inc. during this study; and
one author is an employee of Evidence Scientific Solutions, Philadelphia,
PA, USA, and provided medical writing assistance supported by Kythera
Biopharmaceuticals Inc.

F. C. Beddingfield

Glogau et al.25 √ KYTHERA Biopharmaceuticals
Inc.

The authors received payment as researchers for this clinical trial and had
previously received a subsidy, consulting fees, travel aid, and payment to
develop educational material and speeches for Kythera Biopharmaceuticals
Inc.

B. Bowen

The studies were classified as (U) uncertain when it was impossible to assess with certainty the sponsorship status due to missing information even after con-
tacting the authors via e-mail, (x) not sponsored when the authors informed the study was not financially supported by companies, and (√) sponsored when
the authors informed the study had some financial support from companies. The sponsorship status was defined when the authors mentioned it in the main
text or the acknowledgment section of the studies, regardless of the type of sponsorship (financial support, provision of products, etc.). Both reviewers previ-
ously discussed all items to ensure consistency in their interpretation.
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SMFRS ≥ 2-point improvement (ATX 2 mg/cm2 vs. Placebo −
RR = 4.45 [95% CI 3.18; 6.23]), SSRS ≥4-point improvement
(ATX 2 mg/cm2 vs. Placebo − RR = 2.33 [95% CI 2.08; 2.62];
ATX 1 mg/cm2 vs. Placebo − RR = 2.09 [95% CI 1.68; 2.62]), and sub-
mental volume reduction ≥ 10% (ATX 2 mg/cm2 vs. Placebo −
RR= 8.43 [95% CI 5.73; 12.43]) (Fig. 3).
Safety outcomes
The analyses of safety outcomes showed that patients treated with

ATX had a significantly higher risk of fibrosis (ATX 2 mg/cm2 vs. Pla-
cebo − RR = 9.74 [95% CI 6.08; 15.61]; ATX 1 mg/cm2 vs. Placebo −
RR = 10.04 [95% CI 3.64; 27.68]), pain (ATX 2 mg/cm2 vs. Placebo −
RR = 2.38 [95% CI 1.86; 3.04]; ATX 1 mg/cm2 vs. Placebo −
RR = 3.04 [95% CI 2.46; 3.77]), hematoma (ATX 1 mg/cm2 vs. Placebo
− RR = 1.27 [95% CI 1.07; 1.52]), erythema (ATX 2 mg/cm2 vs. Pla-
cebo − RR = 1.61 [95% CI 1.35; 1.93]; ATX 1 mg/cm2 vs. Placebo −
RR = 1.80 [95% CI 1.36; 2.39]), numbness (ATX 2 mg/cm2 vs. Placebo
− RR = 13.09 [95% CI 9.48; 18.08]; ATX 1 mg/cm2 vs. Placebo −
RR= 21.78 [95% CI 9.04; 54.44]), swelling (ATX 2 mg/cm2 vs. Placebo
− RR= 2.22 [95% CI 1.76; 2.79]), edema (ATX 2 mg/cm2 vs. Placebo −
RR = 2.06 [95% CI 1.78; 2.39]), pruritus (ATX 2 mg/cm2 vs. Placebo −
RR = 2.00 [95% CI 1.35; 2.97]), nodule (ATX 2 mg/cm2 vs. Placebo −
RR = 5.66 [95% CI 3.16; 10.14]), headache (ATX 2 mg/cm2 vs. Placebo
− RR = 2.07 [95% CI 1.26; 3.41]), and paresthesia (ATX 2 mg/cm2 vs.
Placebo − RR= 3.25 [95% CI 2.04; 5.18]) (Table 2).
Certainty of evidence
The assessment of the certainty of the evidence was divided

according to the specific outcome evaluated in the analyses. Overall,
the certainty of evidence varied among moderate (11 outcomes),
low (16 outcomes), and very low (1 outcome). Supplementary Table
5

6 presents details of the assessment of each outcome for each
GRADE item.

Discussion

The present study proposed to evaluate the efficacy of deoxycholic
acid in submental fat reduction, the prevalence of adverse effects, and
the potential influence of industry sponsorship on the individual results
of the eligible studies. The meta-analysis of the results showed that all
patients treated with this substance had significantly superior results in
all efficacy outcomes compared to the placebo. Moreover, the meta-anal-
ysis of safety results showed that patients who received deoxycholic acid
presented a higher risk of pain, hematoma, pruritus, paresthesia, nod-
ules, fibrosis, headache, and erythema. Regarding the potential industry
sponsorship bias, all studies declared having received funding or spon-
sorship, and the authors had an employment relationship with the
companies.

The deoxycholic acid is produced endogenously in the intestine and
stored in the gallbladder.26 Its function consists of emulsion and solubili-
zation of lipids to facilitate absorption by the gastrointestinal tract.27

The pharmaceutical industry developed the synthetic deoxycholic acid,
which was previously used in association with phosphatidylcholine and
amphotericin B and for treating lipomas and producing vaccines against
the influenza virus.27,28 Later, studies were performed to evaluate the
application of pure deoxycholic acid to reduce submental fat. Thus, the
pure substance was named ATX-101 (commercial name Kybella™)
(Kythera Biopharmaceuticals Inc.) and approved by the FDA in the
United States and Canada, in 2015, becoming the first injectable drug
for submental fat reduction.29,30

This meta-analysis found that deoxycholic acid (ATX-101), regard-
less of the dose (1 or 2 mg/cm²), was effective in submental fat reduction
compared to the placebo. The substance presented very tolerable



Fig. 3. Forest plots of the meta-analyses of efficacy outcomes.
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adverse effects, according to the eligible studies. A study by McDiarmid
et al.31 showed that the treatment with ATX-101 reduced the CR-SMFRS
score by 4.4 times and the SSRS score by 4.8 times compared to the pla-
cebo. Moreover, the study by Dover et al.32 showed that submental fat
reduction remained for at least two to three months after the treatment
with ATX-101. The authors of this study32 hypothesized that the lysis of
the cell membrane of adipocytes associated with the tissue inflammatory
response stimulates tissue remodeling and collagen synthesis in the
6

submental region, causing a prolonged action of deoxycholic acid. Hum-
phrey and colleagues33 verified that the results remained for up to three
years in most patients, as well as satisfaction. It is worth noting that the
assessments were subjective and not validated by previous studies.

