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INTRODUCTION

Do you have high cholesterol? Trouble losing

weight? Indigestion? There's a surprising link \
between all of these health problems—and it

lives in your gut. Your gut bacteria consist of

the thousands of microbes that live in your intestines. Some promote
health, while others do not. Keeping these bacteria in balance is essen-
tial for good health.

Think of yourself as a gardener and your digestive tract as a garden. Just
like you want to keep weeds at bay so flowers can grow, you'll want to
minimize the bad bacteria in your digestive tract so that the good bac-
teria can flourish. In the same way that you need the proper elements—
water, sun, and nutrients—to grow a healthy garden, you need the right
ingredients to cultivate healthy bacteria. Eating a healthy diet is key.

Studies show that people who eat a plant-based diet rich in fruits, vege-
tables, whole grains, and beans have healthier gut bacteria than people
who eat a diet high in animal products. In turn, these healthful bacte-
ria help you digest food, improve immunity, promote a healthy weight,
and boost cardiovascular health.

Bad bacteria have been linked to a host of health problems, including
inflammation, acid reflux, irritable bowel syndrome, obesity, atheroscle-
rosis, diabetes, cancer, and even Alzheimer’s disease.

Want to learn how to cultivate the healthy bacteria and crowd out the
bad ones? Let’s get started!
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BALANCING YOUR GUT BACTERIA

A healthy digestive tract requires a balance of different kinds of bacte-
ria. One type is called bacteroidetes. They are beneficial. A second type,
called firmicutes, are not so beneficial. You'll want to boost bacteroide-
tes and have fewer firmicutes.

Bacteroidetes Firmicutes

Your diet affects this balance. Eating mostly (or exclusively) plant-based
foods builds up your healthful bacteroides population. In turn, that can
help you lose weight and stay healthy. Animal-based diets tend to boost
the unhelpful firmicutes population. Overweight individuals tend to
have more firmicutes than bacteroidetes.?

One study compared the diets of a Chinese population to an Indi-
an population.”? The main difference was that the Chinese consumed
significantly more animal products and fatty foods, while the Indians
consumed more whole grains and plant-based foods. The Indians had
almost four times the amount of bacteroidetes and a better bacteroide-
tes-to-firmicutes ratio when compared to the Chinese.

Another study compared Italian children, who ate a low-fiber Western
diet high in animal products, sugar, and fat, with children living in ru-
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ral Africa, who consumed a lower-fat diet rich in starch, fiber, and plant
foods overall. The African children had more than double the amount of
bacteroidetes and a higher bacteroidetes-to-firmicutes ratio.

BACTERIA: THE GOOD, THE BAD, AND THE MYSTERIOUS

Although we have been describing bacteroidetes as “good” and firmic-
utes as “bad,” there are actually different varieties within these groups
that have their own personalities. One kind of bacteroidetes bacteria
is called prevotella. Prevotella are the “good guys”: They help crowd
out the bad bacteria and can even help reduce the inflammation that
could contribute to headaches, digestive problems, rheumatoid arthri-
tis, heart disease and stroke, type 2 diabetes, and even certain forms of
cancer. Prevotella are abundant in people who eat a plant-based diet,
and it's great to have plenty of prevotella in your digestive tract.

Prevotella Bacteroides Ruminococcus

Another kind of bacteroidetes is called bacteroides. While their name
is almost the same name as the overall group, bacteroides are like cha-
meleons. They can have plenty of beneficial effects on your health, such
as playing a role in weight control and strengthening your immune sys-
tem. However, once in a while, bacteroides will misbehave. Based on
their surroundings, they will sometimes turn into “bad guys.”When this
happens, they can become pro-inflammatory and may increase the risk
of heart disease, diabetes, and other health problems. Eating a meat-
heavy diet is linked to higher levels of bacteroides. This may be because
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bacteroides thrive in an environment that contains bile, which is com-
mon in the guts of those who consume animal products.

Within the firmicutes group—the “bad guy” group—there is a mysteri-
ous kind of bacteria called ruminococcus that actually tries to be help-
ful. It may promote a healthy weight and boost cardiovascular health.
Additionally, ruminococcus bacteria specialize in breaking down com-
plex carbohydrates. When they break down dietary fibers—found only
in plant-based foods—they produce a compound called butyrate that
can help reduce inflammation.

DIVERSITY

Good Bacteria
One of the most important indi-

cators of a healthy microbiome is
a diverse set of bacteria. Ideally, a
majority of these species are “good
guys” that can keep the smaller Bad Bacterta
amount of “bad guys” in check.
Studies suggest that a great way to
boost your microbial diversity is to

consume a plant-based diet.

