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The effect of the novel IQP-AE-103 (proprietary combination of dehydrated okra powder and inulin) on body weight reduction and the association with changes in microbiota composition were investigated in a double-blind, randomized, placebo-controlled trial. A total of seventy-two overweight or moderately obese subjects with a body mass index of ≥25 and <35 kg/m2 were randomly allocated to receive IQP-AE-103 or placebo; each group received two IQP-AE-103 or placebo capsules three times daily, respectively. Body weight, body fat, waist circumference, and hip circumference were measured, and fecal samples were collected at baseline and after 12 weeks of intervention. Using 16S rRNA gene sequencing on the fecal samples, the microbiota dissimilarity, diversity, and differences in relative abundance between or within groups were analyzed. At the end of the study, body weight was significantly reduced in the IQP-AE-103 group compared with the placebo group, 5.16 ± 2.39 kg vs. 0.97 ± 2.09 kg (p < 0.001). Subjects from the IQP-AE-103 group who achieved a reduction of ≥5% of total body weight from baseline (hereafter referred to as 5% responders or IQP5) had a mean body weight reduction of 6.74 ± 1.94 kg, significantly greater than the placebo group (p < 0.001). Using Lefse and statistical analysis, subjects in the IQP-AE-103 group had a significantly lower relative abundance of Firmicutes than the placebo group (p < 0.05) after 12 weeks of intervention. The 5% responders from the IQP-AE-103 group had a remarkable 4.6-fold higher relative abundance of Akkermansia muciniphila than the placebo group (p < 0.05). As the significant differences between groups were only observed post-intervention, the overall differences in microbiota profile suggest that the weight loss in overweight and moderately obese subjects who consumed IQP-AE-103 for 12 weeks is accompanied by a positive change in microbiota composition. These changes might be linked to the beneficial effects of microbiome modulations in alleviating obesity and metabolic syndrome. To the best of our knowledge, we are the first to report over-the-counter (OTC) supplementation that results in both significant changes in weight and favorable shifts on the subject microbiota profile. The trial is registered under ClinicalTrials.gov Identifier no. NCT03058367.
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INTRODUCTION

The gut microbiome is emerging as an important regulator of metabolic health and energy homeostasis (1). Derrien called the microbiota “the X-factor” that may account for the highly individualized responses to dietary interventions (2). Dietary interventions, including probiotics, prebiotics, and dietary fat, constitute one of the main strategies for modulating the gut microbiota composition and activity (3–5). Specifically, dietary fat has been shown to have a significant impact on gut microbiota whose function and clinical implication in obesity are well-documented and pose the question if dietary fat binders could contribute toward the growth of healthy gut microflora (6, 7). While studies on the microbiome and its link to obesity are compelling, we have yet to see interventions that describe significant weight loss and improved metabolic biomarkers combined with favorable shifts in the profile of the microbiota. This study describes the clinical effect of a novel formulation IQP-AE-103, consisting of a blend of two natural principal ingredients that have unique properties and can bind dietary fat synergistically in an in vitro setting.

The ratio of phyla Firmicutes to Bacteroidetes in mice and humans has been identified to be different in obese and lean phenotypes. Relative abundance of Firmicutes and a reduction in Bacteroidetes appears to correlate with greater efficiency in energy harvested by the microbiota and thus has been associated with the obese population (8). This study demonstrated that individuals with a high Firmicutes to Bacteroidetes ratio may extract as much as 30% more calories from the same portion of food as those with a lower ratio. This gut dysbiosis may be more likely to foster an energy net positive metabolic environment, leading to increased fat storage, greater resistance and individual variability to therapeutic interventions (9). Additionally, new research has also linked certain species or strains of organisms with leaner body types. The abundance of Akkermansia muciniphila is inversely associated with negative metabolic markers, including fasting glucose levels, waist-to-hip ratio, subcutaneous fat deposition, and obesity. Elevated Akkermansia levels in combination with greater microbial gene richness are indicative of a diverse microbiome. These elevated levels are not only more likely to be present in lean individuals, but they are also strong indicators of the subjects most likely to experience significant change with the best metabolic outcomes (10, 11). Dao showed that subjects with high levels of A. muciniphila at baseline had the most significant improvement in insulin sensitivity and other positive metabolic changes (12). While Dao demonstrated significant metabolic improvements after 6 weeks of a calorie-controlled diet and 6 weeks of a maintenance diet, subjects did not experience corresponding changes in weight (12). A 2019 intervention study using A. muciniphila similarly showed several metabolic parameters improved but did not result in statistically significant weight loss, changes in body mass index (BMI), or visceral fat deposition (11).

