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Abstract
Introduction: The aim of this study was to evaluate the ben-
efit and tolerability of two dosages of a proprietary flaxseed 
mucilage (IQP-LU-104) in reducing body weight in over-
weight and moderately obese individuals. Methods: In a 
double-blind, randomized, placebo-controlled, bi-center tri-
al, 108 participants (body mass index [BMI] 25–<35 kg/m2) 
were randomly allocated to receive either IQP-LU-104 high 
dose (104HD), IQP-LU-104 low dose (104LD), or placebo. Par-
ticipants were instructed to consume 1 sachet of the inves-
tigational product (containing IQP-LU-104 or matching pla-
cebo) before or with main meals twice daily and to follow a 
balanced but hypocaloric diet (20% reduction of individual’s 
daily energy requirements) for 12 weeks. At week 0 (base-
line), and weeks 4, 8, and 12 of the intervention periods, the 
participants’ body weight, BMI, body fat composition, and 
waist and hip circumferences were measured. Blood sam-
ples were collected for safety assessment at screening visit 

(week -2) and at the end of the study. Adverse events were 
assessed by the investigators through interviewing the par-
ticipants and were recorded at every visit post screening.  
Results: At the end of the 12-week study, body weight re-
duction was greater in the 104HD group (4.96 ± 1.89 kg, p < 
0.001 vs. placebo) and 104LD group (3.70 ± 2.57 kg, p < 0.001 
vs. placebo) compared to the placebo group (1.33 ± 2.05 kg). 
68% and 46% of participants in the 104HD group (p < 0.001 
vs. placebo) and 104LD group (p = 0.002 vs. placebo), respec-
tively, experienced at least 5% weight loss, compared to 9% 
of participants in the placebo group. Significant decreases in 
waist and hip circumferences were observed in both the 
104HD and 104LD groups compared to the placebo group 
(each p < 0.001). 104HD group had significantly higher re-
duction in body fat mass (4.25 ± 5.86 kg) than the placebo 
group (1.06 ± 3.20 kg) (p = 0.002). Respiratory tract infections 
and gastrointestinal symptoms were the main adverse 
events reported and none of the adverse events were related 
to the intake of IQP-LU-104. Conclusion: Results demon-
strated IQP-LU-104 is safe and efficacious in body weight re-
duction at both dosages in overweight and moderately 
obese individuals. © 2022 The Author(s).
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Introduction

The Global Burden Disease Study showed that obesity 
prevalence doubled in 73 countries between 1980 and 
2015, and by 2030, nearly 1 in 2 adults (48.9%) in the USA 
is predicted to be obese [1, 2]. Obesity, defined as the ex-
cess fat accumulation that increases risk to health, is as-
sociated with increased risk of chronic diseases including 
type 2 diabetes, hypertension, and cardiovascular diseas-
es [3, 4]. A weight loss of 5–10% of body weight is the 
recommended treatment target and a realistic goal for 
obese patients. This modest reduction in weight is suffi-
cient to reduce most comorbidities’ risk significantly [5, 
6].

Flaxseed, or linseed (Linum usitatissimum L.), is the 
seed from the flax plant. It has been cultivated since 5000 
BC and is native to the region extending from the eastern 
Mediterranean to India [7]. The average nutritional com-
position reported for commercial flaxseed includes 41% 
fat, 20% protein, 28% total dietary fiber, 7.7% moisture, 
and 3.4% ash [8]. Health benefits of flaxseed had been re-
searched in various areas including cardiovascular func-
tions [9], gastrointestinal health [10], brain development, 
immunity, as well as hormonal status in menopausal 
women [11, 12]. Flaxseed contains both soluble and in-
soluble fibers in the ratio of 20:80 and 40:60 [7] and the 
fibers are non-digestible in the small intestine [13]. Cel-
lulose and lignin are the major components in the insol-
uble fiber fraction, whereas the soluble fiber fraction in-
cludes mucilage gums [14]. Flaxseed mucilage consists 
mainly of water-soluble polysaccharide and makes up 
about 3–8% of the seed weight [15, 16].

