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Abstract

The prevalence of obesity is considered a global epidemic, with severe repercussions for public health. Therefore, the
objective is to present preliminary data on the application of avocado oil as a supplement for the treatment of obesity.
A randomized, double-blind, placebo-controlled clinical trial was conducted at a school clinic in the municipality of
Sdo Paulo. Thirty post-pubertal adolescents aged between 12 and 19 years were selected. They were divided into:
group A (n=09), supplemented with 4 capsules/day containing 500 mg of avocado oil = 2 g of avocado oil; group
B (n=12), supplemented with 2 capsules/day containing 500 mg of avocado oil = 1 g of avocado oil; and group C
(n=09), supplemented with 2 capsules/day containing 500 mg of mineral oil - placebo group = 1 g of mineral oil.
Anthropometric measurements such as body mass, height, body mass index (BMI), waist circumference (WC), neck
circumference (NC), blood pressure, body composition by bioimpedance (Biodynamics), and ultrasound (Body Metrix)
were evaluated. A significant increase in body mass was observed in the group supplemented with 1g, as well as a
reduction in resistance, extracellular mass (kg), BMR, intracellular water (L), total water (L), FFM lean mass, and FFM
total weight. The placebo group showed a reduction in resistance, an increase in body cell mass, lean mass, BMR,
intracellular water (L), FFM lean mass, and FFM total weight. It was concluded that, despite the ingestion of a bioactive
compound aiding in obesity control, qualitative changes related to eating habits remain crucial for achieving significant

results in body composition.
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INTRODUCTION

Obesity can be characterized as a com-
plex disease with a multifactorial etiology,
including genetic components, inadequate
dietary habits, environmental, and behavio-
ral factors, which substantially increase the
risk of developing comorbidities such as car-
diovascular diseases, various types of can-
cer, and diabetes’.

In recent decades, the global increase
in overweight and obesity has become an
epidemic with serious public health implica-
tions2 In 2020, the WHO warned of the alar-
ming growth of these issues, projecting that
by 2025, 2.3 billion people will be overwei-
ght, with 700 million suffering from obesity?.
In Brazil, in 2019, 19.4% of adolescents aged
15 to 17 were overweight, totaling around
1.8 million people, with a higher prevalen-
ce among girls (22.9%) than boys (16.0%).
Obesity rates were also higher among girls
(8.0%) compared to boys (5.4%)*.

Excess weight during adolescence can
have significant consequences in adulthood,
such as an increased risk of metabolic syn-
drome — a set of metabolic and hormonal
alterations that includes glucose intolerance
(or diabetes), high blood pressure, dyslipide-
mia, and abdominal obesity, all factors rela-

ted to insulin resistance®. During this stage of
life, adolescents gain greater independence
and autonomy, directly influencing their die-
tary choices and involvement in social activi-
ties, which can either exacerbate or mitigate
these future risks®.

Although there have been some impro-
vements in diet quality among children and
adolescents, data from NHANES 2003-2018
show that many continue to consume low-
-quality foods, such as late-night snacks and
sugary beverages’. In response to these chal-
lenges and the growing obesity rates, the
WHO set a target for 2025 to reduce pre-
mature mortality from chronic diseases by
25%, highlighting the importance of effecti-
ve strategies to monitor excess body fat and
promote healthy eating habits?.

In this context, foods like avocado, with
its rich profile of bioactive substances, offer
a healthy and promising alternative for tre-
ating obesity and its comorbidities. Its oil,
extracted from the ripe fruit pulp, is a gour-
met product with health benefits, containing
oleic acid, palmitic acid, and linoleic acid, as
well as a-tocopherol and fat-soluble vitamins
A and Dé.

a-Tocopherol has been considered the
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most efficient antioxidant for reducing the
formation of free radicals®. Animal studies
indicate that the type of dietary oil can in-
fluence body composition and adiposity'™.
In healthy adults with normal weight or ove-
rweight, it was observed that those who con-
sumed a high-fat breakfast (43% of energy
from MUFA, such as virgin olive oil) exhibi-
ted higher rates of postprandial fat oxidation
compared to those who consumed an iso-
caloric meal with saturated fat. Additionally,
the thermic effect was significantly higher in
individuals with an elevated waist circumfe-
rence (=99 cm), suggesting that MUFA-rich
meals promote greater postprandial fat oxi-
dation'".

