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Abstract

Introduction

Coffee stands as the second most widely consumed beverage globally, following water.[1]
Recent research on the effects of coffee consumption underscores its positive outcomes when
adhering to recommended doses—typically ranging from 2 to 5 cups a day, amounting to a
maximum of 400 mg of caffeine daily. This newfound perspective highlights the potential
benefits of moderate coffee intake on our overall health and well-being.

Aim of the study

The objective of this study was to comprehensively review the existing knowledge regarding
the impact of coffee consumption on diverse aspects of the gastrointestinal tract.
Materials and methodology

We systematically searched the PubMed database for relevant literature. Articles were
specifically sought in English, employing the following keywords: coffee, caffeine, digestive
system, digestion, Helicobacter pylori, and cancer.

Results

Recent research highlights coffee's diverse benefits, aiding digestion, hastening transit, and
showing potential in cancer prevention. It stimulates gastric acid, enhances bile and pancreatic
secretion, reduces gallstone risk, promotes large intestine movement, and modulates intestinal
flora. Importantly, coffee isn't a primary factor in conditions like reflux, ulcers, inflammatory
bowel diseases, or cancer.

Conclusions

Further research is essential to deepen our understanding of coffee's impact on the digestive
system and its systemic effects on the body. Additionally, promoting awareness of safe daily
caffeine doses that can contribute to health is worthwhile.

Keywords: coffee, caffeine, digestive system, digestion, Helicobacter pylori, cancer

L.Introduction
Ia. Caffeine: Impact, Safety, and Daily Consumption

Coffee enjoys widespread popularity globally, with an estimated daily consumption
surpassing two billion cups worldwide. In the United States, the average daily caffeine intake
stands at 135 milligrams, approximately equivalent to 1.5 cups of coffee. Nevertheless, a
substantial number of individuals indulge in as much as 6 cups per day, resulting in

considerably elevated caffeine consumption [2].

Cafteine, classified as a purine alkaloid, is an organic chemical compound present in coffee
beans and various plant sources like tea and cocoa. As a psychoactive drug, it falls under the

category of stimulants.
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Upon oral consumption, caffeine is rapidly and nearly entirely absorbed by the stomach,
achieving peak concentrations in the bloodstream within 20-40 minutes. With a half-life
ranging from 3 to 10 hours, caffeine exhibits a prolonged presence in the body post-

consumption.

The lethal oral dose of caffeine is estimated to be around 10 grams, corresponding to a blood
concentration of 80-100 pg/ml. The risk of caffeine poisoning is minimal through regular
food consumption, primarily arising from excessive intake of supplements or medications

containing caffeine [3].
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Figure 1. The chemical structure of the coffee ingredient — caffeine [4]

II.Aim of the study

The objective of this study was to comprehensively review the existing knowledge regarding

the impact of coffee consumption on diverse aspects of the gastrointestinal tract.

II1. Materials and methodology

We systematically searched the PubMed database for relevant literature. Articles were
specifically sought in English, employing the following keywords: coffee, caffeine, digestive

system, digestion, Helicobacter pylori, and cancer.

IV. Results
IVa.Coffee Consumption and Gastroesophageal Reflux Disease

Gastroesophageal reflux disease (GERD) is a persistent condition characterized by the
abnormal backflow of stomach contents into the esophagus. Common symptoms include

heartburn, a burning sensation behind the sternum, resulting from the irritating impact of
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regurgitated stomach contents mixed with hydrochloric acid and digestive enzymes [5].
Despite the chronic nature of GERD, numerous studies generally do not establish a clear
association between coffee consumption and the onset or exacerbation of symptoms related to

reflux esophageal disease [6, §8].

A study conducted among a Taiwanese population found no significant correlation between
coffee consumption and symptoms of Gastroesophageal Reflux Disease (GERD) [7].
However, divergent findings from other studies suggest a potential adverse impact of coffee
on the lower esophageal sphincter (LES). These studies propose that coffee may lead to a
reduction in LES pressure, potentially facilitating the regurgitation of stomach contents. It is
essential to recognize that the timing of coffee consumption, such as having it with meals or
immediately afterward, can influence test outcomes. Given the ambiguous nature of data
regarding the relationship between coffee intake and reflux symptoms, researchers do not

advocate for the complete avoidance of coffee in GERD [6].