Flaxseed mucilage forms viscous gel when mixed in 
water and exhibits unique functional properties such as 
swelling power, foaming capacity, emulsifying activity, as 
well as fat absorption capacity [13, 15, 17]. The mucilage 
has large water binding capacity of about 1,600–3,000 g 
of water/100 g of solids [18], and the hulls containing mu-
cilage has fat absorption capacity of about 1.8 g/g [17]. In 
food or pharmaceutical applications, mucilage or gums 
are used as thickening, disintegrating, suspending, stabi-
lizing, and emulsifying agents [19].

The health benefits of flaxseed mucilage had gained 
interest and have been researched in recent decades. Fi-
bers from flaxseed were found to be associated with body 
weight regulation via hunger suppression followed by di-
minished nutrient absorption [7]. The fiber absorbs large 
quantities of water, swells, and increases stomach disten-
sion which mechanically triggers the sensation of fullness 
or satiety [17]. Soluble fibers from flaxseed mucilage in-

crease the viscosity of intestinal contents, prolong ab-
sorption rate of nutrients (e.g., glucose), delay gastric 
emptying, decrease fat digestibility, and lower blood glu-
cose level [20, 21]. It was suggested that the degree of 
health benefits (e.g., cholesterol lowering, improved gly-
cemic control, satiety, weight loss) is proportional to the 
viscosity of the gelling fiber [22].

Meta-analysis of 45 randomized placebo-controlled 
trials showed that consumption of whole flaxseed, possi-
bly due to high fiber content had led to significant reduc-
tion in body weight, BMI, and waist circumference [23]. 
It was suggested that individual component in flaxseed 
has greater health potential than the whole flaxseed [24]. 
Findings from previous research showed the potential of 
flaxseed mucilage in combating obesity [17, 20, 23, 24]; 
however, clinical evidence of flaxseed mucilage, especial-
ly at a lower dose compared to the whole flaxseed, has not 
yet been established.

The potential of flaxseed mucilage in weight manage-
ment is promising, and to the best of our knowledge clin-
ical evidence on weight loss effect of flaxseed mucilage 
was not available. Thus, in this study, we aimed to deter-
mine the efficacy and tolerability of IQP-LU-104, a pro-
prietary flaxseed mucilage composition, in reducing body 
weight among the overweight and moderately obese pop-
ulations.

Materials and Methods

Study Design and Participants
The study was designed as a randomized, double-blind, place-

bo-controlled, three-armed parallel group trial and was conducted 
at two investigator sites in Berlin, Germany, from March to No-
vember 2019. The 14 weeks’ study duration consisted of 2 weeks 
of run-in phase followed by 12 weeks of intervention phase. Indi-
viduals were recruited mainly through advertisements in the local 
press, database of the recruiting center, and on online platforms.

One hundred and eight male and female individuals aged 18–
65 years who fulfilled the eligibility criteria were enrolled in the 
study: overweight (BMI 25–<30 kg/m2) or moderately obese (BMI 
30–<35 kg/m2). Inclusion criteria required participants to be in 
good health condition, have a desire to lose weight, be accustomed 
to regular daily consumption of 3 main meals (breakfast, lunch, 
dinner), have a consistent and stable body weight in the last 3 
months prior to screening, agree to take the investigational prod-
uct (IP) as recommended, adhere to the recommended diet, main-
tain habitual levels of physical activity, commit to complete the 
participant diary and study questionnaires, and the use of contra-
ception methods and a negative pregnancy test in women of child-
bearing potential. Main exclusion criteria were: sensitivity to any 
of the ingredients in the IP, uncontrolled thyroid gland disorder, 
uncontrolled hypertension, gastrointestinal disorders, diabetes 
mellitus type 1, uncontrolled diabetes mellitus type 2, significant 
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surgery within the last 6 months, eating disorders within the last 
12 months, significant deviation of safety laboratory parameters, 
electronic medical implant, any treatment/program that influ-
enced body weight and gastrointestinal functions, smoking cessa-
tion within last 6 months, vegetarian/vegan/restrictive diet, preg-
nancy or nursing, and abuse of drugs and alcohol. Written in-
formed consent was obtained from all participants before the trial 
was conducted. The clinical investigation was approved by the 
Ethics Committee of Charité – University Medicine Berlin and was 
performed in compliance with ISO 14155, the Declaration of Hel-
sinki, and the Guidance for Good Clinical Practice (CPMP/
ICH/135/95, ICH E6 [R2]). The study is registered with clinicaltri-
als.gov, No.: NCT03888911.

