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Introduction

Undoubtedly, obesity has become a global public health problem particularly when looking at the obesity-related diseases. Over the past 20 years, studies explored greatly the role of fat tissue in obesity pathogenesis suggesting that the functional differences between visceral fat adiposity (VFA) and subcutaneous fat adiposity (SFA) impacted the appearance of many obesity-related diseases. Therefore, increased knowledge about VFA and SFA could promote the development of more effective therapies against several obesity-related problems. The role of modulating gut microbiota with fiber-diet (prebiotics) in attempt to reduce VFA is nowadays an era of interest to treat obesity. Prebiotics constitute a selective stimulation of growth/activity of certain microbial species in the gut microbiota that offer health benefits to the host [1]. Consequently, its use as a dietary intervention provides a novel therapeutics in obesity and cardio-metabolic disease risk [2]. These mini-review summaries the current evidence linking a specific dietary-fiber called inulin to the reduction of VFA.
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Figure 1: Mechanisms of insulin-type fructans in decreasing lipid profile.




Inulin and its Health Benefits

Inulin is a chicory root fiber that also found in onions, garlic, wheat, artichokes and bananas. It is a polymer of fructose monomers that is indigestible but soluble fiber. The estimated daily consumption ranges between 3-11 grams in Europe and 1-4 grams in the United States [3]. Studies demonstrated several physiological functions of inulin such as modulation of lipid metabolism in the liver and muscle. Reis et al. explained the main mechanisms of inulin-type fructans in the improvement of lipid profile, thus reducing the cardiovascular risk [4] (Figure 1). As the diet considered a strong contributor to the structural microbial changes [5], a prebiotics such as oligofructose (a subgroup of inulin) may affect the structural composition of the intestinal microbiota following high-fat diet feeding, thus improving the parameters of metabolic inflammation [6].

Interestingly, Cani [6,7] demonstrated that oligofructose consumption resulted in increased satiety and accompanied by a decrease in total energy intake in adults. This is explained by the presence of short chain fatty acids (SCFA) and their ability to increase appetite suppressing hormones such as glucagon-like peptide 1 (GLP-1) [7]. A large intestinal microflora fermentation facilitated a reduction in serum cholesterol and low density lipoprotein (LDL) levels ‘important risk for coronary heart disease’, [8] consequently, inulin found to exist a role in the stimulation of bifid bacteria growth “probiotics” [9].

The link Between Intestinal Mirbiota and Visceral Fat Deposition

VF is a type of adipose tissue which has an important implication for metabolic health [10]. Interestingly, VF is highly heritable and showed significant associations with the fecal microbiota. According to Beaumont et al, studies linked increased abdominal adiposities using body fat distribution measures such as waist/hip ratio, to fecal microbiome profiles in which specific probiotic consumption reported to lower VF. The authors suggested that VF mass plays a major role in the components of central adiposity or ‘cardio-metabolic disease risk’ [11]. More importantly, the presence or absence of a microbial flora regulates insulin sensitivity and cholesterol metabolism [12]. According to Tilg and Kaser, evidence indicated that type 2 diabetes mellitus (T2DM) negatively affect the structural composition of the microbiota (Bacteroidetes) which if decreased, the metabolic endotoxemia and systemic inflammatory markers might improve in diabetic mice [13]. Furthermore, microbiota produces enzymes that degrade ingested polysaccharides, therefore promoting the absorption of nutrients particularly carbohydrates, leading to increased liver lipogenesis, hepatic IR, and hyperinsulinemia.

Authors added that various dietary components such as wheat fiber, inulin, or starch with high amylase content improve glucose absorption, decrease insulin secretion, increase the incretin GLP-1 level, and increase SCFA production and absorption. In hepatic steatosis ‘a health-related risk of obesity and T2DM’, a proton magnetic resonance spectroscopy used to measure intrahepatocellular lipids and intramyocellular lipids showed a close correlation between body adiposity and hepatic steatosis [14]. Importantly, by giving Agave inulin (inulin type with different chemical structure and botanical origin) to healthy adults in a randomized dose of 0, 5.0, or 7.5 g/day, there was a positive correlation between agave inulin intake and Bifid bacterium which is a promising shift of the gastrointestinal microbiota composition and activity in healthy adults [15].

Inulin and Visceral Fat Reduction

In terms of body weight (BW) and fat mass reduction Abrams et al. observed a significant BMI reduction and less increase in fat mass for adolescents who received 8 grams oligofructose-enriched inulin daily for one year and this effect maintained in the following year [16]. A study by Dewulf et al. evaluated the contribution of the gut microbiota to the modulated host metabolism by dietary inulin-type fructans (ITF) prebiotics in obese women and found that ITF decreased the fat mass, serum lipopolysaccharides, and plasma lactate and phospha tidylcholine levels [17]. A recent comparison between the effects of fructooligosaccharides (FOS) and high-fat “western” diet with or without 2.5% FOS supplementation ad libitum on the development of obesity in rats showed that BW and percent body fat were lower FOS group while the weight of the visceral adipose tissue, and the weight and triglyceride content of the liver were significantly lower in the high-fat + FOS group.

