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Abstract
Primary liver cancer is the third leading cause of cancer-related death worldwide. Most patients are diagnosed at late stages with poor prognosis;
thus, identification of modifiable risk factors for primary prevention of liver cancer is urgently needed. The well-established risk factors of liver
cancer include chronic infection with hepatitis B virus (HBV) or hepatitis C virus (HCV), heavy alcohol consumption, metabolic diseases such as
obesity and diabetes, and aflatoxin exposure. However, a large proportion of cancer cases worldwide cannot be explained by current known
risk factors. Dietary factors have been suspected as important, but dietary aetiology of liver cancer remains poorly understood. In this review, we
summarised and evaluated the observational studies of diet including single nutrients, food and food groups, as well as dietary patterns with the
risk of developing liver cancer. Although there are large knowledge gaps between diet and liver cancer risk, current epidemiological evidence
supports an important role of diet in liver cancer development. For example, exposure to aflatoxin, heavy alcohol drinking and possibly dairy
product (not including yogurt) intake increase, while intake of coffee, fish and tea, light-to-moderate alcohol drinking and several healthy dietary
patterns (e.g. Alternative Healthy Eating Index) may decrease liver cancer risk. Future studies with large sample size and accurate diet
measurement are warranted and need to consider issues such as the possible aetiological heterogeneity between liver cancer subtypes, the
influence of chronic HBV or HCV infection, the high-risk populations (e.g. cirrhosis) and a potential interplay with host gut microbiota or genetic
variations.
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Primary liver cancer is the third leading cause of cancer-related
death worldwide(1). Hepatocellular carcinoma (HCC) is the most
common (>80 %) histological type of liver cancer. There are
large variations in geographical distribution of liver cancer
worldwide. The disease burden is highest in areas with endemic
hepatitis B virus (HBV) infection, such as in Asian countries,
specifically in the East and South-East Asia, while North and
South America have a relatively low incidence(2). About 72 %
of all liver cancer occurs in Asia, with China accounting for
47 % of the global burden(2). Established risk factors of liver
cancer include chronic infection with HBV or hepatitis C virus
(HCV), excessive alcohol consumption, non-alcoholic fatty
liver disease (NAFLD) and aflatoxin exposure. Beyond chronic
hepatitis infections(3–5), as shown in previous and our own
studies, liver cancer risk consistently increased with obesity(6–11)

and type 2 diabetes (T2D)(10,12,13), suggesting an important
role of insulinaemic and inflammatory pathways in hepato-
carcinogenesis.

Currently, the population seroprevalence of HBV or HCV
continues to decline, which was possibly due to large-scale
HBV vaccination in newborns and common anti-HCV treatment
worldwide(14,15), and may contribute to the future declining rates
of liver cancer in traditionally high-incident areas including East
Asia(2). However, such gains in the control of liver cancer are at
risk of being reversed by the rising rates of T2D, obesity and
NAFLD, which were largely related to unhealthy diet(16,17). For
example, in historically low-incident areas such as the USA,
the liver cancer rates have tripled since the 1980s(2), and meta-
bolic diseases are more prevalent than HBV or HCV infections.
Therefore, HCC cases that are attributed to metabolic disorders
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(32 %) are higher than HBV (4 %) and HCV (21 %)(18). Diet is
a modifiable component of lifestyle that was suspected to
influence liver cancer development, but dietary aetiology of
liver cancer remains poorly understood. The World Cancer
Research Foundation International/American Institute for Cancer
Research (WCRF/AICR) concluded in their most recent
Continuous Update Project that the established dietary factors
for liver cancer only include aflatoxin-contaminated foods and
heavy alcohol drinking, and possibly coffee consumption(19).