IVb. Exploring the Relationship Between Coffee and Stomach Health

Coffee, a globally consumed beverage, has garnered attention regarding its influence on
stomach health. Researchers have particularly explored its potential association with stomach
ulcers, a condition marked by defects in the mucous membrane that result in discomfort and
pain during meals [11]. While historical perspectives implicated coffee in the risk of stomach
ulcers, modern research is providing fresh insights into the role of Helicobacter pylori (H.

pylori) bacteria in ulcer development [12, 29].

=  Coffee and Stomach Ulcers

Contrary to past beliefs, recent analyses of risk factors for gastric ulcers highlight that coffee
is no longer considered a significant contributor to this condition. A Dutch cohort study
involving 2,416 participants identified H. pylori infection, smoking, and sedative use as the
primary risk factors for gastric ulcers, with no conclusive evidence implicating coffee
consumption. These findings were corroborated by a 2012 cross-sectional study conducted in
Japan, encompassing 8,013 healthy subjects, which found no significant association between
coffee intake and the risk of gastric ulcers [12].

Current evidence suggests that coffee consumption may not be a major risk factor for stomach

ulcers, and the focus has shifted towards understanding the role of H. pylori infection and
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other factors in ulcer development. Further research is needed to elucidate the complex

interplay between lifestyle, bacterial infections, and stomach health.

= Investigating the Relationship Between Coffee and Gastritis

Gastritis, encompassing situations where the innermost layer of the stomach wall (mucosa) is
damaged, is a multifaceted condition with various causes, including infections, autoimmune
processes, drug use, and hypersensitivity to external factors [10, 28, 29]. This study delves
into the potential association between coffee consumption and gastritis, considering factors

such as smoking and alcohol consumption.

In a comprehensive prospective cohort study involving 47,806 men, researchers observed
138 new cases of gastritis over a six-year follow-up period. The findings of this study
revealed no significant association between gastritis and coffee consumption, smoking, or
alcohol intake. The results suggest that coffee consumption may not be a contributing factor

to the development of gastritis in the studied population [9].

Contrary to some expectations, the data from this study do not support a link between coffee
consumption and the occurrence of gastritis. However, it is crucial to recognize that gastritis
is a complex condition influenced by various factors, and further research is essential to
comprehensively understand the interplay between lifestyle choices, dietary habits, and the

development of gastritis.

IVe. Impact of Coffee Consumption on Gallbladder and Pancreatic Function

The gallbladder, situated beneath the liver, plays a crucial role in processing bile produced by
the liver. Bile, with its emulsifying properties, aids in breaking down fat particles, supporting

their digestion and absorption in the digestive tract [13, 14].

Studies indicate that both forms of coffee, whether caffeinated or decaffeinated, can trigger
the release of cholecystokinin (CCK), a hormone responsible for activating the secretion of
enzymes and bile from the gallbladder and pancreas into the intestine. This effect has been
observed irrespective of caffeine content, suggesting an elevation in CCK levels in the blood
and an increase in gallbladder contractions. Notably, this phenomenon holds true for both
types of coffee. Moreover, CCK's role in stimulating pancreatic secretion, containing essential

enzymes for fats, proteins, and carbohydrates' digestion, underscores the broader impact of
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coffee on digestive processes. Recent research further hints at a potential association between
coffee consumption and a decreased risk of pancreatitis. Analyses focused on gallbladder
function also propose that regular coffee intake might contribute to a lower risk of gallbladder

diseases [15].

IVd. Coffee and liver diseases

The liver, a vital organ in many organisms, including humans, stands as one of the largest and
most significant glands. Its multifaceted functions are pivotal for maintaining the body's

homeostasis and overall health. Here aresomeessentialliverfunctions [16, 30, 31]:

= Metabolism: The liver actively regulates glucose metabolism by engaging in
glycogenesis (formation of glycogen) and glycogenolysis (breakdown of glycogen into
glucose). Additionally, it plays a crucial role in gluconeogenesis, synthesizing glucose
from other compounds as needed.

= Protein Synthesis: The liver is a major hub for protein synthesis, generating various
proteins, including those found in blood plasma. These proteins are essential for
nutrient transport and the regulation of osmotic pressure.

= Participation in Digestion: Engaging in digestive processes, the liver produces bile
and contributes to fat metabolism, facilitating the breakdown and absorption of fats.

= Detoxification: A primary function of the liver is detoxifying the blood by eliminating
toxins and harmful substances. It transforms these compounds into safer forms that
can be excreted from the body.