Moreover, fecal excretion of lipids markedly potentiated by FOS consumption thus indicated the suppression effect of dietary FOS to the high-fat diet-induced body fat accumulation, and intestinal absorption of dietary fat [18]. Another comparison between non-fermentable (10% cellulose) and fermentable inulin, the results showed that the short-term inulin feeding in mice positively impacted the lipid metabolism [19]. On clinical grounds, inulin demonstrated a significant role in health-protective effects and disease-reversal benefits particularly with high level of intake. Data showed a positive impact on cardiovascular health disease, hypertension, diabetes, obesity, and certain gastrointestinal diseases. Additionally, high fiber intake improves serum lipoprotein values, lowers hypertension, improves blood glucose control for diabetic patients, and leads to weight loss [20].

Rebello et al. [21] examined the effects of a gastrointestinal microbiome modulator containing inulin on metabolic parameters, fecal markers of gut microbiota, and satiety where the results confirmed an improvement in glucose tolerance and satiety. Johnston et al. [22] demonstrated better insulin sensitivity with chronic consumption of resistant starch in individuals with MetS though a non-significant effect observed on BW, fat storage in muscle, liver or visceral depots. Additionally, there was no change on vascular function or markers of inflammation Fernandes, Vogt & Wolever compared markers of colonic fermentation after acute inulin ingestion in individuals with normal (<40pmol/l) and high (≥40 pmol/l) plasma insulin. The result supported that inulin increases short-term markers for colonic fermentation, thus produced SCFAs, acetate, propionate and butyrate, which might protect from T2DM by reducing serum free-fatty acids [23]. There is evidence that inulin-type fructans increases the GLP-1 level in the proximal colon that has a role in improving glucose tolerance, glucose-stimulated insulin secretion, insulin-sensitive hepatic glucose production, and thus reducing weight gain.

Furthermore, OFS could modulate gastrointestinal peptides such as peptide YY (PYY) and ghrelin that involved in the control of food intake. Data in humans reported the control of satiety facilitated by FOS as well as triglyceridemia, and steatohepatitis [24]. In male lean and obese rats, Parnell & Reimer evaluated the dose-dependent effects of inulin and oligofructose on gut satiety hormones, energy expenditure, gastric emptying and gut microbiota by giving randomized fiber intake of 0 to 20%. The authors concluded that bacteroides and total bacteria correlated positively with ghrelin and negatively with insulin demonstrating that prebiotics action of food intake, satiety hormones and alterations in gut microbiota are regulated in a dose-dependent manner which could have therapeutic potential for obesity [25]. In a similar context but plateau result, a dose of daily 10 grams inulin for 12 weeks duration showed no significant effect on serum glucose and lipid levels in T2DM patients which raised important questions regarding the optimal dose of inulin as dose-response and also the optimal dosage that is not studied in humans [26].

Kim et al conducted a small randomized clinical trials (RCT) in medical students’ evaluating the effects of fructooligosaccharides (FOS) supplements on BW and body composition, blood lipid profiles, and Ca status. The results demonstrated a significant decrease in BMI, body fat mass, percent body fat and VF while skeletal muscle mass increased. Also there was a decrease in serum total cholesterol, LDL-cholesterol and triglycerides level while HDL-cholesterol calcium related biomarkers increased. Authors suggested that habitual FOS consumption considered as effective for weight reduction, improving lipid profiles, and calcium status [27]. Guess et al. [28] concluded that inulin may reduce the risk of diabetes by promoting weight loss and decreasing intrahepatocellular and intramyocellular lipid in subjects with prediabetes independent of weight loss [28]. A recent systematic review by Liu et al. [29] assessed the effects of ITF on human lipid profiles and glucose homeostasis complicated by dyslipidemia, overweight or obesity, and T2DM.

The authors found that the ITF consumption associated LDL reduction across all study populations, however, improvements of HDL and glucose control demonstrated only in the T2DM subgroup. Thus, additional, well-powered, long-term, RCTs are required for a definitive conclusion. Overall, ITF supplementation may provide a novel direction for improving the lipid profile and glucose metabolism [29]. A further recent animal study demonstrated that the additive effect of enriched-diet containing both lactalbumin and inulin decreased energy intake, supra-additively decreased BW, fat, and lean mass, in addition to decreased respiratory quotient and plasma leptin concentrations [30].

Conclusion

The review supported short-term significant beneficial effects of inulin on body weight with particular attention to the VF accumulation and its consequences though most data demonstrated obvious positive effects on lipid profile. Some studies focused on a high dose to yield an optimal dose-response effect. On the other hand the lack of standard safety guidelines on oral administration of inulin as prebiotics agents in human necessitates a careful consumption. Additionally, further long-term studies are essential to increase the understanding of the complex efficacy between ingested inulin and cardio-metabolic risks.
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Decrease in gene expression of hepatic enzymes involved in lipid synthesis
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