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ABSTRACT

Introduction: White oat (Avena sativa L.) and yerba mate (Ilex paraguariensis)
have been studied due to bioactive compounds and functional capacities that may
be associated with the reduction of cardiovascular risk. Objective: To evaluate the
effects on anthropometric and clinical parameters of white oat beta-glucan and
standardized dry extract of yerba mate in the treatment of metabolic syndrome.
Methods: Experimental and analytical, prospective, randomized, double-blind
clinical trial type. Clinical variables: blood pressure and anthropometric variables
weight, BMI, waist, and abdominal circumference were analyzed in patients with
Metabolic Syndrome using a drink enriched with oat beta-glucan and standardized
dry extract of yerba mate. For the association, a test to compare means was used
for samples paired by Student’s t-test and ANOVA test. Results: The study was
completed by 25 participants. Those who used a shake enriched with standardized
dry extract of yerba mate and a shake enriched with beta-glucan and standardized
dry extract of yerba mate had a reduction in BP; this study did not have a
significant impact on body weight, waist and abdominal circumferences, and
waist-to-hip ratio. For the evaluation of body muscle mass, the standardized dry
extract of yerba mate showed a significant increase in one of the research times.
Conclusion: The use of beta-glucan from oats and standardized dry extract of
yerba mate may be promising for the treatment and risk reduction of MS, since its
use had a positive impact on the reduction of systolic and diastolic blood pressure
in the participants.

Keywords: Avena; Ilex paraguariensis; Noncommunicable Diseases; plants, medicinal;
Dietary Supplements; Blood pressure.
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INTRODUCTION

Metabolic Syndrome (MS) is a complex disorder characterized
by a cluster of cardiovascular risk factors, usually associated with
central fat distribution and insulin resistance'. This syndrome is
considered a global epidemic due to its steadily rising prevalence
in both developed and developing countries, and it is a leading
cause of morbidity and mortality?.

Although the etiology of MS remains unknown, several fac-
tors may influence its development, such as genetic factors, age,
and lifestyle, as well as hormonal levels, a pro-inflammatory state,
sleep disorders, and oxidative stress (OS); however, insulin resis-
tance (IR) and obesity have been identified as the most important
predisposing factors®*.

The main risk factors for the development of metabolic syn-
drome include a diet high in fat and saturated fatty acids, con-
sumption of carbohydrates with a high glycemic index (GI), and
low dietary fiber intake®. Therefore, the primary treatment for
metabolic syndrome includes a healthy diet and regular physical
activity. These practices aim to promote weight loss, improve lipid
profile and insulin resistance, and lower blood pressure'.

In this regard, two traditionally used medicinal plants—white
oats (Avena sativa L.) and yerba mate (Ilex paraguariensis)—have
been studied for their bioactive compounds and functional prop-
erties, which may be associated with a reduced risk of cardiovas-
cular disease®’.

Yerba mate is an underutilized raw material compared to other
plant-based products such as coffee or tea; however, it has been
studied as a food product, and its bioactive compounds and the
constituents of its extract are associated with health benefits, with
potential as a functional food®®. Research shows that yerba mate
is associated with weight loss and weight management’, improved
serum lipid profiles'® and improved fasting blood glucose levels'.

Yerba mate (Ilex paraguariensis) offers a hypothetical multi-
factorial mechanism for lowering blood pressure, centered on its
phenolic compounds (e.g., chlorogenic acids, saponins), which
promote antioxidant and anti-inflammatory effects, preserve
the bioavailability of nitric oxide (NO), and improve endothelial
function. Furthermore, evidence suggests that extracts of I. para-
guariensis may interfere with the renin-angiotensin system, possi-
bly by partially inhibiting angiotensin-converting enzyme (ACE),
thereby reducing the production of angiotensin II, which plays
an important vasoconstrictor role. A study shows an association
between regular mate consumption and a lower prevalence of hy-
pertension, as well as a reduction in inflammatory markers such
as IL-6 and CRP, which reinforces the role of vascular modulation
as a relevant mechanism for blood pressure control".

In addition, a healthy diet includes dietary fiber, and beta-
glucan may help prevent MS. Its consumption is associated with
a decrease in appetite, which in turn leads to weight loss and a
reduction in the frequency of MS risk factors®. Studies link
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beta-glucan to lower cholesterol levels and a reduced risk of
cardiovascular disease'>".

Oat B-glucan appears to exert a blood pressure-lowering effect
primarily through its ability to increase the viscosity of intestinal
contents, thereby reducing the absorption of glucose and lipids,
which leads to an improvement in the metabolic profile and insu-
lin sensitivity. These effects are associated with a reduction in sys-
temic inflammation and an increase in the bioavailability of nitric
oxide (NO), promoting vasodilation and improved endothelial
function. Thus, regular consumption of 3-glucan may contribute
to lowering blood pressure in individuals at cardiovascular risk'.

The objective of this study was to evaluate the effects of white
oat beta-glucan and standardized dry yerba mate extract on an-
thropometric and clinical parameters in the treatment of meta-

bolic syndrome.

