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Abstract: This study aimed to determine the impact of a fiber supplement on body weight and
composition in individuals with obesity with specific genetic polymorphisms. It involved 112 adults
with obesity, each with at least one minor allele in the FTO, LEP, LEPR, or MC4R polymorphism. Par-
ticipants were randomized to receive either a fiber supplement (glucomannan, inulin, and psyllium)
or a placebo for 180 days. The experimental group showed significant reductions in body weight
(treatment difference: −4.9%; 95% CI: −6.9% to −2.9%; p < 0.01) and BMI (treatment difference:
−1.4 kg/m2; 95% CI: −1.7 to −1.2; p < 0.01) compared to placebo. Further significant decreases
in fat mass (treatment difference: −13.0%; 95% CI: −14.4 to −11.7; p < 0.01) and visceral fat rating
(treatment difference: −1.3; 95% CI: −1.6 to −1.0; p < 0.01) were noted. Homozygous minor allele
carriers experienced greater decreases in body weight (treatment difference: −3.2%; 95% CI: −4.9%
to −1.6%; p < 0.01) and BMI (treatment difference: −1.2 kg/m2; 95% CI: −2.0 to −0.4; p < 0.01)
compared to heterozygous allele carriers. These carriers also had a more significant reduction in fat
mass (treatment difference: −9.8%; 95% CI: −10.6 to −9.1; p < 0.01) and visceral fat rating (treatment
difference: −0.9; 95% CI: −1.3 to −0.5; p < 0.01). A high incidence of gastrointestinal events was
reported in the experimental group (74.6%), unlike the placebo group, which reported no side ef-
fects. Dietary supplementation with glucomannan, inulin, and psyllium effectively promotes weight
loss and improves body composition in individuals with obesity, particularly those with specific
genetic polymorphisms.

Keywords: obesity; genetic polymorphisms; dietary fibers; glucomannan; inulin; psyllium; weight
management; personalized nutrition

1. Introduction

Obesity, a global epidemic, continues to escalate in prevalence, significantly contribut-
ing to various metabolic disorders such as type 2 diabetes, hypertension, dyslipidemia,
and cardiovascular diseases, thereby reducing overall wellbeing and life expectancy [1–5].
The complexity of obesity underlines the need for novel and diverse strategies to curb its
growth. Currently, management involves caloric restriction and aerobic exercise, targeting
fat reduction and increased energy expenditure [6]. However, the effectiveness of diets and
exercise is often limited by factors like genetic predisposition, adherence issues, and weight
regain post-dieting [7–9].

Pharmacotherapy has emerged as an adjunct or alternative when lifestyle modifi-
cations are insufficient [10], but it is not devoid of safety concerns and side effects [11].
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Consequently, natural dietary supplements, particularly high-fiber options, have gained
popularity. Viscous fiber, for instance, has demonstrated significant impacts on body weight,
BMI, and waist circumference, independent of calorie-restricted diets [12]. High-fiber diets
are also linked to reduced risks of certain cancers, heart disease, diabetes, stroke, and
overall mortality [13,14]. Dietary fibers like glucomannan, inulin, and psyllium, through
mechanisms such as appetite suppression and satiety enhancement, contribute variably to
weight loss and beneficial metabolic changes [15–28].

Glucomannan, inulin, and psyllium are key nondigestible carbohydrates (NDCs) in
our study. Glucomannan, derived from the Amorphophallus konjac tuber, is known for its
significant water absorption ability, aiding weight loss by delaying gastric emptying and
enhancing satiety [18,19]. Inulin, a soluble and fermentable fiber, has shown potential in
promoting weight loss and reducing triacylglycerol (TAG) levels in individuals with obesity
and dyslipidemia [20–22]. Psyllium, a viscous, gel-forming fiber, is noted for its lesser
fermentation, thereby reducing gastrointestinal discomfort. It can impact body composition
through varied mechanisms, including modifying gastric emptying, satiety enhancement,
influencing intestinal hormone secretion, and altering glycemic response [24–28].

Moreover, the genetic aspect of obesity, particularly the role of specific polymor-
phisms in genes like obesity-associated (FTO), leptin (LEP), leptin receptor (LEPR), and
melanocortin 4 receptor (MC4R) genes, has been extensively studied. These polymor-
phisms are associated with obesity-related traits such as BMI, hip circumference, and
cardiometabolic traits [29–36]. Understanding these genetic factors is vital for personaliz-
ing diet and exercise regimens and enhancing obesity prevention and treatment strategies.

Our study, a placebo-controlled randomized trial, delves into the efficacy of spe-
cific dietary fiber supplements—glucomannan, inulin, and psyllium—in individuals with
obesity-related genetic polymorphisms within genes such as FTO, LEP, LEPR, and MC4R.
These supplements are known to influence weight management through mechanisms
like appetite suppression and enhanced satiety [37]. Simultaneously, the selected genetic
polymorphisms are implicated in obesity predominantly due to their influence on eat-
ing behaviors, specifically predisposition to overeating [38]. By scientifically correlating
these genetic markers with the physiological effects of dietary fibers, our research aims to
establish a more nuanced understanding of obesity management, tailored to individual
genetic profiles.

