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Abstract

Purpose of review—Given the world-wide problem of obesity, this review considers what types
of dietary changes can be utilized to minimize the adverse effects of an obesogenic diet on the
intestinal microbiota.

Recent findings—In rodents fed high-fat diets containing lard or Western blend fats to

induce obesity, switching to high-fat diets formulated to contain higher amounts of fiber or
fiber-containing foods, plant extracts, omega-3 fatty acids or whole grains has beneficial effects
on body weight, metabolic alterations, and the intestinal microbiota. Several studies show that the
intestinal microbiota has a role in mediating the beneficial health effects of these dietary factors.
Many aspects of the microbiota observed in animals when healthful dietary components were
added to the feed have also been observed in humans who follow healthful dietary patterns.

Summary—The data shows that specific foods and macronutrients can normalize the obesity-
associated microbiota and improve metabolic health. These findings support the design of dietary
interventions that would allow individuals to focus on diet quality independently of weight loss to
mitigate the adverse sequelae of obesity.
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Introduction to the Problem of Dysbiosis Induced by Obesity and High Fat
Diets

The Western Diet and Obesity

The transition to a Western style of diet is now affecting a large part of the world

as developing nations become more affluent and take on Western lifestyles [1-3]. The
Western diet is characterized by higher oil, meat and sugar intakes, and by lower fiber

and micronutrient intakes versus that found in most traditional diets, for example the diets
that were traditionally consumed in Asia and Greece [4]. Adoption of the Western diet is
facilitated by many factors including food availability and shifting lifestyles. Prepared foods,
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restaurant foods and processed ingredients, are now readily available at affordable costs.
Shifting work patterns involving more time spent away from the home also leave little time
for preparing traditional meals. Unfortunately, this Western diet and lifestyle is conducive
to an energy intakes that exceed energy expenditures, resulting in inappropriate weight gain
and obesity.

The global increases in obesity are worrisome. It is now well recognized that Western diets
are associated with an increased prevalence of obesity and the obesity-associated chronic
diseases that result, namely diabetes, cardiovascular diseases and many cancers [5]. In the
U.S., Healthy Eating Index scores in data from the National Health and Nutrition Survey
vary from an average of 65 to 51 (of 100 possible points) in groups defined by infrequent
versus frequent consumption of fast foods from restaurants, respectively [6]. The U.S.
Dietary Guidelines Committee reported that in the U.S., dietary intakes of fruits, vegetables,
and whole grains need to be increased, and that intakes of added sugars, refined grains,
sodium, and saturated fat need to be decreased [7]. In U.S. older adults, poor diet quality
affected more than 60% of a national sample [8]. In more recent years, there is evidence that
dietary intakes in Europe and U.S. have improved slightly but still require many changes to
meet recommendations [9-12]. Unfortunately, obesity is still a major problem and the most
recent data show that only 17.7% of the U.S. population is in the normal weight range [13,
14]. In developing nations, obesity rates continue to rise along with chronic disease risks
[15].

Much research has focused on defining the relationships between dietary composition and
obesity. In animals, high fat diets are widely utilized to model diet-induced obesity in
humans. This typically includes using diets high in saturated fats such as lard or Western
blend fats at 45-60% of the dietary energy content. A fat intake of about 45% of energy
from calories was reached in the U.S. in the 1980°s [17, 18]. This is much higher than the
Acceptable Macronutrient Distribution Range (AMDR) for total dietary fat that is 25-35%
of calorie intake with no more than 10% of calorie intake from saturated fat [16]. Animal
models of obesity using high saturated fat diets have been widely used in defining the role of
the microbiota in diet-induced obesity. This role of the microbiota is now understood to be
multi-faceted with roles both in the etiology of the obesity and the adverse effects of obesity.