METHODS

Study Design

This is an experimental, longitudinal, and analytical prospec-
tive study designed as a randomized, double-blind clinical trial in
which the following clinical variables were analyzed: blood pres-
sure and anthropometric variables—weight, Body Mass Index
(BMI), waist and abdominal circumference, body water, body fat,
and muscle mass—in patients with metabolic syndrome who con-
sumed a beverage enriched with oat beta-glucan and standardized
dry extract of yerba mate.

The project was approved by the UNIJUI Research Ethics
Committee (CEP) under opinion number 5,090,249/2021, titled
“Bioactive compounds from oats and yerba mate as constituents
of foods and medications for the treatment of metabolic syn-
drome: potential for scientific validation and product develop-
ment.” This study is a follow-up to the project: “The use of beta-
glucan extracted from oats as a bioactive agent in the treatment
of dyslipidemia?”

Since this is a clinical trial, the study was registered on the
Brazilian Clinical Trials Registry (ReBEC) platform under
Universal Trial Number (UTN) U1111-1288-3639.

Participants

The research was conducted in a municipality in the northwest-
ern part of the state of Rio Grande do Sul. The study was carried
out from May through October 2022 with 29 volunteers who met
the inclusion criteria.

The established inclusion criteria were: patients diagnosed with
metabolic syndrome, based on the criteria of the International
Diabetes Federation (IDF), who must have an elevated waist circum-
ference - 294 cm for men and 280 cm for women; and two addi-
tional components from the following list: triglycerides =150 mg/dL;
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HDL cholesterol <40 mg/dL for men and <50 mg/dL for women;
blood pressure >130/85 mmHg; serum glucose >100 mg/dL".

Patients with other comorbidities - such as liver, kidney, uri-
nary tract, or respiratory diseases - as well as pregnant women,
breastfeeding women, and patients over the age of 65 were exclud-
ed. After this stage, volunteers were recruited through in-person
lectures at the university, as well as online, via social media and
email, and through invitations sent by the Office of the Provost;
they were included in the study after signing the Informed
Consent Form (ICF). An initial screening questionnaire was used,
collecting data such as name, age, sex, medication use, and pres-
ence of chronic disease, to determine whether the volunteer met
the study’s eligibility criteria. Those who did not meet the inclu-
sion criteria were excluded during the initial contact.

Patients who met the criteria in the initial screening question-
naire were referred to the Unijui Clinical Analysis Laboratory
(UNILAB) for blood collection to confirm, through labora-
tory testing, the presence of metabolic syndrome. Following this

analysis, a new screening was conducted to determine whether

or not they qualified for the study. After selection, patients were
randomized into groups: 8 in the beta-glucan group, 7 in the stan-
dardized yerba mate extract group, 8 in the beta-glucan plus yerba
mate extract group, and 6 in the placebo group.

The participants selected for the study were divided into four
groups: beta-glucan, yerba mate, beta-glucan + yerba mate, and
placebo. All groups were followed for 90 days. There were 79 in-
terested patients, 50 of whom were excluded for not meeting the
inclusion criteria. Among those selected, four participants did
not complete the 90-day follow-up due to personal reasons. Thus,
25 patients completed the study (Figure 1), which shows the dis-
tribution across the groups.

The groups were treated as follows: Group 1—1 g/day of beta-
glucan added to a shake; Group 2—2.25 g/day of standardized
dry yerba mate extract added to a shake; Group 3—supplementa-
tion with 1 g of beta-glucan + 2.25 g of standardized dry yerba
mate extract per day, added to a shake; and Group 4—placebo,
flavored shake (powdered milk + stevia + flavoring). It should be

noted that the beta-glucan dose used in this study was the one that

Volunteers (n=79)

Did not fulfill the inclusion

criteria (n=50)

Randomized (n=29)

Beta-glucan (n=8) Standardized Yerba

Beta-glucan +
Standardized Yerba |—

Placebo (n=6)

Mate Extract (n=7)

\
Withdrawal (n=1)

Mate Extract (n=8)

|
Withdrawal (n=3)

Finished the survey (n=25)

Figure 1: CONSORT 2010 Criteria Flowchart
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yielded the best results in the aforementioned previous study, and
for standardized yerba mate extract, the dose used was reported
in the study by Gebara et al.'’.

Follow-up visits took place at scheduled times, on an individual
basis, every fifteen days, at the Faces II Laboratory at Unijui. The
study was conducted by the researcher with the assistance of previ-
ously trained students from the university’s Pharmacy, Medicine,
Nutrition, and Nursing programs. After the research assessments
were completed, all data were compiled, and the blinding was
lifted to allow for division into treatment groups.

Beta-glucan and Standardized Dry
Extract of Yerba Mate

The beta-glucan extracted from oats was supplied by our part-
ner company, Dubai Alimentos, based in Jjui, Rio Grande do
Sul; the extraction was performed in accordance with a protocol
previously approved by the UNIJUT Institutional Review Board
(CEP) under opinion number 4,622,174/2020. The standardized
dry extract of yerba mate was supplied by our partner company,
Sustentec, based in Pato Bragado, Parana, and the quality of the
raw material supplied was guaranteed.