2. Materials and Methods

We conducted a randomized, double-blind, parallel-group clinical trial in which a
single supplement regimen, containing a combined formulation of glucomannan, inulin,
and psyllium fibers, was compared to a placebo. The study protocol was approved by the
local ethics committee and conducted in accordance with standard institutional operating
procedures and the Declaration of Helsinki. All participants enrolled in the study provided
written informed consent. The study was registered with ClinicalTrials.gov (NCT06188832).

2.1. Patient Population and Design

Patients were eligible based on the following criteria:
Inclusion criteria:

• Healthy participants aged between 40 and 60 years;
• BMI of 25 or greater and no more than a 3% change in body mass within the last

three months;
• Presence of at least one minor allele in any of the following genetic polymorphisms:

FTO (rs9939609; T > A), LEP (rs2167270; G > A), LEPR (rs1137101; A > G; Gln223Arg),
and MC4R (rs17782313; T > C) [38].

Exclusion criteria:

• Individuals who have taken any prescribed medications or dietary supplements in the
two weeks prior to the study;



Nutrients 2024, 16, 557 3 of 15

• Those with a clinically significant history of major digestive, liver, kidney, cardiovas-
cular, hematological diseases, diabetes, gastrointestinal disorders, or any other serious
acute or chronic medical conditions.

In the study, participants with polymorphisms in the FTO, LEP, LEPR, and MC4R genes
were identified from the database of the Center for New Medical Technologies’ genetic lab-
oratory. Following their consent to participate and if they met the inclusion and exclusion
criteria, these participants were enrolled in the research. A total of 112 participants were
enrolled in the study. Participants were randomly assigned in a 2:1 ratio, through the use
of an interactive web-based response system, to receive glucomannan, inulin, and psyllium
(n = 75) or matching placebo (n = 37), in addition to lifestyle intervention (Figure 1). Blind-
ing was maintained for both researchers and participants. Participants were instructed to
consume three powder bags daily, one 30 min before each main meal (breakfast, lunch,
dinner), by dissolving the content in a glass of water to ensure adequate hydration. The
powder bags, visually identical to maintain blinding, were sourced and provided by S.Lab
(Soloways), LLC (Novosibirsk, Russia). Each active powder bag contained 1 g of glucoman-
nan (with an average molecular weight of approximately 200,000 Da, as high molecular
weight is associated with increased satiety [39], 1 g of inulin (predominantly composed of
long-chain inulins with an average degree of polymerization of 10 for optimal prebiotic
effects [40]), and 3 g of psyllium (with 70% soluble fiber [41]), with no additional fillers,
totaling 5 g of active ingredients. The placebo powder bags were specifically engineered
to not only mimic the active powder in terms of texture and volume, using maltodextrin
and rice flour, but also to match the taste and energy content closely. Each bag weighed
5 g, identical to the active bags. This careful formulation ensured comparability in phys-
ical characteristics, taste, and energy value, facilitating an accurate assessment of satiety
responses and appetite regulation between the active and placebo interventions. The study
duration was 180 days. To monitor adherence to the supplementation protocol, a researcher
conducted weekly check-ins. Participants were required to return all powder bags, used
and unused, to enable precise compliance assessment with the supplementation regimen.
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Figure 1. Study design and patient flow.

All participants received individual counseling sessions every 4 weeks to help them
adhere to a reduced-calorie diet (500 kcal deficit per day relative to the energy expenditure
estimated at the time they underwent randomization) and increased physical activity (with
150 min per week of physical activity, such as walking, encouraged). Both diet and activity
were recorded daily in a diary or by use of a smartphone application or other tools and
were reviewed during counseling sessions.

In this study, S.Lab (Soloways), a pharmaceutical company, contributed solely by
manufacturing the dietary fiber supplements (glucomannan, inulin, and psyllium) used in
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the research. S.Lab (Soloways) did not participate in the design, execution, or financing
of the experiment, beyond providing the required supplements. The entire study was
independently conducted by a research team from the Center for New Medical Technologies
and the Scientific Research Laboratory at Triangel Scientific. This arrangement ensured
that the study’s outcomes were not influenced by commercial interests, maintaining the
integrity and independence of our research.

2.2. Study Endpoints and Assessments

The coprimary end points were the percentage change in body weight from baseline
to day 180 and achievement of a reduction in body weight of 5% or more from baseline to
day 180. Secondary endpoints included BMI and body composition, which was assessed
using bioelectrical impedance analysis (BIA). Measurements were performed with an
InBody 770 device from InBody Co., Ltd. (Seoul, Republic of Korea), utilizing multiple
frequencies for increased accuracy and detailed body composition analysis, specifically
measuring fat mass, fat-free mass, and visceral fat rating. The device was calibrated before
each measurement session according to the manufacturer’s instructions. Participants were
advised to maintain standard hydration status and to avoid eating or exercising for at least
3 h before the measurement to ensure the consistency and reliability of the results.

Safety was meticulously evaluated by systematically recording adverse events during
the treatment period, up to day 180. Adverse events were identified through a structured
questionnaire administered at regular intervals (weekly) throughout the study. The ques-
tionnaire was specifically designed to capture information on a wide range of potential
adverse effects, including but not limited to gastrointestinal discomfort, allergic reactions,
and other systemic symptoms. Participants were asked to report the occurrence, dura-
tion, and severity of any symptoms they experienced. The severity of adverse events was
scored using a standardized scale, ranging from mild to severe, to ensure consistent and
objective evaluation.