In part, this may be because a plant-based diet promotes a healthy
weight. Studies have suggested that people with excess body weight
tend to have less microbial diversity.®

A lack of diversity is linked to inflammatory diseases including rheuma-
toid arthritis, inflammatory bowel disease, and multiple sclerosis.*

SHORT-CHAIN FATTY ACIDS

In your digestive tract, beneficial bacteria create helpful compounds
called short-chain fatty acids (SCFAs). SCFAs are important for main-
taining good health and preventing disease.'”? Specifically, SCFAs
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improve body weight, type 2 diabetes, immunity, and inflammatory
bowel disease.>'?

L Short Chain
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SCFAs also support the cells that line the colon and ease the passage of
waste.””"7 Not producing adequate levels of SCFAs can lead to inflam-
mation in the colon, which can increase the risk of colorectal cancer.'®

CARBOHYDRATES AND FIBER

Carbohydrates—found in fruits, vegetables, whole grains, and le-
gumes—are important for fostering good bacteria. Long-term diets rich
in carbohydrates increase the presence of certain healthy SCFA-produc-
ing bacteria.

These same foods also bring you
healthful fiber—that is, plant
roughage. Fiber is a prebiotic,
which means it encourages the
growth of good bacteria? Aspar-
agus, onions, wheat, oats, and

soybeans are just a few of the plant foods naturally high in prebiotic
fiber? If your meals are built from beans, vegetables, fruits, and whole
grains, you'll get about 40 grams of fiber per day, which is a good goal.
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PROTEINS

Beans, vegetables, and grains are rich in pro-
tein, and it turns out that protein from plants,

w -

Vo e

rather than animal products, is beneficial for
gut bacteria. This may be because plant pro-
teins increase good bacteria that produce SC-
FAs and decrease bad bacteria.*” In contrast, animal protein can increase
the bad bacteria.? Of course, if you are eating more animal protein, that
probably means you are consuming less carbohydrates and less fiber—
both of which are found in plants. Without carbohydrates and fiber, you
may have fewer of the beneficial SCFA-producing bacteria.'®

FATS

Just as different kinds of protein have different effects on your gut bac-
teria, the same is true of the type of fat you eat.?’ Studies have shown
that the traces of natural fats in plants can benefit your gut bacteria,
while a diet high in animal fats reduces beneficial bacteria.?®

This is not to say you need a lot of plant-based fats. You don’t. But the
traces of fats naturally in beans, vegetables, and other plant foods help
nourish your good bacteria.

On the other hand, animal products typically harbor plenty of saturated
(“bad”) fat, which can increase quantities of unfriendly firmicutes.?*?%3°
Trans fats, which are abundant in fast food and processed food, may
produce similarly unhelpful effects in the gut.??°

POLYPHENOLS AND VITAMINS

Polyphenols—most commonly found " —
in fruits, vegetables, seeds, cocoa, and K ’
@S A

tea—are antioxidants that protect against
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cardiovascular disease, inflammation, and pathogens.*' Polyphenols
also have positive effects on body weight and digestion.'?*3? Some
of these benefits may occur because polyphenols positively affect gut
bacteria. Polyphenols stimulate the growth of beneficial SCFA-produc-
ing bacteria.

Not only does a healthful diet foster healthful bacteria; it works the oth-
er way, too. Healthful bacteria can produce compounds that promote
good health. We saw that with the bacteria that produce SCFAs. In ad-
dition, good bacteria make B vitamins and vitamin K.3**' A plant-based
diet appears to be best at helping these bacteria grow.

TRIMETHYLAMINE N-OXIDE (TMAO)

L-carnitine

Choline VD

Animal products such as cheese, fish, eggs, and meat are high in the
compounds L-carnitine and choline. The bacteria in the gut convert
these compounds to trimethylamine (TMA). Afterward, TMA is convert-
ed into trimethylamine n-oxide (TMAQ) by the liver.* This is problem-
atic, because TMAO narrows the arteries, increasing your risk of heart
attack, stroke, and death.#s A diet rich in animal products has been
linked to higher TMAQ levels.'**°

Plant-based foods have the opposite effect. They tend to inhibit the
growth of bacteria that produce TMAOQ, resulting in lower TMAO levels.’