In a previously published, double-blind, placebo-controlled, 12-week trial, overweight and moderately obese subjects on a hypocaloric diet were treated with IQP-AE-103 (13). IQP-AE-103 is a combination of dehydrated powder of okra pods [Abelmoschus esculentus (L.) Moench] and inulin, a heterogeneous mixture of fructose polymers extracted from chicory roots (14, 15). This study demonstrated significant weight loss, a reduction in feelings of hunger, and a decrease in BMI, body fat mass, and waist and hip circumference as compared with the placebo (13). Much of the noted benefits were thought to be the result of the dietary fat binding by IQP-AE-103 and the physicochemical swelling and gel-forming properties of okra pods, which have been shown to induce satiety in vivo (13). A review of satiety-inducing polysaccharides showed that satiety was typically noted at doses of 8–10 g or more, making the satiety effect in Uebelhack’s study unique for its combined, low, daily dose of 2,490 mg (16, 17).

Carbohydrates are the most abundant macronutrient in okra pods and include both soluble and insoluble fibers (18). Okra contains highly viscous, soluble, indigestible polysaccharides, such as pectin, with strong swelling and gel-forming properties (15). Moreover, okra pods and seeds may contain several unique polyphenols, including flavonoids, isoquercitrin, and quercetin-3-O-gentiobiose (19). Okra pods contain up to 6.7% polyphenols, mostly found in the seeds (20).

In contrast, inulin is a soluble, indigestible, but non-viscous polysaccharide with less or no gel-forming properties that are rapidly fermented by the microbiota (21). Inulin and other soluble, indigestible fibers have been extensively studied for their benefits associated with glucose homeostasis, lipid regulation, colon disease prevention, and transit time, (22–30). However, clinical outcomes for inulin supplementation and weight loss are mixed. For example, Guess’s study of 30 g/day in pediatric subjects resulted in a 7.6% reduction in weight over 18 weeks (compared with 4.9% in the placebo) (31). Another study supplemented 10 g of inulin plus 10 g of resistant maltodextrin in combination with a caloric restriction and showed no significant weight loss over the placebo (32). IQP-AE-103 provided a small dose, 510 mg/day, of inulin in combination with dehydrated okra powder and showed clinically proven weight loss (13).

Deleterious gut microbiota modulation was previously thought to be a consequence of weight gain and other metabolic disturbances. However, emerging science is confirming that microbiota shifts may also contribute to causation as well as be the consequence of the hallmarks of metabolic disease (33). Studies have shown that gut microbial diversity and composition in humans is more significantly modified by dietary and/or environmental factors than genetics (34).

This study demonstrates that IQP-AE-103 leads to both a significant reduction in Firmicutes abundance and a significant increase in A. muciniphila, specifically in subjects who achieved at least 5% of weight loss. This shift in microbiota indicates that the fat-binding properties of inulin and okra not only exert an action on body weight but also contribute to the increase in diversity of the gut microflora.