The shake was produced and prepared at the Unijui School
Pharmacy in accordance with good compounding practices and
packaged in a suitable, tightly sealed container to ensure the prod-
uct’s preservation.

The shakes were delivered every 30 days, along with a 10-gram
measuring spoon, and patients were instructed, both verbally and
in writing, to consume 3 measuring spoons—totaling 30 grams of
powder diluted in 200 ml of hot water—daily; the time of day for
consuming the drink was left to the patient’s discretion.

Interventions

Clinical Variable - Blood Pressure Measurement

The measurement was performed using a G-Tech® manual
sphygmomanometer. Blood pressure levels were classified accord-
ing to the criteria established by the current Brazilian Guidelines
for Hypertension, considering systolic blood pressure (SBP) and

diastolic blood pressure (DBP) values.

Anthropometric Variables - Weight

A MULTILASER® Bluetooth digital bioimpedance scale with a
maximum capacity of 180 kg was used; the subject was weighed
without shoes and wearing as little clothing as possible, standing
on the platform with both feet and instructed to remain still until
the evaluator recorded the weight.

Height
Measured using a portable vertical stadiometer measuring
210 cm, certified by the Institute of Industrial Metrology (IMI);

https://doi.org/10.7322/abcshs.2025025.3201

the participant is instructed to be barefoot and without any head-
wear; the head must be positioned according to the Frankfurt

horizontal plane.

Circumferences

Measured with a non-stretchable tape measure at different
points: below the breast; waist (smallest circumference observed);
5 cm above the umbilical scar; abdomen (over the umbilical scar);
5 cm below the umbilical scar; 10 cm below the umbilical scar;
and hip. These measurements followed the guidelines recom-
mended by the Brazilian Ministry of Health's.

Water, Fat, and Body Muscle Mass

A MULTILASER® Bluetooth bioimpedance digital scale with
a maximum capacity of 180 kg was used. The participant was in-
structed to stand on the scale over the sensors, hold the handle
attached to the scale platform with both hands, as per the user
manual, and wait until the device displayed the reading. The
analyses followed the guidelines recommended by the Ministry
of Health's.

Anthropometric measurements were taken every 30 days, at
Time 0, Time 30, Time 60, and Time 90. Study participants were
instructed to continue their normal lifestyle without changing

their eating habits or physical activity levels.

Statistical Analysis

For this manuscript, quantitative analysis was performed us-
ing SPSS version 20.0, with continuous data described as mean +
standard deviation (SD). To assess the association between quan-
titative variables, the Student’s t-test was used to compare means
for paired samples. To assess the difference between group means,
a one-way ANOVA was used. A 5% significance level was used
for all tests. Analysis of the waist-to-hip ratio (WHR) was per-
formed only in women, as they constituted the larger group of
participants and because reference standards for cardiovascular

risk differ between the genders.

RESULTS

Twenty-nine volunteers participated in the study; during the
course of the study, four dropped out, leaving a total of 25 partici-
pants, all of whom had previously been diagnosed with metabolic
syndrome (MS). An important risk factor for MS is abnormal
blood pressure (BP).

As shown in Table 1, there was no significant difference in sys-
tolic blood pressure (SBP) in Groups 1 and 4 when comparing
Time 30 (T30), Time 60 (T60), and Time 90 (T90) to Time 0 (T0).
Group 2 showed a significant reduction between T0 and after
60 days of follow-up. In Group 3, there was also a significant dif-
ference, with a reduction in BP from TO to the 90-day follow-up.
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When the four groups were compared, a difference was observed
between Groups 1 and 2 at baseline (T0), with Group 2 showing a
higher mean value. In the assessment of diastolic blood pressure
(DBP), Group 2 showed a significant difference, with a reduction
in blood pressure between TO and T90, and Group 3 showed a
significant difference between TO0 and T30. The other intra- and
intergroup results were not statistically significant.

With regard to the variables of weight and Body Mass Index
(BMI)—since one is dependent on the other—there was no sig-
nificant difference in any of the study groups, as shown in Table 2.
The minimum weight among the study participants was 61.20 kg,
and the maximum was 147 kg. Regarding waist and abdominal
circumference, as well as the waist-to-hip ratio (WHR), there was
no significant difference at any time point or among any of the
study groups in Table 3 and Table 4.

Table 5 presents the analysis of body composition by bioimped-
ance; for body fat, there were no differences at any time point or
in any of the intervention groups studied. For body water, Group
4 showed an increase from TO to T60. As for the assessment of
body muscle mass, only Group 2 showed an increase between T0
and T30.

DISCUSSION

As shown, there was a reduction in blood pressure in the groups
that consumed shakes enriched with standardized dry extract of
yerba mate and shakes enriched with beta-glucan and standard-
ized dry extract of yerba mate. An important bioactive compo-
nent present in yerba mate is chlorogenic acids (CGAs), which

have the ability to exert therapeutic effects against cardiovascular

Table 1: Systolic and diastolic blood pressure variability in patients with metabolic syndrome followed for 90 days while consuming a
beverage enriched with standardized dry yerba mate extract and white oat beta-glucan.

