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ABSTRACT

During recent years the incidence of obesity has increased significantly, and in some instances rapidly, in
many resource-rich countries. Paralleling this increase has been an increase in the incidence of hepato-
cellular carcinoma. It has been estimated that as many as 90% of obese adults will develop the metabolic
syndrome. The worldwide incidence of this syndrome in adults at this time ranges from 9 to 34%. Further-
more, obesity in childhood increases the risk of obesity in adulthood, and hence the development of the
metabolic syndrome and hepatocellular carcinoma. Ten to 20% of patients with non-alcoholic fatty liver
disease progress to non-alcoholic steatohepatitis, and 8.3% of the latter develop cirrhosis. Up to 50% of
these patients with cirrhosis, and a significant proportion of those without cirrhosis, progress to hepato-
cellular carcinoma. Much remains to be learnt about the mechanisms by which obesity and the metabolic
syndrome cause hepatocellular carcinoma, although insulin resistance, increased tissue necrosis factor ac-
tivity, alterations in serum lipids, non-alcoholic fatty liver disease and non-alcoholic steatosis play impor-
tant roles. There is also increasing evidence that gut microbiota play a role in the development of the
metabolic syndrome and hence of hepatocellular carcinoma.
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CONCISE REVIEW

INTRODUCTION

In recent years it has become increasingly evi-

dent that obesity may be complicated by the devel-

opment of hepatocellular carcinoma (HCC).

During this time, the burgeoning incidence of

obesity, at least in some resource-rich countries,

has been the predominant reason for the striking

increase in the incidence of the tumor in the popu-

lations of these countries.1 For example, a meta-

analysis of 11 studies conducted in the United

States of America (USA), Europe and Asia showed

an increased risk of HCC of 1.89 (95% confidence

limits of 1.51 and 2.36), and that the tumor, par-

alleling the epidemic of obesity, is now the most

rapidly increasing cause of cancer deaths in these,

and presumably, other countries.2 In addition, a

prospective study in Europe showed obesity to be

closely associated with HCC: relative risk of 3.51,

95% confidence interval 2.09 to 5.87 (p < 0.0001).3

In another European analysis a relative risk of

HCC development of 1.9 was reported in obese

subjects.4 Moreover, in the USA the incidence of

HCC has tripled (1.6/100,000 to 4.9/100,000 of the

population) in parallel with an increasing inci-

dence of obesity.5 Furthermore, a high body mass

index (BMI) in childhood increases the risk of

HCC in adulthood,6 and may even result in the tu-

mor developing during childhood.7

The rapidly increasing number of HCC-induced

deaths in the USA has occurred at a time when it is

estimated that 25% of the country’s population (ap-

proximately 47 million people) meet the diagnostic

criteria for the metabolic syndrome: the rates are

32% in Mexican Americans, 24% in European Amer-

icans and 22% in African Americans.8 The metabolic

syndrome is defined as a constellation of metabol-

ic and other abnormalities in the form of central

obesity (BMI in excess of 30 kg/m2 or increased

waist circumference),  plus at least two of the fol-

lowing components: type 2 insulin resistance or
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hyperinsulinemia, overt type 2 diabetes mellitus,