Concurrently, the effect of the fiber supplement regimen comprising glucomannan,
inulin, and psyllium, compared with the placebo, on appetite was assessed using mean
postprandial participant-reported visual analogue scale (VAS) appetite ratings following
a standardized breakfast meal at day 180. These scores reflect the absolute change from
pre-breakfast (fasting) levels, where negative values indicate a decrease in hunger or
prospective food consumption, and positive values signify an increase in fullness or satiety.
The breakfast was nutritionally balanced, comprising 30 g of protein (from sources such
as eggs, low-fat cottage cheese, or chicken breast), 50 g of carbohydrates (wholegrain
bread or oatmeal), and 10 g of fats (avocado or olive oil), totaling approximately 350
calories. The supplement was administered 30 min before the breakfast meal, allowing for
a comprehensive evaluation of hunger, fullness, satiety, prospective food consumption, and
overall appetite suppression score.

In the study, participants were categorized into two distinct genetic groups for our
predefined sub-analysis: the homozygous minor allele carriers subgroup includes partici-
pants who have two copies of the minor allele for at least one of the specific genes under
study; the mixed allele carriers subgroup comprises all other participants. This category is
not limited to heterozygous genotypes for all genes but includes any genetic configuration
that is not homozygous minor. These categorizations, as pre-specified in the study protocol,
were instrumental in facilitating a detailed assessment of the therapy’s effectiveness in
relation to these specific genetic profiles.

2.3. Sample Size Calculation and Statistical Power

For our randomized, placebo-controlled trial, the primary endpoint was to achieve a
reduction in body weight of 5% or more from baseline to day 180. We had anticipated a
weight reduction of 7% in the active-substance group and 3% in the placebo group, with
the proportion of participants achieving this reduction being 58% and 11%, respectively.
The anticipated data for the calculation were derived from a previously conducted exten-
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sive study [37]. The trial was designed with a 2:1 randomization ratio (active substance
to placebo).

The sample size calculation, which incorporated a two-sided significance level of
5% and aimed for a power of 90%, was adjusted to account for the frequency of FTO,
LEP, LEPR, and MC4R polymorphisms in heterozygotes and homozygotes for the minor
allele (according to Hardy–Weinberg equilibrium). To account for a potential dropout rate
of 20%, these numbers were further adjusted, rounded up to the nearest whole number.
Consequently, we determined that enrolling 75 participants in the active-substance group
and 37 in the placebo group was necessary to maintain the desired power of the study. This
adjustment resulted in a total sample size of 112 participants for the trial.

2.4. Statistical Analyses

The statistical analyses for this clinical trial were designed to assess the efficacy and
safety of glucomannan, inulin, and psyllium supplementation compared to placebo in
altering body weight, body composition, appetite ratings, and other health parameters.
Our analysis adhered to the standards of high-quality medical journals and was performed
using the latest statistical software.

The primary efficacy analyses were based on the intention-to-treat population, which
included all participants who were randomized. The percentage change in body weight
from baseline to day 180 and the proportion of participants achieving a reduction in body
weight of 5% or more from baseline to day 180 were the co-primary endpoints. These were
analyzed using an analysis of covariance (ANCOVA) model, with the baseline value as the
covariate and treatment group as the factor.

Secondary endpoints, including changes in BMI, body composition, and appetite
ratings, were analyzed similarly using the ANCOVA model. A two-sided significance level
of 0.05 was used for all analyses.

Participants were categorized into two genetic groups for a predefined sub-analysis:
homozygous minor allele carriers and mixed allele carriers. The efficacy of the intervention
within these subgroups was analyzed using the same ANCOVA model, with the addition
of the subgroup as a factor.

Safety data were summarized descriptively, and the incidence of adverse events was
compared between treatment groups using the Chi-square test or Fisher’s exact test, as
appropriate. Bonferroni correction was applied for multiple comparisons to control the
family-wise error rate. Missing data were handled using multiple imputation techniques to
reduce bias and increase the robustness of our results. Sensitivity analyses were conducted
to assess the impact of missing data on the study conclusions.

Sample size was calculated based on anticipated differences in the primary endpoint,
with adjustments for dropouts. The power of the study was set at 90%, with a two-sided
significance level of 5%. This ensured adequate power to detect clinically meaningful
differences between the treatment and placebo groups.

All analyses were performed using statistical software SAS version 9.4 (SAS Institute),
which is widely recognized for its reliability and accuracy in the scientific community.

Our statistical analysis adhered to the rigorous standards required for high-quality
clinical research, ensuring that our findings are reliable and can be confidently applied to
the broader population.

3. Results

In this study, 112 individuals were enrolled and randomized to receive either a combi-
nation of glucomannan, inulin, and psyllium (n = 75) or a placebo (n = 37). A subgroup
analysis in the experimental group was also conducted on participants identified as ho-
mozygous minor allele carriers (n = 33) or mixed allele carriers (n = 42). The completion
and adherence rate for the trial was high, with 93.7% of participants finishing the study
and adhering to the treatment protocol (Figure 1).
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Demographic and baseline clinical characteristics were well balanced across the treat-
ment and placebo groups (Table 1). The majority of participants were female, accounting
for 71.6% of the study population, with a pooled mean age of approximately 46 years.
The average body weight was 89.9 kg, and the mean BMI was 30.9 kg/m2, indicating an
overweight status among the participants.