The liver plays a key role not only in the metabolism of
carbohydrates, fats and proteins, but also in detoxification and
hormone production. Thus, diet has measurable biological
impacts on key pathways hypothesised to be involved in liver
cancer risk. The proposed mechanisms linking diet and liver
cancer development are shown in Fig. 1. For example, dietary
carbohydrates are the primary determinants of the post-prandial
glucose and insulin response(20), impacting circulating blood
glucose, insulin demand and the bioavailability of insulin-like
growth factor-1 (IGF-1)(21,22). The essential branched-chain
amino acids (BCAA), namely, leucine, isoleucine and valine,
are essential amino acids that have known chemopreventive
properties in patients with cirrhosis(23), via inhibition of hepatic
IGF signalling and blockade of the phosphatidylinositol-3-kin-
ase/protein kinase B (PI3k/Akt)/mammalian target of rapamycin
(mTOR) pathway(24,25). Recently, emerging evidence also
showed that poor diet may cause prominent changes in gut
microbiotawhich induce intestinal bacterial overgrowth, dysbio-
sis, intestinal permeability, bacterial translocation and endotox-
aemia, leading to liver inflammation, chronic fibrosis, liver
cirrhosis and hepatocarcinogenesis through the gut–liver
axis(26,27).

In this review, we summarised the current epidemiological
evidence of diet and the risk of incident liver cancer.
Compared with a recent systematic literature review (SLR) in
Continuous Update Project in 2013 by WCRF/AICR(19), we
summarised and evaluated relevant studies published up to
August 2019. In addition to evaluating nutrients and food or
food groups(19), we further described the role of different dietary
patterns in liver cancer development.We did not discuss the role
of aflatoxin because the recent Continuous Update Project has

determined exposure to aflatoxin as a convincing cause of liver
cancer, and there are few studies(28,29) on this topic since the
2013 SLR(19).

Macro-/micronutrients and liver cancer risk

Carbohydrates

Over the past decades, sugar-sweetened beverages consump-
tion has increased dramatically worldwide(30). Although still
inconclusive, this rising trend in sugar consumption, practically
simple sugar (mainly fructose consumption), has been positively
associated with weight gain and obesity(31), insulin resistance
and T2D(32), and NAFLD(33–35). As mentioned above, insulin
resistance, obesity and NAFLD may lead to the establishment
of HCC. Thus, sugar-sweetened beverage consumption, mainly
fructose, could be thereby linked to HCC development. This
putative mechanism was supported by animal studies(36).
Likewise, food glycaemic index, glycaemic load, insulinaemic
index and insulinaemic load, indicators of the glucose and
insulin response to different dietary sugars, were positively asso-
ciated with an increased risk of obesity(37), insulin resistance and
T2D(38), liver steatosis(39), and NAFLD(40).

However, only few observational studies have investigated
the association between glycaemic index and glycaemic
load (41–46) and dietary sugar(41,46–48) in relation to liver cancer
(online Supplementary Table S1). For glycaemic index and
glycaemic load, the results among current epidemiological
studies were inconclusive, varying from a positive(42,44,45),
null(41,43,46), to an inverse(42) association. Several studies(42,43,48)

have not considered the possible influence of chronic HBV
and/or HCV infection in the analysis since they were primarily
designed for cancer in general, and only two prospective
studies(41,45) have adjusted for HBV and HCV infections in the
analysis. In addition, the potential reverse causality and recall
bias in retrospective case–control design(43,44) may partially
interpret such a discrepancy.

Similarly, there has been limited epidemiological evidence
for the association between sugar-sweetened beverage intake
and risk of HCC, with inconsistent results. Only two cohort
studies(41,46) have investigated the association between total
carbohydrate consumption and liver cancer risk and yielded a
null association, in which the chronic HBV and/or HCV infection
have not been considered. Surprisingly, an inverse association
of sucrose and fructose intake with the risk of HCC has been
suggested in a case–control study nested within the European
Prospective Investigation into Cancer and Nutrition (EPIC)
cohort(41) and in the National Institutes of Health-American
Association of Retired Persons (NIH-AARP) cohort(42), respec-
tively. However, the results could have been by chance given
the limited number of liver cancer cases among the two studies.
Overall, the relation has not been well defined based on current
limited evidence. Given carbohydrates as a main energy source
for human, future research should offer more insights on dietary
carbohydrate quantity especially its quality with HCC risk, which
may help individuals choose foods with ‘good’ carbohydrates.
For example, in addition to glycaemic index, glycaemic load,
insulinaemic index, and insulinaemic load, a carbohydrate:fibre
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Fig. 1. Proposed mechanisms linking diet and liver cancer risk. T2D, type 2
diabetes; NAFLD, non-alcoholic fatty liver disease; IGF-1, insulin-like growth
factor-1.
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ratio as a new measure of carbohydrate quality was shown to be
more superior to other consumer-oriented methods for selecting
more healthful foods(49), and a low carbohydrate:fibre ratio in
diet was found to be associated with reduced risk of T2D(50)

