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Abstract. Liver disease includes many types of diseases like cirrhosis and non-alcoholic fatty liver,
and liver disease is one of the main causes of death in the United State. In addition to genetic factors,
diet can influence the gut microbiota which makes fermentation of non-digestible food possible and
then influence the development of specific types of liver diseases like alcoholic liver disease,
nonalcoholic liver disease, dysbiosis, liver cirrhosis, and hepatocellular carcinoma. Furthermore, the
dietary pattern can also directly determine the development of liver diseases, while the consumption
of a high amount of fatty, alcohol, and sugar do harm to liver diseases. Although the dietary habit
may cause exacerbation of liver diseases, it can also prevent people suffer from liver diseases or
even with a therapeutic effect. This paper summarized the specific effect of diet on gut microbiota
which can influence liver diseases and the influence of typical diet on liver diseases, and the paper
also concluded diet therapy for liver diseases.
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1. Introduction

The liver plays an important part inside the human body, its function concludes blood falter,
metabolism, synthesis of particles and many other functions related to human’s daily life. There are
over hundreds of liver diseases have been diagnosed by a human so far, and become the main causes
of death for a long time. Meanwhile, the causes of liver diseases are countless, one of the most
common reasons is long-term unhealthy living habits include unhealthy dietary patterns like
overconsumption of alcohol. Dietary can directly influence liver diseases by subtle influence on
metabolism day by day, and dietary can also influence liver diseases through doing effect on gut
microbiota. Specifically, high-protein diets provide a suitable environment for potentially pathogenic
and excess intake of sweeteners can affect the acid-base balance of the intestinal flora [4, 5]. Among
plenty of therapy methods for liver diseases like liver transplantation, interventional surgery and
ablation surgery, keeping a healthy diet pattern is one of the safest methods for patients or healthy
people to delay the course of the disease or prevent cadre disease. For instance, whole grain can slow
the course of disease of nonalcoholic liver disease, and high-fat, high-sucrose and low-fiber do have
a negative influence on body metabolism. In this paper, the mechanism of gut microbiota being
changed by different diet patterns, and the influence of high-fatty, over-alcoholic and high-sugar
consumption diet on liver diseases would be discussed, respectively. In addition, detailed information
on therapeutic effect of diet on liver diseases would be provided.

2. Data of liver diseases in United State

The statistics shown in this report are based on data from the Centers for Disease Control and
Prevention (CDC) and National Center for Health Statistics (NCHS). The CDC, provides data,

54



Highlights in Science, Engineering and Technology FBB 2022
Volume 2 (2022)

professional knowledge, information and tools to improve health, prevent diseases, injury and
disability. The NCHS is the agency of the Federal Statistical System of the United States, NCHS
provides statistics to improve the public health of people in American. The morbidity and mortality
of liver diseases have great differences from state to state in United State.

2.1 Classification of liver diseases

Liver is the largest solid organ with over 500 functions in our body. It can falter blood, responsible
for the metabolism, synthesis and degradation of protein and so on. However, since the liver’s multi-
function and its location, there are many liver-related diseases that influence people’s health. Some
liver diseases are caused by infection, such as hepatitis A, hepatitis B, and hepatitis C. Except for
infection-caused diseases, drugs, poisons and over ingestion of alcohol can cause liver diseases, such
as fatty liver disease and cirrhosis. Furthermore, liver diseases can also be caused by immune system
abnormality, and primary biliary cholangitis, an autoimmune disease, belongs to this kind of liver
disease. Genetic factors are also responsible for some liver diseases like alpha-1 antitrypsin deficiency,
Wilson’s disease. Moreover, there are also many other liver diseases like liver tumor, and each disease
has its own symptoms.