Table 1. Demographic and clinical characteristics of the participants at baseline.

Glucomannan, Inulin,
Psyllium (n = 75)

Placebo
(n = 37) p-Value Homozygous Minor

Allele Carriers (n = 33)
Mixed Allele

Carriers (n = 42) p-Value

Age, y 46 ± 10 46 ± 12 p = 0.81 45 ± 9 46 ± 11 p = 0.78

Women, % 71.8 72.0 p = 0.89 72.7 71.4 p = 0.82

Body weight, kg 89.3 ± 10.4 90.6 ± 10.8 p = 0.73 91.4 ± 11.1 87.8 ± 9.6 p = 0.13

Body mass index, kg/m2 30.7 ± 3.4 31.3 ± 3.5 p = 0.67 31.1 ± 3.8 30.5 ± 2.9 p = 0.11

Fat mass, % 37.5 ± 4.6 38.1 ± 4.2 p = 0.46 37.8 ± 3.8 37.1 ± 5.1 p = 0.58

Fat-free mass, kg 57.5 ± 10.7 57.1 ± 11.8 p = 0.72 56.1 ± 11.2 58.3 ± 10.1 p = 0.32

Visceral fat rating 9.7 ± 3.5 9.5 ± 3.6 p = 0.68 9.8 ± 3.5 9.6 ± 3.4 p = 0.75

Systolic blood pressure, mm Hg 128 ± 9 129 ± 9 p = 0.88 129 ± 8 128 ± 11 p = 0.61

Diastolic blood
pressure, mm Hg 81 ± 7 82 ± 4 p = 0.71 82 ± 6 81 ± 6 p = 0.74

Total cholesterol, mmol/L 5.12 ± 0.73 5.1 ± 0.7 p = 0.90 5.32 ± 0.62 4.98 ± 0.78 p = 0.14

LDL-C, mmol/L 3.95 ± 0.71 4.18 ± 0.59 p = 0.86 4.14 ± 0.48 3.82 ± 0.91 p = 0.13

HDL-C, mmol/L 1.54 ± 0.46 1.59 ± 0.52 p = 0.76 1.44 ± 0.43 1.61 ± 0.48 p = 0.23

Triglycerides, mmol/L 1.28 ± 0.57 1.37 ± 0.64 p = 0.78 1.38 ± 0.51 1.22 ± 0.63 p = 0.16

Fasting plasma glucose,
mmol/L 5.55 ± 0.50 5.68 ± 0.58 p = 0.64 5.39 ± 0.41 5.68 ± 0.59 p = 0.12

hsCRP, mg/L 2.00 ± 1.28 2.32 ± 1.3 p = 0.78 2.11 ± 1.35 1.92 ± 1.21 p = 0.33

The subgroup analysis aimed to investigate the influence of genetic variation on
baseline characteristics. Homozygous minor allele carriers had a slightly higher, but not
statistically significant, mean body weight (91.4 ± 11.1 kg) and BMI (31.1 ± 3.8 kg/m2)
compared to mixed allele carriers (87.8 ± 9.6 kg and 30.5 ± 2.9 kg/m2, respectively).
Furthermore, there were no significant differences in the lipid profiles, including total
cholesterol, LDL-C, HDL-C, and triglycerides, between the genetic subgroups at baseline.

3.1. Change in Body Weight

In the experimental group, weight loss was observed from the first postrandomization
assessment (day 30) onward, reaching the lowest point at day 180 (Figure 2). The change in
body weight from baseline to day 180 was −7.3% (95% CI: −9.0–5.6%) with glucomannan,
inulin, and psyllium, compared with −2.4% (95% CI: −3.5%−1.3%) with placebo (treatment
difference, −4.9%; 95% CI: −6.9–2.9%; p < 0.01; Figure 2A).

Among the participants at the day-180 visit, the thresholds of losing 5% or more
and 10% or more of baseline body weight were achieved by 59.2% (42 participants) and
21.1% (15 participants) in the experimental group, respectively, compared with 26.5%
(9 participants) and 8.8% (3 participants) in the placebo group (p < 0.01 for both thresholds;
Table 2; Figure 2B). The absolute change in body weight from baseline to day 180 was
−6.5 kg (95% CI: −7.2 kg to −5.9 kg) in the experimental group as compared with −2.2 kg
(95% CI: −2.4 kg to −2.0 kg) in the placebo group (treatment difference, −4.3 kg; 95% CI:
−5.2 kg to −3.5 kg; p < 0.01).
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Table 2. Primary and secondary endpoints at 180-day follow-up in main groups.