and CHD(51), though its association with liver cancer has not
been studied.

Dietary fats/fatty acids

To date, the association between dietary fat intake and risk of
HCC has not been well studied, and the existing epidemiological
evidence is limited and inconclusive(47,52–57). In current existing
three case–control studies that were all conducted in European
populations, two(47,54) reported a null association between total
fats and HCC risk, while another one(55) showed a significant
positive association (OR 1·4). In a hospital-based case–control
study from Italy, participants with higher intake of PUFA,
but not MUFA or SFA, had a significant lower risk of HCC
(OR 0·60, 95 % CI 0·40, 0·88)(54). Prospective studies include
one conducted in the NIH-AARP Diet and Health cohort, which
showed a statistically significant positive association (hazards
ratios (HR) per 5 % increase in energy) for total (HR 1·10) and
saturated fat (HR 1·38), and a null association for monounsatu-
rated (HR 1·18) or polyunsaturated fats (HR 1·06)(53). Likewise, a
cohort study among Singapore Chinese showed similar patterns
with HR (the highest v. lowest quartile) of 1·26 for total, 1·40 for
saturated and 0·90 for monounsaturated fats (all P values for
trend across quartiles were >0·05)(56). In contrast, a prospective
study from the EPIC(52) showed a suggestive inverse HCC
association for total fats (highest v. lowest quartile, HR 0·74,
95 % CI 0·45, 1·23), monounsaturated fats (HR 0·53, 95 % CI
0·27, 1·01) and polyunsaturated fats (HR 0·86, 95 %CI 0·55, 1·35).

The discrepancy among cohort studies of fat and HCC could
be partly explained by different dietary sources and intake levels
of fat. For example, for total dietary fat, the average intake levels
for participants in the NIH-AARP cohort(53) were lower than
those in the EPIC(52) and higher than those from the Singapore
cohort(56). Additionally, the main food sources of monounsatu-
rated fat within the NIH-AARP are meat and meat products
(>20 %). Unlike the NIH-AARP cohort, the main food sources
of monounsaturated fat in the EPIC study were olive oil and nuts
(about 20 %). The vegetable (plant) fat including fats from olive
oil and nutswas shown to be associatedwith a lower risk of HCC.

A large number of laboratory studies indicate that n-3 PUFA
possessed anti-inflammatory activity by inhibiting IL-1 and TNF
synthesis(58,59), which can contribute in HCC prevention, given
that chronic inflammation plays a central role in HCC develop-
ment. n-3 PUFA might exert anticancer effects also through their
ability to induce apoptosis, tomodulate cell cycle and eicosanoid
production(60). In particular, n-3 PUFA have been shown to
inhibit HCC growth in vitro through the blockage of β-catenin
and cyclo-oxygenase-2(61). Furthermore, it is observed that n-3
PUFA can improve hepatic steatosis and insulin sensitivity and
reduce inflammation in patients with NAFLD(62–64). Taken
together, this evidence suggests a molecular mechanism of
n-3 PUFA in HCC prevention. Conversely, metabolism of n-6
PUFA leads to increased levels of pro-inflammatory products,
such as PG E2, thromboxane, and indirectly C-reactive protein,

plasminogen activator inhibitor-1, TNF-a and IL-6(65,66), which
have been implicated in causing advanced fibrosis in non-
alcoholic steatohepatitis, and subsequently to cirrhosis and ulti-
mately to HCC as discussed above.