Systolic Blood Pressure (SBP)

] Tt ] mo | To | T | 7o | T30 | Te0 | 790 | _Pb |

Group 1 Group 2
M 122.86* 127.86 122.86 118.57 144.29* 14143 131.43* 130.00 *0.054
SD 12.54 13.50 17.04 10.69 18.12 21.93 13.450 23.80
Pa ns ns ns ns *0.04 ns
Group 3 Group 4
M 135.63* 128.75 132.50 125.00* 120.00 115.00 117.50 115.00
SD 14.50 11.26 18.32 1773 8.165 10.00 15.00 5.77
Pa ns ns *0.042

Diastolic Blood Pressure (DBP)
[ Tt [ .m0 [ T0 [ T0 | T0o | T30 | T [ Too [ P |

Group 1 Group 2
M 80.00 82.14 84.28 75.71 92.86* 87.71 85.71 82.86* ns
SD 5.77 6.99 5.34 9.76 17.04 7.87 7.87 9.51
Pa ns ns ns ns ns *0.038
Group 3 Group 4
M 85.00* 78.75* 83.75 78.75 80.00 7750 75.00 75.00
SD 9.26 6.41 15.05 9.91 8.16 5.00 5.77 5.77
Pa *0.049 ns ns ns ns ns

Group 1 - Beta-glucan; Group 2 — dried yerba mate extract; Group 3 — beta-glucan + dried yerba mate extract; Group 4 - placebo; ns — not significant; TO - day 0; T30
— 30 days; T60 — 60 days; T90 — 90 days; SD — standard deviation; Pa — paired t-test (5% significance level); Pb — one-way ANOVA (5% significance level)

Table 2: Changes in Weight and Body Mass Index (BMI) in patients with metabolic syndrome followed for 90 days while consuming a
beverage enriched with standardized dry yerba mate extract and white oat beta-glucan.

TO T30 T60 T90 TO T30 Te60 T90 TO T30 T60 T90 TO T30 T60 T90
M 9224 9176 9147 9119 M 8753 8776 8736 8749 M 8756 8755 88.56 89.10 M 79.25 78.50 78.98 79.45

Weight SD 1700 16.62 15.74 15.75 SD 28.34 28.71 28.37 28.84 SD 9.98 10.13 9.92 10.50 SD 3.66 4.01 4.46 3.56

T30 T60 T90 TO T30 T60 T90 TO T30 T60 T90 TO T30 T60 T90

BMI M 36.01 35.64 3571 3557 M 33.39 33.49 33.44 3347 M 35.08 34.94 35.32 3548 M 32.90 32.60 32.78 32.97
(Kg/m?) SD 557 527 529 521 SD 765 787 769 796 SD 4.11 392 378 358 SD 179 195 2.07 169
P ns ns ns p Ns ns Ns p ns ns ns p ns ns ns

Group 1 - Beta-glucan; Group 2 - llex; Group 3 — Beta-glucan + llex; Group 4 — placebo; ns — not significant; TO — day 0; T30 — 30 days; T60 — 60 days; T90 — 90 days;
SD - standard deviation; P — paired t-test (5% significance level); BMI — body mass index
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diseases, including hypertension'. A study has already demon-
strated the potential impact of yerba mate consumption on blood
pressure®. This may explain the reduction in blood pressure in the
groups that consumed standardized dry yerba mate extract—an
important finding, given that high blood pressure is a risk factor
for metabolic syndrome.

Regarding beta-glucan, a systematic review’, involving patients
with hypertension and hyperinsulinemia showed a significant re-
duction in systolic blood pressure (-7.5 mmHg) and diastolic blood
pressure (-5.5 mmHg) following daily intake of 5.5 g of oat beta-
glucan, in the form of cereal, for 6 weeks—a higher dose than that
used in the present study. Blood pressure in Group 1 (using only a
beta-glucan-enriched shake) showed a reduction of -4.29 mmHg
in systolic blood pressure and -4.29 mmHg in diastolic blood pres-
sure, but without a statistically significant difference. The patients

in this study were overweight or obese and consequently had high

BMIs, which may have hindered blood pressure reduction in in-
dividuals who consumed beta-glucan; since these were complex
cases, one of the factors that could interfere with the bioactive
compound’s effectiveness may also be considered in this case, such
as the plant’s limitations or the dose used.

According to the Brazilian Hypertension Guidelines, the treat-
ment of patients with hypertension aims to achieve blood pres-
sure control by reaching a target blood pressure of less than
140/90 mmHg, but not lower than 120/70 mmHg'®. This target
was achieved in groups 2 and 3, which used standardized dry
extract of yerba mate and beta-glucan, combined with standard-
ized dry extract of yerba mate, respectively. Thus, it can be con-
cluded that the use of these bioactive compounds was effective
for blood pressure control in patients with metabolic syndrome,
representing a potential treatment that can be combined with

conventional therapies, such as complementary medicine.

Table 3: Waist and abdominal circumference variables in patients with metabolic syndrome followed for 90 days while consuming a beverage
enriched with standardized dry yerba mate extract and white oat beta-glucan.