Glucomannan, Inulin,
Psyllium (n = 71) Placebo (n = 34) Difference (95% CI) Odds Ratio p-Value

Body weight change from
baseline to day 180, % −7.3 (−9.0 to −5.6) −2.4 (−3.5 to −1.3) −4.9 (−6.9 to −2.9) p < 0.01

Participants with body weight
reduction ≥ 5% at day 180, % 59.2 26.5 4.0 (1.6 to 9.9) p < 0.01

Participants with body weight
reduction ≥ 10% at day 180, % 21.1 8.8 2.8 (1.4 to 5.4) p < 0.01

Body weight (change from
baseline to day 180), kg −6.5 (−7.2 to −5.9) −2.2 (−2.4 to −2.0) −4.3 (−5.2 to −3.5) p < 0.01

Body mass index (change from
baseline to day 180), kg/m2 −2.2 (−2.3 to −2.1) −0.8 (−0.9 to −0.6) −1.4 (−1.7 to −1.2) p < 0.01

Fat mass, (change from baseline
to day 180), % −19.4 (−21.3 to −17.5) −6.4 (−6.9 to −5.8) −13.0 (−14.4 to −11.7) p < 0.01

Fat-free mass (change from
baseline to day 180), kg −1.3 (−4.9 to 2.3) −0.8 (−3.0 to 1.4) −0.5 (−6.3 to 5.3) p = 0.11

Visceral fat rating (change from
baseline to day 180) −1.9 (−2.1 to −1.7) −0.6 (−1.1 to −0.1) −1.3 (−1.6 to −1.0) p < 0.01

Systolic blood pressure, mm Hg −4.8 (−10.3 to −1.3) −9.1 (−13.7 to −4.5) 4.2 (−1.7 to 10.1) p = 0.13

Diastolic blood
pressure, mm Hg −3.9 (−7.5 to −0.4) −7.3 (−9.7 to −4.9) 3.1 (−1.2 to 7.4) p = 0.15

Total cholesterol (ratio of
day-180 value to baseline) 0.93 (0.75 to 1.11) 0.92 (0.74 to 1.10) 1.01 (0.82 to 1.21) p = 0.46

LDL-C (ratio of day-180 value
to baseline) 0.92 (0.74 to 1.08) 0.91 (0.73 to 1.09) 1.01 (0.81 to 1.21) p = 0.51

HDL-C (ratio of day-180 value
to baseline) 0.91 (0.73 to 1.08) 0.97 (0.78 to 1.16) 0.94 (0.75 to 1.15) p = 0.05

Triglycerides (ratio of day-180
value to baseline) 0.93 (0.77 to 1.13) 0.82 (0.66 to 0.98) 1.13 (0.93 to 1.38) p = 0.10

hsCRP (ratio of day-180 value
to baseline) 0.91 (0.75 to 1.07) 1.16 (0.99 to 1.33) 1.03 (0.85 to 1.21) p = 0.08

Fasting plasma glucose,
mmol/L −0.38 (−1.56 to 0.80) −0.48 (−0.94 to −0.02) 0.10 (−1.15 to 1.35) p = 0.26

In the subgroup analysis, homozygous minor allele carriers exhibited a more signifi-
cant reduction in body weight from baseline to day 180 of −9.4% (95% CI: −10.6–8.2%),
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as opposed to a −5.6% (95% CI: −6.7–4.4%) reduction in mixed allele carriers (treatment
difference, −3.2%; 95% CI: −4.9–1.6%; p < 0.01; Figure 3A). Furthermore, 77.4% (24 partici-
pants) in the homozygous subgroup and 45.0% (18 participants) in the mixed allele carriers
group met the threshold of losing 5% or more of baseline body weight. Additionally, 29.0%
(nine participants) in the homozygous subgroup and 15.0% (six participants) in the mixed
allele carriers group met the threshold of losing 10% or more (p < 0.01 for both thresholds;
Table 3; Figure 3B). The absolute change in body weight from baseline to day 180 was
−8.6 kg (95% CI: −9.4 kg to −7.8 kg) in homozygous minor allele carriers, compared with
−4.9 kg (95% CI: −5.4 kg to −4.4 kg) in mixed allele carriers (treatment difference, −3.7 kg;
95% CI: −5.0 kg to −2.4 kg; p < 0.01).
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Table 3. Secondary outcome measures at 180-day follow-up for homozygous and mixed minor allele
carriers receiving glucomannan, inulin, and psyllium.

Homozygous Minor
Allele Carriers (n = 31)

Mixed Allele Carriers
(n = 40)

Difference between
Homozygous and

Mixed Allele (95% CI)
Odds Ratio p-Value

Body weight change from
baseline to day 180, % −9.4 (−10.6 to −8.2) −5.6 (−6.7 to −4.4) −3.2 (−4.9 to −1.6) p < 0.01

Participants with body weight
reduction ≥ 5% at day 180, % 77.4 45.0 4.1 (2.7 to 6.0) p < 0.01

Participants with body weight
reduction ≥ 10% at day 180, % 29.0 15.0 2.3 (1.5 to 3.4) p < 0.01

Body weight (change from
baseline to day 180), kg −8.6 (−9.4 to −7.8) −4.9 (−5.4 to −4.4) −3.7 (−5.0 to −2.4) p < 0.01

Body mass index (change from
baseline to day 180), kg/m2 −2.9 (−3.4 to −2.4) −1.7 (−2.0 to −1.4) −1.2 (−2.0 to −0.4) p < 0.01

Fat mass, (change from baseline
to day 180), % −24.9 (−27.2 to −22.6) −15.1 (−16.6 to −13.5) −9.8% (−10.6% to