However, little is known about the relationship between
dietary n-3 and n-6 PUFA and liver cancer in population studies.
Only one study to date has investigated the association of
n-6 PUFA with the risk of incident HCC in a cohort of 63 257
Chinese adults aged 45–74 years in Singapore and suggested a
significantly positive association (HR 1·49)(56). This positive
association was further confirmed among individuals who were
free of chronic infection with HBV or HCV(56). Interestingly, they
also found that higher n-6:n-3 PUFA ratio is associated with the
increased risk of HCC, although with no association for the n-3
PUFA(56). Few studies have assessed the relation between n-3
PUFA and liver cancer risk, one in a Japanese cohort(67) and
one in a Italian hospital-based case–control study(54), both with
an inverse association. Although there could be a potential
beneficial role of plant fats and unsaturated fats especially n-3
PUFA in liver cancer development, no firm conclusion was
reached based on current evidence. More epidemiological
studies in this direction, together with considering the fat sub-
types, fat food sources (animal, vegetable and dairy fat), and
the possible substituting effect(68) of different fat subtypes such
as substituting plant fat for animal or dairy fat, or substituting
unsaturated fat for saturated fat in hepatocarcinogenesis are
warranted, which may have both public health and aetiological
importance.

Dietary proteins/amino acids

The three BCAA, leucine, isoleucine and valine, are among the
nine essential amino acids for humans. They have been shown to
affect gene expression, protein metabolism, apoptosis and
regeneration of hepatocytes and insulin resistance(69). They have
also been shown to inhibit the proliferation of liver cancer cells
in vitro(70). In addition, all three BCAA were found to accelerate
insulin-induced vascular endothelial growth factor mRNA degra-
dation at the post-transcriptional level, down-regulating vascular
endothelial growth factor expression during the development of
HCC(71). BCAA were also shown to induce apoptosis of liver
cancer cell lines by inhibiting insulin-induced PI3K/Akt and
NFκB pathways through mTORC1- and mTORC2-dependent
mechanisms(72). Moreover, BCAA may inhibit obesity-related
hepatocarcinogenesis by suppressing the stimulatory effect of
visfatin, an adipokine with a critical role in HCC proliferation(73).
In line with experimental studies, clinical studies showed that
BCAA supplementation can help in the management of
HCC(69), including reducing early recurrence of HCC(74), improv-
ing quality of life(75,76) and liver functions(77) among patients
undergoing liver resection for HCC, and increasing serum
albumin levels during radiotherapy(78).

Interestingly, a recent meta-analysis of seven cohort and ten
case–control studies indicated a potential protective association
between BCAA and HCC risk(79). However, to date, there has
been no epidemiological research to directly investigate the
putative association between dietary BCAA intake and liver
cancer risk to our knowledge.
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Dietary trace elements and vitamins

In the two cohorts of Shanghai Men’s and Women’s Health
Studywith 132 765 Chinese adults and over 500 liver cancer cases,
it suggested that dietary Mn intake was inversely associated with
liver cancer risk (highest v. lowest quintile, HR 0·51, 95% CI 0·35,
0·73; Ptrend= 0·001)(80). This result was repeated in a nested case–
control subset that adjusted for HBV infection(80). However, we
did not find any significant associations for folic acids or other
trace elements including Se, Fe, Zn or Cu, although higher serum
Cu and Cu:Zn ratio(81), and lower serum folate concentration(82)

was suggested to be associated with poor prognosis among liver
cancer patients. This is the first cohort design to investigate the
associationbetween trace elements and liver cancer risk, although
two previous case–control studies have been conducted with
limited cancer cases. One case–control study (ninety-seven cancer
cases and 128 controls)(47) showed a null association between
trace elements and HCC, and another (185 cancer cases and
412 controls)(54) showed an inverse association for β-carotene
intake and a suggestive inverse association with vitamin E intake.
In the same cohorts, with 267 incident liver cancer cases, dietary
vitamin E intake was inversely associated with liver cancer
risk (highest v. lowest quintile, HR 0·60, 95% CI 0·40, 0·89;
Ptrend= 0·001)(83). Similar association was found for vitamin E
supplement use (HR 0·52, 95% CI 0·30, 0·90)(83).