Waist Circumference (cm)

./ T | 710 | Te0 | T | _To | T | T60 | T | _Pb

Group 1
M 102.44 101.06 101.24 101.47
SD 9.03 8.08 724 717
Pa ns ns ns
Group 3
M 98.45 98.48 98.84 100.17
SD 6.99 5.26 5.96 5.53
Pa ns ns ns

Group 2
99.24 99.86 99.77 98.97 ns
14.79 16.39 17.33 17.30
ns ns ns
Group 4
90.18 94.87 92.38 91.60 ns
2.12 10.33 5.19 1.79
ns ns ns

Abdominal Circumference (cm)
| T [ T0 | T0 [ T | T0O | T | Te0 | T | _Pb |

Group 1 Group 2
M 110.17 110.17 110.41 111.31 106.66 107.97 106.79 107.31 ns
SD 8.86 10.23 11.09 11.37 18.73 17.21 19.32 20.31
Pa ns ns ns ns ns ns

Group 3 Group 4
M 104.54 105.01 105.46 106.65 104.65 102.86 99.13 101.5 ns
SD 4.32 3.63 3.54 4.54 8.68 5.36 5.41 4.60
Pa ns ns ns ns ns ns

Group 1 - Beta-glucan; Group 2 - llex; Group 3 - beta-glucan + llex; Group 4 - placebo; ns — not significant; TO — day 0; T30 — 30 days; T60 — 60 days; T90 — 90 days;
SD - standard deviation; Pa — paired t-test (5% significance level); Pb — one-way ANOVA (5% significance level)

Table 4: Waist-to-Hip Ratio (WHR) in female patients with metabolic syndrome who were followed for 90 days while consuming a beverage
enriched with standardized dried yerba mate extract and beta-glucan from white oats.

| 1w [ mo | .m0 | 7m0 [ T | T3 | T60 | T9
Group 1 Group 2
M 0.88 0.85 0.87 0.86 0.89 0.88 0.88 0.88
SD 0.06 0.06 0.07 0.08 0.03 0.04 0.03 0.04
Pa ns ns ns ns ns ns
Group 3 Group 4
M 0.83 0.82 0.82 0.87 0.82 0.84 0.82 0.81
SD 0.06 0.05 0.07 0.07 0.04 0.08 0.02 0.01
Pa ns ns ns ns ns ns

Group 1 - Beta-glucan; Group 2 — llex; Group 3 — beta-glucan + llex; Group 4 — placebo; ns — not significant; TO — day 0; T30 — 30 days; T60 — 60 days; T90 — 90 days;
SD - standard deviation; WHR — waist-to-hip ratio; Pa — paired t-test (5% significance level)
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This study did not show a significant impact on body weight and
circumferences, a finding consistent with other studies', which
used standardized encapsulated yerba mate extract (2,250 mg/
day) for 4 weeks in 35 male patients (ages 45 to 65); the inclu-
sion criteria were meeting one of the five criteria for metabolic
syndrome. Other researchers' used decaffeinated green coffee
extract (600 mg/day) and a combination of decaffeinated green
coffee extract with beta-glucan (600 mg + 5 g/day, respectively)
for 20 weeks, evaluating 29 volunteers of both sexes, aged 28 to
59 years. In both studies, the volunteers were instructed to main-
tain their lifestyle and dietary habits, just as in the present study,
which may explain why no changes in body weight measurements
were observed throughout the study interventions. Research indi-
cates cardiovascular benefits and a reduction in insulin resistance
associated with physical activity in patients with MS"*** while
diet is associated with improved quality of life and a reduced risk
of developing chronic noncommunicable diseases'.

A study conducted on rats showed that treatment with yerba
mate extract did not prevent weight gain in the animals, as the
group that received a high-fat diet supplemented with yerba mate
exhibited a 37% increase in body weight, thus reinforcing the

Table 5: Bioimpedance Analysis in Patients with MS.

notion that body weight is regulated by a complex system that co-
ordinates food intake and energy expenditure?. This corroborates
the findings and demonstrates that the bioactive compounds test-
ed have limited use for reducing body measurements or that their
results need to be considered in conjunction with other criteria or
treatments. Another important point is the caloric density of the
shakes used in this study, which was not examined; this may have
influenced weight maintenance or gain in the study population.

The waist-to-hip ratio (WHR) is a common measure that indi-
cates the degree of abdominal fat”. According to Ferreira et al.**
the WHR is a better marker for assessing cardiovascular risk.
When examining the WHR values, the cardiovascular risk to
which the study population is exposed is evident: only group 4
(placebo) had a mean WHR within the normal range; groups 1
and 2 showed a reduction in WHR, though without significant
differences; and only group 3 showed an increase in WHR. An
increased CRQ is associated with a higher risk of diabetes and
hypertension®.