raised triglycerides, and raised blood pressure.9

During the same time, evidence has accumulated

of an association between the metabolic syndrome

and the development of HCC, with the syndrome now

being acknowledged to be the cause of the malignant

transformation in the majority of the patients in the

Western world previously labelled as having

cryptogenic HCC. 2,3,10-18 The increasing incidence

of the metabolic syndrome, as well as the resulting

increase in the occurrence of HCC in affluent socie-

ties, are attributed to the increasing numbers of

obese subjects, and it is estimated that as many as

90% of these obese adults will develop the metabolic

syndrome.18 Moreover, it is likely that the syndrome

will result in substantial increases in the incidence of

HCC in other resource-rich countries during the

coming decades.19

Depending upon geographic location, socio-eco-

nomic conditions, and ethnicity, the prevalence of

the metabolic syndrome continues to increase in

each of these locations and circumstances.19-23 The

highest incidences are believed to occur in the USA,

where it has been estimated that obese adult males

are 32 times as likely as normal- weight males to

meet the diagnostic criteria for the metabolic syn-

drome, and the number continues to increase.20 In a

survey of adults in that country the prevalence of

the metabolic syndrome showed an age-dependent in-

crease: 6.7, 43.5 and 42% for ages 20 to 29, 60 to

69, and over 70 years, respectively.8 It has been esti-

mated that the prevalence of the metabolic syn-

drome is approximately 14% in China, 26% in South

Asia, 19% in Australia, 9% in France and 18% in

Italy.16 Furthermore, it has been predicted that as

many as 75% of obese adults will develop fatty

liver.19

Worldwide, it is estimated that of some 400 mil-

lion obese individuals, 75% have co-existing

NAFLD.19-23 The prevalence of NAFLD ranges, in

different populations, from 9 to 37% and that of

non-alcoholic steatohepatitis (NASH) from 5 to

7%.23 NAFLD is currently the most common hepatic

disorder in the USA and other industrialized coun-

tries, affecting as many as 18% of the general adult

population and 90% of those with marked obesity.23-25

During the course of 5 to 10 years between 5 and

14% of the latter will develop cirrhosis.19-22

Obesity is present in between 37% and more than

66% of patients with NAFLD, and the risk of steato-

sis is appreciably higher in obese than in non-obese

individuals.21,23,25 Obesity predisposes to the devel-

opment of HCC by lipid accumulation within hepato-

cytes, which in turn leads to chronic low-grade in-

flammation.21,23,25 Patients with steatosis are at risk

for developing cirrhosis and HCC.24 NAFLD is com-

monly associated with insulin resistance and hyper-

insulinemia, and might therefore be considered to be

a component of the metabolic syndrome.19 Between

10 and 20% of patients with NAFLD progress to

NASH, and 8 to 26% of those with NASH progress

to cirrhosis,26 although the latter progression may

take many years. Cohorts of patients with NASH

and cirrhosis are at risk of developing HCC, with a

rate as high as 12.8% over a 3.2 years median fol-

low-up.12,13 NAFLD is currently the most common

liver disease in resource-rich countries, although

the incidence of HCC complicating NAFLD is lower

than that complicating NASH (4-27%).25,27,29 The

risk of HCC developing in patients with NASH-

related cirrhosis rivals that in patients with

HCV-induced cirrhosis,21 although a significant pro-

portion of the patients with the metabolic syndrome

(up to 50%) develop HCC without the intervention

of cirrhosis.29-31

Type 2 diabetes is a common metabolic disorder

strongly linked to obesity and is a component of the

metabolic syndrome.30 It carries a 2-3 fold increase in

relative risk of developing HCC in a multivariate

proportional hazards analysis:31,32 the hazard ratio

rate with less than 5 years of follow-up was 1.60

(95% confidence intervals 0.86 and 2.96), and with

more than 5 years of follow-up 2.41 (95% confidence

intervals 1.60 to 3.62).31 In another analysis, diabe-

tes was an independent risk factor for HCC with an

odds ratio of 2.87 (95% confidence interval 2.49 and

3.30).31

POSSIBLE PATHOGENETIC
MECHANISMS OF OBESITY- INDUCED

HEPATOCELLULAR CARCINOMA

Much remains to be learnt about the mechanisms

by which obesity and the metabolic syndrome cause

malignant transformation, although insulin resist-

ance, hyperinsulinemia, increased tumor necrosis

factor (TNF) signalling pathways, alterations in cel-

lular lipid, NASH and NAFLD, and gut microbiota

may play key roles.