= Bile Production: The liver produces bile, stored in the gallbladder, and released into
the intestines during digestion. Bile aids in the emulsification and digestion of fats.

= Nutrient Storage: Acting as a nutrient reservoir, the liver stores essential vitamins
(such as A, D, E, K) and minerals. It also stores iron in the form of ferritin.

= Regulation of Cholesterol Levels: The liver plays a pivotal role in controlling blood

cholesterol levels by synthesizing and eliminating cholesterol from the body.

Caffeine undergoes metabolism in the liver through the cytochrome P450 oxidase enzyme
system, particularly the CYP1A2 enzyme. This metabolic process gives rise to three primary
metabolites: paraxanthine (84%), theobromine (12%), and theophylline (4%). Additionally,
another enzyme, NAT2, plays a role in the elimination of caffeine by catalyzing the

transformation of various foreign chemical substances within the body [17].
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An expanding body of evidence suggests that coffee consumption exerts a positive influence
on the development and progression of various liver diseases. Clinical studies have
substantiated the benefits of coffee consumption in conditions such as hepatitis B and C, non-
alcoholic fatty liver disease, alcoholic liver disease, as well as liver fibrosis and cirrhosis, as
demonstrated by the research conducted by Wadhawan and Ananda in 2016 [18]. Similarly,
the study by Liu et al. in 2015 focusing on liver fibrosis and cirrhosis underscored the

advantageous effects associated with coffee consumption [19].

Both meta-analyses unequivocally indicate that consuming more than 2 cups of coffee per day
among individuals with existing liver disease is correlated with a diminished risk of
developing liver fibrosis and cirrhosis. Additionally, this level of coffee consumption is
associated with a lower risk of hepatocellular carcinoma and cancer, as well as reduced
mortality. Reinforcing these positive outcomes, two recent population-based studies,
NHANES I and III [20,21], revealed that higher coffee intake (exceeding 2 cups per day) was
linked to a 44% reduction in the risk of elevated ALT levels and a decreased likelihood of

chronic liver disease compared to non-coffee drinkers.

In a recent extensive cohort study [22] involving 330 patients diagnosed with both alcoholic
and non-alcoholic cirrhosis, a robust inverse relationship was identified between coffee
consumption (exceeding 4 cups per day) and elevated blood enzyme levels, particularly
among those with substantial alcohol intake. Furthermore, the study revealed that coffee
consumption contributes to a reduction in liver stiffness, indicating a potential decrease in the
occurrence of fibrosis and inflammation in individuals affected by non-alcoholic fatty liver

disease, as well as hepatitis C and B virus infections [23].

While the association between coffee consumption and a decreased risk of liver disease is
evident, the specific contribution of caffeine versus other components of coffee to this effect

remains uncertain.

IVe. How does the coffee we consume affect the last segment of the digestive tract?

The intestine is a crucial segment of the digestive tract, facilitating the absorption of
substances resulting from food digestion under enzymatic influence. In humans, the intestine
comprises two primary parts: the small intestine and the large intestine. The small intestine,

encompassing the duodenum, jejunum, and ileum, is primarily responsible for digestion and
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nutrient absorption. On the other hand, the large intestine consists of the cecum, ascending

colon, transverse colon, descending colon, sigmoid colon, rectum, and anus.

The small intestine is instrumental in the digestion and absorption of nutrients, while the large
intestine focuses on additional water absorption, fermentation, and the formation of fecal
mass. Both organs play pivotal roles in maintaining a healthy digestive system and overall

bodily equilibrium.

The efficient functioning of the colon is especially significant for ensuring regular bowel

movements and preventing issues such as diarrhea or constipation.

Caftfeinated coffee appears to enhance colonic motility more effectively than decaffeinated
coffee and water, reaching levels comparable to those observed post-meal consumption.
However, the degree of this impact may vary among individuals. Recent research indicates
that even decaffeinated coffee can stimulate motility, with a noticeable increase in colon
motility observed just four minutes after consuming coffee [15]. This suggests that coffee
intake promotes intestinal peristalsis, facilitates bowel movements, and helps prevent

constipation.