Obesity-Associated Microbiota

The intestinal microbiota changes that result from “Western”, high saturated fat diets

has been reviewed extensively and models a fat intake of at least 45% of energy

from calories that was reached in the U.S. in the 1980’s [17, 18]. The high-fat diet
induced “dysbiosis” in the intestinal microbiota is broadly recognized to include a higher
community abundance ratio of Firmicutes/Bacteroidetes ratio that is driven by a number
of changes in individual bacterial species, as well as changes in other bacteria that are

less consistent across studies and may vary by model used [17]. Many of these bacteria
have a role in regulating the integrity of the intestinal barrier which in turn governs
systemic exposures to pro-inflammatory stimuli from the intestinal lumen (Figure 1). This
includes an increased abundance of Gram-negative, lipopolysaccharide (LPS)-generating
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proinflammatory Proteobacteria and a reduction in a reduction in protective Bifidobacterium
species [17].

Other investigations have also found increases in pathogenic intestinal bacteria during
high-fat feeding in rodent models that is done by formulating the diet to include a high
content of lard. For example, increases in pathogenic bacteria Alistipes sp. Marseille-P5997
and Alistipes sp. 5CPEGH6 and depletion of the probiotic Parabacteroides distasonis was
noted in mice fed a high-fat diet to induce obesity. One of the metabolites produced was
lysophosphatidic acid that was implicated in promoting colorectal cell proliferation and
impairing the barrier function of gap junctions in the epithelium [19]. Western diets high in
fat and low in fiber also alter bile acids in the intestinal lumen, including an increase in free
bile acids such as deoxycholic acid that is implicated in gastrointestinal carcinogenesis [20,
21]. Conversely, healthier diets with higher fiber intake promote beneficial bacteria. These
beneficial bacteria digest fiber to form short-chain fatty acids that help maintain the integrity
of the intestinal barrier via several pathways, including promoting tighter gap junctions in
the colonic epithelium [17].

Food Extracts

A recent review has already evaluated the effects of plant extracts (such as polyphenols,
alkaloids, terpenoids) on reducing obesity and on normalizing the obesity-associated
microbiota [22]. That review of the effects of plant extracts (such as polyphenols, alkaloids,
terpenoids) on obesity shows that many of the compounds found in plant extracts normalize
the obesity-associated microbiota. For example, Kaempferol, a flavonoid found in kale,
beans, tea, spinach, and broccoli, protected against obesity and decreased hyperlipidemia
partly through maintaining microbial diversity [22].

Supplementing diets with food extracts is often attractive in that adherence may be easier to
achieve than a change in food selection, and it is true that there may be a role of extracts and
supplements in delivering specific compounds useful for treatment of diseases. However, for
optimal health long-term, choosing foods that provide a variety of nutrients may be most
useful for maintaining health in persons without high-risk, medical conditions. Here, recent
literature reported on the effects of dietary changes on the intestinal microbiota in obese
animal models and in humans is discussed.

Goals of the Present Review.

Given the important role of the microbiota in maintaining the intestinal barrier and hence
exposure to pro-inflammatory stimuli, one can begin to understand the important role

of the intestinal microbiota in governing the chronic, pro-inflammatory state associated

with increased risks of all the major chronic diseases faced today: cancer, diabetes and
cardiovascular diseases. Unfortunately, Western style diets and obesity are now becoming
prevalent world-wide, and weight loss via calorie restriction, pharmacological agents or
bariatric surgery is difficult to maintain in humans, and weight regain is common [23-25]. It
is now important to consider what types of dietary changes can be utilized to minimize the
adverse effects of an obesogenic diet on the intestinal microbiota. In this review, the focus is
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on research that has been reported recently on how foods and macronutrients can normalize
the obesity-associated microbiota.

Search Methodology

The references cited in this review were mainly obtained by a PubMed search that included
the time frame of April 1, 2021- September 20, 2022. The terms used in each of five
searches included “High fat”, “diet”, and “microbiota”. Additional terms for individual
searches were “nutrients”, “fatty acids”, “calorie restriction”, “omega-3” or “fatty acids”.
The references retrieved in PubMed were evaluated individually for suitability for inclusion

in this review.