The long-term impact of these differences
in substrate oxidation rates and thermogene-

MATERIALS AND METHODS

A pilot randomized, double-blind, place-
bo-controlled clinical trial was conducted at
the Center for Health Promotion and Reha-
bilitation and Social Integration (PROMOVE)
of Sao Camilo University Center, after the
approval of the coordinator of the mentioned
school clinic through a co-participation let-
ter. Conducted in accordance with the prin-
ciples of the Declaration of Helsinki, it was
previously approved by the Research Ethics
Committee (COEP), in accordance with the
approved opinion n® 6.077.464 from the Spe-
cialized Educational Assistance Center (CAEE)
n® 61242122.3.0000.0062. The research par-
ticipants (adolescents), as well as their guar-
dians, read and signed the Informed Consent
Form (ICF), and in the case of minors, their
parents and/or guardians signed the Consent
and Assent Form (CAF).

Patients aged 12 to 19 in the post-puber-
tal stage (according to Tanner criteria)'® were
selected through the adolescent medicine
department of the clinic, as well as external
volunteer patients recruited via social me-
dia and educational institutions. The inclu-
sion of research participants was carried out

sis (body mass and composition) still needs
to be clarified'. Studies have investigated
the effects of monounsaturated fats (MUFA)
on weight loss, serum lipid concentrations,
and other cardiovascular risk factors in ove-
rweight individuals during 8 weeks of weight
loss. The results showed that reducing ener-
gy intake had the same effect on weight loss,
regardless of whether MUFAs were replaced
with carbohydrates, without altering the con-
centrations of saturated fatty acids (SFAs)
and polyunsaturated fats'.

Considering the scarcity of exploratory
studies on the effect of avocado oil supple-
mentation on body composition in adoles-
cents, it becomes relevant to evaluate the
effect of supplementation on the body com-
position of obese adolescents.

through an in-person screening consultation
with data collection to confirm the criteria
via anthropometric evaluation: weight, hei-
ght, body mass index (BMI) calculation, wa-
ist circumference (WC), and blood pressure.
Additionally, a brief anamnesis was conduc-
ted to collect personal data. Recent labora-
tory tests were analyzed for classification of
metabolic syndrome criteria. Patients were
excluded based on the following criteria:
diagnosis of familial hypercholesterolemia,
chronic diseases, endocrine or inflamma-
tory bowel diseases, chronic and abusive
consumption of alcohol and drugs, use of
medications that could interfere with body
composition, use of supplements or medi-
cations for weight reduction, moderate or
intense physical activity (more than 3 times
per week), allergy to any component of the
formula, and current or recent participation
in another interventional study protocol. A
total of 30 adolescents with obesity and me-
tabolic syndrome-related conditions were se-
lected and divided into three groups: Group
A (n=09), supplemented with 4 capsules/day
containing 500 mg of avocado oil = 2 g of
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avocado oil; Group B (n=12), supplemented
with 2 capsules/day containing 500 mg of
avocado oil = 1 g of avocado oil; and Group
C (n=09), supplemented with 2 capsules/day
containing 500 mg of mineral oil - placebo
group = 1 g of mineral oil.

In the consultation prior to supplemen-
tation and at the end of the 12-week inter-
vention, fasting patients were evaluated for
anthropometric measurements: body wei-
ght, height, waist circumference, and neck
circumference.

For weight measurement (in kg), a Miche-
letti brand digital scale, model MIC3-LED, with
a capacity of up to five digits, was used on a
smooth and flat surface. The individual was ba-
refoot, wearing light clothing, and with empty
pockets, standing in the center of the platform
in an upright position with weight evenly dis-
tributed on both feet, looking straight ahead.
Height was measured using a Sanny ES2030
wall-mounted stadiometer, with the indivi-
dual barefoot, standing upright in the center
of the equipment, arms extended along the
body, head raised, looking at a fixed point at
eye level, and keeping the heels, calves, butto-
cks, scapulas, and back of the head in contact
with the stadiometer. The parameter used to
assess the adolescents' anthropometric profile
followed the recommendations of the World
Health Organization (WHO) according to the
Body Mass Index (BMI), classified in Z-scores
according to sex and age. The following cri-
teria were used: underweight (< Z-score -2);
normal weight (> Z-score -2 and < Z-score +1);
overweight (> Z-score +1 and < Z-score +2);
and obesity (> Z-score +2)'.