In terms of vitamin A, interestingly, a case–control study in
China showed a U-shaped association with HCC risk(84). An
intake level of 1000 μg retinol equivalent per d or more has
shown beneficial association. Consistently, in another
Shanghai male cohort(85) and a Finnish cohort of middle-aged
male smokers(86), higher pre-diagnostic serum β-carotene and
retinol levels were associated with lower risk of HCC. Although
there is no observational studies investigating vitamin D intake
in relation to HCC risk, a clinical cohort showed that only higher
bioavailable (not bound to vitamin D-binding protein), rather
than total circulating, 25-hydroxyvitamin D (25OHD) levels
were associated with improved survival among HCC patients,
indicating a potential utility of bioavailable 25OHD as a prog-
nostic biomarker in HCC patients(87). Whether bioavailable but
not total serum 25OHD is a useful biomarker in liver cancer risk
prediction remains unknown.

The current experimental evidence supports the roles of
several vitamins or trace elements (e.g. vitamins A, C and E, Se,
Fe, Zn, Mn and Cu) as antioxidants in protection against oxidative
stress (e.g. lipid peroxidation,DNAandprotein damage)(88) which
may generate reactive oxygen species and oxygen-free radicals,
thereby relates to carcinogenesis(89). Nonetheless, given the
limited existing observational studies, all of which were con-
ducted in China (high-risk country) except a cohort study in
Finland(86), and multiple comparisons among those studies(80,83),
more related studies, especially studies in low-risk countries
(e.g. European or Northern American countries) are warranted.

Foods or food groups and liver cancer risk

Dairy products

Previous studies suggested that high dairy product intake may
increase the levels of plasma IGF-1(90–93). The increased

concentration of IGF-1, an important factor in the regulation
of cell proliferation, differentiation, apoptosis and carcinogene-
sis, might contribute to the development of several cancers
including HCC in experimental studies(21,94). In line with the
evidence, two cohort studies(95,96) but not all(47,97–101) showed
that higher total dairy product intake (three serving per d or
more) was associated with a statistically significant higher risk
of HCC, while yogurt consumption was suggestively associated
with lower HCC risk, and these associations remained within
participants who were free of HBV and HCV infections (online
Supplementary Table S2). Although dietary Ca, vitamin D, fat
and protein from dairy sources were associated with increased
HCC risk in EPIC cohort(95), we did not find such associations
in the Nurses’ Health Study (NHS) and Health Professionals
Follow-Up Study (HPFS)(96). Potential biologic mechanisms link-
ing the positive associations between dairy products and HCC
might include circulating IGF-1, but this needs further investiga-
tion in experimental and prospective settings. Future studies that
comprehensively assess the association of dairy products
according to different food groups (total dairy products, milk,
cheese and yogurt) as well as their major micro- and macro-
nutrient components (Ca, vitamin D, fats, lactose and protein)
are needed to fully characterise the dairy products–liver cancer
association.

Whole grains, fruit, vegetable and nuts

As mentioned above, we found that a vegetable-based dietary
pattern was associated with a lower risk of liver cancer(102).
Consistently, total fibre and vegetable fibre, especially cereal
fibre, were possibly associated with lower HCC risk, while fibre
from fruit did not seem to be associated with HCC risk(41,103).
These findings are less likely due to chance, since compared
with fruit fibre, cereal fibre (possibly vegetable fibre) has been
shown to be more consistently associated with lower risk of
other health outcomes including total mortality(104,105),
CVD(105,106), T2D(105,107) and colorectal cancer(108–112). The exact
reasons for such a difference remain unknown. A potential
explanation is that fruits, particularly fruit juice, contain sugar
or added sugar (e.g. fructose and sucrose), which may cause
hepatic damage and NAFLD(113), thereby masking the possible
benefit of fibre intake.