Dietary Patterns and Diet Components Associated with a Beneficial

Intestinal Microbiota

Dietary Patterns

Many studies have evaluated how dietary patterns affect the gut bacteria. These data are
helpful to summarize here before delving into how diet can attenuate adverse changes
instituted by a high-fat, obesogenic diet. Briefly, bacteria in the phylum Firmicutes are the
most abundant in the adult human intestine, followed by Bacteroidetes and Actinobacteria.
Although there is variation between studies, the evidence is reasonably strong that the ratio
of Firmicutes to Bacteroidetes is shifted with low fiber, high-fat diets. A higher Firmicutes
to Bacteroidetes ratio that is associated with obesity contributes to maintenance of the
obese state via increased energy harvest from foods, and this was confirmed with fecal
transplantation experiments [26].

A high-fiber, plant-based diet conversely is generally associated with lower Firmicutes and
higher abundance of taxa from the Bacteroidetes phylum, such as Prevotella species and the
Bacteroides genus which are thought to be beneficial bacteria for host health [27]. These
changes in gut microbiota result from the increased availability of fiber and resistant starch
in the colon to support expansion of specific bacteria capable of fiber fermentation, and
short-chain fatty acid production is the result [27]. Short chain fatty acids are a source of
energy for colonocytes, act to strengthen the intestinal barrier, regulate immune responses,
and have other beneficial effects on many metabolic processes including insulin secretion
[28-30]. Firmicutes are known for their energy harvesting capabilities and tend to show
increases in obese individuals

Other Aspects of Diet

There are two different aspects of diet that need to be considered for improving the adverse
effects of a high-fat or Western style of diet on the microbiota: calorie restriction and dietary
composition, and this is discussed in the next section. Most of the studies have been done

in animal models. In humans, comparing populations with differing eating patterns can

be done, but it is difficult if not impossible to exclude the contribution of other lifestyle

and genetic factors on shaping the microbiota. In general, isolating the effects of diet on
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the intestinal microbiota is much easier to accomplish in animals, but dietary manipulation
studies also have been done in humans.

In rodents fed high fat diets to induce obesity, a number of studies have shown that natural
products found in plant-based foods prevent weight gain and that this could be mediated

at least in part by normalization of the gut microbiota. Both black and green tea contain
beneficial polyphenols. In mice fed a high fat diet, black tea supplementation of the diet
dramatically decreased weight gain to that observed in animals fed a low-fat chow diet [31].
In mice colonized with gut bacteria from mice supplemented with black tea, the weight gain
with a high-fat diet was markedly less [31]. Resveratrol is another example of a beneficial
compound, and it is found in red grapes. Wistar rats fed a high fat, lard-based diet exhibited
an increase in bacterial diversity when red grape juice was added to the diet for 60 days, and
this was accompanied by a decrease in systolic blood pressure, serum interleukin 6 (IL6) and
oxidative stress markers [32]. In other recent work, resveratrol supplementation of mice fed
high fat diets did not reverse the dominant bacteria, such as Firmicutes and Bacteroidetes,
but diversity of gut bacteria was increased based on the Shannon index and there were
many changes at the class and genus levels [33]. Biomarkers of systemic inflammation
improved, and the effects of resveratrol were similar when transplanting fecal microbiota
from resveratrol fed animals as when giving resveratrol orally providing evidence that the
changes were mediated by the microbiota [33].

Impact of Diet versus Exercise

Finally, diet as a whole is important to consider. In whole food diets, many dietary
constituents can work together to shape the microbiota, which then does not necessitate
using high quantities of any one component. This again is more easily studied in animals
versus in human populations since people who consume better quality diets may also
partake in other health behaviors such as higher levels of physical activity. For example,
increased physical activity alleviates the high-fat diet induced dysbiosis and increases in
intestinal permeability [34, 35]. Another study showed that exercise altered gut microbial
composition to increase formation of short chain fatty acids, fiber metabolites that are
known to strengthen gut barrier function [36].