The injected deoxycholic acid ruptures the cell membrane of adipo-
cytes and produces an inflammatory response that removes cell debris
and lipid molecules from the application site.34 The assessment of safety
outcome measures shows that patients had a higher risk of fibrosis, pain,



Table 2
Summary of all meta-analyses performed for safety outcomes.

Outcome ATX
concentration

No. of
studies

RR (95% CI) I² test

Edema 2 mg 3 2.06 (1.78 − 2.39) 0%
Eritema 1 mg 2 1.80 (1.36 − 2.39) 0%

2 mg 5 1.61 (1.35 − 1.93) 0%
Fibrosis 1 mg 2 10.04 (3.64 − 27.68) 0%

2 mg 5 9.74 (6.08 − 15.61) 0%
Headache 2 mg 3 2.07 (1.26 − 3.41) 0%
Hematoma 1 mg 2 1.27 (1.07 − 1.52) 0%

2 mg 5 1.06 (0.98 − 1.14) 0%
Nasopharyngitis 2 mg 2 0.88 (0.57 − 1.36) 0%
Nodule 2 mg 3 5.66 (3.16 − 10.14) 20%
Numbness 1 mg 2 21.78 (9.04 − 52.44) 0%

2 mg 5 13.09 (9.48 − 18.08) 0%
Pain 1 mg 2 3.04 (2.46 − 3.77) 0%

2 mg 5 2.38 (1.86 − 3.04) 73%
Paresthesia 2 mg 3 3.25 (2.04 − 5.18) 50%
Pruritus 2 mg 3 2.00 (1.35 − 2.97) 0%
SLRS improvement
or no change

1 mg 2 1.00 (0.94 − 1.05) 9%
2 mg 5 1.01 (0.98 − 1.04) 0%

Swelling 2 mg 3 2.22 (1.76 − 2.79) 0%
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erythema, and numbness associated with deoxycholic acid at concentra-
tions of 1 mg/cm2 and 2 mg/cm2 than with the placebo substances.
Applying ATX may stimulate the adipocytolytic action and promote
complications without well-defined causes, such as skin necrosis, ner-
vous lesion, alopecia, and vascular events.35,36 An in vitro study by
Thuangtong et al.37 showed that sodium deoxycholate causes lysis in the
adipose tissue and the death of adipocytes. The adverse reactions usually
resolve in a 28-day interval between the treatment sessions, and most
complications present mild or moderate intensity.31

The effects of swelling, edema, pruritus, nodule, headache, and par-
esthesia were associated with the concentration of 2 mg/cm2 of deoxy-
cholic acid. In the study by Ascher et al.,21 pain at the injection site,
hematoma, swelling, erythema, numbness, and hardening were the
most frequent adverse events. These effects may be associated with the
treatment area, be temporary, and have a spontaneous regression.21,22

Authors affirm that, on the 28th day, there is a migration of fibroblasts
and remission of the inflammatory process, which is possibly why they
recommend a 30-day interval between applications.23,26,29,30,37 All the
eligible studies maintained a 28-day interval between ATX-101 injec-
tions, although 10% of patients discontinued the treatment because of
the adverse effects.

The present systematic review assessed the risk of industry sponsorship
bias. This bias is defined as the combination of several factors of design,
data, analysis, and presentation that tend to produce rigged research
results.38 Authors advocate those studies sponsored by the pharmaceutical
industry are more prone to report results and conclusions that favor the
drug instead of the placebo.11,39 Although 29% to 69% of clinical trials in
various medical fields declare conflicts of interest,40 some types of study
funding seem to induce positive research outcomes.41 Therefore, even
when conflicts of interest are reported, questioning the reliability of the
results is recommended. Studies assessing industry sponsorship and their
results found that studies sponsored by the pharmaceutical industry are
more favorable to the sponsor’s product than studies with other sponsor-
ship sources.11

All studies in the present review21−25 declared having received fund-
ing or sponsorship from companies and clarified the type of sponsorship
and employment relationship of the authors with the companies. Brad-
ley et al.42 advocate that conflict reporting or statements of interests
should become more open to establishing reliability in the study objec-
tivity.

Among the limitations of this systematic review is the low number of
eligible studies that met the eligibility criteria. Among the five eligible
7

studies, most23−25 showed “some concerns” in the risk of bias assess-
ment. Although there is another recent review on the use of ATX-101 for
the efficiency and safety of submental fat,43 the strength of the present
review is assessing the industry sponsorship bias, which is important in
multicenter and pharmaceutical product studies. This review used the
GRADE to evaluate the certainty of the evidence, which showed out-
comes ranging between moderate and low certainty of evidence.

Conclusion

Based on a low to moderate certainty of the evidence, the meta-anal-
yses showed positive effects regarding the efficacy of deoxycholic acid,
regardless of the dose. Adverse effects with low magnitude and very tol-
erable were presented as safety results. All studies showed an industry
sponsorship bias. Further randomized clinical trials not sponsored by
the pharmaceutical industry should be encouraged to obtain indepen-
dent evidence without potential conflict of interest biases.
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