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Hepatocellular carcinoma versus nonalcoholic fatty liver disease: 
metabolic, environmental, and genetic association? De facto?
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INTRODUCTION
Hepatocellular carcinoma (HCC) is the most common primary 
cause of liver cancer and is also considered to be the fourth most 
frequent cause of cancer and the third most common cause of 
cancer-related deaths worldwide1. The majority of these cases 
develop due to existing chronic liver conditions such as hepatitis 
B or C viral infections and alcohol2. However, previous shreds 
of evidence have shown that 15–50% of HCC is presented as 
idiopathic and could not be explained with any known etiology3. 
However, recent studies suggest that nonalcoholic fatty liver dis-
ease (NAFLD) can be a possible risk factor for the development 
of HCC4, and it can act through various mechanisms such as 
insulin resistance, oxidative stress, steatosis, and imbalances in 
an interplay of adipokine or cytokine. These are propounded as 
the most important factors responsible for the pathogenesis and 
progression of NAFLD that could also have a deterministic role 
in the pathway of liver cancer as it promotes cell growth and 
DNA damage. Behavioral therapy and several insulin-sensitiz-
ing agents have been tried and tested to achieve a better success 
rate in the management of this condition5. This approach was 
alleged as it could help improve insulin resistance and attenu-
ate the necroinflammation, steatosis, and fibrotic changes in the 
liver parenchyma. Unum castigabis centum emendabis (Rebuke 
one and correct a hundred). Therefore, an in-depth and detailed 
understanding of the underlying mechanisms responsible for the 
mediation of HCC during insulin resistance and identification 
of its genetic determinants would help in providing actual diag-
nostic and therapeutic tools of interventions.

METHODS
We have conducted a conventional systematic literature review 
study to identify the clinical, environmental, and genetic fac-
tors responsible for the association between NAFLD and HCC 
with a special focus on molecular pathogenesis and its applica-
tion to develop newer diagnostic and therapeutic tools. Search 
engines such as PubMed, Google Scholar, Scopus, and Science 
Direct were used to obtain literature regarding e-waste man-
agement practices throughout the world. The search strategy 
included different terms for “Non-Alcoholic Fatty Liver Disease,” 
“Hepatocellular carcinoma,” “Genetic Factors,” “Environmental 
factors,” “Molecular factors,” “Metabolic factors,” “Novel 
Therapy,” “Liver cancer,” and “Novel diagnostics” as key words. 

Inclusion criteria for the case studies, guidelines documents, 
reports, original and review articles, and other relevant docu-
ments retrieved and considered for the review were as follows: 

1.	 Studies prescribing the data in the English language
2.	 Open access documents and reports available on the 

journal/websites
3.	 Studies dealing with a section on clinical, environmen-

tal, and genetic factors responsible for the association 
between NAFLD and HCC or molecular pathogenesis 
and its implementation to improve newer diagnostic 
and therapeutic tools.

Pathogenesis of NAFLD
The pathogenesis of NAFLD remains unclear, and understand-
ing the mechanism is arduous. In fact, it is a complex condition 
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that is believed to have multifactorial causation. Two hit hypoth-
eses were frequently used to explain this complex mechanism 
of NAFLD: steatosis and fibrotic changes. Currently, multiple 
hit hypotheses are used to explain the mechanism as multiple 
factors act together in predisposing the person to the men-
tioned condition, such as the combination of environmental, 
genetic, and metabolic factors responsible for disturbance in 
lipid homeostasis and accumulation of excessive triglycerides 
in the liver. In addition to the above-mentioned factors, insu-
lin resistance is responsible for the disease progression as it may 
lead to endoplasmic reticulum stress, lipotoxicity, and distur-
bance in autophagy, which ultimately induce hepatocyte inju-
ries, death, hepatic inflammation, and progressive fibrogenesis5. 

Pathogenesis of HCC in association with NAFLD
Similar to the NAFLD, the occurrence of HCC among NAFLD 
cases is also a complex and multifactorial phenomenon that 
depends on the mechanisms described for chronic liver inju-
ries, molecular imbalances associated with dysmetabolism and 
obesity such as the remodeling of adipocytes, lipotoxicity, adi-
pokines secretion, and insulin resistance4, 5. Recent evidence 
suggest that the gut-liver axis plays an important role in the 
acceleration of the oncogenesis process among patients with 
NAFLD. Farnesoid X nuclear receptor has been established 
to possess significant metabolic effects and plays a significant 
role in producing histopathologic improvement in NASH that 
occurs through its pharmacological activation by obeticholic 
acid. Delineation of these mechanisms, hepatic fibrosis, and 
oncogenesis in NASH can assist in producing enhanced inter-
ventional strategies for the prevention, surveillance, diagnosis, 
and management of cancer among this population6. Hence, 
we purposed to detail and hypothesize the possible risk fac-
tors responsible for HCC in NAFLD. Possible risk factors are 
demographic factors such as age and gender; metabolic factors 
such as obesity, excessive insulin, and hepatic iron overload; 
environmental factors; and genetic factors resulting in advanced 
stages of fibrotic changes and cirrhosis. 

Demographic factors

Age and gender
Hepatocellular carcinoma occurs at higher rates among males 
around the world irrespective of the etiology. Similar differ-
ences are seen in the development of NAFLD. Both age and 
gender differences are seen in their incidence and severity. 
NAFLD is most commonly observed in males among the 
younger age groups, whereas it is observed among the elderly 
females (>50 years) 7. 