Nuts are rich in unsaturated fatty acids, vegetable protein,
vitamins, folate, fibre, minerals and other bioactive com-
pounds(114,115). Nut consumption was associated with reduced
risk of NAFLD(116). We did not find any protective association
between total nut or walnut consumption and HCC risk in the
two USA cohorts, although increasing intake of tree nuts was
found to possibly reduce the HCC risk(117). These findings need
to be validated due to limited HCC cases and relatively low
intake levels of tree nuts in the study.

Meats

In 2015, the International Agency for Research on Cancer classi-
fied consumption of red meats as ‘probably carcinogenic to
humans’ (Group 2A), while consumption of processed redmeats
was classified as ‘carcinogenic to humans’ (Group 1)(118). In
addition to high levels of saturated fat and haem Fe found in
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meats, possible underlying mechanisms include the potentially
carcinogenic chemicals N-nitroso compounds formed endoge-
nously from nitrate or nitrite during meat processing or preser-
vation, and heterocyclic amines (HCA) during meat cooking.
By contrast, white meats (i.e. poultry and fish), particularly fish
intake, have been shown to decrease cancer risk(79,119), possibly
due to long-chain n-3 PUFA present in fish, particularly fatty fish.
Also, white meat including fish and poultry is a rich source of
BCAA,whichmay play a protective role in hepatocarcinogenesis
(see Section 1.3).

There have been few cohort studies of the association
between red meat intake and HCC risk(53,120–122). For unproc-
essed red meat, two USA cohort studies, the NHS and
HPFS(122) as well as a European cohort study, the EPIC(120) did
not observe an association between unprocessed red meat
intake and HCC, which was consistent with findings from a
recent meta-analysis(79), although another USA cohort, the
NIH-AARP(53), showed a suggestive positive association for
unprocessed red meat. A non-significant association for unproc-
essed red meat with HCC was also seen in the Japanese Ministry
of Education cohort(121), showing no significant association
between beef or pork intake and HCC mortality without adjust-
ment for any risk factors(121). Most current studies seemed to
support a null association for processed meat(53,79,120,121), or
heterocyclic amines(53), although a positive association between
processed red meat and HCC risk was found in the NHS and
HPFS(122). Notably, cohort studies(53,120,122) and the meta-analy-
ses(79,119) consistently suggested a protective association of white
meat intake, particularly fish intake with HCC development,
which was consistent with the findings form the most recent
report byWCRF/AICR(19). Overall, intake of redmeat particularly
processed redmeat may increase, while white meat possibly fish
may decrease the risk of HCC. These findings need to be vali-
dated inmore studies, ideally further considering the preparation
or cooking methods of meat as well as the meat-derived muta-
genicity or heterocyclic amines in liver cancer development.

Soya

Evidence showed that soya isoflavones may prevent liver
cancer both in vitro and in vivo(123). Compared with those in
Europe and North America, Asia has one of the world’s highest
intake levels of soya foods. There have been few observational
studies of soya or soya isoflavones and liver cancer risk with
inconclusive findings(83,124–127). In a Japanese nested case–
control study (176 HCC cases and 560 controls among
Japanese A-bomb survivors), consumption of miso soup and
tofu was significantly inversely associated with HCC risk
accounting for HBV and HCV infections(124). This finding was
consistent with our cohort study in China showing that
increasing soya intake may decrease liver cancer risk(83). On
the contrary, soya isoflavones (genistein or daidzein) showed
a positive association with HCC risk in women and showed
a null association in men in another Japanese cohort (101 HCC
cases), which also carefully considered the HBV and HCV
infections(125). There have been two studies of dietary flavonoids
and HCC risk in non-Asian countries with relatively low intake
levels of soya(126,127). One is a hospital-based case–control study

in Greece(126) showing a null association between dietary
flavonoids from fresh beans and whole-grain bread and HCC
risk; another is a prospective study in Europe(127) showing a
non-significant association between isoflavone intake (about
40 % from soya foods) and HCC risk, although an inverse
association between total flavonoid intake and HCC risk was
observed in the two studies(126,127). These contradict results
would be partly interpreted by challenge in assessing soya food
intake.