For circumference measurements, a Ces-
corf steel anthropometric tape measure (2
meters) was used for waist measurement. The
individual stood upright, with a relaxed abdo-
men, arms extended along the body, legs pa-

rallel and slightly apart, and clothing slightly
loosened from the body. After a small mark
was made at the midpoint between the lower
edge of the last rib and the hip bone, the tape
was passed around the waist over the mark
and measured after the patient's full inspiration
and expiration, according to the WHO (2000)
protocol. The Waist/Height Ratio was used to
identify cardiovascular risk, with a cutoff point
of >0.5". For neck circumference, the same
tape was used with the individual seated upri-
ght, face forward in the Frankfurt Plane, with
the tape positioned horizontally above the
laryngeal prominence (Adam’s apple) and the
reading taken laterally'™>,

Blood pressure was measured using the
oscillometric method with a digital Omron®
device, model HEM-7221NT, using appro-
priately sized cuffs for the arm circumferen-
ce. The average of three systolic and diasto-
lic blood pressure readings was considered,
taken after one minute of rest, with the parti-
cipant seated and the dominant arm suppor-
ted on a stand'*'213,

Body composition analysis was conduc-
ted using bioelectrical impedance, following
a prior preparation protocol, with the Biody-
namics 310® device, which uses a low-inten-
sity, imperceptible electric current (20 KHz
and 100 KHz) that passes through the body,
measuring the resistance offered by various
tissues, with the individual lying on a stretcher
and four electrodes placed on the feet and
hands. Additionally, body composition was
assessed through ultrasound, scanning strate-
gic points on the body to obtain real images of
fat and muscle tissues using the Body Metrix®.
This analysis allowed the identification of: fat
mass percentage and kg; lean mass percenta-
ge and kg; basal metabolic rate; comorbidity
risk classification; and qualitative aspects of
adipose and muscle tissue'”.
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STATISTICAL ANALYSIS

To verify data normality, the Kolmogorov-
-Smirnov test was used, and the Levene test
was applied to check for homogeneity of va-
riance. The data were presented as mean *
standard deviation. For comparisons between
baseline measurements and at the end of the
intervention and avocado oil supplementa-
tion, the paired Student's t-test was used. For
the analysis between groups A (supplemen-
ted with 4 capsules/day containing 500 mg of

RESULTS

Thirty-four patients were selected to par-
ticipate in the research and began supple-
mentation with the capsules. However, four
of these patients did not complete the pro-
tocol, as they did not undergo the necessary
tests after the consultations, making it impos-
sible to compare the results before and after
capsule ingestion. Thus, the adherence rate
to avocado oil supplementation was 88.2%.
All patients were initially classified, during the

avocado oil = 2 g of avocado oil), B (supple-
mented with 2 capsules/day containing 500
mg of avocado oil = 1 g of avocado oil), and
C (supplemented with 2 capsules/day contai-
ning 500 mg of mineral oil - placebo group
= 1 g of mineral oil), one-way ANOVA with
Fisher's post hoc test was applied. All data
were analyzed using STATISTICA software
version 6.0 for Windows, and the significance
level was set at p<0.05.

consultation, as being at risk of developing
cardiovascular diseases, and this classification
remained unchanged after the research proto-
col was completed.

Groups A (2g), B (1g), and C (placebo)
showed weight gain, which was statistically
significant in group B. An increase in body
mass index and abdominal adiposity was also
observed, but without statistical significance
(Table 1).

Table 1 - Descriptive analysis of anthropometric measurements and blood pressure levels in adolescents
with obesity undergoing avocado oil supplementation. Sao Paulo, 2023.

Group A (29) Group B (19) Group C (placebo)
Variables
Pre Post Pre Post Pre Post
Weight (kg) 1016 + 249 1027 + 255 953 + 199 971 + 21.0° 904 + 154 918 + 153
Height(m) 16 + 01 16 + 01 16 + 01 16 + 01 16 + 01 17 + 04
BMI(kgm?) 376 + 84 378 + 88 367 + 69 372 + 74 328 + 40 334 + 38
Waist
Cicumference 964 + 122 965 + 140 941 + 79 96 + 90 921 + 67 934 + 72
(cm)
Neck
Circu(mfe)rence 39 + 32 384 + 25 368 + 28 366 + 27 368 + 24 373 + 27
cm
BMI/Age 16 + 05 17 + 05 14 + 05 16 + 07 14 + 05 13 + 05
HeighAge 10 + 00 10 + 00 10 + 00 10 + 00 10 + 00 10 + 00
SystolicBP 4058+ 112 1120 + 10 1106 + 144 1107 + 89 1089 + 137 1078 + 159
(mmHg)
DiastolicBP 57 4 178 678 + 181 637 + 158 668 + 70 608 + 161 720 + 252

(mmHg)

*Difference between pre- and post-supplementation, p<0.05.
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Table 2 - Comparison of Bioimpedance Data Pre and Post Avocado Oil Supplementation in Groups A (2g),
Group B (1g), and Group C (Placebo). Sao Paulo, 2023.