Despite the possible role of multiple lifestyle determinants of the intestinal microbiota,
one can hypothesize that diet has a stronger impact on the intestinal microbiota than other
lifestyle behaviors. In one study that evaluated high fat diets and exercise in mice using a
2X2 study design, the effects of diet on the intestinal microbiota were found to be much
more profound than that of exercise [37]. The two groups of mice fed the high fat diet

had lower Bacteroidetes to Firmicutes ratios and gut microbial richness than the mice fed
the chow diet, regardless of whether or not the mice were exercised on a treadmill [37].
However, mice in the two high-fat diet groups had higher diversity (Shannon) and evenness.
There were many changes in taxa identified, including higher Proteobacteria with high-fat
feeding. The increase in diversity was suggested to be consistent with an induction of
bacteria that metabolize carbohydrates, perhaps as a compensatory mechanism [37].
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One very important aspect of the whole diet is the amount of food that is consumed.
Consuming an excess of calories beyond energy needs stimulates lipogenesis and expansion
of adipose stores. Energy restriction instituted after high fat feeding to induce obesity has
multiple beneficial effects on the gut microbiota. In rodents, 40% calorie restriction is
typically used but the diets are formulated in such a way that micronutrient intakes are kept
constant. The result is healthier rodents that live longer and are healthier [38].

Calorie restriction can also have long-term benefits that may extend beyond the restricted
period. When rodents are fed high-fat diets, it is well known there is an overall increase in
body weight and body fat versus that of animals fed a low-fat chow diet. However, there is
inter-animal heterogeneity in weight gain, with about a third of the animals consumed less
total diet and avoided the relatively large increase in weight gain. These animals are referred
to as “obesity-resistant” [39].

Interestingly, calorie restriction of a high-fat diet has recently been shown to shape an
obesity-resistant gut microbiota in mice [40]. This study evaluated lasting effects of calorie
restriction by first feeding mice with either a low-fat diet, a low-fat diet with 30% calorie
restriction, or a high fat diet. After four weeks, the mice fed the restricted diet were then
placed on either a low-fat diet or a high-fat diet for an additional 8 weeks while the animals
fed the low-fat or high-fat diets ad lib continued with their original diets [40]. The animals
fed the high-fat diet throughout the experiment exhibited varying degrees of weight gain,
as expected, and were classified as either obesity-prone or obesity-resistant. In comparing
the animals fed the ad lib high-fat diet continuously with those fed the restricted diet first
followed by an ad lib high-fat diet, those with exposure to the calorie restricted diet first
were more similar to the obesity-resistant than the obesity-prone animals fed the high fat
diet ad /ib throughout in terms of body weight and microbiota composition at the end of
the experiment. This delay in body weight gain due to the initial calorie restricted period
appeared to be mediated by an increase in Clostridiales which has a biological role in energy
metabolism [40].

In another study, a 50% restricted high-fat diet had beneficial effects on community richness
in mice, but benefits were maximized when the restricted diet contained a mixture of yogurt,
fruits and vegetables [41]. The supplemented, restricted diet improved intestinal barrier
function, increased hepatic Akkermansia and multiple biomarkers of health status [41]. The
role of the microbiota in the observed health effects was confirmed by fecal transplantation
experiments [41].

Effects of Dietary Fiber on the Gut Microbiota

Perhaps the best well-studied dietary component with regard to its’ effects on the microbiota
is dietary fiber. The majority of the gut microbiota that ferments fiber resides in the colon,
and the small intestine has a more limited capacity to metabolize fiber. There are many
forms of fiber, and the major classes are fiber soluble in water, including pectin and inulin,
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and fiber insoluble in water, including cellulose which is less readily fermented by the gut
bacteria. Although very little cellulose can be fermented in the gut, it does play a critical role
in maintaining colonic health [42].

Types of Fiber

A number of investigations have evaluated the ability of fiber to alleviate the dysbiosis
induced by high-fat diets. One study compared insoluble with soluble fiber extracted from
kiwifruit, administered via an intra-gastric route, on gut microbiota in rats [43]. Both

types of fiber decreased food intake and improved body composition along with metabolic
improvements. Although both types of fiber were beneficial, they had very different effects
on abundance of specific microbial populations. The soluble fiber treatment resulted in
larger improvements in both formation of short-chain fatty acids and markers of metabolic
health [43].