Diet and Intervention
Screening of participants was performed during visit 1, fol-

lowed by a 2-week run-in phase for acclimation to study require-
ments. Instructions were given to the participants to maintain a 
nutritionally balanced and hypocaloric diet (providing 30% of en-
ergy from fat) according to the calculated individual energy re-
quirement based on gender, age, physical activity, weight, and 
height, with 20% energy reduction [25]. A recommended diet plan 
was provided, and a diary was issued to each participant to record 
food and beverage intake on 2 weekdays and 1 weekend day per 
week for calorie intake assessment. At visit 2 (baseline), partici-
pants were randomly allocated to one of the three groups in a 1:1:1 
ratio: IQP-LU-104 high-dose group (herein 104HD group), IQP-
LU-104 low-dose group (herein 104LD), or the placebo group.

The IP consists of proprietary flaxseed mucilage (IQP-LU-104) 
as the functional composition. Other ingredients in the IP are ex-
cipients commonly used in manufacturing of pharmaceutical or 
food products such as bulking agent, anti-caking agent, sweetener, 
flavoring agent and colorant. IP was prepared in the form of sa-
chets, and each sachet of 104HD and 104LD contained 2,560 mg 
and 1,280 mg of flaxseed mucilage, respectively. Placebo sachets 
contained standard excipients matching the taste and color of the 
product sachets given to the 104HD and 104LD groups. All sachets 
were identical in size and appearance.

Participants were instructed to take 1 sachet, mixed in a glass 
of water (∼200 mL) twice daily together with the two heaviest 
meals (breakfast, lunch, or dinner) of the day. The beverage was to 
be consumed before or during early stage of the meal, within 10 
min of mixing.

Assessments
Body weight, body fat, and fat free mass, as well as the waist and 

hip circumference of the participants were measured during visit 
1 (screening, week -2), visit 2 (baseline, week 0), visit 3 (week 4), 
visit 4 (week 8), and visit 5 (week 12) of the study. Body weight, 
body fat, and fat free mass (per bioimpedance) were measured in 
participants wearing underwear and barefoot using validated elec-
tronic weighing scales (Tanita BC-420 MA). Waist circumference 
(cm) was measured at the level midway between the lateral lower 
rib margin and the iliac crest, whereas hip circumference (cm) was 
measured as the maximal circumference over the buttocks using a 
measuring tape.

Additionally, the overall feelings of hunger, satiety, fullness, 
and craving were assessed throughout the study via entries in the 
participants’ diaries on 3 days per week (2 weekdays and 1 weekend 
day of their choice). A visual analogue scale 100 mm in length was 

used to rate the feelings of hunger, satiety, and fullness, from no 
feeling at all to very strong feeling. For the feeling of craving, a 
5-point Likert scale (0 = “no,” 1 = “slightly,” 2 = “moderate,” 3 = 
“strong,” 4 = “very strong”) was used for the ratings [26]. The ap-
petite rating of a day was retrospectively evaluated and recorded in 
the evening after the last meal.

Physical activity was assessed by the International Physical Ac-
tivity Questionnaire short form [27] and completed by partici-
pants during their visits from visit 2 to visit 5. Stool frequency was 
recorded in the participants’ diaries based on the number of bow-
el movements on 3 days per week (2 weekdays and 1 weekend day 
of their choice) from visit 2 to visit 5.

Blood samples for assessment of safety and lipid parameters, 
glycated hemoglobin (HbA1c), and levels of fat-soluble vitamins 
(A, D, E, K) were collected by the investigator at visit 1 and visit 5. 
The blood samples were transported on the same day in cooler 
boxes to a central laboratory for analysis. Safety assessment in-
cluded the measurement of the blood count, glucose and hemoglo-
bin levels, liver and renal parameters, and thyroid-stimulating hor-
mone level in blood, as well as urine analysis. Measurement for 
blood pressure and pulse rate was performed during every visit 
using a standard calibrated oscillometric device. At every post-
screening visit, individuals were interviewed by the investigators 
for the occurrence of any medical events and the respective adverse 
events were recorded. Information for each of the adverse event, 
such as the type, intensity, and causal relationship were collected. 
The global evaluation of benefit and tolerability was rated at the 
end of the study by both the participants and the investigators.