Group A (29) Group B (1g) Group C (placebo)
Variables
Pre Post Pre Post Pre Post

PhaseAngle(®) 64 + 10 65 + 11 67 + 10 67 + 10 68 + 10 68 t 06
(Ff)ﬁfg”ce 5133 & 774 4946 + 693 5260 + 686 5094 + 724 5104 + 739 4904 + 716"
Reactance 574 + 92 57 + 13 611 + 91 51 + 87 605 + 77 578 + 59
(ohms)
ﬁ(‘;‘iy CellMass 995 + 47 304 + 44 287 + 54 293 + 60 289 + 54 296 + 52
E?,Z;’V CellMass 997 + 42 303 + 40 306 + 40 305 + 39 309 + 234 323 + 23
Extracellular %
Moo (ko) 22 + 59 328 + 67 289 + 50 296 + 51 207 + 55 305 + 53
Extracellular
Miase (%) 24 + 32 323 + 30 306 + 21 309 + 22 329 + 30 334 + 27
leanMass(kg) 617 + 98 633 + 103 576 + 100 589 & 107* 586 + 104 602 + 102
leanMass (%) 618 + 65 626 + 57 611 + 56 614 + 55 648 + 37 656 + 40
Fat Mass (kg) 399 + 163 395 + 159 376 + 123 381 + 129 318 + 65 317 + 70
Fat Mass (%) 376 + 57 374 + 57 389 + 56 386 + 55 352 + 37 344 + 40
ECM/BCM 11+ 01 14 £+ 02 10 £ 01 97 + 300 10 + 01 10 + 01
BMI 376 + 83 378 t 87 366 + 68 425 + 195 331 + 37 335 + 38

to be continued...
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...continuation table 2

Group A (29) Group B (1g) Group C (placebo)
Variables
Pre Post Pre Post Pre Post
BMR (keal) 19251 ¢ 3047 19737 + 3196 17980 + 3125 18375 + 3326' 18268 + 3248 18771 & 319.2°
"{}&g&j’r"?gr 23 ¢+ 31 284 + 28 212 ¢ 50 20 t+ 55 227 + 45 235 + 4f
"\}},;atcef”(ﬁ/'o‘;r 50 + 38 543 + 43 532 + 44 493 + 95 555 + 39 552 i+ 28
E’\j{;:tg?”(‘ﬂ'ff 190 ¢ 29 195 + 34 186 ¢ 39 208 + 62 183 + 43 191 & 42
E\’,‘\}:gf'(';!‘)” 460 + 38 457 o+ 43 468 + 44 471+ 44 445 &+ 39 448 + 28
Total Water (L) 413 ¢ 51 427 & 50 398 + 78 415 + 84 M0 + 82 427 + 85
Total Water (%) 1000 ¢ 00 1000 + 00 1000 + 00 1000 + 00 1000 + 00 1000 £ 0.0
FFMLleanMass 673 + 35 679 & 20 690 + 33 702 + 24 699 + 26 706 + 29
FFMTotal Weight 418 + 62 426 + 52 422 + 52 431 + 46 453 + 34 464 + 38

*Difference between pre- and post-supplementation, p<0.05
Caption:# C versus A p<0.05 (one-way ANOVA with Fisher's post hoc test)

After analyzing body composition through
bioimpedance, it was observed that the placebo
group showed a reduction in resistance, as well
as increases in body cell mass, lean body mass,
basal metabolic rate (BMR), intracellular water
(in liters), FFM lean mass, and FFM total weight.

The group supplemented with 1 gram of avoca-
do oil showed similar results, with a reduction in
resistance and increases in weight, extracellular
mass (in kg), BMR, intracellular water (in liters),
total water (in liters), FFM lean mass, and FFM
total weight (Table 2).
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Table 3 - Evaluation of body composition through ultrasound before and after avocado oil supplementation
was conducted in groups A (2g), B (1g), and C (placebo). Sdo Paulo, 2023.

Group A (29) Group B (1g) Group C (Placebo)
Variables
Pre Post Pre Post Pre Post
Weight (kg) 1013+ 250 1013 + 256 952 + 199 964 + 205 930 + 154 933 + 151
% Fat 446  + 104 447 £ 105 433 &+ 14 422 + 125 367 + 31 408 9.0
Fat(k'\gj‘ss 303 + 199 286 + 218 216 + 143 254 + 139 204 + 84 256 6.7
Lea(’l‘(g")ass 200 + 170 148 + 24 144 + 35 146 + 36 250 + 183 248 +  202@
Water (kg) 398 + 59 399 + 64 390 + 95 400 + 95 433 £ 69 403 8.4

Caption:@ C versus B p<0,05 (ANOVA one way).

