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Coffee and liver health: Exploring the protective benefits
and mechanisms of coffee and its bioactive compounds in

liver disorders
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Coffee, one of the most widely consumed beverages
worldwide, has garnered significant attention for its health
benefits. Beyond its stimulant effects, studies highlight its
potential role in reducing the risk of liver diseases such as
non-alcoholic fatty liver disease (NAFLD), cirrhosis, and
hepatocellular carcinoma (HCC). This editorial explores the
mechanisms underlying these protective effects, emphasizing
the interplay between bioactive compounds in coffee and
liver health. By integrating epidemiological, clinical, and
biochemical insights, this article also explores how moderate
coffee consumption can contribute to liver disease prevention
and public health strategies.

Liver diseases constitute a significant global health burden, with
millions affected annually by conditions ranging from fatty
liver disease to advanced cirrhosis and liver cancer.'!'NAFLD,
driven largely by obesity and metabolic syndrome, is the
leading cause of chronic liver disease worldwide. Furthermore,
alcohol-related liver disease (ALD) and viral hepatitis remain
prominent contributors to morbidity and mortality.””) Due
to these challenges, consumption of coffee has emerged, to
determine its potential on the onset of liver disorders. Coffee, a
complex beverage containing over 1,000 bioactive compounds,
is more than just a morning pick-me-up.?! Epidemiological
studies over the past two decades consistently demonstrate an
inverse association between coffee consumption and the risk
of various liver conditions.™ Coffee contains a diverse array of
compounds with antioxidant, anti-inflammatory, and metabolic
properties. Key constituents include caffeine, chlorogenic
acids, diterpenes, and melanoidins.**! Caffeine plays a central
nervous system stimulant that modulates energy metabolism
and exerts antioxidant effects.l®! Whereas chlorogenic acids are
a polyphenolic compound with potent antioxidant properties,
contributing to the modulation of glucose metabolism and
lipid profiles.l” Diterpenes such as cafestol and kahweol are
compounds linked to anti-inflammatory and anticarcinogenic
effects, though they may elevate cholesterol levels in unfiltered
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coffeel®! and melanoidins are other compounds present in
coffee also reported to have antioxidant and antimicrobial
activity.”’ These bioactive compounds synergistically impact
liver physiology, offering protective effects against oxidative
stress, inflammation, and fibrosis.[*”) Regular coffee drinkers
exhibit lower hepatic fat accumulation and improved liver
enzyme profiles and reduce the chances of NAFLD onset.!'”
The possible mechanisms include improved lipid metabolism,
reduced oxidative stress, and decreased pro-inflammatory
cytokine levels.'!! Caffeine and chlorogenic acids are believed
to mediate these effects by modulating pathways such as
AMP-activated protein kinase (AMPK), which regulates
energy homeostasis.[*!>131 Whereas in cirrhosis, coffee appears
to reduce both the incidence and risk for liver failure, cancer
occurrence, and chronic hepatitis.['*' An excellent review by
Wadhawan and Anand pointed out that intake of more than 2
cups of coffee per day in individuals pre-existing liver disorders
showed the reduction in incidence of fibrosis, cirrhosis, and liver
cancer as well as decreased the mortality rate. Specifically,
the antifibrotic effects of coffee may be linked to its ability
to suppress transforming growth factor-beta, a key driver of
hepatic fibrosis.I") HCC is another liver-associated disorder
which is the most common form of primary liver cancer, with
a strong association with cirrhosis and chronic Hepatitis B and
C infections, ALD, and also metabolic dysfunction-associated
steatotic liver diseases.!') Coffee has emerged as a protective
factor, with studies indicating a dose-dependent reduction
in HCC risk. A meta-analysis published by Kennedy et al.
showed that individuals consuming one-five cups of coffee
per day reduces the relative risk of HCC.['"! Furthermore,
antioxidant compounds in coffee, such as chlorogenic acids
inhibit carcinogenesis by DNA damage.l' As we know,
oxidative stress plays a pivotal role in liver injury and
disease progression. Coffee’s antioxidant capacity, attributed
to chlorogenic acids and caffeine, reduces the formation
of reactive oxygen species, thereby protecting hepatocytes
from damage.!"” On the other hand, chronic inflammation is
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central to liver disease pathogenesis. Bioactive compounds in
coffee inhibit pro-inflammatory pathways, including nuclear
factor-kappa B and cytokine production.?*?!! These effects
may help attenuate liver inflammation and fibrosis. Moreover,
coffee consumption influences gut microbiota composition,
promoting beneficial bacterial populations and reducing
gut permeability. This, in turn, lowers the translocation of
endotoxins to the liver, reducing inflammatory responses.?
Furthermore, coffee also improves insulin sensitivity, reduces
hepatic lipid accumulation, and enhances lipid oxidation,
mediated by pathways such as AMPK activation.¥! The
widespread consumption and affordability, coffee represents a
promising adjunct in liver disease prevention strategies. Public
health campaigns could leverage this evidence to promote
moderate coffee consumption as part of a healthy lifestyle.4
However, it is crucial to address potential concerns, such as
caffeine sensitivity, unfiltered coffee’s impact on cholesterol,
and the risks associated with excessive consumption. Now
it is very important for us to know the correct usage of
coffee consumption when taking as a health benefits. First is
important to know the standardization of coffee consumption,
variability in coffee preparation methods (e.g., filtered vs.
unfiltered, roasting levels) complicates the assessment of its
health effects, therefore standardizing measures of coffee
intake and bioactive compound content in research is essential.
Other than this, long-term clinical trials on usage of coffee as
a health benefits should also be required. As observational
studies provide compelling evidence, long-term randomized
controlled trials are needed to establish causality. These trials
should focus on diverse populations and explore dose-response
relationships. Moreover, further studies are also required
to elucidate the full and accurate molecular mechanisms
underlying coffee’s protective effects. Integrating omics
technologies (e.g., genomics, transcriptomics, proteomics,
metabolomics, epigenomics) could uncover novel pathways
and biomarkers associated with coffee consumption and liver
health. In short, the growing body of evidence underscores
the health benefits of coffee in preventing liver disease. By
controlling oxidative stress, inflammation, and metabolic
dysfunction, coffee emerges as a simple yet effective tool
in reducing the global burden of liver disease. As research
advances, incorporating coffee into evidence-based dietary
recommendations could offer a practical strategy for promoting
liver health. Nonetheless, moderation and individualized
approaches remain key, as the interplay between coffee,
genetics, and overall health warrants careful consideration.
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