Compliance with study procedures was evaluated based on the 
intake of IP and study duration (from visit 2 to visit 5). IP intake 
compliance (%) was defined as “total number of sachets taken di-
vided by the total number of sachets to be taken multiplied by 100.” 
Compliance acceptable range was determined at 80–120%. For 
study duration, the deviation between visit 2 and visit 5 should be 
within the tolerance range of +5 days to be in compliance.

Statistical Analyses
Primary endpoints of the study were the differences in mean 

changes of body weight: (1) between 104HD and placebo; and (2) 
between 104LD and placebo, after 12 weeks of intervention in 
comparison to baseline. The null hypotheses stated that there were 
no statistical differences (1) between 104HD and placebo, and (2) 
between 104LD and placebo on body weight after 12 weeks, re-
spectively. The testing of the second null hypothesis could only be 
performed if the first null hypothesis was rejected. The nonpara-
metric Mann-Whitney U test for independent samples was applied 
and performed by determining the rank sum of individual body 
weight changes. The full analysis set data was analyzed for prima-
ry endpoints, other benefit endpoints, and safety endpoints. Sen-
sitivity analysis was performed on individuals who completed the 
intervention (with data available for visit 5) for the primary end-
points.

Other benefit endpoints, safety endpoints as well as concurrent 
variables were exploratively and descriptively assessed. For con-
tinuous data, the statistical characteristics (number, mean, stan-
dard deviation, median, extremes, and quartiles) were analyzed. 
For ordinal data, the frequency distribution was performed. All 
variables were evaluated primarily by exact nonparametric proce-
dures. For independent groups, Mann-Whitney U test was applied 
for comparison of groups or subgroups, whereas Kruskal-Wallis 
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test was applied for comparison of more than two groups. Wil-
coxon test was applied for dependent groups for comparison pre-
post within groups or subgroups and exact Fisher’s test for com-
parison of percentage.

All statistical analyses were performed using the SPSS software 
version v22.0 (Statistical Package for the Social Sciences) and level 
of significance (p < 0.05) was assumed. Multiple tests were per-
formed without correction of significance level in the explorative 
analysis.

The sample size estimation was determined by the postulated 
Cohens effect size (group comparison) of 0.8 as well as the previ-
ously determined requirements of the significance level of 5.0% 
(double-sided) and power of 80%. Taking into account the esti-
mated dropout rate of 20% and the block randomization, a total 
sample size of 36 individuals per study group (total 108 individu-
als) was recommended.

Results

Baseline Characteristics
Out of the 108 enrolled participants, 8 were excluded 

from the full analysis set population as they terminated 
the study after their baseline visit (as shown in Fig. 1). 
Baseline characteristics of 100 participants in the FAS 
population are shown in Table 1. The mean age of the 
study population was 45.8 ± 13.4 years. Female consti-
tuted 66% of the study population. There were no statisti-
cal differences in age, gender distribution, blood pressure, 
pulse, body height, body weight, BMI, waist circumfer-
ence, hip circumference, body fat mass, fat free mass, and 
energy intake between 104HD and placebo groups, 104LD 
and placebo groups, as well as 104HD and 104LD groups 
at baseline.

Compliance
There were no statistical differences between the 

groups in study duration from visit 2 to visit 5. The com-
pliance rate of IP intake in the whole study population 
was 98.6 ± 3.8% and no statistical difference was found 
between the study groups.

Body Weight and Related Parameters
Following the 12-week intervention, both the 104HD 

and 104LD groups had a significantly greater reduction 
in mean body weight in comparison to the placebo group 
(each p < 0.001). Participants in the 104HD and 104LD 
groups lost additional 3.6 kg and 2.4 kg of body weight, 
respectively. Sensitivity analysis on individuals who com-
pleted the intervention showed that the 104HD (n = 33) 
and 104LD (n = 31) groups demonstrated the same weight 
loss effect and were significant compared to the placebo 
group (each p < 0.001), in comparison to the full analysis 
set population. The weight reduction effects in both the 
104HD and 104LD groups were observed at week 4 and 
remained statistically significant at every visit until week 
12. At week 4, the participants of both groups lost on av-
erage up to 4 times more weight compared to the placebo 
group. The changes in weight and other parameters are 
shown in Table 2. The body weight reduction (relative to 
baseline) throughout the study is shown in Figure 2. Rel-
ative body weight changes in 104HD and 104LD groups 
were statistically different compared to the placebo group 
from week 4 onwards.