10



Guide to the Gut Microbiota

N s

yioaieg

CONCLUSION

A plant-based diet is a powerful way to promote a healthy digestive
tract that, in turn, can boost heart health, reduce inflammation, improve
immunity, help control your weight, and more. Get started today with
these healthful recipes!

https://www.pcrm.org/good-nutrition/plant-based-diets/recipes/
enchanted-smoothie-bowl

https://www.pcrm.org/good-nutrition/plant-based-diets/recipes/yes-

you-can-black-bean-chili

https://www.pcrm.org/good-nutrition/plant-based-diets/recipes/
banana-bread

https://www.pcrm.org/good-nutrition/plant-based-diets/recipes/
broccoli-burritos
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FUN FACTS

¢ We have 30,000,000,000,000 (that’s trillion!) mi-
crobes in our bodies, and many of them live in the
digestive tract!*

e We are more bacteria than hu-
man. Our bodies hold 3.3 million
microbial genes in the gut, while we only have
21,000 genes in our DNA. That’s 150 times morel!*

\&.\\ e Our human genomes are about
‘ 99.9 percent identical, while our gut

\
e - . .
R AN '; microbiomes can be up to 80-90
-
Y
S

W
(‘{ﬁ C:D*hi: percent different.*

o e There are more than 1,000 gut microbial species.>

e Changing our dietary habits can change
the composition of our microbiome within
one week!**!

e Research suggests that
the microbiome plays a role :
in brain health, the immune system, autoimmune dis-
eases (e.g., allergies, inflammatory bowel disease, and
type 1 diabetes), and more.*?

12



Guide to the Gut Microbiota

References

20.

21,

22

23.

Sonnenburg JL, Bickhed F. Diet-microbiota interactions as moderators of human metabolism. Nature.
2016;535(7610):56-64. doi:10.1038/nature18846

Wu GD, Chen J, Hoffmann C, et al. Linking Long-Term Dietary Patterns with Gut Microbial Enterotypes.
Science. 2011;334(6052):105-108. doi:10.1126/science.1208344

Glick-Bauer M, Yeh M-C. The Health Advantage of a Vegan Diet: Exploring the Gut Microbiota Connection.
Nutrients. 2014;6(11):4822-4838. doi:10.3390/nu6114822

Klimenko NS, Tyakht AV, Popenko AS, et al. Microbiome Responses to an Uncontrolled Short-Term Diet
Intervention in the Frame of the Citizen Science Project. Nutrients. 2018;10(5):576. doi:10.3390/nu10050576

Canfora EE, Meex RCR, Venema K, Blaak EE. Gut microbial metabolites in obesity, NAFLD and T2DM. Nature
Reviews Endocrinology. 2019;15(5):261. doi:10.1038/s41574-019-0156-z

Verdam FJ, Fuentes 5, Jonge C de, et al. Human intestinal microbiota composition is associated with local
and systemic inflammation in obesity. Obesity. 2013;21(12):E607-E615. doi:10.1002/0by.20466

Orlich MJ, Fraser GE. Vegetarian diets in the Adventist Health Study 2: a review of initial published find-
ings1234. Am J Clin Nutr. 2014;100(1):3535-3585. doi:10.3945/ajcn.113.071233

Losasso C, Eckert EM, Mastrorilli E, et al. Assessing the Influence of Vegan, Vegetarian and Omnivore Orient-
ed Westernized Dietary Styles on Human Gut Microbiota: A Cross Sectional Study. Front Microbiol. 2018;9.
doi:10.3389/fmicb.2018.00317

do Rosario VA, Fernandes R, Trindade EBS de M. Vegetarian diets and gut microbiota: important shifts
in markers of metabolism and cardiovascular disease. Nutr Rev. 2016;74(7):444-454., doi:10.1093/nutrit/
nuw012

. Rizzoni Damiano, Porteri Enzo, Guelfi Daniele, et al. Structural Alterations in Subcutaneous Small Arteries

of Normotensive and Hypertensive Patients With Non-Insulin-Dependent Diabetes Mellitus. Circulation.
2001;103(9):1238-1244. doi:10.1161/01.CIR.103.9.1238

. Zimmer J, Lange B, Frick J-5, et al. A vegan or vegetarian diet substantially alters the human colonic faecal

microbiota. European Journal of Clinical Nutrition. 2012;66(1):53-60. doi:10.1038/ejcn.2011.141

. Tan J, McKenzie C, Potamitis M, Thorburn AN, Mackay CR, Macia L. The role of short-chain fatty acids in

health and disease. Adv Immunol. 2014;121:91-119. doi:10.1016/B978-0-12-800100-4.00003-9

. Koh A, Vadder FD, Kovatcheva-Datchary P, Bickhed F. From Dietary Fiber to Host Physiology: Short-Chain