2.2 The morbidity and mortality of liver diseases and cirrhosis in United State

The data in Table.l shows the age-adjusted death rate, the number of deaths per 100,000 total
population, of chronic liver disease or cirrhosis by State in the United State. For instance, in California,
Florida, and Texas, the number of people dying from liver diseases and death rate, more than 12%, is
relatively higher. While people living in different states have different income levels and then
influence their dietary habits. The data in Table. 2 shows age-adjusted death rates for chronic liver
diseases and cirrhosis, by race, and Hispanic origin in the United State. Asian or Pacific Islander
shows the lowest morbidity rate, 3.5%, among all races in the United State without an obvious trend
of increasing from 2000 to 2018. A previous study showed that there are differences in liver diseases
prevalence by race/ethnicity. For nonalcoholic fatty liver disease, Hispanics have prevalence.
Although the exact reason for the difference in morbidity between ethnicity, common studies attribute
the difference to genetic, metabolic, also dietary pattern, factors [14, 15]. Furthermore, in Figure.1,
data about the number of liver cirrhosis deaths in the U.S. by cirrhosis type shows the increasing trend
of alcohol-related cirrhosis, that the data of the percent of alcohol-related cirrhosis among cirrhosis
rise from 48.16% in the statistic in 2010-2012 to 50.09% in the statistic in 2015-2017. All the data
above shows that except for genetic factors, dietary patterns do influence the morbidity and mortality
of liver diseases in the United State.

Table 1. Age-adjusted death rate, the number of deaths per 100,000 total population, of chronic
liver disease or cirrhosis by State in the United State

2015 2016 2017 2018 2019

State ]?;Lh Death ]?;Lh Death ]_T[)f;;h Death ]?;Lh Death ]_T[)f;;h Death
Alabama 12.5 716 13.2 781 12.7 756 12.6 762 13.6 831
Alaska 154 114 16.3 124 15.1 121 15.6 121 14.5 110
Arizona 15 1149 14.9 1178 14.3 1137 14 1162 14.5 1217
Arkansas 12.1 421 11.8 416 11.3 399 12.7 455 12.9 464
California 12.7 5425 12.2 5287 12.1 5325 12.1 5390 12.5 5575
Colorado 12.2 735 12.4 751 14 865 13.2 832 14.9 960
Connecticut 8.4 365 8.6 388 9.1 407 7.6 350 8.9 418
Delaware 9.6 111 7.5 92 8.9 106 8.4 109 9.3 118
Florida 11.7 3084 11.9 3226 11.2 3098 11.8 3345 11.1 3192
Georgia 9 1003 9 1009 9.8 1146 9.9 1171 10 1230
Hawaii 8.1 138 7.1 124 7.5 132 6.9 120 7.2 126
Idaho 12.2 218 9.9 190 10.2 197 12.6 249 12.1 249
Ilinois 8.7 1289 9.4 1374 9.3 1407 9.4 1421 9.7 1463
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Indiana 11.4 859 11.2 869 11.6 900 12.5 981 12 940
Iowa 9.1 328 9.4 343 9.2 337 8.9 331 9.5 357
Kansas 9.7 313 9.8 316 9.7 317 10.9 360 10.6 349
Kentucky 12.6 657 11.9 647 12.8 682 13.4 717 13.7 750
Louisiana 10.5 553 9.7 519 10 543 9.5 515 9.2 509
Maine 11.1 185 10.6 188 10.4 196 10.7 198 10.1 200
Maryland 6.7 471 6.7 466 6.6 484 6.8 489 7.8 573
Massachusetts 8.2 661 8.8 716 9.2 766 9.3 791 8.8 746
Michigan 10.8 1287 10.2 1242 10.9 1323 10.7 1310 11.8 1437
Minnesota 8.5 542 9.2 595 8.6 568 10.1 668 10.7 696
Mississippi 11.1 382 11.1 383 12.6 437 12 432 13 457
Missouri 9.6 678 9.1 660 9.3 690 9.6 718 10.1 743
Montana 15.7 179 13.6 160 16.1 195 11.9 153 15 180
Nebraska 7.8 165 9.3 200 9.9 211 11.2 231 11.3 241
Nevada 14.5 475 12.3 417 13.3 458 13.9 493 13.4 492
New . 9.3 161 9.6 162 9.1 162 11.9 213 11 193
Hampshire
New Jersey 7.3 782 7.4 801 7.3 797 8.2 893 7.8 853
New Mexico 24.8 566 24.9 572 26.8 605 25.7 591 26.2 594
New York 6.7 1571 6.9 1614 7.1 1671 6.9 1650 7 1670
North Carolina 10.7 1254 10.3 1253 10.3 1273 10.4 1300 11.3 1443
North Dakota 11.6 86 12.4 98 11 87 13.1 106 15.2 116
Ohio 10.7 1506 10.9 1558 11.2 1603 10.6 1521 11.1 1622
Oklahoma 13.7 597 14.6 640 15 670 15.4 686 15.6 705
Oregon 13.7 667 12.2 606 12.6 642 13.5 699 12.6 658