MATERIALS AND METHODS


Study Design and Participants

This study is a double-blind, randomized, placebo-controlled, parallel-group clinical study. It was carried out in Berlin, Germany, for over 14 weeks, including a 2-week run-in phase and a 12-week intervention phase. A total of seventy-two overweight or moderately obese Caucasian male and female volunteers (BMI ≥ 25 to < 35 kg/m2) aged 18–65 years participated in this study. The participants were generally healthy and fulfilled the following inclusion criteria: accustomed to three main meals daily, adherence to recommended diet, commitment to maintaining a habitual level of activity/exercise during the study, consistent and stable body weight for 3 months prior to recruitment, use of contraception methods for women of childbearing potential, and avoidance of other weight management products or programs. The main exclusion criteria of the study included hypersensitivity to any of the ingredients, pregnancy or nursing, smoking cessation within 6 months prior to recruitment or during the study, abuse of drugs and alcohol, diabetes mellitus type 1, uncontrolled diabetes mellitus type 2, uncontrolled endocrine disorders, gastrointestinal surgery within 6 months, use of any medications that may influence body weight and gastrointestinal function, acute or chronic gastrointestinal diseases, use of any electronic medical implant, serious organ or systemic diseases, and eating disorders.

Written informed consent was obtained from all the subjects before any study-related procedures were performed. This clinical study was approved by the ethics committee of Charité-University Medicine Berlin in November 2016 and was conducted according to the principles of the World Health Organization (Declaration of Helsinki) as well as the ICH guidelines and EU recommendations for Good Clinical Practice (CPMP/ICH/135/95), ICH E6). The study was registered with ClinicalTrials.gov Identifier no. NCT03058367 in February 2017. The clinical trial was initiated in April 2017 and completed in November 2017.



Diet and Intervention

After 2 weeks of run-in phase for acclimation to the study requirements on diet and subject diary, subjects were randomly allocated to receive IQP-AE-103 (IQP) or placebo at a ratio of 1:1. The IQP group was provided with capsules each containing 330 mg of dehydrated okra powder and 85 mg of inulin as functional ingredients for a total daily dose of 1,980 and 510 mg, respectively.

The placebo group was provided with capsules containing standard excipients to replace the functional ingredients. Both the IQP and placebo capsules were identical in appearance and size. Both the IQP and placebo capsules contained excipients commonly used in the manufacturing of pharmaceutical or food products, such as diluent, flowing aid, anticaking agent, and colorant. Subjects were instructed to take two capsules, three times per day, within 15 min after each main meal (breakfast, lunch, and dinner), with a glass of water. During the intervention period, all subjects were instructed to follow a balanced and hypocaloric diet (approximately 20% deficit) consisting of 30% energy from fat. The basal daily calorie need was estimated for each subject based on sex, age, and actual body weight according to the Institute of Medicine’s equations for estimating energy requirements (35). Recommendations for a nutritionally balanced diet were created by an independent qualified nutritionist or dietician. Diet plans according to the individual’s energy requirements were provided and explained by the investigators to the subjects. An example of the diet plan is shown in Table 1.


TABLE 1. Example of a 1,500 kcal daily diet plan.
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Weight Loss Measurements

To investigate the effect of IQP-AE-103 supplementation on weight loss, subjects’ body weight, body composition, and waist and hip circumference were measured by trained study personnel at baseline, week 4, week 8, and week 12 of the study. Body weight and body composition were measured in subjects wearing underwear and barefoot using validated 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. The differences in mean body weight reduction (kg), mean body fat mass reduction (kg), and mean waist and hip circumference reduction (cm) between the IQP group and the placebo group were evaluated after 4, 8, and 12 weeks of intervention in comparison to baseline. Additionally, subgroup analysis on the same parameters on subjects who lost at least 5% of their baseline body weight, known as 5% responders (IQP5), was performed. Statistical analyses were performed using the SPSS software version 18 (Statistical Package for the Social Sciences; SPSS, Chicago, IL, United States). The non-parametric Mann-Whitney U-test was applied and the level of significance (p < 0.05) was assumed.