Insulin resistance is the principle denominator

that links all the components of the metabolic syn-

drome. It also causes fat accumulation in hepato-

cytes, even in subjects with normal glycemic

control, and plays a major role in the development

of NAFLD.32,33 Patients with NAFLD demonstrate

significantly increased insulin resistance, which
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facilitates the accumulation of free fatty acids in the

liver and leads to the development of NAFLD.23,24

Chronic hepatosteatosis leads to hepatosteatitis,

which in turn progresses ultimately to tumor initia-

tion and formation.19

Obesity predisposes to HCC development by lipid

accumulation within hepatocytes, which leads to a

chronic low-grade inflammation involving cytokines

and adipokines.19 Aberrant accumulation of adipose

tissue, release of pro-inflammatory cytokines, inhi-

bition of anti-inflammatory cytokines, and lipotoxic-

ity collectively promote and propagate both systemic

and hepatic insulin resistance, leading to hyperin-

sulinemia.34,35 Hyperinsulinemia, in turn, results in

increased levels of insulin growth factor-1 (IGF-1),

which have important proliferative and anti-apoptot-

ic effects. IGF-1 also promotes angiogenesis through

increased vascular endothelial growth factor pro-

duction, which in turn leads to proliferation of can-

cer cells.36,37

Toll-like receptors 4 (TLR4) have a role in

Kupffer cells in mediating progression of simple stea-

tosis to NASH by introducing reactive oxygen spe-

cies-dependent activation of X binding protein 1

(XBP-1).38 In addition, up-regulation of perioxisome

proliferator-activated receptors (PPARs) regulate a

network of genes encoding protein involved in fatty

acid uptake, enzymes required for the beta-oxidation

of fatty acids, and enzymes required for ketogene-

sis.38 In experimental animals, the expression of

TLR4 mediated the progression of simple steatosis to

NASH.38 Interleukin-6 (IL-6) has been linked to the

obesity-associated response, in that it activates sig-

nal transducer and activator of transcription-3

(STAT-3), potentiating cell proliferation and anti-ap-

optotic mechanisms.39 In addition, IL-6 plays a key

role in the obesity-associated inflammatory response

and tumorigenesis, and exerts cell proliferative and

anti-apoptotic effects.40

TNF, an adipose-derived cytokine, is a potent ac-

tivator of pro-oncogenic pathways, including jun ki-

nases (JNK), nuclear factor kB (NFkB), and

mammalian target of rapamycin (MTOR).41 Both di-

etary and genetic obesity promote hepatic inflamma-

tion and tumorigenesis by enhancing interleukin-6

(IL-6) and TNF expression.

Furthermore, high circulating levels of leptin in

NAFLD exert pro-inflammatory and pro-fibrogenic

effects.42,43

Evidence is accumulating for a role for gut micro-

biota in the pathogenesis of fatty liver disease and

HCC.44 Metabolic activity of the gut microbiota nor-

mally provides considerable benefit to human health

by supplying essential nutrients and maximizing the

efficiency of harvesting energy from ingested food.44

But the microbiota also contain numerous potential-

ly opportunistic pathogens. Gut microbiota have

long been known  to be a key determinant of intesti-

nal inflammation, and have very recently been

shown to play a role in generating chronic inflam-

mation of the liver.45 They appear to cause the lat-

ter by activating the innate immune system to drive

proinflammatory gene expression, thereby promot-

ing chronic inflammatory disease of the liver.45 This

effect seems to be achieved through the intervention

of NAFLD and the metabolic syndrome, and may ul-

timately be complicated by malignant transforma-

tion of hepatocytes.45 Alterations in the composition

of microbiota, as well as increases in gut permeabili-

ty and serum levels of endotoxin, suggest that gut

microbiota promote NAFLD formation and function.