After the 12-week intervention phase, body weight was 
reduced by 5.84 ± 2.29% and 4.17 ± 3.73% from baseline 
in the 104HD and 104LD groups, respectively, compared 

Fig. 1. Study design and population.
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Parameters 104HD (n = 34) 104LD (n = 33) Placebo (n = 33)

Age 43.2±13.0 46.8±13.2 46.2±14.0
Gender, n (%)

Male 11 (32.4) 14 (42.4) 9 (27.3)
Female 23 (67.6) 19 (57.6) 24 (72.7)

Systolic blood pressure, mm Hg 128.4±6.9 128.0±10.1 127.2±10.2
Diastolic blood pressure, mm Hg 80.3±5.7 79.3±7.1 79.5±5.6
Pulse, bpm 73.3±5.9 72.2±8.0 70.4±8.8
Body weight, kg 85.31±12.56 89.47±14.28 87.42±12.92
Height, cm 170.1±9.3 171.7±8.9 169.6±10.5
BMI, kg/m2 29.39±2.69 30.17±2.84 30.28±2.07
Body fat mass, kg 28.97±8.21 30.91±7.20 30.62±6.56
Fat free mass, kg 56.05±10.64 58.56±12.57 55.56±11.53
Waist circumference, cm 106.2±10.8 108.6±10.0 107.9±8.9
Hip circumference, cm 108.0±8.5 112.2±8.4 110.5±5.8
Energy intake, kcal 1,761±281 1,832±319 1,771±322

Data are presented as mean ± SD or n (%) of participants for full analysis set population. 
No significant differences between groups for all parameters.

Table 1. Baseline characteristics of the 
study population

Table 2. Mean changes in body weight and other parameters from baseline to week 4, week 8, and week 12, respectively

Parameters 104HD 
(n = 34)

104LD 
(n = 33)

Placebo 
(n = 33)

p value 
(104HD vs. placebo)

p value 
(104LD vs. placebo)

Body weight change, kg
Week 4 1.58±1.03 1.59±1.37 0.39±1.50 0.001 0.002
Week 8 2.96±1.52 2.38±2.07 1.16±1.87 <0.001 0.018
Week 12 4.96±1.89 3.70±2.57 1.33±2.05 <0.001 <0.001

BMI change, kg/m2

Week 4 0.55±0.37 0.53±0.44 0.13±0.50 0.001 0.003
Week 8 1.03±0.55 0.80±0.67 0.39±0.64 <0.001 0.024
Week 12 1.73±0.68 1.25±0.85 0.45±0.69 <0.001 <0.001

Waist circumference change, cm
Week 4 1.56±1.02 1.30±0.85 0.27±1.10 <0.001 <0.001
Week 8 2.91±1.36 2.21±1.32 0.70±1.16 <0.001 <0.001
Week 12 4.44±2.48 3.55±1.75 0.94±1.20 <0.001 <0.001

Hip circumference change, cm
Week 4 1.03±0.90 1.36±1.78 0.61±1.90 0.004 0.001
Week 8 2.29±1.45 2.00±1.80 0.64±1.17 <0.001 <0.001
Week 12 3.53±1.78 3.03±2.13 0.73±1.21 <0.001 <0.001

Body fat mass change, kg
Week 4 1.96±4.42 0.97±1.38 0.38±1.85 0.057 0.129
Week 8 2.86±3.58 1.53±1.92 0.94±3.19 0.001 0.066
Week 12 4.25±5.86 2.10±2.59 1.06±3.20 0.002 0.073

Fat free mass change, kg
Week 4 −0.40±4.10 0.63±1.64 0.06±1.45 0.311 0.172
Week 8 0.13±3.09 0.84±1.73 0.19±3.23 0.792 0.479
Week 12 0.70±5.50 1.60±2.78 0.32±2.67 0.138 0.081