Microbiome Analysis

Microbiome analysis was performed to investigate the association of changes in body weight with microbiota composition due to IQP-AE-103 supplementation. Subjects were provided with fecal collection tubes (DNA/RNA Shield™ Swab & Collection Tube, Zymo Research). The first distribution of fecal collection kits to the subjects occurred during the 2 weeks of the run-in phase (prior to the start of intervention), and the second distribution occurred between weeks 8 and 12 of the intervention phase. Subjects were instructed to collect fecal samples at week 12, based on the instructions for fecal sampling, and samples were to be returned to the investigator site within 7 days of the sample being taken. The collection tubes were stored at temperatures between −20°C and −30°C. The samples were processed and analyzed at Zymo Research (Irvine, CA, United States). DNA extraction was performed using the ZymoBIOMICS®-96 MagBead DNA Kit (Zymo Research, Irvine, CA, United States), with an automated platform according to the manufacturer’s instructions. Bacterial 16S ribosomal RNA gene-targeted sequencing was performed, and the V3-V4 region was amplified using the Quick-16S™ Primer Set V3-V4 (Zymo Research, Irvine, CA, United States). Real-time PCR was performed, and the final PCR products were quantified with qPCR fluorescence readings and pooled together based on equal molarity. The final pooled library was cleaned up with the Select-a-Size DNA Clean & Concentrator™ (Zymo Research, Irvine, CA), then quantified with TapeStation® (Agilent Technologies, Santa Clara, CA) and Qubit™ (Thermo Fisher Scientific, Waltham, WA). The final library was sequenced on Illumina® MiSeq™ with a version 3 reagent kit (600 cycles). The sequencing was performed with >10% PhiX spike-in. Unique amplicon sequences were inferred from raw reads using the DADA2 pipeline (36). Chimeric sequences were also removed with the DADA2 pipeline. Taxonomy was assigned with the Greengene 16S Research Database.

Taxonomy composition visualization and diversity analyses were performed using the Quantitative Insights Into Microbial Ecology (QIIME version 1.9.1) bioinformatics pipeline (37). A taxonomy with a statistically significant difference in abundance between the IQP and placebo groups, as well as between IQP5 and the placebo groups, was identified by linear discriminant analysis effect size (Lefse) (38).



Statistical Analysis

Further statistical analyses were performed on differences in the relative abundance of microbiota that were linked to obesity or metabolic syndromes using the SPSS software version 18. The differences in relative abundance between the IQP and placebo groups, between the IQP5 and placebo groups, and the changes within each group were compared. The non-parametric Mann-Whitney U-test and Wilcoxon signed-rank test were applied and the level of significance (p < 0.05) was assumed.




RESULTS

A total of 36 subjects were randomized into each study arm. Due to subjects’ dropouts or mishandling of samples, six fecal samples from the IQP group and eleven samples from the placebo group were not included for microbiome analysis (Figure 1). Thus, the fecal samples of thirty subjects in the IQP group and twenty-five subjects in the placebo group were analyzed. Due to the unavailability of fecal samples from certain subjects at baseline or at the end of the study, the intention-to-treat population analysis was not performed. The per-protocol analysis was performed only on subjects with complete fecal samples.


[image: image]

FIGURE 1. Flowchart of the study population from the start until the end of the study.


The mean age of the study population was 48.67 ± 11.69 years. The proportion of women to men was higher in both groups. There were no statistical differences in age, gender distribution, body height, body weight, BMI, waist circumference, hip circumference, body fat mass, fat-free mass, and energy requirements between the study groups at baseline. All subjects who completed the study met the compliance rate (≥80 to ≤120%) for intake of investigational products. Clinical baseline characteristics are summarized in Table 2.