A study involving 454 teenagers suggests that coffee consumption is a significant risk factor
associated with irritable bowel syndrome (IBS) in adolescents aged 14-18. The research
identified coffee consumption as one of the key factors contributing to the elevated risk of
IBS among surveyed adolescents. The primary risk factors for IBS included female gender,
incidents of bullying, age between 14-16, history of constipation and diarrhea, as well as the

consumption of nuts, coffee, tea, and carbonated drinks.

While the study didn't delve into the detailed mechanisms through which coffee affects IBS, it
underscores a statistically significant correlation between coffee consumption and the
occurrence of irritable bowel syndrome in adolescents. As a result, individuals experiencing
IBS symptoms may find benefit in reducing their coffee intake to enhance overall quality of

life and gut health [24].

A noteworthy aspect linked to coffee consumption revolves around its potential role in
restoring normal digestive tract function post-surgery. Following abdominal surgeries, such as
colorectal or gynecological procedures, gastrointestinal functions often experience a

slowdown. Coffee consumption has been suggested as a beneficial factor in expediting the
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recovery of the digestive tract in patients. This could potentially lead to a shorter duration

until the first defecation and enhanced tolerance to solid foods [15, 25].

IV{. Coffee has a positive effect on the intestinal micro biota

A burgeoning field in nutritional research revolves around comprehending the interplay
between gut microbiota, dietary patterns, and overall health. Studies suggest that coffee
consumption supports the proliferation of Bifidobacterium spp. bacteria in the intestines [21,
26, 27]. The dietary fiber found in coffee can undergo conversion into short-chain fatty acids,
fostering the growth of key bacterial species that dominate the intestinal flora. Moreover, the
polyphenols in coffee, notably chlorogenic acid, may confer beneficial effects on the gut

microbiota [26, 27].

Ongoing research into the influence of food and beverage intake on gut microbiota dynamics
is a rapidly evolving field. With a focus on the intricate relationships between coffee

consumption and the gut microbiota, new insights continue to emerge systematically.

IVg. Is there a potential link between coffee consumption and cancer risk?

In a 2016 report, the International Agency for Research on Cancer (IARC) concluded that
there is insufficient evidence to confirm any link between coffee consumption and the
occurrence of gastrointestinal cancers, such as cancer of the mouth, throat, larynx, stomach,
esophagus, or colon. The data analyzed by IARC also did not indicate a link between coffee
drinking and an increased risk of pancreatic cancer. Furthermore, an IARC review suggested

that coffee consumption was associated with a reduced risk of liver cancer [15].

V. Conclusions

Given the widespread global consumption of coffee, comprehending its impact on the
gastrointestinal tract and related organs during ingestion is crucial. However, research in this
area remains relatively limited. An examination of the available data reveals that coffee intake
stimulates the secretion of gastric, bile, and pancreatic juices, contributing to the early phases
of the digestive process. While there is limited evidence supporting a direct effect of coffee on
gastroesophageal reflux disease, it appears more likely to be a consequence of a combination

of other risk factors such as obesity and an unhealthy diet.
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Furthermore, coffee has been found to enhance the motor activity of the large intestine, and its
consumption is increasingly suggested as a benign adjunct in expediting the recovery of colon
function following abdominal surgery. Coffee consumption also influences the composition of
the intestinal microbiota, particularly by impacting the populations of Bifidobacteria,
Bacteroides, and Prevotella. No adverse effects of coffee consumption on various
gastrointestinal organs have been reported; instead, its protective benefits against liver cancer
and other liver diseases are consistently documented.

Nevertheless, further research is warranted, especially considering that existing data
predominantly stem from the 1990s and earlier, exhibiting variations due to differences in
coffee type, processing, concentration, and preparation methods. It is advisable to conduct
additional prospective studies utilizing modern technologies and encompassing larger and
more diverse population groups for a comprehensive understanding of coffee's effects on

gastrointestinal health.

DISCLOSURE

Author's contribution:

Conceptualization: Nina Taborska, Anna Martyka, MartynaKubicka-Figiel, Przemystaw
Ujma

Methodology: Nina Taborska, Anna Martyka, Martyna Kubicka-Figiel, Przemystaw Ujma
Software: Nina Taborska, Anna Martyka, Martyna Kubicka-Figiel, Przemystaw Ujma
Check: Nina Taborska, Anna Martyka, Martyna Kubicka-Figiel, Przemystaw Ujma

Formal Analysis: Nina Taborska, Anna Martyka, Martyna Kubicka-Figiel, Przemystaw
Ujma