Data are presented as mean±SD for full analysis set population. Positive value denotes a reduction and negative value denotes an 
increase from baseline. p value bolded when significance <0.05.
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to 1.55 ± 2.24% in the placebo group. In addition, 91.2% 
of participants in the 104HD group (p < 0.001 vs. placebo) 
and 60.6% of participants in the 104LD group (p = 0.013 
vs. placebo) lost at least 3% baseline body weight, com-
pared to only 27.3% of participants in the placebo group 
after 12 weeks. Similar trends were observed for partici-
pants who lost at least 5% of baseline body weight after 12 
weeks, with 67.6% in the 104HD group (p < 0.001 vs. pla-
cebo) and 45.5% in 104LD group (p = 0.002 vs. placebo) 
compared to only 9.1% in the placebo group (shown in 
Fig.  3). In the subgroup analysis of overweight partici-
pants, the proportion of participants who lost at least 5% 
of baseline body weight was 63.2% in the 104HD group 
(p = 0.005 vs. placebo) and 52.9% in the 104LD group  
(p = 0.026 vs. placebo), compared to 12.5% in the placebo 
group. The proportion of obese participants who lost at 

least 5% of baseline body weight was 73.5% in the 104HD 
group (p < 0.001 vs. placebo) and 37.5% in the 104LD 
group (p = 0.039 vs. placebo), compared to 5.9% in the 
placebo group.

Further subgroup analysis was performed on the 
weight loss effect in overweight (BMI 25–<30 kg/m2) and 
moderately obese participants (BMI 30–<35 kg/m2) after 
12 weeks. Comparing to the placebo group, overweight 
participants in 104HD group and 104LD group lost ad-
ditional 3.62 kg (p < 0.001) and 2.65 kg (p = 0.002) of 
weight, respectively, whereas the moderately obese par-
ticipants in 104HD group and 104LD group lost addi-
tional 3.72 kg (p < 0.001) and 2.10 kg (p = 0.052) of weight, 
respectively.

The results of body fat mass reduction are shown in 
Table 2. While 104LD group showed a trend for fat mass 

Fig. 2. Percentage of body weight reduction 
from baseline throughout the 12-week 
study. Error bars denote standard error of 
mean. *Significant versus placebo. #Signifi-
cant versus 104LD.

Fig. 3. Responders with at least 3% and 5% 
weight loss after 12 weeks from baseline. 
*Significant versus placebo. #Significant 
versus 104LD.
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reduction, statistical significance was observed in the 
104HD group after 8 and 12 weeks. In the subgroup anal-
ysis, a statistically significant reduction was observed in 
the overweight participants in 104HD group (3.71 ± 3.57 
kg, p = 0.008 vs. placebo) and in the 104LD group (2.63 ± 
1.64 kg, p = 0.018 vs. placebo). No significant differences 
were found between the study groups on the changes of 
the fat free mass.

Results of other parameters associated with weight 
loss, i.e., BMI, waist circumference, and hip circumfer-
ence are presented in Table 2. Participants in 104HD and 
104LD groups had a significant mean reduction of 4.44 ± 
2.48 cm and 3.55 ± 1.75 cm, respectively in waist circum-
ference compared to the placebo group at only 0.94 ± 1.20 
cm at the end of the study. The significant mean reduc-
tion in hip circumference was 3.53 ± 1.78 cm in the 
104HD group and 3.03 ± 2.13 cm in the 104LD group 
compared to the placebo group (0.73 ± 1.21 cm). Partici-
pants in 104HD group and 104LD groups experienced 
significant reduction in BMI, waist circumference, and 
hip circumference from week 4 onwards in comparison 
to the placebo group.

Other Parameters
Feelings of hunger, fullness, satiety, and cravings were 

assessed as secondary parameters. At the end of study, no 
significant differences were found between the study 
groups.

Total cholesterol levels were reduced by 0.23 ± 0.82 
mmol/L and 0.20 ± 0.83 mmol/L in both the 104HD and 
104LD groups respectively, while the levels were in-
creased by 0.14 ± 0.92 mmol/L in the placebo group at the 
end of the study. The difference between the 104LD and 
placebo groups was statistically significant (p = 0.038) 
while the difference between the 104HD and placebo 
groups was not significant. Statistically significant reduc-
tion of 0.11 ± 0.41 mmol/L (p = 0.040) in triglycerides 
level was observed in the 104HD group compared to the 
placebo group with an increase of 0.29 ± 1.03 mmol/L, but 
not in the 104LD group. There were no significant differ-
ences between the 104HD group or 104LD group versus 
placebo group in the changes of LDL-cholesterol, HDL-
cholesterol, glucose, and HbA1c.