Fatty Acids as Key Bacterial Metabolites. Cell. 2016;165(6):1332-1345. doi:10.1016/j.cell.2016.05.041

. Slavin J. Fiber and Prebiotics: Mechanisms and Health Benefits. Nutrients. 2013;5(4):1417-1435. doi:10.3390/

nu5041417

. Zhang C, Bjérkman A, Cai K, et al. Impact of a 3-Months Vegetarian Diet on the Gut Microbiota and Immune

Repertoire. Front Immunol. 2018;9. doi:10.3389/fimmu.2018.00908

. Morrison DJ, Preston T. Formation of short chain fatty acids by the gut microbiota and their impact on

human metabolism. Gut Microbes. 2016;7(3):189-200. doi:10.1080/19490976.2015.1134082

. Cani PD, Bibiloni R, Knauf C, et al. Changes in Gut Microbiota Control Metabolic Endotoxemia-Induced

Inflammation in High-Fat Diet-Induced Obesity and Diabetes in Mice. Diabetes. 2008;57(6):1470-1481.
doi:10.2337/db07-1403

. Sheflin AM, Melby CL, Carbonero F, Weir TL. Linking dietary patterns with gut microbial compasition and

function. Gut Microbes. 2016;8(2):113-129. doi:10.1080/19490976.2016.1270809

. Reynés B, Palou M, Rodriguez AM, Palou A. Regulation of Adaptive Thermogenesis and Browning by Prebi-

otics and Postbiotics. Front Physiol. 2019;9. doi:10.3389/fphys.2018.01908

Verdam FJ, Fuentes 5, Jonge C de, et al. Human intestinal microbiota composition is associated with local
and systemic inflammation in obesity. Obesity. 2013;21(12):E607-E615. doi:10.1002/0by.20466

Martinez |, Kim J, Duffy PR, Schlegel VL, Walter J. Resistant Starches Types 2 and 4 Have Differential Effects
on the Composition of the Fecal Microbiota in Human Subjects. PLOS ONE. 2010;5(11):e15046. doi:10.1371/
journal.pone.0015046

. Jain A, Li XH, Chen WN. Similarities and differences in gut microbiome composition correlate with dietary

patterns of Indian and Chinese adults. AMB Express. 2018;8. doi:10.1186/513568-018-0632-1

De Filippo C, Cavalieri D, Di Paola M, et al. Impact of diet in shaping gut microbiota revealed by a com-

13



24,

25.

26.

27.

28.

29.

30.

31,

32

33.

34,

35.

36.

37.

38.

39.

40.

41,

42,

43,

44,

45,

46.

Guide to the Gut Microbiota

parative study in children from Europe and rural Africa. Proceedings of the National Academy of Sciences.
2010;107(33):14691-14696. doi:10.1073/pnas. 1005963107

Singh RK, Chang H-W, Yan D, et al. Influence of diet on the gut microbiome and implications for human
health. J Trans! Med. 2017;15. doi:10.1186/512967-017-1175-y

David LA, Maurice CF, Carmody RN, et al. Diet rapidly and reproducibly alters the human gut microbiome.
Nature. 2014;505(7484):559-563. doi:10.1038/nature12820

Hentges DJ, Maier BR, Burton GC, Flynn MA, Tsutakawa RK. Effect of a high-beef diet on the fecal bacterial
flora of humans. Cancer Res. 1977;37(2):568-571.

Sheflin AM, Melby CL, Carbonero F, Weir TL. Linking dietary patterns with gut microbial composition and
function. Gut Microbes. 2017;8(2):113-129. doi:10.1080/19490976.2016.1270809

Influence of diet on the gut microbiome and implications for human health | Journal of Translational
Medicine | Full Text. https://translational-medicine.biomedcentral.com/articles/10.1186/s12967-017-1175-y.
Accessed May 6, 2019,

Coelho OGL, Candido FG, Alfenas R de CG. Dietary fat and gut microbiota: mechanisms involved in obesity
control. Critical Reviews in Food Science and Nutrition. 2018;0(0):1-9. doi:10.1080/10408398.2018.1481821

LEE Y-K. Effects of Diet on Gut Microbiota Profile and the Implications for Health and Disease. Biosci Microbi-
ota Food Health. 2013;32(1):1-12. doi:10.12938/bmfh.32.1

Pandey KB, Rizvi 5l. Plant polyphenols as dietary antioxidants in human health and disease. Oxid Med Cell
Longev. 2009;2(5):270-278.