−9.1%) p < 0.01

Fat-free mass (change from
baseline to day 180), kg −1.7 (−5.7 to 2.3) −1.0 (−4.3 to 2.3) −0.7 (−8.0 to 6.6) p = 0.09

Visceral fat rating (change from
baseline to day 180) −2.4 (−2.6 to −2.2) −1.5 (−1.7 to −1.3) −0.9 (−1.3 to −0.5) p < 0.01

Systolic blood pressure (change
from baseline to day 180), mm Hg −7.1 (−10.4 to −3.8) −2.9 (−6.4 to 0.6) −4.2 (−8.0 to −0.4) p = 0.07

Diastolic blood
pressure (change from baseline to

day 180), mm Hg
−5.1 (−7.6 to −2.6) −3.2 (−5.4 to −1.0) −1.9 (−5.2 to 1.4) p = 0.28
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Table 3. Cont.

Homozygous Minor
Allele Carriers (n = 31)

Mixed Allele Carriers
(n = 40)

Difference between
Homozygous and

Mixed Allele (95% CI)
Odds Ratio p-Value

Total cholesterol (ratio of day-180
value to baseline) 0.94 (0.76 to 1.12) 0.91 (0.73 to 1.09) 1.0 (0.79 to 1.21) p = 0.32

LDL-C (ratio of day-180 value
to baseline) 0.93 (0.75 to 1.11) 0.90 (0.74 to 1.06) 1.02 (0.81 to 1.23) p = 0.25

HDL-C (ratio of day-180 value
to baseline) 0.92 (0.74 to 1.10) 0.89 (0.72 to 1.06) 0.03 (0.01 to 0.05) p = 0.60

Triglycerides (ratio of day-180
value to baseline) 0.85 (0.69 to 1.01) 1.04 (0.84 to 1.24) −0.19 (−0.40 to 0.02) p = 0.10

hsCRP (ratio of day-180 value
to baseline) 0.79 (0.64 to 0.94) 1.04 (0.84 to 1.24) −0.25 (−0.45 to −0.05) p = 0.06

Fasting plasma glucose (change
from baseline to day 180),

mmol/L
−0.49 (−0.95 to −0.03) −0.27 (−1.35 to 0.81) −0.22 (−1.40 to 0.96) p = 0.12

3.2. Other Secondary End Points

Glucomannan, inulin, and psyllium were associated with greater reductions from
baseline compared with placebo in BMI (−2.2 kg/m2 (95% CI: −2.3 to −2.1) in the exper-
imental group vs. −0.8 kg/m2 (95% CI: −0.9 to −0.6) in the placebo group; treatment
difference, −1.4 kg/m2 (95% CI: −1.7 to −1.2); p < 0.01), fat mass (−19.4% (95% CI: −21.3
to −17.5) in the experimental group vs. −6.4% (95% CI: −6.9 to −5.8) in the placebo group;
treatment difference, −13.0% (95% CI: −14.4 to −11.7); p < 0.01), and visceral fat rating
(−1.9 (95% CI: −2.1 to −1.7) in the experimental group vs. −0.6 (95% CI: −1.1 to −0.1) in
the placebo group; treatment difference, −1.3 (95% CI: −1.6 to −1.0); p < 0.01; Table 2).

Moreover, there were no significant differences between the groups in changes to
fat-free mass, blood pressure, fasting plasma glucose, hsCRP, and lipid profiles, including
total cholesterol, LDL-C, HDL-C, and triglycerides, from baseline to day 180.

In the subgroup analysis, homozygous minor allele carriers exhibited a more signif-
icant reduction in BMI (−2.9 kg/m2 (95% CI: −3.4 to −2.4) in homozygous minor allele
carriers vs. −1.7 kg/m2 (95% CI: −2.0 to −1.4) in mixed allele carriers; treatment difference,
−1.2 kg/m2 (95% CI: −2.0 to −0.4); p < 0.01), fat mass (−24.9% (95% CI: −27.2 to −22.6)
in homozygous minor allele carriers vs. −15.1% (95% CI: −16.8 to −13.5) in mixed allele
carriers; treatment difference, −9.8% (95% CI: −10.6 to −9.1); p < 0.01), and visceral fat
rating (−2.4 (95% CI: −2.6 to −2.2) in homozygous minor allele carriers vs. −1.5 (95% CI:
−1.7 to −1.3) in mixed allele carriers; treatment difference, −0.9 (95% CI: −1.3 to −0.5);
p < 0.01; Table 3).

3.3. Postprandial Appetite

After a standardized breakfast, VAS ratings for hunger and prospective food consump-
tion were significantly reduced, whereas fullness and satiety ratings significantly increased
with glucomannan, inulin, and psyllium compared to placebo (p < 0.01 for all; Table 4). The
overall postprandial appetite suppression score, calculated after the standardized breakfast,
was significantly higher in the experimental group (25.6; 95% CI: 21.4 to 29.8) than in the
placebo group (8.4; 95% CI: 6.1 to 10.7), with a treatment difference of 17.2 (95% CI: 15.3 to
19.1; p < 0.01).

In the subgroup analysis, the differences in hunger, fullness, satiety, and prospective
food consumption ratings between homozygous minor allele carriers and mixed allele
carriers did not reach statistical significance.
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Table 4. Postprandial appetite ratings after standardized breakfast at 180-day follow-up, showing
absolute changes from pre-breakfast (fasting) VAS scores.