There were no significant differences in levels of fat-
soluble vitamins (A, D, E, K, K2-4, K2-7) or in changes in 
mean daily bowel movements reported from baseline 
across all visits for both the 104HD and 104LD groups 
versus the placebo group after 12 weeks. Evaluation of the 
IPAQ-SF data showed that there were no significant dif-
ferences for the change in time in vigorous and moderate 

intensity exercise, walking time, and calculated metabolic 
equivalent from baseline to the end of study between each 
of the 104HD group and 104LD group versus placebo 
group. Furthermore, there were no relevant differences 
between both the 104HD and 104LD groups versus pla-
cebo group on calorie intake.

At the end of the study, 97.0% and 80.6% of partici-
pants in the 104HD and 104LD groups rated good or very 
good for the benefits of the treatment, respectively, com-
pared to 19.3% in the placebo group. The investigators 
rated good or very good for 97.0% and 77.4% of partici-
pants in the 104HD and 104LD groups, respectively, 
compared to 19.3% in the placebo group.

Safety Assessment
All participants, as well as the investigators for all par-

ticipants, rated the tolerability of 104HD, 104LD, and pla-
cebo as good or very good. There were no clinically sig-
nificant differences for the changes in blood pressure, 
pulse rate, laboratory values (hemoglobin, hematocrit, 
erythrocytes, platelets, leucocytes, alanine-aminotrans-
ferase, aspartate-aminotransferase, alkaline phosphatase, 
gamma-glutamyl transferase, bilirubin, creatine, urea, 
uric acid, and thyroid-stimulating hormone) between the 
study groups. There were no clinically significant find-
ings for any participant in the urinalysis examination 
conducted at the end of the study. Sixteen participants 
reported at least 1 adverse event during the study (5 from 
104HD group, 8 from 104LD group, and 3 from placebo 
group); however, there were no statistically significant 
differences between the three study groups in the per-
centage of participants with adverse events. Respiratory 
tract infections and gastrointestinal symptoms were the 
main adverse events reported. For all adverse events, the 
causal relationship to the intake of IQP-LU-104 was re-
garded as unlikely. No serious adverse event was report-
ed.

Discussion

Results from the present study demonstrated the dose-
dependent weight loss effect of IQP-LU-104, consisting 
of flaxseed mucilage as the functional ingredient. Daily 
dose of 5,120 mg (104HD) and 2,560 mg (104LD) flaxseed 
mucilage resulted in significant 4.96 ± 1.89 kg and 3.70 ± 
2.57 kg of body weight reduction after 12 weeks, respec-
tively, compared to 1.33 ± 2.05 kg in the placebo group. 
The 104HD group experienced an additional 1.26 kg of 
weight loss compared to the 104LD group; however, the 
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difference was not statistically significant. The significant 
weight loss effect of both groups was observed after 4 
weeks of intervention and was increasing significantly 
until the end of the study. Our study showed that 67.6% 
participants and 45.5% participants in the 104HD group 
and 104LD group, respectively, lost at least 5% of their 
baseline weight after 3 months. The results achieved were 
in line with the recommended target according to the Eu-
ropean Practical and Patient-Centred Guidelines for 
Adult Obesity Management in Primary Care for obese 
patients [5, 28].

Reduction in body fat mass was observed in both 
groups, however statistically significant only in the 
104HD group. There were no significant differences in 
changes in fat free mass, demonstrating that the weight 
reduction effect was primarily based on body fat reduc-
tion. Although stool samples in this study were not ana-
lyzed for fat excretion, the observed body fat reduction 
effects may be associated with the increase in fecal fat ex-
cretion as reported in previous studies [20, 29]. Kris-
tensen et al. [30] demonstrated that a greater weight of 
fecal fat (4.96 ± 0.31 g) was excreted with daily intake of 
5.2 g of soluble fibers from flaxseed mucilage drinks for 7 
days compared to the placebo group (3.20 ± 0.30 g, p < 
0.05).