Investigation: Nina Taborska, Anna Martyka, Martyna Kubicka-Figiel, Przemystaw Ujma
Resources: Nina Taborska, Anna Martyka, Martyna Kubicka-Figiel, Przemystaw Ujma

Data Curation: Nina Taborska, Anna Martyka, Martyna Kubicka-Figiel, Przemystaw Ujma
Writing-RoughPreparation: Nina Taborska, Anna Martyka, MartynaKubicka-Figiel,
Przemystaw Ujma

Writing-Review and Editing: Nina Taborska, Anna Martyka, MartynaKubicka-Figiel,
Przemystaw Ujma

Visualization: Nina Taborska, Anna Martyka, Martyna Kubicka-Figiel, Przemystaw Ujma
Supervision: Nina Taborska, Anna Martyka, Martyna Kubicka-Figiel, Przemystaw Ujma
Project Administration: Nina Taborska, Anna Martyka, Martyna Kubicka-Figiel,
Przemystaw Ujma

All authors have read and agreed with the published version of the manuscript.

Funding Statement: The Study Did Not Receive Special Funding.

Institutional Review Board Statement: Not Applicable.

Informed Consent Statement: Not Applicable

Data Availability Statement: Not Applicable.

Conflict Of Interest: The authors declare no conflict of interest.

List of figures:

41



Figure 1. The chemical structure of the coffee ingredient — caffeine [4]

References

1.

10.

11.

12.

13.

14.

15.

16.

17.

Adler G, Nedzarek A, Toérz A. (2019). Concentrations of Selected Metals (Na, K, Ca,
Mg, Fe, Cu, Zn, Al, Ni, Pb, Cd) in Coffee. SlovenianJournal of Public Health, 58(4),
187-193. doi: 10.2478/sjp-2019-0024.

Safe S, Kothari J, Hailemariam A, Upadhyay S, Davidson LA, Chapkin RS. Health
Benefits of Coffee Consumption for Cancer and Other Diseases and Mechanisms of
Action.  International  Journal of  MolecularSciences.  2023;24(3):2706.
doi:10.3390/ijms24032706

Murray A, Traylor J. Caffeine Toxicity. In: StatPearls. StatPearls Publishing; 2023.
Available from: http://www.ncbi.nlm.nih.gov/books/NBK532910/ Bookshelf ID:
NBK532910

Ding Q, Xu YM, Lau ATY. The Epigenetic Effects of Coffee. Molecules.
2023;28(4):1770. doi:10.3390/molecules28041770

Silvia C, Serena S, Chiara M, et al. Diagnosis of GERD in typical and atypical
manifestations. Acta Biomed. 2018;89(Suppl 8):33-39. doi:10.23750/abm.v89i8-
S.7963

Taraszewska A. Risk factors for gastroesophageal reflux disease symptoms related to
lifestyle and diet. RoczPanstwZaklIHig. 2021;72(1):21-28.
doi:10.32394/rpzh.2021.0145

Wei TY, et al. (2019). The role of tea and coffee in the development of
gastroesophageal reflux disease. Tzu Chi MedicalJournal, 31, 169-176.

Helle K, Balint L, Szekeres V, Oll¢ G, Rosztéczy A. Prevalence of reflux-related
symptoms in  South-Hungarian blood donor volunteers. PLoS  One.
2022;17(3):¢0265152. doi:10.1371/journal.pone.0265152

Aldoori WH, Giovannucci EL, Stampfer MJ, Rimm EB, Wing AL, Willett WC. A
prospective study of alcohol, smoking, caffeine, and the risk of duodenal ulcer in men.
Epidemiology. 1997;8(4):420-424. doi:10.1097/00001648-199707000-00012

Bacha D, Walha M, Ben Slama S, et al. Chronic gastritis classifications. Tunis Med.
2018;96(7):405-410.