Pennsylvania 8.9 1438 8.7 1414 8 1336 8.2 1366 8.7 1479
Rhode Island 10.6 139 11.5 149 11.2 148 12.7 167 11 141
South Carolina 12.2 716 12.4 749 13.1 812 12.4 791 12.8 826
South Dakota 16.1 139 16.4 158 17.2 153 19.8 186 17.1 154

Tennessee 12.2 957 12.2 960 12.8 1038 13.5 1098 13.7 1118
Texas 13.8 3844 13.5 3880 13.9 4107 13.9 4154 14.3 4359
Utah 9.3 244 8.5 236 8.8 243 10 287 8.8 261

Vermont 8.6 71 8.9 70 8.8 71 7.1 60 9.1 79

Virginia 9.6 943 9.2 894 9.6 970 93 944 10 1037

Washington 12.4 1024 11.1 926 11.4 982 11.3 990 12.3 1089
West Virginia 14.2 338 12.8 311 14 337 14.4 350 16.9 394
Wisconsin 8.5 591 9.8 695 9.5 679 10.2 731 10.3 739
Wyoming 18.9 118 13.2 88 14.2 101 19.1 122 22.4 141

Table 2. Age-adjusted death rates for chronic liver diseases and cirrhosis, by race, and Hispanic
origin: United States, in 2000, 2005, 2010,2015 and 2018

Race, Hispanic origin 2000 2005 2010 2015 2018
All person 6.2 5.8 6.2 7.6 7.7
White 9.6 9.2 99 11.7 119
White, not Hispanic origin or Latino 9.0 8.7 94 11.1 114
Black or African American 9.4 7.6 6.7 7.4 7.1
Black or African American, not Hispanic origin or Latino 9.6 7.7 6.9 7.6 7.3
American Indian or Alaska Native 243 21.6 228 264 27.7
American Indian or Alaska Native, not Hispanic origin or Latino 279 274 32,1 392 424
Asian or Pacific Islander 3.5 3.6 3.2 33 3.7
Asian or Pacific Islander, not Hispanic origin or Latino 3.5 3.5 3.2 3.2 3.6

Asian, not Hispanic or Latino - - - - -
Native Hawaiian or Other Pacific Islander, not Hispanic or Latino ~ --- - - — —
Hispanic or Latino 16.5 141 137 149 145

56



Highlights in Science, Engineering and Technology FBB 2022
Volume 2 (2022)

2010-2012 50158

2011-2013 52314

2012-2014 54953

2013-2015 58562

2014-2016 2

2015-2017 65089

(=)
=)
b

N

=]

20000 40000 60000 80000 100000 120000 140000

m Alcohol-related cirrhosis All other cirrhosis

Figure 1. Number of liver cirrhosis deaths in the U.S. from 2000-2017, by cirrhosis type

3. Correlation between different diet patterns and liver diseases, and
potentially long-term chronic effect

3.1 Microbiota difference affecting liver diseases caused by diet

3.1.1 Effects of dietary on the gut microbiota

Microbiota refers to the ecological community of microorganisms themselves, while microbiome
refers to both the collective genomes of micro-organisms in the environment and themselves . Gut
microbiota and its metabolic products relate to gut homeostasis and host health closely. The gut
microbiome makes the fermentation of non-digestible substrates possible, and the fermentation
process promotes the production of short chain fatty acids in specialist microbes . The major short-
chain fatty acids (SCFA) produced are butyrate, SCFAs acetate and propionate, which provide energy
for the host . SCFAs may also influence the regulation of the production of lipids to which the
interactions with the host are related to the hormones associated with satiety . In addition, SCFAs
also relate to the gut environment, such as pH, the balance between nutrient ingestion and
microorganisms within the gut. Furthermore, protein, dietary phytochemicals and other bioactive
compounds are generated through the intestine.