In an acute appetite suppression study conducted by 
Ibrügger et al. [31], oral administration of 2.5 g flaxseed 
soluble fibers in drinks increased sensation of satiety and 
fullness, and decreased energy intake in the subsequent 
meal significantly compared to the control group. Similar 
appetite ratings were exhibited by the same dose in tablet 
format [31]. Vuksan et al. [32] reported that the intake of 
31.5 g of ground flaxseed (equivalent to 2.5 g soluble fi-
bers) had significantly reduced desire to eat, hunger, full-
ness, and overall appetite compared to the control group. 
Despite the positive findings from other research on the 
effect of flaxseed mucilage or flaxseed fiber on appetite 
suppression [31, 33], this effect has not been prominently 
shown in the present study. This could be explained by 
differences in study methodology. For studies that showed 
significant results, appetite sensations were assessed at 
specific intervals within a defined period following a stan-
dardized meal; thereafter, an ad libitum meal was pro-
vided followed by the measurement and calculation of 
energy intake. The present study was primarily designed 
for the assessment of weight loss, while the subjective 
evaluation of satiety, hunger, and fullness sensations 
based on recall was only explorative and may not be spe-
cific for evaluation of appetite suppression post-meal. 
Furthermore, the study may not be sufficiently powered 

for evaluation of appetite and related sensations in the 
given setting. Nevertheless, the effects of flaxseed muci-
lage or flaxseed fiber on appetite suppression (e.g., in-
creased sensation of satiety and fullness, lower ratings of 
hunger) have been demonstrated in appetite suppression 
clinical studies [29, 30] and provide an explanation to the 
mechanism of action of IQP-LU-104 in weight loss.

In this study, there was a slight but statistically signifi-
cant reduction in total cholesterol and triglycerides levels. 
There was no significant reduction in blood glucose and 
HbA1c levels. This was not beyond our expectations as 
the recruitment was not targeted on individuals with high 
baseline values that required reduction. It was reported 
that viscous fiber has no significant effect on individuals 
with normal cholesterol level as its cholesterol lowering 
property was highly influenced by the baseline level [22]. 
Positive findings were reported in other studies on flax-
seed fibers (providing 5.2 g of fibers), defatted or milled 
flaxseed with higher dosages [30, 34, 35].

A positive impact of IQP-LU-104 on body weight and 
body fat reduction in the longer term (beyond 12 weeks) 
may lead to beneficial effects on attenuating the risk of 
metabolic syndrome traits including improvement in lip-
id profile, reduction in blood pressure level and risk of 
developing type 2 diabetes [6, 36]. Moreover, decrease in 
waist circumference has become an important treatment 
target for reducing cardiovascular health risk in both men 
and women due to the increase in abdominal obesity. 
Waist circumference was proposed by the Consensus 
Statement from the International Atherosclerosis Society 
and International Chair on Cardiometabolic Risk Work-
ing Group as a measurement for health management 
[37]. An increase in waist circumference of >5 cm over 
approximately 4 years, with little weight gain is signifi-
cantly associated with higher total mortality in both men 
and women [38]. In our study with a duration of 12 weeks, 
participants in the 104HD and 104LD groups had a mean 
reduction of 4.44 ± 2.48 cm and 3.55 ± 1.75 cm, respec-
tively, in waist circumference compared to those in the 
placebo group at only 0.94 ± 1.20 cm.

IQP-LU-104 was well tolerated in the 12 weeks’ trial 
with no major adverse events reported. These observa-
tions were consistent with the wide consumption of flax-
seed as functional food and dietary supplement. One of 
the limitations of the present study is that the trial was 
only performed for a period of 12 weeks with no further 
follow-up after the intervention period, whereby weight 
maintenance effect and feedback from participants after 
weight loss were not investigated. Thus, the results of the 
study may need to be further investigated. For example, a 
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long-term weight loss-weight maintenance study would 
be useful to ascertain the health benefits of the product in 
achieving and in maintaining healthy weight. Second, for 
appetite and related assessments, standardized assess-
ments, including, e.g., an ad-libitum meal with actual 
measurement of energy intake should be considered in-
stead of using recall-based records. Considering future 
studies, it would be worthwhile to investigate the efficacy 
of IQP-LU-104 in long-term weight management or in-
tegrating IQP-LU-104 into the diet via newer strategies, 
such as nutritional coaching [39], practice of mindful eat-
ing [40], lifestyle intervention, and personalized diet 
plans, which have been recommended as effective ap-
proaches for sustainable weight loss [41, 42].

In conclusion, this is the first clinical evidence of the 
effect of flaxseed mucilage (IQP-LU-104) in reducing 
body weight in overweight and moderately obese indi-
viduals. Throughout the 12-week intervention period, 
compliance with IP intake was very good, as was tolerabil-
ity since no adverse effects related to the intake of IQP-
LU-104 were reported. IQP-LU-104 can be conveniently 
incorporated into a person’s daily meal as an effective life-
style approach in combating obesity.
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