Ibrahim and Ahsan® conducted a study involving healthy in-
dividuals who followed a sedentary lifestyle without dietary in-

terventions for 180 days, using a capsule supplement containing

Bioimpedance - Body Fat (%)

./ Tt | 7m0 | _Te0 | T | _T0 | T30 | _Te0 | T

Group 1
M 46.42 46.4 46.36 46.18
SD 7.94 8.13 7.80 7.81
p ns ns ns
Group 3
M 42.93 42.10 42.33 42.9
SD 11.94 11.13 8.18 10.52
p ns ns ns

Group 2
43.63 44.91 43.70 45.70
10.32 11.48 10.89 8.48
ns ns ns
Group 4
44.57 45.57 45.75 46.00
117 2.39 2.56 2.10
ns ns ns

Bioimpedance — Body Water (%)

T90
42.63
6 3.28
p ns ns ns
Group 3
M 44.83 45.43 44.05 45.01
SD 5.77 5.73 3.51 5.13
p ns ns ns

790

Group 2
43.4 4419 43.20 42.12
4.74 4.89 5.25 3.73
ns ns ns
Group 4
42.90* 41.65 41.62* 41.52
0.80 1.11 1.09 0.93
ns *0,047 ns

Bioimpedance — Muscle Mass (%)

| T | 7m0 | _Te0 | T | _T0 | T30 | _Te0 | T

Group 1
M 32.39 32.53 32.47 32.55
SD 2.60 2.42 2.41 2.47
p ns ns ns
Group 3
M 34.23 34.58 33.48 37.47
SD 4.74 4.77 2.74 3.34
p ns ns ns

Group 2
32.89* 33.50* 32.70 31.81
3.73 3.82 4.17 2.52
*0,014 ns ns
Group 4
32.35 31.30 33.25 31.23
0.68 0.80 4.10 0.62
ns ns ns

Group 1 - Beta-glucan; Group 2 — llex; Group 3 — beta-glucan + llex; Group 4 — placebo; ns — not significant; TO — day 0; T30 — 30 days; T60 — 60 days; T90 — 90 days;
SD — standard deviation; WHR — waist-to-hip ratio; P — paired t-test (5% significance level);
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yeast beta-glucan, prebiotics®, minerals, and S. marianum (milk
thistle or silymarin). They concluded that BMI, neck and hip cir-
cumferences did not differ between assessments; however, the
WHR appeared to decrease slightly over the supplementation pe-
riod, as was the case in groups 1 and 2 of this study. Therefore, an
increased WHR is associated with lifestyle and body fat distribu-
tion; given its link to elevated abdominal fat, risk of hypertension,
and type 2 diabetes®, these indicators are already present in the
study participants, increasing their predisposition to cardiovas-
cular events.

WHR is considered a practical, accessible, and noninvasive
index for identifying risk factors for cardiovascular disease and
their effects on metabolism and lipid profile. Thus, the WHR can
serve as a useful tool for promoting proper and healthy eating
habits and health education among the study population, thereby
reducing this risk factor.

When the data are considered as a whole, the bioimpedance
results explain the lack of variability in the body measurements
of waist circumference, abdominal circumference, and WHR,
since body fat levels stabilized from TO to T90; for body water,
a significant difference was observed only in Group 4, though it
represented a reduction in body water; and for muscle mass, only
Group 2 showed an increase from TO to T30. In a study con-
ducted with herbal capsules containing Camellia sinensis, Citrus
aurantium, and phaseolamine combined with Camellia sinen-
sis, Citrus aurantium, and chromium picolinate, after 60 days of
supplementation, the group using Camellia sinensis experienced
greater body fat loss. However, this study incorporated dietary
and nutritional guidance with individualized meal plans for par-
ticipants; the researchers state that a balanced diet combined with
herbal supplements as adjuncts can yield positive results for indi-
viduals?. This reinforces the need for specific guidelines for the
population to improve overall health, including lifestyle changes
(LSC), although this was not the objective of this study.

By combining LSC with dietary interventions and the use of
probiotics, prebiotics, and bioactive nutrients, it is possible to
transition from an obese state to a metabolically healthy one®, as
observed in this study, despite the absence of significant changes
in weight and circumferences; the use of beta-glucan and stan-
dardized dry yerba mate extract, combined with LSC, may show
promise for the treatment of and risk reduction for metabolic
syndrome; however, to confirm this hypothesis, further research
is needed, including dietary guidance and physical activity rec-
ommendations, for example. It is also necessary to increase the
sample size and the doses of bioactive compounds used, given the
complexity of patients with metabolic syndrome.

Some may be considered limitations; adherence to the pro-
posed treatment was not assessed, since, given the prolonged
duration of the study, participants may have had difficulty con-
sistently consuming the product provided. Another aspect that
could be evaluated - particularly after consumption of a beta-
glucan-enriched shake is postprandial satiety using a hedonic
scale of hunger and satiety. Furthermore, future studies should
assess the nutritional composition of the shake and quantify the

bioactive compounds present.

Conclusion

It can be concluded that the use of oat beta-glucan and stan-
dardized dry yerba mate extract may show promise for the
treatment and risk reduction of MS, given that their use had a
positive impact on reducing participants’ systolic and diastolic
blood pressure. The patients in this study presented complex
cases and health conditions, which may have influenced the
results of this study.

From this perspective, further research is needed to establish
new criteria and formulations for beverages enriched with these
two important bioactive compounds that are suitable for treating
comorbidities associated with metabolic syndrome.