Dietary patterns can be used to predict the composition of gut microbiota. Sweeteners are used to
substitute sugar, and sweeteners may have negative effects on microbiota within the gut . Several
pieces of research have shown that sweeteners like aspartame, saccharin can disrupt the microbial
diversity and the balance inside the gut.

High-fat diets (HFD) influence the development of dysbiosis due to the more Firmicutes and less
Lactobacilli, Bacteroidetes and Bifidobacteria . A study has shown that feeding mice in HFDs for 4
weeks lead to an increase in Bifidobacterium spp., at the same time, the number of C. coccoides group
and Bifidobacteria E. rectale decreased . Another study showed that vegans (high in fiber, low in fat
and protein) switching their diet pattern into animal-based diet led to the amount of Bacteroides spp.
increase considerably and the amount of Firmicutes decrease due to the change in fat content.

High-protein diets (HPD) are beneficial to potentially pathogenic and proinflammatory microbiota,
those microbiotas can lead to the increased density of hydrogen sulfide, ammonia and phenols and
induce the change of intestinal motility . In addition, the source of protein also influences the gut
microbiota and the capacity of secondary metabolites generation. Compared to rats that ingest soy
protein, rats that ingest meat protein had more beneficial genus Lactobacillus and less density of
SCFAs and related bacteria, such as Bacteroides Fusobacterium.

57



Highlights in Science, Engineering and Technology FBB 2022
Volume 2 (2022)

3.1.2 Effects of Gut Microbiota on Alcoholic Liver Disease

Alcoholic liver disease (ALD) spans a spectrum from steatosis to cirrhosis, fatty liver to alcoholic
steatohepatitis. Overdose consumption of alcohol has become the leading cause of a variety of liver
diseases, and gut microbiota is recognized as one of the critical points of ALD . Increasing gut
permeability is the main feature of ALD due to the alcoholic-related toxic effect directly acting on
the epithelial cells in the gastrointestinal tract and also tight-junction protein expressed decrease .
This damage of the gastrointestinal barrier leads to a higher possibility of hepatic-related diseases.
Moreover, a study that the gut microbiota of alcoholic patients can accumulate the alcohol-induced
inflammation in rats supports the opinion that the composition of gut microbiota can influence the
susceptibility to ALD.

3.1.3 Effects of Gut Microbiota on Nonalcoholic Liver Disease

Nonalcoholic liver disease (NAFLD), excessive accumulation of triglycerides in liver cells without
clear causes like overdose consumption of alcohol, can be divided into nonalcoholic fatty liver (NAFL)
and nonalcoholic steatohepatitis (NASH) . Microbiota is important in NAFLD, a study proved the
feasibility of gut microbiota to prevent or treat NAFLD by transplanting fecal from mice suffering
from NAFLD into healthy mice and causing healthy mice to get NAFLD.

3.1.4 Effects of Gut Microbiota on Dysbiosis and Liver Cirrhosis

Liver cirrhosis refers to the phenomenon that the liver forms irreversible fibrotic scar tissue.
Cirrhosis patients usually show intestinal dysbiosis and report observed that the stage of liver injury
affinity with the severity of gut dysbiosis . Reviews showed the pathophysiologic situation of gut
microbiota, disruption of the intestine, gut-derived LPS in infectious complications and translocation
of microorganisms, in liver cirrhosis patients . The previous study of Usami et al. suggested that
chronic liver disease can change intestinal flora causing fatty acid metabolism, and then indicated
that the “gut-microbiota-liver network™ exists in human bodies.