Recently, in a case–control study nested within the Shanghai
Men’s Health Study and Shanghai Women’s Health Study, we
found that urinary excretion of genistein (a metabolite of soya
flavonoids) was associated with lower risk of liver cancer in
women, but not in men(128). Future epidemiological study using
‘omics’ technology (e.g. metabolomics) to develop a metabolic
signature reflecting soya intake (internal exposure) is needed.
This approach using high-throughput metabolomics profiling
to measure intermediate molecules and products of metabolism;
metabolomic profiles reflects individuals’ dietary intakes
and other sources of variability in metabolism (e.g. genetic
variations(129) and diet–gut microbiome interplay(130)), thereby
objectively assesses the diet and metabolic responses to diet
intake(131–133).

Beverages

Tea

Tea is one of the most popular beverages consumedworldwide
especially in China. Animal and in vitro studies showed a
protective effect against cancer initiation and its subsequent
development, which is largely owing to the polyphenolic
antioxidants present in tea(134). We previously conducted a
meta-analysis of six case–control and seven cohort studies
and found a suggestive inverse association between total tea
drinking and liver cancer risk (relative risk 0·77, 95 % CI 0·57,
1·03) and a significant inverse association for green tea (relative
risk 0·79, 95 % CI 0·68, 0·93)(135). After that, observational stud-
ies of tea drinking(136–138) consistently showed a protective
association with HCC risk. Although these findings were not
supported by a nested case–control study (211 cases and
1067 matched controls in Shanghai cohort)(139) showing that
higher urinary levels of catechins (partly reflect green tea drink-
ing) may not decrease but increase risk of HCC development
(online Supplementary Table S3). Future prospective studies
that account for different characteristics of tea such as tea types,
preparation methods and tea strength are needed to fully
characterise such an association, ideally with useful biomarkers
that can better reflect tea consumption in a subset of partici-
pants to confirm the consistency and to adjust for measurement
error if possible.

Coffee and alcohol

The evidence that coffee protects against liver cancer has been
determined as ‘probable’ but not ‘convincing’ by WCRF/AICR in
their 2013 SLR(19). After 2013 SLR, a total of sixteen relevant
studies including eight meta-analyses(140–147) and eight cohort
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studies(136,138,148–153) were published. All above studies support
an inverse association between coffee and liver cancer risk.
Current meta-analyses(140,144,145) consistently showed that
increasing coffee consumption by one cup/d was associated
with a 15–20 % risk reduction of HCC. The protective association
between regular coffee intake and liver cancer risk appeared
stronger in men, in Asian populations, and in case–control stud-
ies compared with those in women, in non-Asian populations,
and in cohort studies, respectively. Compared with caffeinated
coffee, decaffeinated coffee showed a weaker non-significant
inverse association with liver cancer risk(146). For cancer sub-
types, there seemed no association between coffee consumption
and biliary tract cancers including intrahepatic cholangiocarci-
noma (ICC)(145). The above differential associations according
to sex, type of coffee consumed (caffeinated v. decaffeinated
coffee) and liver cancer subtype (HCC v. ICC) were replicated
in the Liver Cancer Pooling Project, a consortium of over ten
US-based cohorts with 860 HCC cases and 260 ICC cases(151).
Further, the inverse association between coffee and HCC risk
was consistent across strata of HBV and HCV infection status
without significant heterogeneity(136,150). Overall, these results
strengthen the existing evidence regarding the inverse associa-
tion between coffee and HCC risk. Future research in this
direction needs to offer more mechanistic insights, although
two recent large prospective studies suggested that the possible
pathways linking coffee-HCC association include reduction of
inflammation and hepatocellular injury(150) and regulation of
metabolism of bile acids and glycerophospholipids(153).