Glucomannan, Inulin,
Psyllium (n = 71) Placebo (n = 34) Difference (95% CI) p-Value

Hunger −12.3 (−15.2 to −9.4) −3.1 (−5.0 to −1.2) −9.2 (−11.4 to −7.0) p < 0.01

Fullness 10.4 (7.5 to 13.3) 2.1 (0 to 4.2) 8.3 (6.1 to 10.5) p < 0.01

Satiety 11.6 (8.4 to 14.8) 4.2 (2.1 to 6.3) 7.4 (5.2 to 9.6) p < 0.01

Prospective −10.7 (−13.5 to −7.9) −2.3 (−4.0 to 0) −8.4 (−10.6 to −6.2) p < 0.01

Overall appetite
suppression score 25.6 (21.4 to 29.8) 8.4 (6.1 to 10.7) 17.2 (15.3 to 19.1) p < 0.01

3.4. Safety and Side-Effect Profile

In our study, 74.6% of participants in the active group reported at least one adverse
event, mainly mild-to-moderate gastrointestinal symptoms (Table 5). Specifically, 28.2%
experienced mild flatulence and 9.9% moderate; 19.7% had mild abdominal discomfort
with 7.0% moderate; and 15.5% reported mild altered bowel habits, with another 5.6%
moderate. Conversely, the placebo group had minimal reports, with 5.9% experiencing
mild flatulence, 2.9% mild abdominal discomfort, and 2.9% mild altered bowel habits,
with no moderate symptoms reported. These side effects were transient and required
no discontinuation of the supplement. Additionally, subgroup analysis showed that the
occurrence of these symptoms did not significantly differ between homozygous minor
allele carriers and mixed allele carriers.

Table 5. Prevalence and severity of reported adverse events in active and placebo groups.

Glucomannan, Inulin,
Psyllium (n = 71) Placebo (n = 34)

p-Value
% Mild % Moderate % Mild % Moderate

Flatulence, % (n) 28.2% (20) 9.9% (9) 5.9% (2) 0% (0) <0.01

Abdominal
Discomfort, % (n) 19.7% (14) 7.0% (5) 2.9% (1) 0% (0) <0.01

Altered Bowel
Habits, % (n) 15.5% (11) 5.6% (4) 2.9% (1) 0% (0) <0.01

4. Discussion

In our study, we specifically investigated the interaction between dietary fiber sup-
plementation and genetic polymorphisms related to weight management. The primary
outcomes of this randomized, double-blind, parallel-group clinical trial are significant:
(1) Participants carrying minor alleles in genes such as FTO, LEP, LEPR, and MC4R demon-
strated notable weight loss and appetite modification when consuming a combination of
dietary fibers—glucomannan, inulin, and psyllium. (2) Those identified as homozygous
minor allele carriers exhibited a more pronounced response in terms of weight reduction
and appetite change compared to heterozygous and non-carriers of these polymorphisms.
(3) Furthermore, the trial highlighted a significant prevalence of side effects, with 74.6% of
participants in the active group reporting at least one adverse event. The nature and frequency
of these gastrointestinal side effects, primarily mild to moderate, underscore the importance
of considering tolerability alongside efficacy in fiber supplementation interventions.

These findings align with results from other clinical studies. For instance, the study
by Pražnikar et al. indicated that dietary fiber supplements, in conjunction with energy
restriction, significantly reduced body weight, BMI, fat mass, visceral fat, and improved
lipid profile and inflammation markers. Notably, a supplement containing glucomannan,
inulin, psyllium, and apple fiber was most effective in reducing BMI, body weight, and CRP
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levels, suggesting that dietary fiber supplements could enhance weight loss and positively
impact metabolic health in individuals with obesity and overweight [37].

Additionally, research among pregnant women highlighted the importance of certain
genetic polymorphisms, including rs9939609 of the FTO gene, rs7799039 of the LEP gene,
and rs1137101 of the LEPR gene. These polymorphisms were linked to mechanisms
regulating dietary consumption, such as total energy intake, food preferences, and satiety
responsiveness [42]. These findings emphasize the potential role of genetic factors in weight
regulation and may explain the varied responses to dietary fiber observed in our study.

Our study’s observations regarding the interaction of dietary fiber supplementation
with genetic polymorphisms in weight management align well with the broader body of
research in this area. For instance, a study by Hosseini-Esfahani et al. revealed that dietary
fiber could modify the association of FTO single-nucleotide polymorphisms (SNPs) and
genetic risk scores with obesity. This effect was more pronounced in subjects consuming
higher levels of dietary fiber and with a high genetic risk score, highlighting the potential
of dietary fiber in mitigating genetic predispositions to obesity. The study also identified
a significant gene–fiber interaction in relation to abdominal obesity, particularly between
fiber and rs3751812, suggesting that individuals with a higher number of risk alleles could
benefit more from high dietary fiber intake [43].