TABLE 2. Baseline demographic of the study population (mean ± SD) or number (%) of participants.
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After 12 weeks of intervention, body weight was significantly reduced in the IQP group compared with the placebo group, 5.16 ± 2.39 kg vs. 0.97 ± 2.09 kg (p < 0.001). In addition, 17 (57%) subjects in the IQP group lost at least 5% of their baseline body weight compared with only 1 (4%) subject in the placebo group. The mean body weight reduction in the subgroup of subjects who lost at least 5% body weight from the IQP group (hereafter referred to as IQP5) was 6.74 ± 1.94 kg and was significantly greater compared with the placebo group (p < 0.001). There were also significant differences in mean reduction of BMI, waist circumference, hip circumference, and body fat mass between the IQP and placebo groups, as well as between the IQP5 and placebo groups. Furthermore, significant differences were also observed in some of these parameters at weeks 4 and 8 between the groups. Results are summarized in Table 3.


TABLE 3. Mean reduction in body weight and other related parameters from baseline to week 4, week 8, and week 12, respectively (mean ± SD).

[image: Table 3]
The characterization of the microbiota communities present in fecal samples collected prior to the start of the intervention (week 0) and at the end of the study (week 12) was performed to investigate changes in gut microbiota composition. The relative abundances of 13 phyla were analyzed, and the five most dominant phyla (Actinobacteria, Bacteroidetes, Firmicutes, Proteobacteria, and Verrucomicrobia) are presented in Figure 2. At baseline, the placebo group had the highest relative abundance of Firmicutes (76.15 ± 8.83%), while the IQP5 group had the highest relative abundance of Bacteroidetes (17.91 ± 9.40%) and Actinobacteria (6.28 ± 5.42%), respectively. After 12 weeks, all groups had a decreased relative abundance of Firmicutes, and the placebo group had the highest relative abundance (73.24 ± 8.06%) amongst the three groups. Differences in the relative abundance of Firmicutes in the IQP group (66.96 ± 10.74%) and IQP5 group (66.22 ± 11.75%) were significant in comparison to the placebo group (p < 0.05). The relative abundance of Bacteroidetes and Actinobacteria was highest in the IQP (19.60 ± 9.77%) and IQP5 groups (7.46 ± 4.55%), respectively; however, the differences in comparison to the placebo group were not statistically significant. Statistical changes from baseline within groups were observed in the IQP (Verrucomicrobia), IQP5 (Verrucomicrobia), and placebo (Firmicutes and Proteobacteria) groups.
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FIGURE 2. Relative abundance of each phylum at baseline and after 12 weeks is shown as a percentage (%). Pattern-filled columns of the bar chart represent the relative distribution of the five main phyla. Euryarchaeota, Cyanobacteria, Elusimicrobia, Fusobacteria, Lentisphaerae, Spirochaetes, Synergistetes, and Tenericutes are classified as “Other” due to a low abundance level of <1.0%. *p < 0.05 compared with placebo; #p < 0.05 compared with baseline within the same groups.


Data from the computed Firmicutes/Bacteroidetes (F/B) ratio was higher in the IQP group (19.25 ± 65.74) compared with the placebo group (9.0 ± 17.15) at baseline. In contrast, the F/B ratio of the IQP5 group (6.79 ± 7.65) was lower than the placebo group. After 12 weeks, the F/B ratio of the IQP and placebo groups were reduced to 4.54 ± 2.96 and 5.78 ± 3.41, respectively. Similarly, the F/B ratio of the IQP5 group was reduced to 5.28 ± 3.29. The F/B ratio was reduced in all three groups after 12 weeks from baseline and a distinguished reduction was observed in the IQP group; however, differences between the groups (IQP vs. placebo and IQP5 vs. placebo) were not statistically significant.

Next, Lefse analysis was performed to identify bacterial taxa distributions that are significantly and statistically different (p < 0.05) among the groups with an effect size [linear discriminant analysis (LDA) score] higher than 2 at different phylogenetic levels. The differences in the overall microbiota composition and abundance distribution in the IQP group vs. the placebo group and the IQP5 group vs. the placebo group are shown in the biomarker plots in Figures 3A,B. The placebo group overall had a lower microbiota composition and a less diversified microbiota community. The IQP and IQP5 groups were more enriched with several microbiota groups, for example, family Actinomycetaceae, family Mycobacteriaceae, genus Prevotella, genus Lactococcus, and genus Akkermansia (for the IQP5 group). In contrast, the family Lachnospiraceae and the genus Ruminococcus were more prevalent in the placebo group.