The increasing incidence of NAFLD over the last

half-century may indicate that environmental and/

or lifestyle factors in association with the metabolic

syndrome are driving this alarming trend.45

A central component of the mucosal immune sys-

tem is the system of receptors that recognise con-

served features of the microbial products. Primary

classes of the receptors include TLR and NLR recep-

tors that protect against microbes.45 Thus, these re-

ceptors normally play a key role in keeping gut

bacteria in check. But activation of these receptors

may also drive a variety of inflammatory diseases,

including liver diseases.45 The concept that reduced

or impaired intestinal barrier function can result in

gut microbiota products breaching the intestine is

increasingly thought to play a central role in liver

disease by promoting inflammation.45

Microbiota products might also activate TLR/

NLR in the liver, promoting the formation of

NAFLD.45 This finding suggests that the rapidly in-

creasing occurrence of NAFLD during recent times

may, in part, result from increased consumption of

western diets. Increased activation of proinflammato-

ry signals as a result of increased intestinal permea-

bility and/or changes in microbiota composition

results.45 NAFLD has been shown to be associated

with altered microbiota composition and a predispo-

sition to develop the metabolic syndrome.45 Strong

evidence that  microbiota can promote NAFLD

is supported by recent studies in mice.45 There is

also evidence that microbiota cause NASH, especially

by inducing activation of X box binding protein-1

(XBP-1).46

Recent evidence also supports the notion

of microbiota playing a role in the development of
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fibrosis and cirrhosis.45 This hypothesis is support-

ed by the finding that intestinal microbiota, as well

as TLR4/CD14, are essential for the appearance of

hepatic fibrosis, and that hepatic stem cells are the

predominant target by which TLR4 ligands promote

hepatic fibrosis.45

CONFLICT OF INTEREST

The author has had no financial support in re-

spect to this publication.

The author is solely responsible for the author-

ship of this manuscript.

The author has no conflict of interest in the writ-

ing of the manuscript.

REFERENCES

1. El-Serag HB. Hepatocellular carcinoma. N Engl J Med 2011;
365: 1118-27.

2. Larsson SC, Wolk A. Overweight, obesity and risk of liver
cancer: a meta-analysis of cohort studies. Br J Cancer

2007; 97: 1005-08.
3. Schlesinger S, Alecksandrova K, Pischon T, Ferdiko V, Jen-

ab M, Trepo C, Boffetta P, et al. Abdominal obesity, weight
gain during adulthood and risk of liver and biliary
tract cancer in a European cohort. Int J Cancer 2013;
132: 645-57.

4. Moller H, Mellemgard A, Lindvig K, Olden JH. Obesity and
cancer risk: a Danish record-linkage study. Eur J Cancer

1994; 30A: 344-50.
5. Altekruse SF, McGlynn KA, Reichman ME. Hepatocellular

carcinoma: incidence, mortality, and survival trends in
the United States from 1975 to 2005. J Clin Oncol 2009;
27: 1485-91.

6. Berentzen TL, Gamberg M, Holst C, Sorensen TI, Bakese
JL. Body mass index in childhood and adult risk of primary
liver cancer. J Hepatol 2013; 60: 325-30.

7. Nobili V, Alisi A, Grimaldi C, Liccardo D, Francalanci P,
Monti L, Castellano A, et al. Fatty liver disease and hepa-
tocellular carcinoma in a 7-year-old obese boy: Co-inci-
dence or co-morbidity? Pediat Obes 2013; epub ahead of
print.

8. Ford ES, Giles WH, Dietz WH. Prevalence of the metabolic
syndrome among United States adults. Findings of the
third National Health and Nutrition Examination Survey.
JAMA 2002; 287: 356-9.

9. Alberti KG, Zimmet P, Shaw J. Metabolic syndrome-a new
worldwide definition. Consensus statement from the In-
ternational Diabetes federation. Diabet Med 2006; 23:
469-80.

10. Petta S, Craxi A. Hepatocellular carcinoma and non-alco-
holic fatty liver disease: from a clinical to a molecular as-
sociation. Curr Pharm Res 2010; 16: 741-52.

11. Starley BQ, Calnogno CJ, Harrison SA. Non-alcoholic fatty
liver disease and hepatocellular carcinoma:  a weighty
connection. J Hepatol 2010; 51: 1820-32.

12. Baffy G, Brunt EM, Caldwell SH. Hepatocellular carcinoma
in non-alcoholic fatty liver disease: an emerging menace.
J Hepatol 2012; 56: 1384-91.