LK,JJ,RS,NRL, AV, M S. Peptic Ulcer Disease: A Brief Review of Conventional
Therapy and Herbal Treatment Options. Journal of ClinicalMedicine. 2019;8(2).
do0i:10.3390/jcm8020179

Rosenstock S, Jorgensen T, Bonnevie O, Andersen L. Risk factors for peptic ulcer
disease: a population-based prospective cohort study comprising 2416 Danish adults.
Gut. 2003;52(2):186-193. doi:10.1136/gut.52.2.186

Di Ciaula A, Garruti G, Lunardi Baccetto R, et al. Bile Acid Physiology. Annals of
Hepatology. 2017;16(Suppl. 1): s4-s14. doi:10.5604/01.3001.0010.5493

Jones MW, Small K, Kashyap S, Deppen JG. Physiology, Gallbladder. In: StatPearls.
StatPearls Publishing; 2023. Available from:
http://www.ncbi.nlm.nih.gov/books/NBK482488/

Nehlig A. Effects of Coffee on the Gastrointestinal Tract: A Narrative Review and
Literature Update. Nutrients. 2022;14(2):399. doi:10.3390/nu14020399

Trefts E, Gannon M, Wasserman DH. The liver. Current Biology. 2017;27(21):R1147-
R1151. doi:10.1016/j.cub.2017.09.019

Nieber K. The Impact of Coffee on Health. Planta Med. 2017;83(16):1256-1263.
doi:10.1055/5-0043-115007

42


http://www.ncbi.nlm.nih.gov/books/NBK532910/
http://www.ncbi.nlm.nih.gov/books/NBK482488/

18.

19.

20.

21.

22.

23.

24.

25.

26.

27.

28.

29.

30.

31.

Wadhawan MA, AC. Coffee and liver disease. Journal of Clinical and Experimental
Hepatology. 2016;6:40-46. doi:10.1016/j.jceh.2016.02.003

Liu FW, X; Wu, G; Chen, L; Hu, P; Ren, H; Hu, H. Coffee consumption decreases
risks for hepatic fibrosis and cirrhosis: A meta-analysis. PLoS One. 2015;10:e0142457.
doi:10.1371/journal.pone.0142457

Ruhl CEE JE. Coffee and caffeine consumption reduce the risk of elevated serum
alanine aminotransferase activity in the United States. Gastroenterology. 2005;128:24-
32. doi:10.1053/j.gastro.2004.09.075

Shim SG, J D W; Kim, E K; Saced, W K; Lee, K N; Lee, HL; Lee, O Y; Choi, H S;
Yoon, BC. Caffeine attenuates liver fibrosis via defective adhesion of hepatic stellate
cells in cirrhotic model. Journal of Gastroenterology and Hepatology. 2013;28:1877-
1884. doi:10.1111/jgh.12317

Klatsky AL, M C; Udaltsova, N; Friedman, GD. Coffee, cirrhosis, and transaminase
enzymes. Archives of Internal Medicine. 2006;166:1190-1195.
doi:10.1001/archinte.166.11.1190

Hodge AL, S; Goh, E; Wong, O; Marsh, P; Knight, V; Sievert, W; de Courten, B.
Coffee intake is associated with a lower liver stiffness in patients with non-alcoholic
fatty liver disease, hepatitis C, and hepatitis B. Nutrients. 2017;9:56-64.
d0i:10.3390/nu9010056

Kesuma Y, Sekartini R, Timan IS, et al. Irritable bowel syndrome in Indonesian
adolescents. J Pediatr (Rio J). 2020;97(2):197-203. doi:10.1016/j.jped.2020.02.001
Piric M, Pasic F, Rifatbegovic Z, Konjic F. The Effects of Drinking Coffee While
Recovering from Colon and Rectal Resection Surgery. MedicalArchives.
2015;69(6):357-361. doi:10.5455/medarh.2015.69.357-361

Moco S. et al. (2012) Metabolomics view on gut microbiome modulation by
polyphenol-rich foods. Journal of Proteome Research, 11:4781-4790.

Mills C.E. et al. (2015) In vitro colonic metabolism of coffee and chlorogenic acid
results in selective changes in human faecal microbiota growth. British Journal of
Nutrition, 113:1220-7.

Sipponen P, Maaroos HI. Chronic gastritis. Scandinavian Journal of Gastroenterology.
2015;50(6):657-667. doi:10.3109/00365521.2015.1019918

Yang H, Hu B. Immunological Perspective: Helicobacter pylori Infection and Gastritis.
MediatorsInflamm. 2022;2022:2944156. doi:10.1155/2022/2944156

WI T, T T. Human liver model systems in a dish. Development, Growth &
Differentiation. 2021;63(1). doi:10.1111/dgd.12708

Chiang JYL, Ferrell JM. Bile Acid Metabolism in Liver Pathobiology. Gene
Expression. 2018;18(2):71-87. doi1:10.3727/105221618X15156018385515

43