It should be noted that newer studies are starting to evaluate synthetic fiber that is designed
to optimize the beneficial properties of fiber such as viscosity, capacity to hold water and
fermentability in the gut, and one such product was shown to have beneficial effects on

the gut bacteria and result in reduced body weight [44]. Other examples of alternative fiber
supplementation include flour made from high fiber foods. This includes yacon flour which
decreased body fat gain and inflammatory stress in mice fed a high lard diet [45]. Another
example is green banana flour that contains high amounts of resistant starch that reaches the
colon to reduce the abundance of Firmicutes and increase the abundance of Bacteroidetes
[46]. The green banana flour diet also exert beneficial effects on reducing obesity-associated
systemic inflammation in mice fed high fat diets [46].

Several studies have been investigating inulin, a soluble fiber, as a potential dietary
supplement to alleviate the sequelae of high fat diets and obesity. A combination of egg or
whey protein with either cellulose (insoluble fiber) or inulin (soluble fiber) was evaluated for
improving weight gain and obesity-associated metabolic alterations in in obese rats fed high
fat diets and exercised on a treadmill [47]. This experiment then evaluated the additional
beneficial effects dietary fiber could have in exercising rats. The results showed that both
inulin-containing diets decreased food intake and weight gain and improved glycemic
control more so than cellulose-containing diets, and this was similar to previous work in
non-exercised rats [47]. Diet type explained 46% of the total variation in cecal microbiota
composition, and plasma butyric acid, a short-chain fatty acid, was the plasma metabolite
that was most strongly associated with the predicted functional pathways identified from
metagenomic sequencing [47].

Another recent study also evaluated the combination of inulin supplementation with
exercise, but these researchers specifically investigate whether exercise can improve the
metabolic response to inulin in obese humans and obese rats since exercise can alter transit
time and therefore substrate availability in the colon [48]. The results showed greater gut
fermentation of inulin (resulting in fewer GI symptoms in humans) and improved glucose
homeostasis when exercise is combined with inulin in both species, but there were different
effects on the microbiota changes in rats and humans [48]. For example, in humans, but not
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mice, the exercise/inulin combination stimulated growth of Bifidobacterium and augmented
weight loss [48].

Many other studies focused on intake of beans, lentils and dry peas as good sources of

fiber. Pulses are the seed of the legume plant and contain soluble and insoluble fibers in
addition to protein and starch as the major macronutrient components. The published studies
overwhelmingly show that beans can alleviate high-fat diet induced dyslipidemia and that
this is either correlated with or mediated by normalization of the gut microbiota.

Commonly consumed pulses namely lentils, chickpeas, common beans, and dry peas added
to mouse diets to replace 35% of the protein all increased a-diversity of the gut microbiota,
increased the abundance of Bacteroidetes and decreased the abundance of Proteobacteria
and Firmicutes. Verrucomicrobiota increased with all the pulses except dry peas [49].

The authors noted the beneficial effects on the microbiota were consistent with the anti-
obesogenic effects of adding pulses to the diets. Interestingly, the supplemented diets also
increased synthesis of vitamins and organic cofactors, such as thiamin, heme, pyridoxal 5'-
phosphate, flavin, folic acid (via 6-hydroxymethyl-dihydropterin diphosphate), nicotinamide
adenine dinucleotide (NAD), phospho-pantothenate, and coenzyme A indicating multi-
faceted benefits [49].

Another study using supplementation of a high-fat diet with 15% Adzuki beans also
significantly reduced the ratio of Firmicutes/Bacteroidetes (F/B), increased the abundance
of beneficial bacteria such as Bifidobacterium, and decreased the abundance of several taxa
induced by a high-fat diet towards the normal state, as defined by mice fed a low-fat control
diet [50].

The effects of pulses, however, cannot be ascribed to fiber alone. The fermentation broth
from kidney beans, which is rich in polyphenols and flavones, also was shown to increase
gut microbial diversity indices and to decrease the abundance of Firmicutes in obese rats
fed a high fat diet while improving the dyslipidemia that was observed [51]. This makes it
difficult to disentangle the effects of fiber per se from other components of whole beans.