3.1.5 Effects of Gut Microbiota on Hepatocellular Carcinoma

Hepatocellular Carcinoma is the fifth most common cancer and the most common major
malignancy in patients with liver cirrhosis and liver diseases . Dietary aflatoxin, excessive alcohol
consumption and Hepatitis B Virus (HBV) and Hepatitis C Virus (HCV) infection are the main factors
that result in the development of HCC. The mechanism of the development of HCC can be disruption
of the gut, dysbiosis, endotoxemia, toll-like receptors and immunomodulation . Research showed that
microbial metabolism, Fe transport, and energy-producing systems differ between gut microbiota of
HCC patients and healthy people . HCC patients have a higher concentration of gram-negative
bacterium within the gut, this may attribute to the increased (Lipopolysaccharide)LPS serum levels,
while the accumulation of LPS can cause an overgrowth of the bacteria in the intestinal and change
the composition of gut microbiota . The lack of anti-inflammatory bacteria that may exacerbate the
development of HCC should be highlighted.

3.2 Directly influence of dietary pattern to liver diseases

3.2.1 Diet pattern with a high intake of fatty foods

For the diet that is specialized in a high intake of fast food, the people who are consuming this
kind of diet are consuming a couple of ingredients that no matter speaking from a general public view
or a professional view that none of them are healthy. These ingredients include trans-fat, corn syrup,
artificial sweetener, coloring agents, etc. . Consuming a high intake of fatty foods can simply enlarge
the amount of work for the digesting phase, and certainly for the liver . One most common, most
known, and most hot spot liver disease currently is fatty liver, and fatty foods can certainly cause
fatty liver since the cause of the fatty liver disease is due to an excess amount of calories intake and
causes fats to accelerate in the liver subsequently.
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3.2.2 Diet pattern with a high amount of alcoholic beverages consumption

Another diet pattern that can heavily affect the health of the liver, and cause liver diseases such as
fatty liver and other severe liver diseases subsequently is a diet with a high amount of alcoholic
beverages consumption. There is a professional term for such a disease, ALD, and there are three
stages for ALD.

The very first stage is an alcoholic fatty liver disease as we have mentioned previously. This is
caused by the buildup of the fat from excessive amounts of drinking on the liver, and even a short
term, just within a couple of days, can cause such an effect . Although it can be such a fast/quick
disease that can happen in such a short period of time, the good news is that this is totally preventable,
and the liver condition can possibly return to normal after approximately 2 weeks without alcoholic
drinking . However, this very first stage, fatty liver disease, does not have any symptoms . With this
being said, it will be harder for the patients to recognize or perceive the disease by themselves. Thus,
this alcoholic fatty liver disease can develop into the next stage of ARLD, alcoholic hepatitis. This is
caused by the misuse of alcohol for a longer period of time.

Even alcoholic hepatitis has the word hepatitis in the term, it is not infectious hepatitis that people
who have such a disease will not infect anyone around them through any methods despite those people
who have Hepatitis C and drinking have a higher chance to develop cirrhosis than people who do not
even it is just moderate drinking since Hepatitis C is a liver disease that causes cirrhosis already .
Nevertheless, people who have this disease are still going through the same level of difficulty that it
may be the patient’s first time to be aware of the existence of ALD at this alcoholic hepatitis stage.
People with alcoholic hepatitis also tend to be malnourished since alcohol has a side effect of
suppressing appetite . Even though alcoholic hepatitis is an advanced level of alcoholic fatty liver, it
is still curable but not all conditions, only the moderate drinkers can be cured. And this cannot be
generalized, other risk factors should also be considered, sex, obesity, genes, race and ethnicity, and
the habit of binge drinking.

The last is the final stage, liver cirrhosis. This is an irreversible stage for the liver and can also lead
to portal hypertension . It can simply refer to the circumstance that the liver has not been functioning
well for a long time, and it has become stiff and swollen, most likely unable to do its job currently .
Liver cirrhosis and alcoholic hepatitis share similar symptoms, such as low appetite and vomiting,
but a more intense show up such as simply vomiting blood or bleeding in the mouth, confusion,
memory loss or even mental fog. Moreover, all these symptoms are caused by years of drinking too
much alcohol.