Environmental factors concerning 
metabolic factors

Obesity and type 2 diabetes mellitus
Obesity is one of the most common risk factors for NAFLD 
and type 2 diabetes mellitus (DM) due to insulin resistance. 
Asians have an increased risk of developing type 2 DM even 
with normal or low body mass index (BMI) as retaining a higher 
rate of central obesity in the absence of generalized obesity. This 
predisposes them to develop type 2 DM8. Association between 
obesity and NAFLD is depicted through the studies conducted 
among the patients who had undergone gastric bypass or bariat-
ric surgery with a prevalence of NAFLD ranging from 85% to 
98%9. A systematic review conducted in Asia, the United States, 
and Europe showed that the overweight and obese individuals 
had a significantly higher risk of developing HCC compared 
to the ones with normal or low BMI10. Also, the prevalence of 
NAFLD among type 2 DM cases is significantly higher, and 
they are at more risk of developing carcinomas11.

Underlying pathophysiology
Potential mediators responsible for obesity-linked HCC 
include dysregulation of anti-inflammatory or pro-inflamma-
tory cytokines, particularly the increased leptin or reduced 
adiponectin, lipotoxicity, and hyperinsulinemia, which 
stimulates insulin-like growth factor-1 (IGF-1). First of all, 
we would like to emphasize the adipocyte remodeling and 
secretion of cytokines. Obesity is usually characterized by 
the expansion and remodeling of adipose tissues that lead to 
a state of chronic inflammation, which is characterized by a 
different cytokine secretion pattern by the adipocytes. These 
cytokines include adiponectin and leptin. Other cytokines 
implicated are tumor necrosis factor-alpha (TNF-α), trans-
forming growth factor-beta (TGF-β), interleukin-6 (IL-6), 
and interleukin-1beta (IL-1β). TNF-α can induce many 
pro-oncogenic pathways and obesity by increasing its levels 
in both malignant and non-malignant tissues12. TNF-α and 
IL-6 were demonstrated to promote diethylnitrosamine-in-
duced HCC in an experimental model of dietary-induced 
obesity that could be due to the upregulation of extracellu-
lar signal-regulated kinases (ERK) and STAT3 pathways13.

Reduced adiponectin in obesity is responsible for suppress-
ing the angiogenesis of the tumors and inhibits the growth and 
metastasis of HCC, whereas adiponectin acts through the acti-
vation of a tumor suppressor called 5′-adenosine monophos-
phate-activated protein kinase. It increases apoptosis of cells by 
regulating mammalian target of rapamycin pathway and c-Jun 
N-terminal kinase or caspase-3 pathway14. Leptin is known to 
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have potent pro-inflammatory and pro-fibrogenic activities. 
Its growth-promoting effects act through ERK, STAT3, Janus 
kinase (JAK), phosphatidylinositol 3-kinase (PI3K), or protein 
kinase-B (Akt) signaling pathways13. This counterpoise between 
the contrasting effects of adiponectin and leptin plays an import-
ant role in the oncogenesis associated with steatosis of the liver.

The liver is at risk of ectopic accumulation of lipids due to 
various factors, particularly the excess dietary lipids transported 
through portal veins among obese individuals. Inhibition of 
phosphatase and tensin homolog (PTEN) expression occurs 
due to excess collection of unsaturated fatty acids in hepatic 
cells. PTEN acts as a tumor suppressor and regulates PI3K 
signaling pathway that is either deleted or mutated in HCC15.

Obesity causes both systemic and hepatic insulin resistance, 
which is further worsened by the accumulation of hepatic lipids. 
Excess insulin for a prolonged period promotes the IGF-binding 
protein production and increases the IGF-1&2 bioavailability16. 
This stimulates the development of cancer through activation 
of oncogenic pathways by involving mitogen-activated protein 
kinase (MAPK), PI3K/Akt, and vascular endothelial growth 
factor17. In addition, sterol regulatory element-binding proteins 
(an essential component in regulating lipogenesis) within the 
liver get activated by lipid accumulation in that crucial organ. 
Of note, in patients with cancer, this protein markedly induces 
lipogenesis and is linked to poor prognosis18.

Iron overload
Excessive load of iron in the liver can cause serious insult and 
augment the risk of developing HCC. It occurs in patients 
with alcoholic liver disease, hereditary hemochromatosis, 
post-transplant cases, and HCC patients with a non-cirrhotic 
liver. Oxidative stress or genetic mutation can lead to necrotic 
inflammation and carcinogenesis of the liver. Finally, these 
patients are found to have a more than 200-fold risk of devel-
oping HCC19.

CONCLUSIONS
In-depth understanding about the potential role of genetic predis-
position, diet type, gut microbiota, and other environmental and 
metabolic factors linking the NAFLD and HCC has become cru-
cial. Mostly genetic factors play a significant role in the NAFLD 
development and progression. The future studies focus on genetic 
epidemiology requires replication, expression studies, and animal 
models to understand the molecular role of the genetic variants. 
The understanding of genetic determinants may lead us to newer 
diagnostic and therapeutic approaches or interventions, which 
can prevent or control the progression of NAFLD to liver cancer.
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