[image: image]

FIGURE 3. Histogram of linear discriminant analysis (LDA) scores showing the taxa abundance distribution of each microbiota classification with a statistical difference after 12 weeks. Bars in red indicate higher abundance in the IQP and IQP5 groups, while purple bars indicate higher abundance in the placebo group. (A) IQP group vs. placebo group; (B) IQP5 group vs. placebo group. Only taxa with LDA effect size > 2 are shown. f_: family; g_: genus, s_: species.


Furthermore, analyses on the relative abundance of A. muciniphila were performed to investigate the association of the microbiota with the intake of IQP-AE-103 and effect on weight reduction. A. muciniphila was at least 4-fold higher in the IQP5 group than in the placebo group (2.91 ± 4.12% vs. 0.63 ± 1.43%; p < 0.05) after 12 weeks. No significant difference was observed in the abundance of these microbiota at baseline. Statistical changes from baseline within the group were also observed in both the IQP and IQP5 groups, but not in the placebo group (Figure 4).
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FIGURE 4. Relative abundance presented in percentage (%) of Akkermansia muciniphila in the IQP, IQP5, and placebo groups at baseline and after 12 weeks; *p < 0.05 compared with placebo after 12 weeks. #p < 0.05 compared with baseline within the same groups.


In summary, the intake of IQP-AE-103 reported a significant reduction in body weight, BMI, body fat mass, waist circumference, and hip circumference. Furthermore, the IQP weight loss population had a distinct and differentiated microbiota diversity and a significant difference in the relative abundance of microorganisms such as Firmicutes and A. muciniphila in comparison to the placebo group.



DISCUSSION

This study is unique in reporting both significant weight loss and corresponding favorable shifts in Firmicutes and A. muciniphila, both of which are associated with better metabolic health (39–42). Similar to other studies, and in line with positive improvements in the metabolic profile, both Lefse and microbial relative abundance analyses showed that Firmicutes abundance was significantly lower in the IQP group compared with the placebo group at the end of the study (11, 12, 43).

At least 5% of weight loss was observed for 57% of subjects with IQP-AE-103 supplementation (referred to as 5% responders or IQP5). Analysis of this subgroup showed that there was also a significant increase in A. muciniphila of 300% over baseline and over 460% over placebo after 12 weeks. This subgroup also demonstrated a similar decrease in Firmicutes both over baseline and placebo.

While other studies investigating dietary supplementation with inulin have certainly shown a positive impact on gut microbiota, the administered dose per day of inulin has been high, ranging from 8 to 30 g, with 10 g being the average (44, 45). The dose of IQP-AE-103 in this study provided 510 mg/day of inulin. While inulin has been associated with an increase in A. muciniphila in both healthy and overweight and obese subjects (46), there are no other clinical studies demonstrating a reduction in weight and/or a change in A. muciniphila at this dose, alone or in combination with other ingredients. This low dose of inulin synergistically combined with okra powder provides similar benefits as previously reported at higher doses and without the adverse events traditionally associated with inulin, like abdominal gas and bloating or laxative effect. IQP-AE-103 had excellent tolerability, and no adverse events related to the intake of IQP-AE-103 were reported after 12 weeks of intervention (13).

Research has been accelerated on the use of A. muciniphila as a potential therapeutic agent for metabolic and gastrointestinal disorders, including obesity (47). The deleterious effects of a high-fat diet have been shown to be offset by Akkermansia enriching polyphenols, including positive modulation of intestinal gene expression, improved lipid regulation, enhanced insulin sensitivity, reduced fat deposition, and increased epithelial integrity (11, 12, 48, 49).