Whole Grains

Finally, there are studies that evaluated the effects of whole grains for improving the high-fat
diet induced dyshiosis. These have included coarse, partly milled cereals to maximize fiber
delivery to the colon by minimizing digestion and absorption in the small intestine. The
recent studies showing beneficial effects on microbiota changes in rodents fed high-fat diets
included a study on partly milled barley that showed enrichment of beneficial bacteria,

such as Lactobacillus, Bifidobacterium, and lleibacterium, and reduction in several HFD-
dependent taxa [52], and a study on coarse ground oats and tartary buckwheat that showed
increased abundance of colonic Lactobacillus and Romboutsia as well as increased short
chain fatty acid production [53]. Both studies also showed improvements in biomarkers of
obesity-associated metabolic disturbances in the host animal.
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Effects of Dietary Fat Type on the Gut Microbiota

In evaluating the effects of high fat diets, it is important to recognize the importance of
different fat types. Lard, a saturated animal fat, is typically utilized to induce obesity in
animal models. Hence, the adverse effects of high fat diets might be mediated by saturated
fatty acids and not by the amount of fat per se. High saturated fat diets are known to be
associated with obesity and increased risks of cardiovascular diseases. A number of studies
have evaluated the relative impact of different types of fatty acids.

In a study that compared the effects of high-fat diets made with 11 different types of oils and
lard on the fecal microbiota of mice, the high fat diets all increased Firmicutes abundance
and reduced Bacteroidetes abundance with the lard diet having the largest change and the
canola oil diet resulting in minimal changes in these phyla [53]. Of note, the high-fat canola
oil diet increased a-diversity the most and the lard diet resulted in the largest changes in
bacterial taxa versus the low-fat, chow diet control [53]. This is consistent with results in
humans that the ratios of Firmicutes to Bacteroidetes abundance are increased in obesity
[17].

In humans, there appear to be clear benefits of limiting saturated fat intakes. In a randomized
clinical trial with healthy participants, replacing saturated fats with polyunsaturated fats
resulted in beneficial health effects such as reducing total blood cholesterol, and there were
increases in the abundance of Lachnospiraceae and several species of Bifidobacterium in
fecal samples. These bacteria are both associated with beneficial health effects such as
lower serum cholesterol levels [54]. Furthermore, the reduction in total cholesterol after the
change in dietary fat quality correlated positively with changes in the gut microbiota family
Lachnospiraceae. This was attributed to metabolism of dietary and biliary cholesterol in

the intestine to coprostanol which is then excreted, essentially clearing cholesterol from the
blood [54]. In an observational study, healthy individuals with relatively higher saturated
fatty acid intakes had a higher abundance of the Fusobacterium genus, and one species
within that genus has been associated with colon cancer risk, and individuals with higher
trans fatty acid intakes had lower a-diversity. In evaluating all the major fatty acid types,
the relative abundance of Sutterella, Tyzzerella, and Fusobacterium differed significantly by
fatty acid intake [55].

In contrast to saturated fats, omega-3 polyunsaturated fatty acids have been noted to

have many beneficial effects. This is especially true of long chain omega-3 fatty acids
such as eicosapentaenoic acid (EPA). EPA supplementation of obese mice prevents many
metabolic complications of a high fat diet. In a study using obese female mice, which

are less often studied, EPA ethyl ester supplementation improved metabolic parameters
(insulin, glucose) and increased the abundance of enteric Akkermansia mucinophilia, an
organism with putative beneficial effects on the colon [56]. In another study, although
fish oil supplementation resulted in lower body weight and lower inflammatory status in
both male and female mice fed a high fat diet, the fish oil diet did not correct the low
Bacteroidetes-to-Firmicutes ratio elicited by a high fat diet in female mice [57]. An oil
high in the short-chain omega-3 fatty acid, a-linolenic acid that is metabolically elongated
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to form EPA, also was shown to improve high-fat diet induced dysbiosis as defined by
alterations in the abundance of Firmicutes and Bacteroidetes [58].