13. Siegel AB, Zhu AX. Metabolic syndrome and hepatocellular
carcinoma. Cancer 2009; 115: 5651-61.

14. Ascha MS, Hanouneh IA, Lopez R, Tamimi TA, Feldstein AF,
Zein NN. The incidence and risk factors of hepatocellular
carcinoma in patients with non-alcoholic steatohepatitis.
Hepatology 2010; 51: 1972-8.

15. Borena W, Strohmaier S, Lukanova A, Biorgi T, Lindkwist
A, Hallmans G, Edinger M, et al. Metabolic risk factors and
primary liver cancer in a prospective study of 578,700
subjects. Int J Cancer 2012; 131: 193-2000.

16. Rahman R, Hammoud GM, Almashhrawi AA, Ahmed KD, Ibdak
JA.l. Primary hepatocellular carcinoma and the metabolic
syndrome: An update. World J Gastrointest Oncology

2013; 5: 186-94.
17. Welzel TM, Graubard BI, Zeuzem S, Davila A, McGlynn KA,

El-Serag HB. Metabolic syndrome increases the risk of pri-
mary liver cancer in the United States: a study in the
SEER-Medicare data base. Hepatology 2011; 54: 463-71.

18. Borch-Johnson K. The metabolic syndrome in a global per-
spective. The public health impact-secondary publication.
Dan Med Bull 2007; 54: 157-9.

19. Hamaguchi M, Kojima T, Takeda N, Nakagawa T, Fyjii K,
Omatsu T, Nakajima T, et al. The metabolic syndrome as a
predictor of non-alcoholic fatty liver disease. Ann Intern

Med 2005; 143: 722-8.
20. Ervin RB. Prevalence of metabolic syndrome among adults

20 years and older by sex, age, race, ethnicity and body
mass index: United States 2003-2006. Natl Health Stat Re-

port 2009; 13: 1-7.
21. Caldwell S, Argo C. The natural history of non-alcoholic

fatty liver disease. Dig Dis Sci 2010; 28: 162-8.
22. Angulo P. Non-alcoholic liver disease. N Engl J Med 2002;

346: 1221-31.
23. Matteoni CA, Younossis ZM, Gramlich T, et al. Non-alcohol-

ic fatty liver disease: a spectrum of clinical and pathologi-
cal severity. Gastroenterology 1999; 116: 1413-9.

24. Marcheseni G, Brizi M, Morselli-Labate AM, Bianchi G, Bu-
gianisi E, McCullough AJ, Farlani G, et al. Association of
non-alcoholic fatty liver disease with insulin resistance.
Amer J Med 1999; 107: 450-5.

25. Lazo M, Clark JM. The epidemiology of non-alcoholic fatty
liver disease:  a global perspective. Sem Liv Dis 2008; 28:
339-50.

26. Adams LA, Lymp JF, St Stauer J, Sanderson SP, Lindor KD,
Feldstein A, Angulo P, et al. The natural history of non-al-
coholic fatty liver disease: a population-based cohort
study. Gastroenterology 2005; 129: 113-21.

27. Paradis V, Zalinski S, Chelbi E, Guedj N, Gegos F, Vilgrain
V, Bedossa P, et al. Hepatocellular carcinoma  in patients
with metabolic syndrome often develop without significant
fibrosis: a pathological analysis. Hepatology 2009; 49:
851-9.

28. Duan XY, Qia L, Fan FG. Clinical features of NAFL-induced
hepatocellular carcinoma. Hepatobil Pancreat Dis Int

2012; 11: 18-27.
29. Yasui K, Hashimoto E, Komorizono Y, Koike K, Avii SS, Imai

Y, Shuma T, et al. Characteristics of patients with non-al-
coholic steatohepatitis who develop hepatocellular carci-
noma. Clin Gastroenterol Hepatol 2011; 9: 428-33.

30. Giovannucci E, Harlan DM, Archer MC, Bergenstal RM, Gas-
tur SM, Habel LA, Pollack M. Diabetes and cancer: a con-
sensus report. Diabet Care 2010; 33: 1674-85.