In 2019, the first preliminary clinical trial supplementing Akkermansia (live and sterilized organisms) as a targeted therapy was published. Treated subjects showed improved insulin sensitivity, reduced insulinemia and plasma, and reduced total cholesterol. Although Akkermansia levels showed a positive trend, the study did not achieve significant changes in body weight, fat mass, or hip and waist circumference (11). While very promising, it reinforces work previously published that confirms A. muciniphila’s modulation and effect are likely mediated by multiple and potentially confounding factors, including variations in diet (macronutrients as well as calories), nutritional status, host health, lumen environment, ethnicity, gender, age, medication use, mucin structure, and availability, as well as baseline abundance of Akkermansia and other organisms (12, 30, 50–58). These confounding factors, which contribute to modulating Akkermansia, may offer further explanation for many of the conflicting data noted in previous publications.

There are multiple studies in animals and humans that correlate a higher abundance of A. muciniphila with a lean phenotype (42, 52, 58–63). Additionally, fecal transplant studies have demonstrated that transferring the microbiota of lean or obese animals into the opposite phenotype results in the animals trending toward or adopting the metabolic state of the donor (64–68). Studies on prebiotic fibers and their impact on Akkermansia in humans are mixed (46, 69). While it is clear that a strong connection exists between the microbiota profile and metabolic health, there are few studies that actually demonstrate weight loss with fiber supplementation even when there is clearly a positive shift in the microbiome (11, 32, 70–72).

Akkermansia levels have been positively influenced in other human studies through caloric restriction, gastric bypass, and polyphenol, inulin, polydextrose, and yeast fermentate supplementation. However, with the exception of gastric bypass, none of these studies showed a concomitant change in weight or BMI (10, 57, 73–76). In type 2 diabetics, caloric restriction increased levels of A. muciniphila by 125% (57). Similarly, Dao showed a correlation between a reduced-calorie diet in obese and overweight subjects and an improved abundance of A. muciniphila. In this study, an increase in Akkermansia was only noted in individuals with a below median and baseline levels of the microorganism (12). Even more surprisingly, subjects with a high starting level (above the median) of A. muciniphila had a decrease in abundance over the course of the study.

Interestingly, Healey showed that changes in the microbiota profile were linked to dietary intervention, specifically demonstrating that subjects consuming a high fiber diet plus 16 g of inulin-type fructans/day were much more responsive to favorable shifts in their microbiota profile than those on a low fiber diet and 16 g of inulin per day. Overall, dietary records showed that the high dietary fiber group had slightly higher energy, fat, carbohydrate, and fiber intake as compared with the low dietary fiber group (77).

In this study, the protocol diet was intended to reduce calories and standardize the amount of fat intake among all the participants. While suggested menus were provided, subjects’ macronutrient consumption could vary while still meeting the caloric and fat requirements. Previous studies showed that macronutrient dietary makeup may also have a profound impact on the susceptibility of the microbiota for change, including total calories, fat, fiber, and refined carbohydrate levels (6, 7, 78). In our study, both subject groups were provided with standardized calorie and fat intake, and a positive shift in the growth of healthy gut microflora was only seen in the IQP group and more prominently in subjects with at least 5% of baseline body weight loss after taking dietary fat binder.

One of the limitations of this study could be the small sample size. The sample size was determined primarily for the weight loss effect by the Cohen’s effect size (group comparison), for the significance level of 5.0% (double-sided) and power of 80% (79). In consideration of the use of non-parametric statistical analysis, the necessary sample size was 28 subjects per study arm and was further increased to 36 subjects after consideration of dropout rate (20%) and block randomization requirements. The observed changes in the microbiome remain interesting for exploratory purposes, and the research findings warrant further study with a larger sample size.