REFERENCES

1. Carvalho MHC. | Diretriz brasileira de diagnéstico e tratamento da
sindrome metabdlica. Arg Bras Cardiol. 2005;84(Suppl 1):3-28.
https://doi.org/10.1590/S0066-782X2005000700001

2. Saklayen MG. The global epidemic of metabolic syndrome. Curr
Hypertens Rep. 2018;20(2):12.
https://doi.org/10.1007/s11906-018-0812-z

3. Bonomini F, Rodella LF, Rezzani R. Metabolic syndrome, aging
and involvement of oxidative stress. Aging Dis. 2015;6(2):109-20.
https://doi.org/10.14336/AD.2014.0305

4. Roberts CK, Hevener AL, Barnard RJ. Metabolic syndrome and
insulin resistance: underlying causes and modification by exercise
training. Compr Physiol. 2013;3(1):158.
https://doi.org/10.1002/cphy.c 110062

https://doi.org/10.7322/abcshs.2025025.3201

5. Cloetens L, Ulmius M, Johansson-Persson A, Akesson B, (")nning
G. Role of dietary beta-glucans in the prevention of the metabolic
syndrome. Nutr Rev. 2012;70(8):444-58.
https://doi.org/10.1111/j.1753-4887.2012.00494 .x

6. Cardozo Junior EL, Morand C. Interest of mate (llex paraguariensis
A. St.-Hil.) as a new natural functional food to preserve human
cardiovascular health - Review. J Funct Foods. 2016;21:440-54.
https://doi.org/10.1016/}.jff.2015.12.010

7. Liao MY, Shen YC, Chiu HF, Ten SM, Lu YY, Han YC, et al. Down-
regulation of partial substitution for staple food by oat noodles on
blood lipid levels: A randomized, double-blind, clinical trial. J Food
Drug Anal. 2019;27(1):93-100.
https://doi.org/10.1016/}.jfda.2018.04.001

Page 8 of 9


https://doi.org/10.7322/abcshs.2025025.3201
https://doi.org/10.1590/S0066-782X2005000700001
https://doi.org/10.1007/s11906-018-0812-z
https://doi.org/10.14336/AD.2014.0305
https://doi.org/10.1002/cphy.c110062
https://doi.org/10.1111/j.1753-4887.2012.00494.x
https://doi.org/10.1016/j.jff.2015.12.010
https://doi.org/10.1016/j.jfda.2018.04.001

Santos et al.

ABCS Health Sci. 2026;51:€026214

Vasconcellos AC, Frazzon J, Norefia CPZ. Phenolic compounds
present in Yerba mate potentially increase human health: A critical
review. Plant Foods Hum Nutr. 2022;77(4):495-5083.
https://doi.org/110.1007/s11130-022-01008-8

Heck Cl, Mejia EG. Yerba Mate Tea (llex paraguariensis): a
comprehensive review on chemistry, health implications, and
technological considerations. J Food Sci. 2007;72(9):R138-51.
https://doi.org/10.1111/j.1750-3841.2007.00535.x

. Bracesco N, Sanchez AG, Contreras V, Menini T, Gugliucci A.

Recent advances on llex paraguariensis research: Minireview. J
Ethnopharmacol. 2011;136(3):378-84.
https://doi.org/10.1016/j.jep.2010.06.032

. Gebara KS, Gasparotto Junior A, Palozi RA, Morand C, Bonetti ClI,

Gozzi PT, et al. A randomized crossover intervention study on the
effect of a standardized maté extract (llex paraguariensis A. St.-Hil.)
in men predisposed to cardiovascular risk. Nutrients. 2020;13(1):14.
https://doi.org/10.3390/nu13010014

. Ho HVT, Sievenpiper JL, Zurbau A, Mejia SB, Jovanovski E, Au-

Yeung F, et al. The effect of oat B-glucan on LDL-cholesterol, non-
HDL-cholesterol and apoB for CVD risk reduction: a systematic
review and meta-analysis of randomised-controlled trials. Br J
Nutr. 2016;116(8):1369-82.

https://doi.org/10.1017/S0007 1145160034 1X

. Sima P, Vannucci L, Vetvicka V. B-glucans and cholesterol

(Review). Int J Mol Med. 2018;41(4):1799-808.
https://doi.org/10.3892/ijmm.2018.3411

. Whitehead A, Beck EJ, Tosh S, Wolever TMS. Cholesterol-lowering

effects of oat B-glucan: a meta-analysis of randomized controlled
trials. Am J Clin Nutr. 2014;100(6):1413-21.
https://doi.org/10.3945/ajcn.114.086108

. Alberti KGMM, Zimmet P, Shaw J. Metabolic syndrome: a new

world-wide definition. A Consensus Statement from the International
Diabetes Federation. Diabetic Med. 2006;23(5):469-80.
https://doi.org/10.1111/j.1464-5491.2006.01858.x

. Brasil. Ministério da Saude. Secretaria de Atencdo a Saude.

Departamento de Atengéo Basica. Orientagdes para a coleta e
analise de dados antropométricos em servicos de saude: Norma
Técnica do Sistema de Vigilancia Alimentar e Nutricional — SISVAN.
Brasilia: Ministério da Saude, 2011.