Heavy alcohol intake (i.e. >45 g/d, above about 3 drinks/d)
has been determined as a convincing cause of liver cancer by
WCRF/AICR(19), which was further confirmed by the following
cohort studies(154,155) andmeta-analyses(156,157).However,whether
light-to-moderate alcohol consumption (e.g. <3 drinks/d) is
associated with liver cancer is unanswered in the 2013 SLR(19).
Current epidemiological evidence including a meta-analysis of
nineteen cohort studies(156) and a US cohort consortium study(155)

supports an inverse associationof light-to-moderate alcohol drink-
ingwithHCC risk, but notwith ICC.Themoderate alcohol intake is
associated with a decreased risk of T2D, possibly via increasing
insulin sensitivity(158). Thus, light-to-moderate alcohol drinking
may reduce the HCC risk through decreasing the risk of T2D.
However, due to limited evidence, more studies are warranted.

Dietary pattern and liver cancer risk

Diets are complex combinations of nutrients and other com-
pounds that act synergisticallywithin individual foods and across
foodcombinations(159).Thus, evaluating theassociationofdietary
pattern with health outcomes may capture dietary effects on
health more completely. Also, findings from such researchmight
provide important data to the development of dietary guidelines.
There are four studies(102,160–162), two in China(102,160) and two in
the USA(161,162), investigating the associations between certain
dietarypatterns and the riskof incident liver cancer todate (online
SupplementaryTableS4).Our study in theShanghaiMen’sHealth
Study and Shanghai Women’s Health Study(102) showed that a
vegetable-based dietary pattern was associated with a lower risk

of liver cancer. Two cohort studies in the USA(161,162) suggested
that participants with higher 2010 Alternative Healthy Eating
Index(2010)andAlternateMediterraneanDiet scoreshada lower
risk of incident HCC(161). Consistently, one case–control study
showed an association of higher adherence to Healthy Eating
Index-2015 with lower HCC risk among Chinese adults(160).
These healthy dietary patterns share several common dietary
components (such as high intake of fruits and vegetables, nuts
and legumes, and whole grains and low intake of red and proc-
essed meats) and showed moderate correlation between one
another(161,162), although they were not developed specifically
for cancer prevention.

To strengthen the scientific evidence based on dietary pat-
terns and to inform the Dietary Guidelines for Americans, the
National Cancer Institute has initiated the Dietary Patterns
Methods Project(163). This project aimed to compare key diet
quality indices and their associations with cancer and CVD.
These indices were selected based on a comprehensive review
of literature, including the Alternative Healthy Eating Index, the
Healthy Eating Index, the Dietary Approaches to Stop Hyper-
tension and the Alternate Mediterranean Diet. However, little
is known about the association between compliance to other
country-specific dietary guidelines or recommendations and
health outcomes including liver cancer development. Given
large variations in diet and eating patterns across countries, this
issue is of great important. In China, for example, only one study
has evaluated the association of the 2016 Dietary Guidelines for
Chinese with the risk of liver cancer(160). Future studies are
needed to address this issue. In addition, given a potential medi-
ated role of inflammation, insulin resistance, and gut microbiota
(Fig. 1) in diet-liver cancer association, investigating the dietary
pattern based on its inflammatory or insulinaemic potential
(e.g. empirical dietary inflammatory index(164) and empirical
dietary index for hyperinsulinaemia(165)) in relation to liver
cancer risk would elucidate biological mechanisms relating diet
to liver cancer.

Conclusion

In summary, current epidemiological evidence supports an
important role of diet in liver cancer development, although
there are large knowledge gaps between diet and liver cancer
risk. Future nutritional epidemiological studies of diet and
liver cancer with large sample size are warranted and need to
consider: (1) how to best measure diet; (2) the possible aetiolog-
ical heterogeneity between liver cancer subtypes (HCC v. ICC);
(3) the potential influence of chronic HBV or HCV infection;
(4) high-risk populations (e.g. patients with NAFLD or cirrhosis)
and (5) a possible interplay with host gut microbiota or genetic
variations. In addition, the underlying mechanisms linking diet
and liver cancer remain to be further elucidated.
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