In fact, some studies indicate that shifts in the microbiota may occur on the first day of dietary change or supplementation (80), and positive changes in the abundance of A. muciniphila can occur in as short as 3 days (80). Certainly, the microbiota shift occurs prior to the time point of statistically significant changes in weight loss. This supports the emerging theory that changes in the microbiota, and perhaps even specific species, may contribute to the etiology of weight changes rather than be the result of the weight changes (81).



CONCLUSION

To the best of our knowledge, we report the first, controlled study in humans where an OTC supplementation resulted in both favorable changes in Firmicutes and Akkermansia, as well as corresponding, clinically relevant changes in weight, adiposity, and body mass index. This shift in microbiota indicates that the fat-binding properties of the synergistic blend of dehydrated okra powder and inulin not only exert an action on body weight but also on gut microflora diversity.
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400 Breakfast Rye bread 2 slices 80
Butter 1tsp 5
Gouda (45% fat in dry matter) 1 slice 30
Chicken breast 1 slice 30
Apple 1 medium 110
100 Snack Yogurt (low in fat, 1.5%) 1/3 large cup 150
Sugar 1tsp 5
Walnuts 1/2 2
500 Lunch Pasta (without egg) To weigh 70
Cabbage 1/2 medium 250
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Qil (e.g., rapeseed) 1tsp 5
Cream cheese (50% fat in dry matter 2 tsp 40
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Dried apricots 2 pieces 20
400 Dinner Whole grain bread 2 slices 80
Butter 1tsp 5
Gouda (45% fat in dry matter) 1 slice 15
Salmon ham 3 slices 25
Quark (20% fat in dry matter) 1tsp 50
Carrots 2 medium 100
Kohlrabi 1/2 medium 100

Kiwi 1 small 40
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IQP5 (n = 17)
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p-values
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1QP5 vs. placebo

Body weight reduction (kg)
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Week 8 3.06 +1.66
Week 12 5.16 £2.39
BMI reduction (kg/m?2)

Week 4 0.69 +0.44
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Week 12 1.81 £0.78
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Week 4 157 £1.72
Week 8 2.80 £ 2.64
Week 12 437 £3.33
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Week 4 1.20 £1.32
Week 8 2.30+1.78
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Week 8 3.14 £4.77
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Week 8 -0.13+4.84
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2.28 +1.66
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0.79 + 0.52
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3.50 £ 3.59

The p-values are given in bold when significance is <0.05.
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1.04 £1.27

0.16 +1.84
0.256 £2.32
0.13 +£2.95

0.70 £2.25
0.67 +2.64
0.84 +3.13

<0.05
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<0.001
<0.001
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<0.001
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<0.001
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<0.05
0.001

0.761
0.636
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<0.05
<0.001
<0.001

<0.05
<0.001
<0.001

0.123
<0.05
<0.001

0.600
<0.05
<0.001

<0.05
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Characteristics 1QP (1 =30) 1QP5 (n = 17) Placebo (n = 25)

Mean age (years) 504119 50 11.1 47114
Women 23 (76.7%) 12 (70.6%) 18 (729%)
Men 7(23.3%) 5 (29.4%) 7 (28%)
Height (cm) 168.13  8.99 167.88  10.56 167.88 + 10.74
Body weight (kg) 83.37 £ 10.91 85.19 + 12.67 85.25 + 14.54
BMI (kg/m?) 20.42 £2.27 30.11+£233 30.05 £2.71
Waist circumference (om) 10020  6.71 101.71+6.28 104.88 + 11.77
Hip ciroumference (cm) 106.10 + 6.62 106.50 % 7.45 108.32 + 6.50
Body fat mass (kg) 30.38 £ 592 3058 +£7.32 3128:£7.22
Fat free mass (kg) 52.93:+ 967 54.50 + 11.23 54.02 £ 11.57
Energy requirement (kcal) 21208 + 334.72 2183.35 + 375.91 2196.44 + 4192

No significant differences between groups (IQP vs. placebo and IQP5 vs. placebo) for all parameters.
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