3.2.3 Diet pattern with a high amount of sugar (sweets and add-sugar beverages, etc.)

Besides alcohol, sugar is another evil factor that can cause liver diseases potentially. Too much
sugar consumption can also lead to liver diseases that the fat from redundant refined sugar or corn
syrup will lead up to fat build-up in the liver to fatty liver disease subsequently . The same cause as
alcoholic fatty liver disease. Some research even shows that sugar is no less damaging than alcohol .
Most importantly, sugar consumption can be easily overlooked due to the way of consumption.
Refined sugar and corn syrup can be consumed in pastries, sugar-sweetened beverages, candy or even
dishes in the meal.

Furthermore, the American’s cooking method is another factor that can potentially increase the
possibility of liver disease, such as deep-frying. Foods that have been deep fried are high in fat,
calories, and potentially seasoning . All of these factors, especially fat, can correlate with previous
topics that can cause liver diseases. Thus, the cooking method is an irresistible factor for the cause of
liver disease.

4. Diet and treatments of chronic liver diseases.

Liver disease has become one of the most important reasons for diseases and death of people in
the U.S., the study of liver disease including the differences among races, ethnicities, geographical
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reasons, related epidemic diseases and so on. During this period, several new methods came up. There
is a significant difference among states and the highest rates of mortality appeared in states in the
West and South. Besides, the high prevalence shows relation with low income and fat, which is noted
that there is no specific a relation between alcohol consumption and liver disease.

Diet, a complex combination of many nutrients and different compounds people eat working
together, is really important in daily life, which is also thought to have a significant correlation with
the health state of a person. Different kinds of foods have a variety of influences on the health of the
liver. In this part, we will not focus on HBV and HCV because the number of cases is decreasing with
the popularization of HBV vaccination and anti-HCV treatment.

Based on the research of Wan-Shui Yang and the group, health can be formed and maintained by
proper diet while improper diet is often associated with different kinds of diseases . For example,
obesity is associated with the High Fat Diet (HFD)thought to be the most universal cause of liver
disease, other kinds of diets like the Mediterranean Diet (MD), however, show potential in treatment .
The possible application of diet in the treatments of liver related diseases has attracted attention from
researchers. The research of Francesce shows that the clinical picture of pathema of non-alcoholic
fatty liver disease (NAFLD) reflects the healthy level of diet and it is an effective way to manage the
health of NAFLD patients by improving the quality and quantity of diet . Based on similar results of
some observational studies and small, short-term trials, the relief of liver steatosis and metabolic
dysfunction were found. Single components were studied too, whole grain can slow the development
of NAFLD by benefiting the gut microbiota composition.

There are some habits people should avoid as they may lead to liver disease. First, consuming
more than 3 drinks each day and currently smoking more easily causes the death of CLD . Western
diet, which is characterized by high-fat, high-sucrose and low-fiber, should be avoided. Because it is
closely associated with the development of CLD by influencing the gut microbiota and bile acid
metabolism.

Diet quality index (DQI) scores including Healthy eating Index-2010, Alternative Healthy Eating
Index-2010, Alternate Mediterranean Diet and Diet Approaches were used in the study of David,
which shows that the mortality of CLD has a significant negative relationship with the DQI . So, a
healthy level of diet is really important for people stepping away from CLD.

5. Conclusion

In modern society, the relationship between diet and health is increasingly studied and discussed.
Different diet patterns and eating habits are used to figure out their effects on the human body,
especially the causes and treatments for different diseases like a variety of chronic liver diseases.
Based on the data on infection and death rate in the United States, we found different diet patterns
function differently in the health of the liver. It is noted that the gut microbiota plays an important
role in acting on the liver, influenced by diet. Current treatments for liver diseases focus on the
resetting of diet and a new way of acting on the gut microbiota is studied for use in later treatments.
Although a variety of approaches have been explored, the radical cure of chronic liver diseases of
liver diseases needs to be further studied.
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