31. Davila JA, Morgan RO, Shaib Y, McGlynn KA, El-Serag HB.
Diabetes increases the risk of hepatocellular carcinoma in
the United States: a population-based case control study.
Gut 2005; 54: 533-9.

32. Ertle J, Dechene A, Sowa JP, Penndorf V, Herzer K, Kaiser
G, Schlaak JF, et al. Non-alcoholic fatty liver disease



303
Obesity as a cause of hepatocellular carcinoma. ,     2015; 14 (3): 209-303

progresses to hepatocellular carcinoma in the absence of
apparent cirrhosis. Int J Cancer 2011; 128: 2436-43.

33. El-Serag HB, Hampel R, Javadi F. The association between
diabetes and hepatocellular carcinoma: a systematic re-
view of epidemiologic evidence. J Clin Gastronterol Hepa-

tol 2006; 4: 369-80.
34. Byrne CD. Ectopic fat, insulin resistance and non-alcoholic

fatty liver disease. Proc Nutr Soc 2013; 72: 412-9.
35. Rosmarduc O. Relation between hepatocellular carcinoma,

metabolic syndrome and non-alcoholic fatty liver disease:
which clinical arguments? Ann Endocrin (Paris) 2013; 74:
115-20.

36. Siddeque A, Kowdley KV. Insulin resistance and other met-
abolic risk factors in the pathogenesis of hepatocellular
carcinoma. Clin Liv Dis 2011; 15: 286-96.

37. Ikeda Y, Kajiyama K, Yamesheta Y, Ikegami T, Uchiyama
H, Soejima Y, Kawanaka H, et al. Differential expression of
insulin-like growth factor 1 in primary liver cancer. Fuku-

oka Igaku Zasshi 2013; 104: 334-8.
38. Ye D, Li F, Lam KF, Jia W, Li H, Jia W, Wang Y, et al. Toll-

like receptor-4 mediates obesity-induced non-alcoholic st-
eatohepatitis through activation of X-box binding protein
in mice. Gut 2012; 6: 1058-67.

39. Mansour M. T the roles of perioxisome proliferator recep-
tors in the metabolic syndrome. Prog Mol Biol Transl Sci

2014; 121: 217-66.

40. El-Kadre LJ, Tinoco AC. Interleukin-6 and obesity: cross-
talk between intestine, pancreas and liver. Curr Opin Clin

Nutr Metab Care 2013; 16: 564-8.
41. ParK EJ, Lee JH, Yu Gy, He G, Ali SR, Holzer RG, Osterr CH,

et al. Dietary and genetic obesity promote liver inflamma-
tion and tumorigenesis by enhancing IL-6 and TNF expres-
sion. Cell 2010; 140: 197-208.

42. Liedtke C, Plumpe J, Kubicke S, Bradham GA, Manns MP,
Brenue DA, Trautwein C. Jun kinase modulates tumor
necrosis factor-depedent apoptosis in liver cells. Hepatol-

ogy 2002; 36: 315-25.
43. Procacini C, Gaklgami M, De Rosa V, Carbone F, La Rocci,

Ranucci G, Matarese G, et al. Leptin, the prototype adi-
pocytokine and its role in NAFLD. Curr Pharm Des 2010;
16: 1913-20.

44. Singh DK, Sekiya P, Restogi A, Singh A, Gondal R, Sarin
K. Serum leptin levels correlate with body mass index
but not with histologic disease severity in Indian pa-
tients with NASH: A pilot study. Ind J Med Res 2013;
137: 986-7.

45. Chassaing B, Etienne-Mesmin L, Gewertz AT. Microbiota-
liver axis in hepatic disease. Hepatology 2014; 59: 328-39.

46. Gomez-Hurtado Santacuz A, Peiro G, Zapater Z, et al. Gut
translocation in mice with ccl4-induced fibrosis. PloS ONE

2011; 6: e23037.


	Obesity as a cause of hepatocellular carcinoma
	Introduction
	Possible Pathogenetic Mechanisms of Obesity- Induced Hepatocellular Carcinoma
	Conflict of Interest