. LiL, SuC, Chen X, Wang Q, Jiao W, Luo H, et al. Chlorogenic

acids in cardiovascular disease: A review of dietary consumption,
pharmacology, and pharmacokinetics. J Agric Food Chem.
2020;68(24):6464-84.

https://doi.org/10.1021/acs.jafc.0c01554

. Barroso  WKS, Rodrigues CIS, Bortolotto LA, Mota-Gomes

MA, Brandédo AA, Feitosa ADM, et al. Diretrizes brasileiras de
hipertensao arterial-2020. Arq Bras Cardiol. 2021;116(3):516-658.
https://doi.org/10.36660/abc.20201238

https://doi.org/10.7322/abcshs.2025025.3201

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

Redondo-Puente M, Mateos R, Seguido MA, Garcia-Cordero J,
Gonzélez S, Tarradas RM, et al. Appetite and satiety effects of
the acute and regular consumption of green coffee phenols and
green coffee phenol/oat B-glucan nutraceuticals in subjects with
overweight and obesity. Foods. 2021;10(11):2511.
https://doi.org/10.3390/foods 10112511

Tan Q, Li 'Y, Guo Y. Exercicio fisico melhora as fungées das células
progenitoras endoteliais em pacientes com sindrome metabdlica.
Arq Bras Cardiol. 2021;117(1):108-17.
https://doi.org/10.36660/abc.20200028

Blank JT, Helena ETS, Damasceno RNT, Santos RD, Markus MRP,
Azevedo LC. Consumo de carnes por adultos e idosos de uma
cidade de colonizagdo alemé do sul do Brasil: estudo de base
populacional. Cienc Saude Coletiva. 2023;28(1):243-55.
https://doi.org/10.1590/1413-81232023281.01932022

Valenca HM, Silva CPE, Gitirana LB, Valenca SS, Lanzetti M.
Beneficial effects of llex paraguariensis in the prevention of
obesity-associated metabolic disorders in mice. Phytother Res.
2022;36(2):1032-42.

https://doi.org/10.1002/ptr.7377

Ibrahim Q, Ahsan M. Measurement of Visceral Fat, Abdominal
Circumference and Waist-hip Ratio to Predict Health Risk in Males
and Females. Pak J Biol Sci. 2019;22(4):168-73.
https://doi.org/10.3923/pjbs.2019.168.173

Ferreira MG, Valente JG, Gongalves-Silva RMV, Sichieri R.
Acurécia da circunferéncia da cintura e da relagéo cintura/quadril
como preditores de dislipidemias em estudo transversal de
doadores de sangue de Cuiaba, Mato Grosso, Brasil. Cad Saude
Publica. 2006;22(2):307-14.
https://doi.org/10.1590/S0102-311X2006000200008

Nehmi-Filho V, Santamarina AB, Freitas JA, Trarbach EB, Oliveira
DR, Palace-Berl F, et al. Novel nutraceutical supplements with
yeast B-glucan, prebiotics, minerals, and Silybum marianum
(silymarin) ameliorate obesity-related metabolic and clinical
parameters: A double-blind randomized trial. Front Endocrinol
(Lausanne). 2023;13:1089938.
https://doi.org/10.3389/fendo.2022.1089938

Mussoi TD, Blumke AC, Benedetti FJ, Souza JC. Avaliacao
nutricional na pratica clinica: da gestagéo ao envelhecimento. Rio
de Janeiro: Guanabara Koogan, 2014.

Oliveira AP, Bernardes ACB, Fernandes FLF, Tiengo A. Avaliagéo
dos efeitos de fitoterdpicos termogénicos em parametros
antropomeétricos de pacientes com sobrepeso e obesidade. Rev
Bras Obes Nutr Emagrecimento. 2017;11(68):667-76.

Timéteo S, Correia M, Rodriguez-Echeverria S, Freitas H, Heleno
R. Multilayer networks reveal the spatial structure of seed-dispersal
interactions across the Great Rift landscapes. Nat Commun.
2018;9(1):140.

https://doi.org/10.1038/s41467-017-02658-y

Page 9 of 9


https://doi.org/10.7322/abcshs.2025025.3201
https://doi.org/110.1007/s11130-022-01008-8
https://doi.org/10.1111/j.1750-3841.2007.00535.x
https://doi.org/10.1016/j.jep.2010.06.032
https://doi.org/10.3390/nu13010014
https://doi.org/10.1017/S000711451600341X
https://doi.org/10.3892/ijmm.2018.3411
https://doi.org/10.3945/ajcn.114.086108
https://doi.org/10.1111/j.1464-5491.2006.01858.x
https://doi.org/10.1021/acs.jafc.0c01554
https://doi.org/10.36660/abc.20201238
https://doi.org/10.3390/foods10112511
https://doi.org/10.36660/abc.20200028
https://doi.org/10.1590/1413-81232023281.01932022
https://doi.org/10.1002/ptr.7377
https://doi.org/10.3923/pjbs.2019.168.173
https://doi.org/10.1590/S0102-311X2006000200008
https://doi.org/10.3389/fendo.2022.1089938
https://doi.org/10.1038/s41467-017-02658-y