According to the ultrasound data, the pla-
cebo group showed a statistically significant

DISCUSSION

In this randomized controlled clinical
trial with adolescents aged 13 to 19 from
the city of Sao Paulo, no significant changes
in body composition were observed after
avocado oil supplementation. Additionally,
group B, which received 1 gram of avoca-
do oil, showed similar changes to group C,
which received capsules with neutral mine-
ral oil (placebo). These results suggest that
the observed changes may not be associated
with the use of avocado oil. No associations
were found between avocado oil intake and
indicators of overall body adiposity, central
adiposity, or body composition.

There is a limitation in the existing litera-
ture on the effects of avocado consumption

increase in lean mass (in kg) compared to
group B (1g) after supplementation (Table 3).

in adolescents, with few studies specifically
focused on this age group. Most research
investigates avocado consumption in broa-
der age groups. The study by Segovia-Siap-
co et al’” revealed that, although avocado
consumption improved the diet quality of
adolescents, there were no significant asso-
ciations with anthropometric measures such
as BMI, waist-to-height ratio, and body com-
position (mass, fat-free mass, and body fat
percentage). This may be due to the lower
average avocado intake among adolescents
compared to adults and the lack of investiga-
tions specific to this age group.

The literature also suggests that avocado
may aid in weight control for adults'®. One
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study indicated that including half an avoca-
do per day in a weight-loss diet did not re-
sult in significant differences in weight loss
compared to replacing mixed fats with 30g
of fat, such as margarine and oil. Another
study showed that consuming half an avo-
cado at lunch significantly reduced hunger
and the desire to eat in overweight adults'™.
Additionally, diets rich in monounsaturated
fatty acids (MUFA), like those found in avo-
cados, may protect against abdominal fat
accumulation and complications associated
with diabetes?. Studies also suggest that in-
cluding avocado may improve satiety and
gut microbiota composition, contributing to
weight control?'.

A study with children and adolescents
from Hispanic families, in which lower-inco-
me families received 3 avocados per week
and higher-income families received 14 avo-
cados per week for 6 months, in addition
to biweekly nutritional education sessions,
revealed that only the adolescents showed
a significant reduction in the waist-to-hip ra-
tio. However, the different levels of avocado
availability did not result in significant chan-
ges in the anthropometric measures of the
children and adolescents. The authors con-
clude that further research is needed to as-
sess whether avocado consumption can pro-
mote metabolic health in this age group?.

Despite the protocol of the present study
being accompanied by general dietary re-e-
ducation guidelines, the 12-week interven-
tion did not promote a significant reduction
in body mass. The lack of effect observed in
our research may be related to biological and
individual factors. It is possible that the res-
ponse to avocado oil varies among individu-
als due to genetic variations that affect lipid

CONCLUSION

In conclusion, the present study demonstra-
ted that avocado oil supplementation was not
associated with changes in body composition
in the adolescent population. These results re-
quire further investigation and replication in

metabolism and the inflammatory respon-
se. Additionally, behavioral factors, such as
adherence to dietary recommendations and
physical activity, may influence the effective-
ness of the supplementation. The complexity
of obesity and the need for long-term multi-
disciplinary interventions for significant body
mass reduction must also be considered???'.
The study had some limitations, such as
the difficulty in reaching the initial sample of
45 patients due to eligibility criteria and com-
mitment to undergoing exams and attending
consultations. The analysis of dietary intake
revealed challenges in promoting significant
qualitative changes in eating habits, which
may have influenced the effectiveness of the
supplementation. Bioimpedance, the method
used to assess body composition, may unde-
restimate body fat in overweight or obese in-
dividuals, and the higher proportion of body
water in adolescents®®> may complicate the
interpretation of results, as confirmed by dis-
crepancies between the comparative values
in bioimpedance and ultrasound exams (intra-
cellular and extracellular water % (L), and the
amount (kg) of fat mass and lean mass).
Although the results did not show statis-
tically significant changes in body compo-
sition, they should be interpreted with cau-
tion. Additional studies with larger cohorts,
more focused on adolescents, are necessary
to explore whether avocado oil supplemen-
tation truly impacts body composition and
if this effect varies according to sex, age, or
other participant characteristics. This resear-
ch contributes to the understanding of the
impact of avocado oil supplementation and
highlights the importance of continuing to
investigate dietary interventions in the ma-
nagement of obesity and metabolic health.

order to understand the impact of avocado oil
on weight control, adiposity, and metabolic
risk factors early in life. | declare that the final
data will be published as a supplement to tho-
se presented here.
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