In humans, high-fat, Western diets with low omega-3 fatty acid content are worrisome.
Higher omega-6 fatty acid intakes increase inflammatory stress and decrease beneficial taxa
such as Bifidobacterium while higher omega-3 fatty acid intakes increase Lactobacillus
abundance [17]. Moreover, a high-fat diet driven microbiota is low in bacteria that promote
a healthy intestinal barrier, such as Akkermansia muciniphila and several species within
Bifidobacterium, Bacteroidetes, Lactobacillusand Clostridiales, and higher in microbes that
contribute to disruption of the gut barrier integrity, such as the Oscillibacter and Desulfovibri
species [17]. The weakened barrier facilitates absorption of bacterial products such as
lipopolysaccharide that activate the immune system. This effect does not appear to be related
to diet type. High saturated fat diets have been noted to cause similar pro-inflammatory
effects as high polyunsaturated fat diets [17].

Conclusion

Obesity is on the rise world-wide, and it now becomes important to develop strategies that
can mitigate the adverse health effects of obesity. Unfortunately, weight loss via any means
is difficult to maintain in humans, and weight regain is common. This review therefore
focuses on identifying dietary factors outside of calorie restriction that could be used to
mitigate the adverse health effects of obesity. Animal models of human obesity have been
useful in this regard. Obesity in rodents is typically induced with high-fat diets using lard

or Western blend fats high in saturated fat. The animal data on dietary manipulations to
ameliorate the adverse effects of obesity is encouraging. In rodents fed an obesogenic,
high-fat diet, switching to high-fat diets formulated to contain higher amounts of fiber or
fiber-containing foods, plant extracts, omega-3 fatty acids or whole grains has beneficial
effects on body weight, metabolic alterations, and the intestinal microbiota. The role of the
intestinal microbiota in mediating the beneficial health effects of these dietary factors in

the face of an obesogenic diet was supported using bacterial transplantation experiments in
animal models. Many aspects of the microbiota observed in animals when healthful dietary
components were added to the feed have also been observed in humans who follow healthful
dietary patterns. These data then support the design of dietary interventions that would allow
individuals to focus on diet quality independently of weight loss to mitigate the adverse
sequelae of obesity.
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Key Points

Improved dietary composition can mitigate the adverse health effects of
obesity.

High-fat diets formulated to contain higher amounts of fiber or fiber-
containing foods, plant extracts, omega-3 fatty acids or whole grains have
beneficial effects on body weight, metabolic alterations, and the intestinal
microbiota.

Many features of the microbiota observed in animals fed diets with healthful
dietary components have also been observed in humans who follow healthful
dietary patterns.

These data then support the design of dietary interventions that would allow
individuals to focus on diet quality independently of weight loss to mitigate
the adverse sequelae of obesity.

Curr Opin Clin Nutr Metab Care. Author manuscript; available in PMC 2024 May 01.




1duosnuepy Joyiny 1duosnuely Joyiny 1duosnuey Joyiny

1duosnue Joyiny

Blood vessels

Page 16

Colonic lumen contains

water, microbiota, and

unabsorbed nutrients
such as fiber

Epithelial cells and gap
junctions of the
colonic mucosal lining

o

Figure 1.
Cross-cut of the colon in a simplistic view. Most nutrients are absorbed in the small

intestine, but some nutrients, such as fiber, reach the colon. The microbiota participates

in digestion of nutrients, and in the case of fiber, short chain fatty acids that have many
beneficial functions are produced. The blood vessels carry nutrients to the colon and also
transport compounds absorbed by the colon for systemic distribution. A strong epithelial
lining, like that shown under the magnifying glass, resists systemic exposures to pathogenic
molecules such as lipopolysaccharides that are known to stimulate immune cell activation.
Poor quality diets and obesity are associated with a leaky barrier, contributing to a chronic,
low-level pro-inflammatory state. Improvements in diet quality, however, can mitigate some
of the effects of obesogenic diets, and microbial metabolism plays an important role in
mediating the beneficial effects of healthful dietary components.
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