In terms of mechanisms, dietary fiber has been shown to induce greater satiety com-
pared to simple sugars, potentially due to its physical properties, such as bulking and
alteration of the viscosity of gastric contents. This effect may delay gastric emptying, blunt
postprandial glucose and insulin responses, and influence the secretion of gut peptide
hormones that regulate satiation. Moreover, fermentable fibers are consumed by intestinal
bacteria, producing short-chain fatty acids that impact gene expression, including genes
associated with obesity and metabolic health. This complex interaction of dietary compo-
nents and genetic factors underscores the nuanced nature of dietary guidelines, especially
for individuals with genetic predispositions to obesity [44,45].

Further emphasizing the role of dietary patterns, adherence to the Mediterranean
dietary pattern, rich in fiber, has shown interactions with the FTO-rs9939609, linking a low
adherence to the diet with higher type 2 diabetes risk in risk allele carriers. This indicates
that genetic predispositions may not fully dictate health outcomes and can be modulated
by dietary habits. The consumption of unhealthy food groups, typically low in dietary
fiber, has also been studied in relation to obesity, demonstrating that subjects with a higher
number of FTO risk alleles might be more susceptible to obesity when consuming foods
like fried foods and sugary beverages [46–48].

Our study contributes to the understanding of how dietary fiber supplementation,
particularly with glucomannan, inulin, and psyllium, impacts weight management among
individuals with specific obesity-associated genetic polymorphisms. While our findings
indicate a more pronounced response in homozygous minor allele carriers, it is important
to note that mixed allele carriers also benefited from the intervention. This suggests that
while genetic makeup may influence the magnitude of response, the intervention itself is
broadly beneficial. Caution should be exercised in interpreting these results as indicative
of the need for genotype-specific dietary interventions. Further research is required to
explore whether different diet regimens might differentially benefit individuals based on
their genotype, fully realizing the potential of nutrigenomics in obesity management.

An important consideration raised by our findings is the high prevalence of side effects
associated with fiber supplementation. While 74.6% of participants in the active group
reported gastrointestinal symptoms, this figure is not without precedent in dietary fiber
research. Comparable studies have reported varying degrees of gastrointestinal responses
to fiber intake, which are thought to be a function of fiber type, dosage, and individual
digestive tolerance [49]. The side effects noted in our study were largely mild-to-moderate
and transient, aligning with the existing literature that suggests such reactions are typically
short-lived and diminish as the body adapts to increased fiber intake [50].
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However, the significant occurrence of these symptoms in our study raises questions
about the balance between the benefits of fiber supplements in weight management and
their tolerability. This aspect of fiber supplementation is often underreported and warrants
further investigation, especially considering the potential influence of genetic variations.
While our subgroup analysis did not find a significant difference in side effects between
homozygous minor allele carriers and mixed allele carriers, this is an avenue for future re-
search. Such studies could explore the genetic basis for the variability in fiber tolerance and
the potential for personalizing fiber supplementation strategies to mitigate adverse effects.

For future research, our findings open avenues for exploring the intersection of nu-
trigenomics and dietetics. Further studies could investigate other genetic markers and their
interaction with different dietary components, potentially leading to a broader understand-
ing of personalized nutrition. Such research might also delve into the long-term effects of
tailored dietary interventions based on genetic profiles and evaluate the efficacy of these
interventions in diverse populations.

One of the primary strengths of our research lies in its methodological rigor. The ran-
domized, double-blind, parallel-group design minimizes the risk of bias and confounding
factors, thereby enhancing the reliability of the results. The inclusion of specific genetic
polymorphisms, such as FTO, LEP, LEPR, and MC4R, adds a level of precision in un-
derstanding the interaction between genetic factors and dietary fiber supplementation.
Additionally, the substantial size of our study population and the duration of the interven-
tion (180 days) provide robust data for assessing the long-term effects of dietary fiber on
weight management in a genetically diverse group.

However, the study also has limitations that warrant consideration. The selection of
heterozygous individuals as controls, while deliberate for our research focus, may not fully
represent the impact compared to non-carriers of the polymorphisms, potentially affecting
the generalizability of the findings to broader populations. This specific methodological
approach has been acknowledged in the limitations of our study, alongside the challenges
of capturing the full spectrum of genetic variations related to obesity, potential unmeasured
confounding variables, reliance on self-reported dietary data, and the representativeness
of our study population in terms of age, ethnicity, and socio-demographic factors. Future
research should consider these aspects, aiming to include a more diverse control group, a
broader range of genetic markers, expanded demographic representation, and objective
measures of dietary intake and adherence.

5. Conclusions

This study underscores the influence of dietary fibers (glucomannan, inulin, and psyl-
lium) on weight management, particularly noting the variable responses linked to genetic
polymorphisms. While homozygous minor allele carriers showed a more marked response,
all genotype groups benefited, suggesting the potential of fiber supplements beyond a
genotype-specific approach. The high prevalence of mild-to-moderate gastrointestinal side
effects, however, underscores the need for careful consideration of tolerability in dietary
interventions. These findings advocate for integrating genetic insights with individual
tolerability profiles in developing tailored nutritional strategies for weight management.

Despite the study’s contributions, its limitations in participant demographics and
duration warrant further, more diverse, and prolonged research. Future studies should
also examine the long-term effects and mechanisms of dietary fibers across various genetic
backgrounds, aiming to optimize the balance between efficacy and tolerability in personal-
ized nutrition. This research enriches the field of nutritional genomics, paving the way for
more nuanced and effective dietary recommendations in the realm of precision medicine.
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