Sun H, Chen Y, Cheng M, Zhang X, Zheng X, Zhang Z. The modulatory effect of polyphenols from green tea,
oolong tea and black tea on human intestinal microbiota in vitro. J Food Sci Technol. 2018;55(1):399-407.
doi:10.1007/513197-017-2951-7

Patisaul HB, Jefferson W. The pros and cons of phytoestrogens. Front Neuroendocrinol. 2010;31(4):400-419.
doi:10.1016/j.yfrne.2010.03.003

Ercolini D, Fogliano V. Food Design To Feed the Human Gut Microbiota. J Agric Food Chem.
2018;66(15):3754-3758. doi:10.1021/acs jafc.8b00456

Panche AN, Diwan AD, Chandra SR. Flavonoids: an overview. J Nutr 5ci. 2016;5. doi:10.1017/jns.2016.41

Ono K, Li L, Takamura Y, et al. Phenolic Compounds Prevent Amyloid B-Protein Oligomerization and
Synaptic Dysfunction by Site-specific Binding. J Biol Chem. 2012;287(18):14631-14643. doi:10.1074/jbc.
M111.325456

Mileo AM, Nistico P, Miccadei 5. Polyphenols: Immunomodulatory and Therapeutic Implication in Colorectal
Cancer. Front Immunol. 2019;10. doi:10.3389/fimmu.2019.00729

Rietjens IMCM, Louisse J, Beekmann K. The potential health effects of dietary phytoestrogens. Br J Pharma-
col. 2017;174(11):1263-1280. doi:10.1111/bph.13622

Derrien M, Veiga P. Rethinking Diet to Aid Human-Microbe Symbiosis. Trends in Microbiology.
2017;25(2):100-112. doi:10.1016/j.tim.2016.09.011

De Filippis F, Pellegrini N, Laghi L, Gobbetti M, Ercolini D. Unusual sub-genus associations of faecal Prevotel-
la and Bacteroides with specific dietary patterns. Microbiome. 2016;4(1):57. doi:10.1186/540168-016-0202-1

LeBlanc JG, Milani C, de Giori G5, Sesma F, van Sinderen D, Ventura M. Bacteria as vitamin suppliers to their
host: a gut microbiota perspective. Current Opinion in Biotechnology. 2013;24(2):160-168. doi:10.1016/].
copbio.2012.08.005

Menni C, Lin C, Cecelja M, et al. Gut microbial diversity is associated with lower arterial stiffness in women.
Eur Heart J. 2018;39(25):2390-2397. doi:10.1093/eurheartj/ehy226

Zintcker MK, Lindseth IA. The Western Diet-Microbiome-Host Interaction and Its Role in Metabolic Disease.
Nutrients. 2018;10(3). doi:10.3390/nu10030365

Vinolo MAR, Rodrigues HG, Nachbar RT, Curi R. Regulation of Inflammation by Short Chain Fatty Acids.
Nutrients. 2011;3(10):858-876. doi:10.3390/nu3100858

Intestinal microbiota metabolism of I-carnitine, a nutrient in red meat, promotes atherosclerosis | Nature
Medicine. https://www.nature.com/articles/nm.3145. Accessed May 13, 2019.

Intestinal Microbial Metabolism of Phosphatidylcholine and Cardiovascular Risk | NEJM. https://www.nejm.
org/doi/full/10.1056/NEJMoa1109400. Accessed May 13, 2019.

14



47.

48.

49,

50.

51.

52,

Guide to the Gut Microbiota

Madan JC, Hoen AG, Lundgren SN, et al. Effects of Cesarean delivery and formula supplementation on the
intestinal microbiome of six-week old infants. JAMA Pediatr. 2016;170(3):212-219. doi:10.1001/jamapediat-
rics.2015.3732

Revised Estimates for the Number of Human and Bacteria Cells in the Body. https://journals.plos.org/plosbi-
ology/article?id=10.1371/journal.pbio.1002533. Accessed May 13, 2019.

Qin J, Li R, Raes J, et al. A human gut microbial gene catalog established by metagenomic sequencing.
Nature. 2010;464(7285):59-65. doi:10.1038/nature08821

A core gut microbiome in obese and lean twins. - PubMed - NCBI. https://www.ncbi.nlm.nih.gov/
pubmed/19043404. Accessed May 13,2019.

Salonen A, de Vos WM. Impact of diet on human intestinal microbiota and health. Annu Rev Food Sci Tech-
nol. 2014;5:239-262. doi:10.1146/annurev-food-030212-182554

Ho JT, Chan GC, Li JC. Systemic effects of gut microbiota and its relationship with disease and modulation.
BMC Immunol. 2015;16. doi:10.1186/512865-015-0083-2

15



